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INTRODUCTION,

In the past much attention has been devoted to
the properties of antiviral sera but only recently
has an attempt been made to determine precisely how
they act, In 1928, Andrewes performed experiments
with the vaccinia virus, and csme to the conclusion
that there was no union of antigen and antibody in
neutral mixtures in vitro, but in a later communication
(1930) he reported thet firm antigen-antibody union
took place though extremely slowly, As no attempt
has been made to repest and develop his work, the
experiments recorded in this thesis were undertaken
to throw some further light on the problem,

The discovery of Alston and Gibson (1931) in
this laboratory that Louping-ill is transmissible to
small inexpensive animals, viz. mice, has greatly
facilitated work on the pathogenesis and immunity
reactions of 2 neurotropic virus, Moreover it has
been possible to compare the mechanism of antiviral
immanity to this virus with that to the vaccinia
virus and thus to obtain additionsl data towards the
solution of the question 2t issue.

In this thesis a review of the literature on the
subject is given and then the details of the investi-

:gations made, Some data regerding the pathogenesis

of both the viruses studied 2re a2lso included.



REVIEW OF LITERATURE ON THE EXPERIVENTAL PATHOGENESIS

OF THE VIRUS OF VACCINIA,

ost mammals and birds sre susceptible to
vaccinia inoculated cutaneously, the cz2lf and rabbit
E are those most frequently employed. When rabbits are
éinoculated cutaneously the inoculastion lightly done
' gives a satisfactory vesiculation, while if the treums
be deeper, vesiculation may not occur, =nd only a
leathery crust may form, Inoculation of the cornea
causes 2 kerstitis with minute elevations on the
surface, which, with the recognition of Guarneiri
bodies, is used diagnosticelly (Blaxall, 1930).
Gordon (1925) showed that when vaccinie virus was

introduced into the nasal mucosa, after an incubation-
Qeriod of 6-8 days, a condition of acute nasal cestarrh
Ldevéloped accompanied by a muco-purulent discharge
éwhich 2t the onset contained the virus in sbundance,
| Though dermal inoculation with the vacciniz virus
. derived from cutsneous lesions did not lead to geners-
:lisation this could be effected experimentally in
seversl ways. Celmette and CGuerin (1901) showed

that a2fter intravenous injection of cutaneous vsaccinia
of low virulence, 2 general eruption might result,
especially on aresas of skin previously shaved and
[irritated, This was by no means 2 constant reaction,
however, and frequently no generalisation occurred,
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Douglas, Smith and Price (1929) injecting full doses
of neuro-vaccine and neuro=-testicular vacecine (derived
from rabbits) by intravenous and other routes, found
typical vesiculation on the skin #nd marginal mucous

| membranes, and also described macroscopic lesions in
most of the viscera, Intratesticular injection
produced immunity =2nd a2lso set set up "sympathetic"
vaccinial lesions in the other testicle, if that were
injured, Reperted testiculsr passagze could increase
the virulence so that the virus applied to the skin
produced not only 2 cutaneous eruption but generalisa-
1tion (Ohtawara, 1922) or injected intracerebrally

set up 2 fatal encephelitis (Levaditi, Harvier and

Wieolau, 1921, Marie, 1920),

Histology of Exanthen.

Ledingham (1927) came to the conclusion thet the
reticulo-endothelium was primarily end dominantly
involved, 2nd that this involvement might or might
not be accompanied by secondery disturbsnce of
adjacent epiblast, He cheracterised the lesion as
of the nature of an acute infective granuloma. He
found that the response was of the ssame nature, when
innculation was mede into meso~-blagtic tissue like

| the spleen 2s into the eniblast,; and considered that
| Levaditi 2nd Nicolau's view (1923) that vaccinis
menifested a specialised and definite affinity for

epinlast/
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epiblast was not justified.

Acute Disseminated Encephazlo-mvelitis,

Clinicelly signs of encephalitis or pareplegia
have been observed within a fortnight of vaccination
in a8 certain proportion of cases in England, Holland
and other countries (Greenfield, 1929, 1930),
Histologically the disease was chorscterised by peri-
vascular zones of demyelinstion, accurstely centred
on a vessel and following it throughout its course.
Not infrequently zones of demyelination were found
around the mergins of the cord, or on the lip of the
ventral median fissure, and those were quite indepen-
:dent of the arrangement of the vessels, Similar
zones might surround the ependyma of the lateral
ventricles, and seemed often to be a2ggociated with
the marginasl zones of the cord. In addition to the
characteristic demyelination of peri-vascular zones
there wes usually some degree of infiltration of the
adventitial lymphatics with cells of the lymphocyte
class (Westphal, 1872; Yelntosh and Blaxall, 1928),

The role of vaccinia virus in the causstion of
the ebove-mentioned disease was the subject of investi-
:gation by verious workers, Hurst and Tesirbrother
(1930) sugzested thet intrsdermsl inoculstion of
sheep-lymph or neuro-veccine was, resrely, if ever,
followed by encephelitis, On intracerebrzl inocula-

1tion/



stion of virulent masterial, no difficulty attended

the transmigsion of veccinial encephalitis, They
concluded thet the egsential lesion was 2 fibrinous,
haemorrhagic 2nd poly-morphonuclear meningitis, and
such alteration 2s might be present in the underlying
gtructures was of secondery importence; they were

seen only when meningitis was most severe and were

no doubt due, at any rete in part, to disturbances

in nutrition consequent upon that, and upon compression
resulting from the intense loc2l oedema, They thought
it highly improhable thet the virus of vaccinia played
o diréct pesrt in the causation of post-vaccinial
encephalitis,

McIntosh and Scarff (1930) suggested that the
above-nentioned workers used an abnormal strain of the
vaccinia virus in preoducing veccinisl encephslitis,
'They concluded from their work that virulent strains
of vaccinia could produce in rebbits z definite
meningo=-encephalitis after intracerebral, intravenous
and intradermel inoculations; the lesions produced
were strictly comparable with the viscersl lesions
in rebbits, and with those of post-vaccinial and

post-variolar encephalitis in mean,

Paschen bodies,

Paschen (1906) described the bodies which bear

hiﬁ/‘/
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his name as heing small, round, coccus-like in form
and sbout 0,2¢ in diameter. They were Gram-negative,
and were not stained by Sudan III or osmic acid,

They were resistent to 24 potash, 27, aceti¢ acid,
alcohol, ether 2nd chloroform. They were seen in
variolous lymph, child lymph, inoculsted rabbhit
cofnea and in other vaccinisl materisl, e.g. neuro-
virus (Blaxsll, 1930).

Huntemtillier (1914) and others clasimed that such
forms could not be differentiated from albumin or
colloidsl granules. On the other hand, these bhodies,
with which might be m2ssociated Weigert's graenules,
Yann's Z granules, Prowazek's elementary bodies, have
been said to constitute some form of setiological agent.
(Blaxall, 1930),

Ledingham (1931) was successful in securing pure
suspensions of the elementary bodies associated with
vaccinia, and such suspensions were agglutinated by
the sera of rabbits after recovery from vaccinia, but
not by serz from normal snimsls, In 1932, Ledingham
reported that in immune rebbits, the development in
the serum of 2grglutinins for Paschen hodies ran a
.course differing in no essential perticular from that
cheracteristic of ordinsry bacterial infections,
Eagles and Ledingham (1932) showed that by high speed
centrifugslisation it was possible to deplete Berkefeld

filtrates/
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virus content and to recover the great bulk of the
virus in deposits consisting in the main of Paschen
hodies; such deposits after repeated washings in
saline retained their potency, while the saline

- meggruum in which the bodies were suspended was
entirely free from virus, In the light of these
experiments the conclusion was reached from all the
evidence then available that the causal agent of

vaceinia is the Paschen=hody,

Serology of veccinia,

It was clearly established that the production
of immunity in vaccinial affections was attended with
the formation of specific antibodies, The most
important of these was a "viricidal" antibody, and
subsidiary were a precipitating or agglutinating

antibody and a complement-fixing antibody (Gordon,1925),

Viricidal antibody,

This antibody was shown to be closely related to
the production of immunity, it was found accompanying
the onset of immunity or shortly after; it incfeased
in strength ss 1mmunity advenced, but there was no
absolute parsllelism, since in vaccinated animals it
frequently showed decline and might entirely disappear
while immunity was still present (Beclere, Chambon,

Menard/
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Menard, 1899; Henseval =2nd Convent, 1912), It would
seem theat immunity was increased by a revaccination,
though thet be confined to an immediate reaction (Sato,
1921; rugii, 1922),.a wiew a2t variance with Gins's
expressed opinion that a rise in the immunity level
could only follow 2 proliferation of the virus as
evidenced by vesiculation (Gins, 1916)., Antibody
might have sufficient power to inactivate its own
originating virus in vitre but be incapable of pro-
sducing the same effect in vivo, since scales con-
:taining active virus might still remsin attached to
the hody, slthough the pstient was quite convalescent
and fully immune (Winkler, 1925: Sobernheim, 1927).
Wilson Smith (1929) showed thet the blood of an
infeeted rabbit =ight contain at the same time active
vaccinia virus (associated with the leucocytes) and
antibodies (in the plesma). That finding also
suggested that antibodies might be unable to interact
with virus which was intracellular, 0litsky and
Long (1929) and 0litsky, Rhoads and Long (1929)
published evidence showing that from the orgsns of
vaccinated rabbits and the cords of monkeys which had
recovered from peliomyelitis, the viruses, though not
demonstrable by ordinsry methods of subinoculation
might be revesled by cstaphoresis of the tissue.
It was 21so known, that the salivary gland virus of

Cole/
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Cole and Kuttner could be readily recovered from

irmune guinea-pizs (Cole and Kuttner, 1926).

Precipitating antibody.

Wilson Smith (1932) summarised his work as
follows:-
(1) Bxtracts of testicular vaccine virus were obtained
which gave a specific precipiteting reaction with
immune sera, 'he precipitating substance withstood
repeated boiling.
(2) Chemicel tests showed that both protein and
carbohydrate radicle were present in the precipitating
extracts,
(3) Filtration experiments indicated that the precipi-
:tating substance consisted of particles with an
approximate size of 0,004.. These particles probably
could not be the product of the autolysis of the virus,
the resulting debris would have consisted of particles
of all shepes and sizes,
(4) The heat-stable extract possessed no antigenic
power,
(5) The study of serum changes during hyper-immunisa-
:tion afforded evidence that precipitating antibodies
were probably identicsl with virus neutralising
antibodies,
(6) Allergic skin reactions were elicited by inoculation
of the extracts into previously vaccinated human

suhjects/
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subjects, but not in those who had never heen

vecc inated,

Complement-fixing antibhody,

Gordon (1925) sdeopting cereful quantitetive
procedure with antiveccinial serum succeeded in
detecting vacciniez virus up to & dilution of 1 in
2000 and with veriolous materisl to 1 in 1800, end
congidered it to be 3 valusble disgnostic messure.

He was also successful in eliciting specific
flocculation with the viruses of veccinia 2nd variols
against 2n sntivacecinial serum,

Further references to previous studies on
antiveccinial immunity will be made in a later

section,
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REVIEW OF LITHERATURE CI1 THE BXPRRIMELNTAL

PATHOGENESIS OF THE VIRUS OF LOUPING-ILL,

The disecse which 1s vericusliy known as Louping-
ill, Trembling or Thwarter-ill, had been recognised
for the last hundred 2nd fifty years es one of the
serious scourges of sheep flocks, In its occurrence,
it seems to be peculisr to Scotland and the north of
Englend (Greig, 1932).

It was early supposed thet the British tick,

Ixodes Ricinus probebly played some psrt in the

producticn of Louping=-ill, This supposition wes
supported by strong circumstentiszl evidence in thet
the diseese esppesred in its grestest incidence during
espring end eerly summer, when ticks were most active,
and it wes elweys found in arees which were tick
infested, whereas it did not occur in other and
adjoining eress which were tick free (Greig, 1932).
In 1930, Pool, Brownlee and Wilson successfully
and regularly transmitted Louping-ill to sheep end
pigs by the intracerebral inoculstion of materisl
from the brain end spinsl cord of affected sheep.
All szttempts to demonstrete the presence of visible
miecro-orgenisms in the infective meterial failed. Ne
recogniseble orgenism wee found in the blood, It was
en evident poseibility thst the infective agent would
be found to repfesent a filterable virus, This view

was,/
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wee further supported by the histo-pathologicel
findings, the nature of the lesicnsg in the meningo=-
encephalo-myelitis being sugeestive of these caused
by a neuro-tropic virus (Greig, Brownlee, Wilson and
Gordon, 1931),

Pool, Brownlee z2nd Wilson (1930) failed in their
attempts to filter the virus through various types of
filter cendles.

In 1931, CGreig, Brownlee, Wilson and Gordon
developed this work, In the course of this study,

g Berkefeld filtrate prepared by Professor T,J. Nackie
rroved effective for the first time in producing
typical Louping-ill in 2 sheep injected intracerebrally.
Bacteria-free filtretes from Berkefeld N and W and
Chamherland Lo and L3z candles produced the typicel
experimentel diseesse, The Chamberlsnd Lg csndle

| yielded an ipnactive filtrste on all occesicns,

Attempts to infect lsbhoratory animels with Louping-ill.,

Alston end CGibegon (1931) found that the mouse
wees susceptible to Louping=-ill on intracerebral
inoculeticen, Greig, Rrownlee, Wilsen and Cordon
(1931) confirmed this but failed to infect mice by
subcuteneous and intravenous injections in a2 limited
number of coases, A subcuteneous injection of the
virue followed by an intracerebral injecticn of saline
24 hours leter produced the disezse in 2 out of 6 mice,

Attenmpts/
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Attempts to infect rebbits and guinee-pigs feoiled.

One out of ten r=ts showed weskness and lack of
co-ordinetion of movements of limbs on the twenty-
fifth day, but its brain failed to produce the disease
in mice on intra-cerebral injecticn, but & sheep on

| eimiler inoculetion succumhbed to the typicel disease,

Alston and Gibson (1931) transmitted the typicel
infection to uninoculeted mice placed in the seome
cege with those suffering from the disease,

Webster and Fite (1933) succeeded in transmitting
Louping-1ill to mice by intrenasal insufflstion, but
these mice were brother to sister inbred for st least
1C genersticns,

Flford and Galloway (1933) were able to infect
mice by intredermsl, intranassl and intramusculasr
routes, without cerebresl trauma, Infection could be
| preduced by the applic=ation of the virus to the
|depilated and scaerified skin, Attenpts to trensmit
the infection to uninoculsted mice placed in the seme
cege with diseased ones succeeded only in one instance,
The success was asttributed to the fact, that the
heglthy mouse ingested the brain of one desd of the
d isesse,

Weston Hurst (1931) successfully trensmitted the
infection to monkeys by intracerebral iroculetion of 2
5 per cent emulsion of Louping-ill mouse brain,

Single/
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Single attempts to infect monkeys by intrsmusculsr
or intrascistic injections failed,

Greig, Brownlee, Wilson and Cordon (1931) failed
to produce Louping-ill in sheep by administering the
virus by subcutaneous, intradermsl end intransessl
routes, A thermel reaction was, however, produced.
Gordon, Browhlee, Wileon and Macleod (1932) stated
that on intracerebrasl or subcutaneous inoculstien
virus wes present in the bloecd during the course of
the diseese, appeering on the day on which the
temperature rose end persisting until the occurrence
of rapid defervescence before deeth, =t which no virus
could be detected. In some experiments, virus in
low concentreticn was shown to be present in the
blood to the time of death of the sheep.

On recovery after inoculations other then intra-.
:cerebral, the sheep were solidly immune for s con-
:siderable time 2gainst a severe intracerebrsl infec-

ition (Greig, Brownlee, Wilson end Gordon, 1931),

Role of ticks in Louping-ill.,

Macleod and Cordon (1932) found thet ticks,
which had engorged on louping-ill sheep, were capable
cf producing Louping=-ill within twelve days after
moulting, Since ticks after moulting required about.
eight or nine days to harden before they would attach
themselves to 2 host, it follecwed that they were

infective/
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infective #s soon as they were able to attach them-
:gelves, The virus might survive in the body of the
tick for a period of at least 24 desys. It sppeesred,
thet in the cese of larvee at least, Louping-ill virus
ingested by this stsge could survive a moult, end

| could be demonstreted in the bodies of the resulting

| nymphs.,

Gordon, Brownlee, Wilson and Macleod (1932) found
| that ticks collected from Louping-ill pastures were

5 capable of producing a tempersture resction, when
allowed to feed on normal sheep. By mesns of
immunity tests this reacticn was proved to be the
menifestetion of a condition other than that of
Louping-ill 2nd was celled "Tick~horne-fever",

As the naturasl infection in sheep wag due to an
| "intradermel injection" of the virus by the infected
2 ticks, ond there was considersble difficulty in pro-
:ducing Louping=1il1l experimentally, unless the infec-
! :tive meterial was introduced directly into the
. central nervous system, the pert played by Tick-borne-
fever in the crusstion of natural infection was inves-
:tigeted by Macleod and Gorden (1932),

In the infestestion experiments, in which Tick-
Shorne—fever was induced pricr to, or simultaneously
;with, exposure to Louping=ill infection, Louping-ill
:developed in the experimental sheep. Infection of
central nervous system occurred only in thOSe sheep

which/
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which were undergoing a concurrent infectien of Tick-
borne-fever, #nd it wes possible thet the presence of
this disesse faciliteted the invesion of the central
nervous system by the Louping-ill virus. It was

. shown, however, that sheep could become infected with,
end even die from Louping-ill infectiom hy tick bite,

:although Tick-borne-fever be not present,

Louping-ill in man.

Rivers and Schwentker (1933) reported thet certain
workers who had been in close contect with louping-ill
virue developed what seemed to be influenzea, In each
instence this illnegs in the petient wes followed by
epperent health lesting a few deys which in turn was
fellowed by 2 definite encephalitis, The spinel
fluids were sterile and showed a mono=nuclear pleo-
rcytoeis and sn incressed amount of globulin, '

.Attempts to demonstrate the virus in the bloed and
spinel fluid of two of them were made without success,
Five out of fifteen possessed sers that definitely

neutrelised the virus of Louping-ill.

Cultivetion of the virus,

Rivers and Ward (1933) claimed to have cultiveted
the Louping-ill virus in & medium consisting of minced
chicken ewbryoc and monkey serum diluted with nine
volumes of tvrode solution, Elford and Galloway (1933)

estimated/
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estimeted the size of the virus to be 15-2C mw by the
mnethod of ultra-filtretion snelysis using cerefully

graded colledion membranes.

Effect of chemicel snd physical agents on the virus,

Gladney and Hurst (1931) mesde the following

. observations:

. There was no significant difference in the keeping

| properties of berkefeld filtrates of the Louping-ill

. brain emulsions kept under aerobic and anaerobic
conditions, Filtretes might retain virulence for as
long as fourteen days at +4°C, for 4 deys st room-
temperature and for only one day at 3900, The
virulence of brain kept frozen at -10°C remeined
unaltered over a2 period of at least 60 days; in the
seme time in the cold room definite loss of virulence
| cccurred, The virus survived but very few days
(three days in one cese, eight deys in the other) at

| reom-temperature., The results st 37°C were invelida-
:ted on account of the drying and shrivelling of the
brain, That the virus did survive for limited periods
at 37°C was shown in further experiments in which brain
was kept in & fluid medium. In broth ocr tyrecde
solution, virulence wes maintained for 48 hours at
37°C, in 50% glycerol for 24 hours. louse brzins
stored in 50% glycerol were active for 110 days when
direct emulsion was used. Clear evidence of the

ability/



18.

ability of the virus to diffuse into liquid medis

was obtsined.,

Histo-petholegy,

Brownlee and Wilson (1932) found lesions of
meningo~-encephalo-myelitis in all natursl =nd experi=-
imental cases of Louping-ill in sheep. In the pig,
the nervous tissue showed very intense celluler infil-
:tretion and reletively little nerve-cell destruction,
In the mouse, the principsl lesion weas the necrosis of
the large nerve cells of the medulla and cord.

rindlay (1932) gave the following histo-patholo-
:glecal findings in the monkey: The most constant
lesicrg were in the cerebellar cortex, Many of the
grenular cells were definitely pyknotic, while in two
cases there were petechisl heemorrhsges in this region,
The most striking lesicen, however, was the extensive
degenerstion and in many ceses the elmost totel dis-
:appeerance of the Purkinje cells, with only now and
then 2 recegnissble survivor, without ony proliferative
chenges in the neighbouring micro-glisl cells, Of the
few remsining Purkinje cells scercely any were normel,
pyknosis, .vacuclation and distortion being very common,
In other perts of the brain and cord the lesions were
of verying intensity. Meningezl infiltration which
wes restricted to 2 few mononuclear cells, was always
very slight, The lesions consisted of slight peri=-

vascular,/
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vasculer cuffing, microglial proliferation, a2n increese
ir the number of invading cells and occessional degenere-
ttion of the neurones with neuronophsgisa. Acute
necresis of the enterior horn cells wag rarely seen,

| though there was & ceonsidersble degenerstion and
chromatolysis., No ineclusion-bodies were found in the
nerve=cells of the ronkeys.

Findlay (1932) stated thest intra-cytoplesmic
inclusicn-hodies in the neurones of mice were present,
They were most numerous in the neurones of pons and
mid~bresin, rether less frequent in the cord and
Purkinje cells and rether rere in the cerebral cortex,
where they were slways small, They veried in size
from 1 to 1Ce 2nd were usuzally somewhet oveal in shape
when smell; kidney-shaped or elongested when lerger,

The size and number of the hodies found within the
seme cell showed considersble veriatien, No definite

internsl structure was seen within the bodies,
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REVIEW OF LITERATURE ON THE NECHANISH OF

ANTIVIRAL IMMUNITY,

It is a well established fact, thet the filter-
:able viruses ere cepshle of giving rise to specifie
"neutrsliging" antibedies, but the nature and mode of
ecticn of these antibhodies still remesins somewhat
obhscure, How fer the virus-neutraslising effect of
the anti-virsl serur observed in vivo is to be
attributed to phegocytosis of the opsonized virus,
or how fer a direct viricidsl or inectivating acticn
of serum may be invelved is not definitely known,

Sobernheim (1925) believed that the virus wes
directly killed by the sntiserum., Gordon (1925)
spoke of the antibody as a "lysin" becsuse in one
experiment fresh guines-pig complement increased the
actien of the zntiserum, but he could not confirm
this., Schultz (1928) concluded that there was no
evidence to indiceste that complement played 2 major
rdle in the inactivation of a virus, Also, Lheated
serum wes found to give similer results to unheeted
gerum,

Andrewes (1928) showed that preliminary incuba- .
:tion of serum-virus mixtures was not ne;essary in
the cese of vacciniz virue in order to demonstrete

neutrelisetion after injection into the skin, He

suggested/
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suggested thet the immune serum acted directly on the
tissues producing 2 locel "passive immunity", which in
turn was respongible for the neutrslisation of the
virus,

Fairbrother (1932) supported this view, and
gshowed thet immune serum administered 15 minutes aftern
intradermzl injection of the virus in exactly the srme
area neutralised the virus, In contrast to the intras-
:dermal route of injection, the activity of the virus
wes not eesily modified by the immune serum when the
mixture was injected into the brain; an spprecisble
elterstion in the infectivity of the virus was only
shown when the virus suitebhly diluted remzined in
contect in vitro with the immune serum for at leest
4 hours., “Zinsser and Tang (1926) stated thet herpes
virueg and serum must be incubated together before
intracerebral inoculation in rabbits, if sntibodies
were to be demonstrsted.

On the other hand Schultz, Gebhardt and BEulloch
(1931 ) working with poliomyelitis virus found that a
concentreted immune serum added to sn =pproprizte
quantity of virus might serve to render such a virus
suspension innocuocus immedistely after the serum was
edded. This suggested that the anti-viral serum did
not act directly on the virus, tut "changed the sus-
tceptibility of the tissues of the host irn some

indirect menner®, With dilution of the immune serum

it/
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it became necessary to prolong its contact with the

virus in vitro showing clesrly thet immune serum did

| aet directly on the virus,

The same phenonmenon was ohserved with bacteric-
sphage, Schultz, Quigley and Bullech (192%¢) found,
thet whereas z serum dilution of 1/128 serveé to

insctivate & given becteriophage prepesration in 3¢

| minutes, 2 serum dilution of 1/4098 required =5 long

2s 8 days to render the seme bocteriophage prepsrazticn

corpletely insctive,

Antivody sbsorption,

Experiments were devised by Andrewes (1928) to
show whether antibody sbsorption occurred during
ingctiveticn of the virus, The conclusion was that
sbsorbed sera were quite ss active 2s unsbeorbed serz,
Later fndrewes (1930) found thet firm antigen-sntibedy
union took plszce extremely slowly.

Friedbergzer 2nd Eisler (1907) reperted in the
czse of the rabies virus successful sntibody sbeorpticn
by mesns of virulent brain meteriesl, They relieé,
however , upon centrifugelisstion to get rid of the
excess virue from serum-virus mixtures, snd friled to
test the abeorbed sers for virug content,

Wilsen Smith (1930) working with vaceinis recslled
the necessity of using enormous doses o0f pscteris for
reglutinin sbsorption, and decided to incresse &8 ruch

es/



23,

as possible the absorbing dose of the virus, whilst
2t the s2me time reducing the antibody content of the
sérum by dilutien, 2nd greatly prolenging the contact
of the virus and antibody. The entibedy abserption
was shown cleesrly in thet experiment. It might have
been due, however, to necrotic cell-products in the
veccinial tissue rether than to the virus iteelf.

A strain of herpes virus behaving more or less like
vaccinie in its pathogenesis and antibody producticn
was avéilable. It was possible to cerry out cross-
shsorpticn tests on the lines of the well=known cross-
ebegorpticn test used in the anzlysis of antibacterizl
immunify. The result showed that each virus absorbed
its honologous antibodies from a mixed merum, In two
experiments, virus was inesctivated by immersion in a
water-bath at 58°C to 60°C for one hour, 1ln one
experiment the killed virus failed to absorb any
entibodies, btut in the other 2 small amount of absorp-
:tion occurred. He=ted virus therefore differed

from heated becterial suspensions, which in general

are found to z2bsorb antibodies readily.

Recovery of virus from neutrsl serum-virus mixtures.

An attempt was mede by Andrewes (1928) to recover
the vacecinie virus from an overneutrelised gerum—virus
mixture by sdsorbing the virus on to Kaolin, this was
successful, vhe difficulty srose, however, that the

entibody/
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eantibody wes also s@sorbed on to Kaolin, The same
result was cbtained by precipitating the virus along
with the euglobulins from en overneutreslised serum
virus mixture, Dilution worked congistently in
resctivating those serum-virus mixtures, in which
the source of the virus was & centrifuged suspension
of vacciniel testis, But when a mixture of diffusate
from the seme source 2nd the sntiserum was kept st
roonm-temperature for 24 heours, dilution failed to
resctivete the virus. It must be borne in mind, thet
the virus in the diffusate might have become inactive
on being exposed to room-temperature for 24 hours;
2g no sdequate control had been put up to test the
potency of the virus, no definite conclusion could be
drawn from the experiment. In 1230, Andrewes found
that after long contact of virus and immune serun,
virus wes progressively less and less easy to recover,
But, some resctivation wasg possible even after 4 days
at room-tempersature, or 24 hours at 37°. He con-
:cluded that firm antigen-sntibody unien took place
extremely slowly.

todd (1928) found thet 2 mixture of fowl-plague
virus with the corresponding immune éerum, so prepsred
ag to be just noﬁ-virulent. when injected intramuscul=-
iarly into 2 fowl was rendered virulent by simple

diluticn with ssline. If fresh normel fowl serum was

used/
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used 28 the diluent in place of saline the phenomenon
did not occcur, The result in these experiments was
the szme whether the undiluted serum =nd the virus
were mixed =nd kept for 2 hours at 37°C, and then
diluted, or the serum snd virus were separately
diluted before mixing.,_ When the mixture of immune
serurm end virus was kept =t 28°C for 24 hours, and
then diluted with ten times its volume of seline, end
injected intramuscularly, the dilution phenomenon was
no longer chserved, As the virus might heve died
out during the long exposure to this tempersture, the
lack ofaﬁdequate control to test the potency of the
virue invelideted the experiment. Todd (1928)
pointed out, that the serum-virus mixture, which was
neutral on intra-muécular injection was virulent on
intrevenous injection, s2lthough the fowl is not more
susceptible to an intravenous injection of the virus
alone than to an equivalent intramusculer injection,
A mixture which contained any considersble excess of
immune serum did not become virulent on dilution,
These observastions were not in harmony with the
findings of Andrewes (1928, 1930) in connection with
the veccinia virus. It must be borne in mind, thet
Andrewes wes working within s very narrow range of
virus dilutions in serum-virus mixtures; and the so-
colled over-neutralised serum-virus mixtures might

not/
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not heve contained a2 sufficient excess of immune serum
to render them compsrable to those of Todd,

Bedson (1928) found with herpes virus thst reasc-
:tivation by dilution was no longer possible when
virus 2nd serum had been in contezct for 4 hours st

room=-tempersture,

the poliomyelitis virus were able to reactivate a
neutrel serum-virus mixture by =2ddition of 2 suitable
volume of physiological ssline., They concluded that
the inactivetion of poliemyelitis virus by immune
serum resenbled more closely a toxin-antitoxin resction
rather then a bactericidel type of acticen, But there
was no need to postulste a union between the virus

and entibody; they had slso indicated thet the non-
infectivity of the serum~virus mixture might have been
due to the action of the éntibody on the tissues of
the host, which in turn acted on the virus.

Craigie e2nd Tulloch (1931) found from their
experiments that when acri-flavine wes injected intfa—
:dermally in different concentrations and the veccinia
virus was sdministered in exesetly the ssme spot 4 hours
leter, inhibition of cutaneous reactions occurred in
those sress, which hed been trested by the higher
concentrotions of secri-flavine, although such concen-

+trations/
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sconcentrstiens did not kill the virus per se. They
suggested thet Indisn ink, scriflavine, quinine,
hydrochloride and possibly certsin immune sers either
prevented the virus injected intracutaneously from
geining access to the cells or sllowed the cells to
deal effectively with it,

Bedson (1928) found that cellodion psrticles were
cepable of adsorbing both herpes virus and herpes
antitody, obut theé particles which hed first sdsorbed
the antibody showed an increased avidity for the virus.
Washed colon hacilli could be used in place of collodion
perticles. This experiment suggested thet antigen-
entibtody union did occur in vitro. It was also
recogniged that neutreslising entibody and complement-
fixing antibody were not necessarily identical, The
positive results with the complerent-fixzation resction

(vide infra) supported the view thet virus and anti-

:body did unite in vitro,

Corplement-fixation and Flocculation,

Gordon (1925) obhtained specific complement-
fixation and flocculetiocn with the viruses of vaccinia
and variola, Ciuca (1929) produced evidence to show
that the complement-fixation resction could be obtained
‘with the virus of foot and mouth disease. Takaki,
Bonis and Koref (1926) applied this reaction in the
identificetion of the viruses of herpes, rabies and

Japanese,/
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Japenese encephalitis, Bedson end Bland (1929)
cbtained speéific complement-fixation with the viruses
of herpes #snd vaccinia and hyper-immune sers.

The successes reported were called in question by
Schultz and his co-workers (1228) on the ground of the
non-sgspecificity of the reacticns, Burgess, Craigie
and Tulloch (1929) and Craigie and Tulloch (1931)
obtained specific flocculation in mixtures of extracts
of veriola crusts and snti-vaccinial serum, end spplied
the reaction in the prectical diegnosis of variola.
The test ﬁas epplied to over 200 specimens of materisl
with an experimental error of less than 1,5%. It was
also definitely shown that the flosculation which
occurred when antivaccinial serum was brought in
contact with extracts of vaccinia or variola materisl
was not due to adventitious antibodies reacting with
secondarily infecting bacteria that might be present
on the skin, Further, the serological identify of
variola major and variola minor with both dermal
vaccinia 2nd generslised neuro-vaccinia was established.

B, St, ¢, Gilmore (1931) made the following
observations in the tests with vaccinia culture virus
and rabbit seruua, The reagents were free from bac-
:teria, and the antigen and antiserum were obtained

from the same species, the results demonstrated beyond

question/
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question the specific union in vitro of vaccinia virus
and = ccr:esponding antibody, The cemplement-fixa-
:tion property of the serum of rehbits was demons-
:trable es esrly as 10 days after infecticn, persisted
for 2t least nine monthe, (Olitgky 2nd Tong in 1929
recovered by cetesphoresis vasccinis virus from the
tissues of rebbite 2s long s 133 days sfter dermsl
infection,) The amount of complement-fixing enti-
:body did not depend upon the extent of infecticn,
Immune rabbit serum was unsatisfectery for the
cemplement~fixing experiments with viruses, becsuse

of its anti-complementary nature.

Redson (1932) found thet the washed elementary

o

bodies of psittacosis derived from mouse spleen were |

o 1

agelutineted specificzlly by an anti-psittecosis
serum, and fixed complement in its presence, but did
not react in either way with an antiserum rfor mouse

spleen,

Craigie (1932) stested thaet two serologically
active fractions might ke obtainred from extracts of
veceiniel tissue derived from rebhits, viz. lepine,

t

(a) a Seitz-~filterable and precipitasble su

IR
1

(b) elementery bodies. Both fractions were floccula-

1ted specificelly by the seme sntibody of entivaccinial
serum; they d4id not resct with normel rabbit sera.
The fleceulation rezction as performed with crude ;

suspensions/ .
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suspensions, involved both a precipitin snd azslu-
ttinating reaction, 2nd was referszble to the same
sntigen in two different ststes, A thrice washed
suspension of elementary bodies exhihited a virus
content similer to that of the extresct from which
they were obtained, These results warrented the
conclusion thet the Seitz-filterable flocculable
substance was a specific product of the elementary
bodies of veccinia, and supported the view of
Paschen, Ledingham and others, that these bodies were
the virus of vaccinia,

#indlay (1931) concluded from his work that in
veccinia, the grester pert of the immune body appeared
to be associated with the euglobulin fraction, part
however with the pseudoglobulin fraction. Ledinghan,
Vorgen end Petrie (1931) observed thst the anti-
:vaceinial body was found to be associated with the
euglobulin as well as the pseudoglobulin fraction of
the serum, but not with the slbumin, The euglobulin
fraction contained the antibody in highest concentra-
:tinon per gramme of protein, but its absolute amount
fell below that present in the pseudoglobulin fraction.
On the other hand Marrack (1934) pointed out that
bacterial antibodies were not =s a rule found to be
confined to eny perticular fraction of the globulins,
The distribution of antibodies in the fractions

separated/
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gseparated by ammonium sulphate was most thoroughly
studied in the case of diphtheria antitoxin, which
was not confined to any one fraction (Banzhaf and

Gibson, 1907; Barr and Glenny, 1931; Barr, Glenny

and Pope, 1931; Barr, 1932),

The fact thet in vitro union of virus-antigen
and antiviral body wes usually weak was held to
differentiasate the antivirsal body from other immune
substances such as bacterionlysins or bactericidians,
On the other hend, it is welleknown that mixtures of
bacteria and their corresponding antisera in which
there is 1little evidence of in vitro bacteriolysis
may behave as neutral mixtures in the living body,
where opsonic and phagocytic processes came into
play (Gye and Ledingham, 1930) .

Douglas end Smith (1930) working with vaccinia
suggested that some of the phégocytic cells of an
immune rsbhbit might be actively concerned in the

incressed resistance of such animals,
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BEXPERINMENTAL STUDIRS COF THE PATHCCENESIS OF THE

VIRUS CF VACCINIA WITH PAKTICULAR REFERENCE

TO ThHh LNECHAITISM OF ANTIVIRAL IMMUNWITY,

Technigue of neutraligstior experiments with
immune serun,

Rabrites weighing 2C00-3C00 grammes were used
throughout the experiments, In the beginning, they
were depilated extensively on the back 2 few hours
before the experiment, btut es some of them were found
dezd next morning, thls method wes shendoned and
thereafter depilstion was done the day before end the
rebbit kept werm,

Two specimens of the virus were used: one was |
s commercisl celf lymph (Jenner Institute), the otheri
wes supplied by courtesy of Captsin S.R. Douglas, ‘
Notional Institute for Medical Research, In each
cese the virus wes pessed at frequent intervals
through rabhit brzins, and the resultinrg neuro=-virus i
wes used in the experiments. It was preserved in
50% glycerol in saline in the ice-chest. & 10%
emulsion in saline was made for esch experiment and
wos first centrifuged for 5 minutes at 2000 r.p.m.
Decimel dilutions of the supernstent [luid were then
made up to 10'6. 0.2 c.c. of each of these were

vixed/
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mixed with an equal volume of undiluted immune serum
(vide infra) snd the mixtures were then injected in
0.2 c.c. amounts in the depilated srea, generally in
four rows; while the dilutions of virus only were
injected in the fifth row as a control. The animal
was kept under observation for st least 6 days, and
the diameters of the resulting vaccinial lesions were
then measured and recorded,

#ollowing an intrasdermal injection of virus alone
in a rebbit, the small swelling produced disappeared
within a few hours, and the site of injection then
appeared normal for a verying period depending on the.
concentration of the virus used, In general the
greater the concentration of virus used, the earlier
the subsequent reaction appeared, Using undiluted
virus, 2 papule appeared at the site of injection two
| days later, =2nd this gradually incressed in size
reaching a meximum on the sixth or.seventh day. Vhen
approaching its meximum size, the central area of the
papule became.first congested and later bluish=-purple
in eolour, The tissue underlying the paspule was
markedly indurated, =nd centrsl necrosis left the
surface of the papule flst or slightly umbilicated,
The papule then commenced to retrogress slowly, and
the induration gradually passed off but scarring

persisted in the site of a large reaction for meny

months,/
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nonths, With low concentrations of virus the
reaction was essentially of the same kind, but it did
not make its appearance until 6-7th day following
injection, and the area of indurstion wes much smaller,
When determining the size of a resction, maximum
diameters attained by the ares of indurstion were
noted, Occasinnally instead of & single papule
heing formed, there were several smasll discrete
papules, These reactions were few in number, and
were recorded in the tables es "papules”. Occasion-
:ally erythema without induration followed injection,
and this was also recorded in the tables,

Two samples of immune serum were used (1)
obtained by giving six intradermal injections of 0,2
c.c. o0f the decimal dilutions of neuro-virus for the
titration of the virus, and three weeks later drawing
the blood by cardiac puncture, The serum so obtained
was pooled and stored in the ice-chest without pre-
:servative; (2) Hyper~-immune serum:; some of the
rabbits treated as in (1) were given in addition
intravenous injections of 1/50 dilution of the super-
inatant fluid from centrifugalised neuro-viru§?%g§?f?ﬁg
three weeks after the intradermesl titration of the
virus, The injections were given weekly for at
least three months, the dosage ranging from 4-10 c.c.
The rabbits were then bled, 'the serum pooled and

stored/
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stored in the ice-chest.
The following symbols were used in the tabuletion

of results.

A = virus

I-8 = immune serum

W=5 = normsl serum

V4+I=S = mixture of virus esnd immune serum

absence of any reaction

1

X mm o dismeter of the area of induration
in mm

Experiments on neutrsllsstion of the virus by immune
sero.

Whenever the hyperimmune serum is not mentioned
specifically, the ordinary immune serum (1) was used
in the experiments.

In the first plece, the thermostability of the
virus neutralising antibody of the antivaccinial serum
was tested. A senple of immune serum was d;vided
into five portioens. These were heated in the water-
bath at different temperatures as follaews.

(1) 55° for 3C minutes.

(2) 85° for 60 minutes.

(3) 60°C for 30 minutes.

(4) 60°C for 80 minutes.
Bqual volumes of the undiluted serum and decimel
dilutions of the virus were mixed in sterile tubes,
end injected intredermally into rabbits immediestely

after mixing. The results on the seventh dey were as

follows/
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follows,

Injected immediately after mixing,

Dilu=- V | V+¢I-5 Vrheated I-S

tion of

virus. _ |(55°-30m)|( 55°=60m)|(800~30m )|( 609=601z)
10°% | 2mm| --- =E2 s oy e
1074 pamm| ---| --- T S T
10-° NG| =ee| waw o Far T
10"2 21lmm - e g e -~
‘_'.O'l 1 7rom |erythema lmm ——— ——- 2mm
Undil. 22mm lmm 2mim 2o Smm 4mm

There was no sppreciable decrease in potency
after heating the serum to 55°C-609C for 30 minutes or
at 55°C for 6C minutes, but there was & slight de-
:creage sfter 60 minutes at 609C.

In a further experiment, the resulis were as

shownn below.

Dilutien/
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Dilution| V | V+I-S V+heated I3
cf wvirus
(55°-601) | (63%=30u) | (63°-60m)

108 e | S T e R
1070 - |eow | cuw g oo e
104 |14mm| --- o i i
10"3 15mm| === -ew -—w e
10%  |17mm| --- e e 8mm
10°1  |24mm| --- o - 14mm

Undil. | eme- = 12mm 17mm

The previcus observetions were confirmed. In
addition, it showed that heating the serum at 63°C for
30 minutes was more effective in lowering potency than
heating for 60 minutes at 55°C. But when heating wes
continued st the higher temperature of 63°C for the
longer pericéd of 60 minutes, the potency of serum was
not completely destroyed.

Action of complement on heated immune serum snd virus
mixtures.

The actien of fresh guinea-pig complement on
virus and heated immune serum mixtures was tested. A
control wes included by adding to virus and heated
immune serum mixtures the seme emount of guinea-pig
serum heated st 560C for 3¢ minutes to inactivate the
complement.

Dilution/
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Dilution | V |V+I-S| Veheated I-S| Vihested I-8 559C-3C min.
of virus, §8°C~-3C min |-fresh guinea-|-heated guir
i e pig serum pig serun
106 i oo R - i
5
10“' T i oAt S e =
10-4 — = S = S
=3
10 11 mm| =me RS e & oiini
10~< 14 mnm - —— = 8 mm
10-1 16 | e = 7 nm 12 mm

This experiment showed clearly thet compared with

heated guines-pig gserum, the fresh serum definitely

enhanced the scticn of hested immune serum,

The

fellecy wes, thet any direct action of the guinea-pig

serum per se on the virus wes not taken into consideras-

tticn,

In the next experiment, this was investigated.

The antiveccinial serum wes diluted 1/50 before mixing

with the virus emulsicn.

Dilution | V+Seline|V+Compl, |VeI-8|Veheated I-S| V+I=-5
of virus, scomplement,| +heated guinee-
plg serum.
10-6 7 mm - - e -
10-° 13 mm 7 mm - --- -
104 17 mm 17 mm - - papules
10=3 24 mm 20 mm 7 mm 7 mm 21 mm
1072 |27 mm 19 mm (13 pm | 17 mm 19 om
107! |18 nm 17 nm |14 mm| 20 mm 22 mm
Undil., 16 mm 24 mm 17 mm
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The conclusion was drswn thet the complement
although it slightly enhanced the action of the
heated immune serum acted by itself on the virus,

Thus no true complementing action could be demonstrated

Local passive immunity,

In the previous experiments, the immine serum and
virus were mixed, and after a few seconds were tested
in vivo for neutrzlisation., The possibility of
neutralisation effect being due to o tissue reaction
mediated by the antiserum was considered, This wes
investigated in the following experiments,

A 10™* dilution of = 10% emulsion of neuro-virus
wasg injected intradermally into several areas in 0,2
c.c, amounts, and 0.2 c,c. undiluted antivacecinial
gserum was injected exactly into each area from 5-30
minutes later. In another series of injections, the
serum was first given and the virus was super-imposed

from 5-30 minutes later,

"Jf ViruSo

Dilution g Time I-8 given, Time V 10-1 given,

1675 20 mm 15 " L 10 ¥ "

10°~ 22 mm 15 " 1 e 15 "

10°1 |25 mm| 20 e, e o0 M |

Undil, 32 mm 25 M W "erythema B =
30— " " glight induration,

10~4 16 rm|T-S 5 min after V --= |V 10-1 5 min after I-8S

The/
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The results showed, thet immune serum introduced
within twenty winutes of the virus intradernally in

exactly the same spot neutrelised the virus, Con=

i}

versely serum introduced 30 minutes before the virus

ow
¥

in the same spot a2fforded complete protection,

In the following experiment, the same points were
investigeted but in addition the effect of variation
in dilution of virus and increase in the period of
time between injection of virus and serum were 2lso

considered,

I Virus emulsion strength
Time I-3S given. Undil. 10=+ 10-<
20 " f " - ek, e
28 M " " 4 mm erythems ——
30 1] L1] 1] 6 mm i -
35 " " L] 4 mm L] PG
40 Li] LU n : 12 mm L - en
Control
V alone 22 mm 21 mm 18 mm

Neutralisstion of the virus in the skin could be
effected without any in vitro contect of the serum
and virus, The serum could neutralise the virus, if
administered before the virus wes established in the

tissues.

Reccverx/
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Recovery of virus Irowm neutrsl serum-virus mixtures.

Attempts were made to 2scertain whether firm
antigen-antinody union could be demonstrated in nmeutral
serum=-virus mixtures. The experiments were based on

the work of Andrewes (1928),

Dilution experiments,

Decimel dilutions of the virus were mixed with an
equal amount of undiluted immune rsbbit serum and 2 few
seconds loter the mixture was diluted 10-1 in galine,
and injected intradermally. The resulting reactions

on the 7th day sre given in the followiang table,

Dilution v Vs 1=8 (V+4I-8) diluted 10-1
pf wvirus, _
16%6 7 mm e e
10=° 10 mm -—— s
10%4 12 mm —-—— e
1= 16 mm A 12 mm
10=° 22 mm 21 mm 15 mm
10-1 16 mm 23 mn 9 mm
Undil, 16 mm 24 mm | 14 mm

These indicated that the neutral serum-virus
mixture (containing virus dilution 10=3) which was
just halanced, could be dissociated by 10~ dilution

: o=4
in se2line, The titre of the virus was reduced to 10

from/
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from 10~ by such dilution, but as the control with
virus alone was positive in 10-5 dilution, the absence
of reactivetion could not be due to loss of potency of
the virus, Firm antigen-antibody union hed occurred
in mixtures containing smsller amounts of the virus,
- 2 1074 . 10'5, and a relative excess of immune
serum,
W,By TFrom the table, it is seen that the last
positive resction - due to undiluted serum-virus
mixture was thet in which the dilution of the virus
was 107%, All mixtures containing lower concentra-
:tions of the virus gave negeative réactions, For the
purpose of investigetion of the dilution phenomenon,
the mixture containing the highest concentration of i
the virus, viz, 10=%, which geve a negetive reaction
was considered 28 "just-balanced",

The above experiment was twice repeated with
corresponding results,

As previously steted, Todd (1928) in studying
the dilution phenomenon in the case of the virus of
fowl-plague, could not reactivate a neutral serum-
virus mixture by dilution in normal fowl-serum, but
only by dilution in saline, Andrewes (1928) working
'with veceinia virus found no difference in the results
' of dilution experiments by using either serum or saline,

In the following experiment, the serum=-virus mixtures

were/
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were diluted with nine volumnes of ga2line and normal

rzbhit serum respectively,

Dilution Vv | v#1-8 | (v+I-8) diluted 1071 in
pf virus, N-S galine
10-5 18 mm | ~-- BES =
1074 22 mn | —e- b =
103 38 mm | --e e 4 mm
10-2 42 mm == -——— 18 mm
0 38 mm | 6 mm 2 1 24 mm
[ndil . 26 mm 17 mm 27 mm 28 mm

The neutral serum-virus mixture containing 10-2
and 1072 dilutions of the virus could be definitely
reactiveted by dilution in saline, but not the one
containing 10-4 dilution, The absence of reactivation
in the last could not be due to the incidental dilution
of the virus to 10‘5, ags the control with virus only
wes positive in that dilution. On the other hand,
there was & relative excess of immune serum in the
aforesaid mixture. The serum-virus mixtures contain-:
:ing higher concentrations of the virus were pertially
neutralised by the immune serun, and only slight
resctivetion was observed by 10-1 dilution in norﬁal
rahbit serum,

In snother experiment dilution in saline yielded

dissociation/
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llissogistion but no so dilution in normal serum

Dilution v VeI-8 | (VeI-8) 3iluted 10-1
bf virus, ___N=5 Seline

10~9 12 mm oy S P
ok

G 14 mm - - e

ot

g 17 mn

14

a
-~ (9] .
B 6 ke 19 mnm - - 6 mm
1.'\—1 2 ey 7o
9] S LY - - B 1

Undix, 35 mm 17 nm 2 mm 17 mm

The a2bsence of reactivation of the virus from

-~

neutrsl servme-virus wixtures by dilution in normel

rabhit serum might have been due to the presence of
natural sntibodies, Some of thess veing thermolsbile,
the normel revbit serum was hested at 55°C for 30

minutes in sn attempt to reduce or inactivate the
szme., And in another experiment, the 10~t dilutions |
were made respectively in saline, unhested normal

rabbit serum, snd herted normal rabbit serum.

Dilution | v V+I-S | (V+I-5) diluted 107" in
bf virus. Seline [N-S heated Ii-5
1078  |papules - - == -
10™° 7 mm ———— - pme -
lO"’4 18 mm o v e =g
10"3 17 mm e i et =y

10“2 19 mm - - 3 mm ——-
10'1 20 mm - 11 mm 4 um 6 wm

Indil, 20 mm 7 mm 5 mm | 3 mm < mm




In this casze, the serum-virus mixtures which were
eted by dilution not
only in saline, but 2lsc in unheated normal radbbit
serum, and normel rahbit serum hested 2t 55°C for 30
The varisble results obtazined by diluting neutrsi

serum~virus mixtures in normel ravrhit sers from

was repeated with the following

Pilution v V+I-3 (V4I-8) diluted 1071 in | |
bf virus, Saline -5 |heated I-S

f
1= 3 mm v ——— = st
|
[~
TG 4 mm i e e CISkag |
=4
10 11 | e S - .- |
3 |
1o 17 mm - =5 e i
10-° 22 mm o o = 10" mm
; =1 5] A R Y
19 25 mm ——— - - pepule
Tnéil, 27 mm === - - 14 mm

i
|
experiment, the resctivetion of the virus

In this
oceurred only in the dilutions made in normel hested i
serum. mhe sheence of dissocistion of the neutral
serum-virus mixture by dilution in unhested normal

probably due to the high natural antibody

serumn was p

content of the serum, which erused masking of the

virus/
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The cause of failure of res

ivation

of the

the neutrsl serum-virus nixture by dilution

Weg

he virus

( '!
3
(&]
(o o
o
o

s Andrewes

| W 5 e
ne, iow conecentrations of

5 reaction

of

-

scline 2nd

serum=-virus

the conte

(1928)

£ 3

pointed

f2iled to produce

mixtures for

et of the

2 few seconds. The

24

7°¢ befor empted dissocistion by

2s next invegtigeted. The degree of

tion of the serum-virus mixtures, where

t wes for a few seconds was also compared
with that ohserved in mixtures, which had been incu-

ot 3790,

Digsocistion wes

shated for 24 hours
- 1 o . o . "
tested for by 107" dilution in saline s2s in the
previous observstions.
a,___' | e
Dilution [(V4Szline | V+i=8 VtI-5 |V+I=5 V4+I-8 24hrg-37°C

bl virus.

{24 hours

37°¢)

(24nrs-37°C)

and diluted in

isaline

10”9 31 mm 18 mm - -—— | -
107 32 mm 19 mm —— ——— | 6 mm
yort 28 nm 29 p [ o= 5 mu 17
Undil, 27 mm |papules 11 nmm il& o
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The mixture containing 10™2 dilution of the

virus was just balanced, snd could be reactiveted by

dilution, When the serum=-virus mixtures were incubated

before injection, the results were similer to those

obtained when the contact was just for o few seconds,

: Normal rabbit serum had slight inactiveting effect on

the virus, the reactions with V+ Baline being more

marked than those given by V+ N=-S5,

Over-neutralised serum-virus mixtures,

In the next series of experiments, the dilution-
phenomenon was investigsted in regard to mixtures of
virus and antiserum, in which definite over-neutrali-
:saztion of the maximum concentrestion of virus was
produced by the use ot hyperimmune serum. It has
been suggested by Andrewes (1928) thet the dilution

phenomenon depends on the fact that diluted virus

;establishes itself rspidly in the tissues while the

| protective action of diluted serum taskes much longer

to develop., An adequate control was provided by
diluting the serum beforehand znd mixing with the
decimel dilutions of the virus to demonstrate the

potency of the diluted serum,

Dilution/
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Dilution v V4I=S V4+l-3) diluted in saline to
pf virus, 10-L1 10~< 10=o
10=9 ag S e - o
10-5 6 mm S - - —
10-4 % omm | - = e —
10795 10°mm | @ === e i .
10-2 9 mm - -—— - =
10-1 " 11 nm - - - e
Undil, 18 mm -——— -——— ——- s
Control with diluted serum
Dilution vV V+ diluted I-5
of virus,
X 1.s 1071 | 1.5 10-2 | 1.5 1073
10-6 5 mm - - =
10~ 12 mm ——— - 3 mm
10=4 21 mm —— 5 mm 7 mm
10=3 21 mm - 9 mm 11 mm
1072 |19 mm aae 11 rm 9
o=+ 17 mm --- 10 mm 11 mm
| Undil, |23 mm 11 mm 11 mm 13 mm 5

In previous experiments, the failure to reactivate

2 neutral serum-virus mixture by 10-1 dilution in

saline ﬁight have been due to the immune serum not

being/
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being put out of action by dilution, In this case,
aven 10=3 dilution of the mixture failed to reactivate
the virus, In the control, the imrmune serum was
diluted 10-1 - 1073 perfore mixing with the virus
dilutiéns, ond showed 2 low neutralising titre in 10-%
and 10-3 dilutions, kirm antigen-antibody union hed
taken place immediately after mixing, when by the use
of a hyperimmune serum, the virus was overfneutralised.
In view of the possibility that qualitative
differences hetween hyperimmune and ordinary immune
serum were responsible for the varistion in the
results of the dilutian—phenomenon, the following
experiment was devised, Hyperimmune serum was

‘diluted 10-% vefore testing for antigeh-antibody

union,
Dilution V |V+I-8 | (V+I-8)diluted with saline|Control
of wvirus, 1 2 V+I=S
107 107 diluted 10=°
1072 hamm| o-- fos g e
107¢ 10 gm | o= e e |3 mm
lo H 21 l’l’l'm -———-— - = - - 11 mm
D : |
L= 22 mm —— - —— 12 mm
10-1 |20 mm % 12 mm 4 mm 9 mm

The neutral serum=-virus mixture, which contained

the/ : | ;
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| the greatest relative proportion of virus wes reac-

:tivated on dilution, Reactivation by dilution of
diluted hyperimmune serum and virus mixture was shown
to correspond with the sesme phenomenon in ordinary

imune-serum wvirus mixture, Hyperimmnune serum

ap%eared to differ from ordinsry immune serum only in

the degree of neutralising potency.

Concentration of virus by Chamberland Lo filter-powder.

An attempt was made to concentrate the virus by
adsorption to Chamberland Lo filter powder. 50-50
mgms of filter powder were added to 2 ¢.c. of a2 neuro=-
virus emulsion, which was frequently shaken, After
3 hours contact 2t room-temperature, the emulsion wasl

centrifuged at 2000 r.p.m, for 10 minutes, Decimal

'dilutions of the deposit were made end injected intra-
!:dermally into rabbits, the dilutions of virus only

were injected into the same rabbit 2s a control,

The virus in the filter powder was positive up to
10712, The control was tested up to 108 dilution g
and was positive, |

On repetition of the ssme experiment, the contact
of the filter-powder and virus emulsion was for one
hour only, The intradermal titration of the powder
gave positive results up to 10'12, while the virus

alone was positive up to 10-9 dilution and not in

higher /
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Znigher dilutions, The virus was adsorbed énd
Idefinitely concentrated by the filter-powder. .
In the folldwing experiments, an attempt was
made to recover the virus from neutral serum-virus
mixtures by adsorption to the filter powder,

' Recovery of virus from serum-virus mixtures by
' powdered filter,

Technigue.

Decimal dilutions of neuro-virus were mixed with
equal amounts of undiluted antivsccinizl rabbit serunm,
and a few séconds later 20-30 mgms of filter powder
were added to each mixture, The contact was for 15
minutes 2t room-temperature (20°C), the tubes being
frequently shsken, The suspensions were then centri-i
:fuged for 10 minutes at 2000 r.p.m.; the supernatant
fluid was poured oft and saline was added to restore
|the original volume (1 c,c.). The tubes were again |
lshaken to ensure a uniform suspension, of which 0.2 c.é.
éwas injected intradermally in the depilated skin of

irabhits,

The dissocistion of the serum-virus mixture by

edsorbing the virus with the filter powder was investi=

:g2ted in the following experiment, the results of
which are shown,

Dilution/




Dilution v V+¢I=S V4l in filter pcowder.,
o f virus,

10-8 12 mm —— S

105 15 mm e o

10~4 22 mm ——— e

109 27 mm -—- 11 mm

10-% 28 mn - papules

ke 25 mm | papules 24 mm

Undil, 26 mm - 32 mm

Firm antigen-antibody union had occurred in those

serum=-virus mixtures which- contained a relative

excess of immune serum, or in other words a relzstive

low concentration of virus,

Dissociation occurred in
|

imixtures in which the proportion of virus and serum

‘were more nearly balanced,

The experiment was repeated, but

virus could be recovered from neutral

in this case no

serum virus

mixtures.,
Dilution v V+I-8 (V+#I-8) in filter powder.
lOf virus, i
10-6 i s =
1672 = e Ay |
10-4 6 mm i ey
10=3 13 mm e =
107% 15 mm e b
10-1 17 mm 7 mm 9 mm ,
Undil, 19 mm 12 mm 12 mm




93,

As the contact of the immune serum end virus had
been only for a few seconds in previous experiments,
the effect of incubation for 24 hours at 37°C on the
serum-virus mixtures hefore zdsorption wes invesii=-
rzated, The immune serum and the virus dilutions
were kept seperately under the sere coenditions snd
mixed immedistely before trestment with the powdered
filter., A control wes included to test the potency
of the virus elone, kept at the same temperature for

the seme period.. The results are shown below,

Dilution v V+I=8|(V4I=-8) [(V+I=S)
b £ virus. | (24 hrs-37°C) (0) (0) (24 nrs-37°C)
in filter| in filter

10-4 e e e S

10=9 e = e i

1072 18 mm o Bl e
10-+ 25 rm -——— S mm 9 mm
Undil, 15 mm erytheme| 20 mm 2C mm

The incubsticn of the serum-virus mixtures ot
'37°C for 24 hours did not improve the entigen-sntibody
union, The filter powder produced dissocieﬁicn in |
mixtures, which were more or less balanced.
| In another experiment, the fallacy of adsorbing
both the virus and sntibody from the mixtures thereby

imasking/
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masking the virus was chvieted by the following

control,

The virus and immne serum were seperstely

treated with the powdered filter and the deposits

were mixed and injected,

Dilution V |V in [V+I-S| (V4I-8 ) [V in filter+
pf virus. filter. in ﬁi&ggr.l—sr}p filter.

1.8~ " i S i e

105 e e e S S

10-4 ey s i == i

1073 |13 mm| 4 mm | --- - e

LK s 14 mm| 11 mm - - 3 mm

10-1 16 mm| 12 mm ——- == 5 mm

The filter

virus dilutions

powders separately treated by the

and immune serum, when mixed and

. =9
injected intradermslly gave reactions up to 1C~™%

dilution, while the control with virus only wes

pesitive in 1¢=% dilution,

The indicatior was, that

both antibody end virus were adsorbed by a powdered

filter,

Vhen the virus dilutions were first mixed

with the immune serum and then trested by the filter,.

ro active virus was recovered from neutrel serum-virua

mixtures.

This could not be due to adsorption of the

'antibedy mesking the virus, os the control showed that

the filter powder trested by the sntiserwm did not

edsorb/
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e@sorb sufficient ertivody to neutraslise the virus to

the seme extent as the antiserum.
:factory explenation was, thet

uriion had occurred in neutrel mixtures.

556,

The only satis-

The experiment was repested with the following

result,
Dilution V |V in V+#l=S | (VeI-8) V in filter+
in virus} filter, in filter.|1-8 in filter,
10-6 7 mm | 5 mm ——— - e
167° |15 mm | 2 wm - - o=
10™4 2l mm |12 mm - -— e
10=% |22 wm (19 mm | ==« c-e 4 mm
167= 25 rm | 20 mm - 2 mm 6 mm
10-1 18 mm |24 mnm - 4 mm 10 mm

Those serum virus mixtures, which were just

balsnced or contained a relstively slight excess of

immune serum could be

On repetiticn, the following result was obtained,

Dilution Yy in V+I-8 [ (V+I-S) V in filter-%
pf virus. filter. in filter,|I-S ip filter.

10-6 6 mm - ——- - o

10° 12 mm | 4 mm e = 3 mm

10'4 Smm| 6 mm - -—— 4 mm

107 N4 mm| 7 mm -—— .- 5 mm

10" 18 mm |18 mm 4 nm 2 mm 5 mm

107 [19 mm | 22 mm 9 mm| 11 mm 6 mm

The/
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The virus could not he recovered from the neutral
serum=virug mixtures, The filter powder wes shown

to adsorb most of the virus and some of the antibody.

Concentration of virus by bloed clot.
An attempt wes mede to sdsorb the virus by
| rabhit blood, wihich wes allocwed to clot, A few drops
of normael rabbit blood, taken directly fron the esr-
vein were added to 2 neuro-virus emulsion, zad the
blood 'was allewed to clot and retract. The clet wes
ermulgified in & few drops of saline, =2nd decimel
dilutions were prepered, Cn intradermel injection of
the seme, positive results were obtained up to 10-11
@ilution; while the control with virus emulsion was
positive up to 10-C dilution,
| On repetition, it was confirmed that the virus
could be concentrated uy *the addition of ranbit blood,
which wes a2llowed to clot.

In the following experiments, the neutral serum-

virus mixtures were dissociated by edserbing the virus

(with rabbit bloed clet.

Dissccistion of neutrsl serum-virus mixtures by .
blood clot, |

|Technique.

Decimal dilutions of virus in saline were mixed

with an equel volume of antivaccinial serum, A few

drops/
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drops of blood were sllowed to drop from the ear-vein
of a normel rabbit into the uirture, When clotting
and retrscticn had taken place, the mixtures were
centrifugelised at 2€00 r.p.m, for ten minutes and the
supernetent fluid poured off. Normal seline was added
te the clot to meke up the original volume, and a
uniform suspension made, of which 0,2 c.c. wes in-
ijected intradermelly,

In one experiment, the serum-virus mixtures were
incubated et 379C for 24 hours, the serum and virus
cilutions were @lsc kept sepesrately under the seme
conditions, #nd were mixed immedistely 5efore being
subjected to dissccistion by rabbit blood clot. The
idea was to tést the effect of incubation on entigen-
‘entibody union, 2nd to compare the results with un-

tincubated mixtures.

Dilution v V+I-S (V+I-8) (V+I=8) |
of virus. (24 nrs-37°C) |(24hrs-37°C)| (0) in
in clot., blood=-clot,
St - o e |
1074 R e et u |
10™° |16 mm| --- e o
167% - l1pmm| — =ae Sed 9 mm |
1071 115 mm . ——— 5 mm |
Undil, |17 mm 8 mm 3 mm 19 mm

Virus/
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Virus ceculd be recovered to some extent from the
neutral serume-virus mixtures when the contact was for
a few seconds, but =fiter 24 hours contsct at 5700,
this could not be effected.

The experiment was repeated, hut =2 control was
included tc obviate the fallecy of sdsorbing the virus

on the blocd-clot and thus mesking the virus.

Dilutien v Voin |[(VeI=S)| (V+I=S) |V in clot +

bf virus, clot in clot | I-8 in clot
10~° 3 mm| &-- = e e
1075 11 mm ——— e o~ -
104 (16 mm| --- e e i
16°¢ |17 pm| =ew e d aee
102 19 mm | 19 mm - . B
1072 |22 mno| 26 mo| -s- e >

No virus could be recovered from neutral serum-
virus mixtures, It was also shown thet o considerable
amount of antibody was adsorbed by the bloed-clot,
hence the result was not valid, It also showed, tha?
the blood clot method was not very satisfactory for the
demonstretion of dissociation, |

Recovery of the virus from neutrel serum-virus
mixtures by precipite ting euglobulins.

Teehnigue.

The neuro=-virus enulsion under investigastiocn was

diluted with nine volumes of distilled water, carbon-

S 1 1 e
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di-exide ges was pessed through the mixture for st
least three minutes till 2 fine precipitste wes

visible, The precipitete was thrown down by

14

centrifugslisation at 2000 r.p.m. for ten minutes.

The superhatant fluid wes poured off, and the deposit |
wes taken up in seline and brought to the originel
velume (1 c.c.). Serial dilutions were then made,
end 0.2 co.c, of each wes injected intradermelly.

The poseibility of a firm sntigen-antibody urion
taking plece efter incubestion of the serum=-virus
mixtures for 24 hours 2%t 37°C was investigeted and
conpered with the serum-virus union in the unincubated
mixtures, Decimal dilutions of neuro-viruﬁ%ﬁ%%&%%pti
in contect with equal volumes of undiluted immune
rachit serum for 24 hours st 37°C. In another bhetch,
the serum snd virus were kept separately =t 37°C for
the s=2me periecd, 2nd were mixed immediately hefore
dissociztion, which was tested for by precipitati;g

the virus in the euglobulins,

Dilution v V+I=5 Luglob.from euglob., from
P virus.[24nrs-37°c)| (0) | (V+I=s) | (V+I-8)
(0) (24hrs-37°C)
10-% — ——— .—- ——
36> s Ut o2 AL
10°% 22 mm Y 4 mm 4 mm
10-1 20 mm - 5 mm 8 mm
Undil, papules —— 10 mm 9 mm

The /



The antibody content of the antiserum was probably
comperetively low,, 2nd excess of immune serum was not
present in the neutrsl serum-virus mixtureg, hence
virus wes recovered to some extent in the euglohulings
fror all the neutrel serum-virus mixtures. Incuba-~-
ition of the serumevirus mixtures for 24 hours at 37°C
did not improve the antigen-antibody union as compared
with a few seconds contact.

In another experiment, & control was included to

find out if the antibody was associsted with the

euglobulins,

Dilution v V4l=8 euclob,.from| V+ eugloh,

of virus. (V+I-8) from I-8
1076 R (= ik )
10-5 4 mm -—— - e
16°% 718 mm| e e e
1670 |16 zi| . 3 mm
167% |20 mm| == L 4 mm
10'1 22 mm - -—— 1l mm

When undiluted immune serum and virus dilutions
were mixed, and an attempt wes made to recover the
‘virus by precipiteting the euglobulins, no virus wes
recovered from neutral serum-virus umixtures. This
was either due to inactivetion of the virus or pre-
:cipitation of 2 considerable amount of antibody in

the euglobuling along with the virus, which led to

mesking/
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mesking of the virus, In the control, the sntibody
content of the euglobulins of the antiserum was
tested by titrating it ageinst virus dilutions,
Positive resulte up to 10™% dilution of the virus
were obtained, while the virus by itself was positive
ug to 10+ dilution, It followed therefore, that
the non=recovery of the virus in the euglobulineg from
neutral serum-virus mixtures was not due to neutra-
:lisation of the virus by concomitant entibody,. The
only setisfectory explenstion was the inectivetion of
the virus,

The experiment was repested with the following

result.
|

Dilution Vv VrI-g~ eugleh,from | Veeuglobh,from
‘of virus. (V+I=8S) I1-S

10-6 3 mm e o ==

1675 Bmm| =e- Gt el

1474 8 mm —e= - ki

1079 |11 mm | --- --- LAz

10-% 2 min | -e- 5 mm i

10-1 17 mom 6 mm 12 mm 6 mm

Dissociztien of the virus was demonstrable in the
just bslanced serum-virus mixture, When the immune

serumr and virus dilutions were mixed and then disso=-

cciated/
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:¢iated by precipitating the euglobulins, positive

oy
eactions vp to 167° dilution of the virus were

(]

obtained orn testing in vivo, But when the euglo-
:bulins from the =zntikody were mixed with virus
dilutions, positive results only up to 1071 dilution
of the virus were demonstreble. The antibody
content of both the series of mixtures being the same,
the sugeestion was, that more of the virus then snti-

:body was precipitated in the euglobulins,

In another experiment, the control consisted in |
mixing the euglobulins both from the virus emulsion
and the antiserum instead of using the serum=-globuling

enly as in the previous experiments,

“Control
Dilutien v gugloh, V+I=5 euglob. |V euglob, |+
of virus, from V. from I-S euglob,
(V+I-5)
10-6 e S = =10, =t
|
5 i
167 6 mm 3 mm = - -
1074 9 mm 6 mm - —— ——-
10'3 13 mm 11 mm -—— ——— 4 mm |
i
)7 s 16 mm 12 mm —— —— 6 mm
10”1 21 mn 24 mm —— 11 mm 9 mm
Undil, 24 mm 29 mm 6 mm 7 mm

This experiment confirmed the previous findings,‘
the virus was recovered from those neutral serum-virus

mixtures,/
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' mixtures, which contained the least relative propor=
:tiern of entibody.

Had the sbsence of the virus from neutral serum=-
virus mixtures containing 1€-° to 10™% dilutions of
the virus been due to zn excessive asmount of entibody
| being precipitsted in the euglobulins thereby neutroe-
:1ising the virus, the control would heve given
negative results, But the contrel bveing poesitive,
inactivetion of the virus must heve occurred in
over=neutralised serum=-virus mixtures,

Heutrnlisetion experiments by routes other than
intradermal,

In the experiments conducted so far the serum-
virug mixtures were injected intradermslly for the
demonstration of neutralisation, Andrewes ( 1228)
| showed that a mixture, which was found to be neutrel
on intraderm2l injecticn was sctive when administered
?intracerebrally or intratesticulsrly, He feiled to

| demonstrete neutrslisation of the virusg by the esnti-

| iserum, when the mixture was injected into the brain.

¥airbrother (1932) ceme to the sezme conclusion,
but he wes a2ble to demonstrste neutralisation of the
virus by the antiveccinial serum, when the virus
guiteably diluted remsined in contaoct with the anti=-
:serum for et leezst four hours szt room-temperature.

!

He/
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He used 1000 skin-doses of the virus for this purpose,
end did not esttempt seriously to show, if smeller
ammounts of the virus were more susceptible to the
antiserum,

In the succeeding experimente, minimal amounts
| of the virus were used, a2nd their effects observed.
Hyper-immune serum was used throughout in an attempt
to demonstrate neutralisstion, when mixtures were
injected into the brsin, sntericr chamber of eye znd

the cornee.

Intracerebrel ond intre-oculezr sdministrstion,

Techniques

The hzir of the scelp were clipped znd tincture
of iodine was 2pplied. The rabhit was fully esnaesthe-
:tised, end the middle point of the line joining the
| two outer canthi wes the site of injection. With the
half hlsde of the scissors, & hole was bored and 0,5~
C.8 c.c. 0f the emulsion under inﬁestigation was in-
_:jected deeply into the brain substance. . The rsbbits
'were kept under obgservetion for at lesst 14 dsys. The
symptoms of virus esctivity were snorexiz, loss of '
weight, and merked a2sthenie with staxia, tremor and
paresis in a certein number of ceses.

Intra-ocular injection.

The rabbit was fully aneesthetised, an intra-

rdermal,/
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rdermal needle was intrcduced at the corneo-scleral
junctien into the santerior chamber, znd a few drops

of squecus humor were 2llowed to flow out; then the
syringe was 2ttached in position, gnd 0.2 c.c. of the
Imatérial under investigetion injected intrsccularly,.
| After an incubestion-period of 4-5 days, the symptoms
'of infecticn were congestion, muco-purulent dischsrge,
ground=-glags appeesrance of the cornes with pennus-
formetion in certain cases,

Minimal amounts of the virus reguired to produce
encephalitis and irido~cyclitis,

An emulsion of neuro-virus, which was positive
up to 1¢-6 dilution on intradermal titraticn, was
inoculated intrscerebrally in 10-5 and 10~€ diluticns
in adult rabbits. IThe énimals were kept under obser=-
i:vation for 3 weeks, but no untoward symptens were
'demonstreble.

An attempt wes next made to produce an irido-
cyclitis by intras-oculer injections of 10-3 - 1076
dilutions of the seme virus emulsion, but no rescticn
loccurred, In later experiments, 10-% - 1071 dilutions
of the virus geve positive results on intracerebral ané
Iintranccular injections.

In short, 10‘3 te 10°% skin-doses were required
to produce encephalitis or irido-cyclitis on injectionl

into 24ult rabbhits,

IMNUNITY
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IMMUNITY REACTICNS.,

An attempt was made to demonstrete neutralisaticn
of the virus by the hyper-imrmune serum after injecticn
of the serum-virus mixture inte the brasin, snterior
chamber znd cornea. The effect of incubeticn on
serum-virus union was investigeted, and compared with
unincubeted mixtures, pecimal diluticons of neuro-
virus emulsion were mixed with 0.5 c.c. of undiluted
hyper-imrune entivaccinial serurm in equal volumes znd
(a) immedistely after were diluted 10~Y in Locke's
fluid for the demonstration of dissociztion, (b) were
incubzted et room-temperature for 18 hours, =2nd then
diluted as in {a). The mixtures were injected intra-
:cerebrelly, intres-ocularly and intra-corneeslly into
_adult rabbits. The mixture and the contrel were
ginjected into the seme rsbbit es far 2s possible.

(2)

Contact fer few seconds at room-temperature.

Dilution VeN=S VaIeS (V+I-S{ V4¢diluted I=-S
of virus, dil,10- 10-1
1/20 I=-C +
: I-C+
1/10 1-C + 1-C +
I-0+ I-0+
Undil, I-C~— I-C * I=C *
Cornea - Cornea -
=C — Intras-cerebrsl,
1=0 — Intra-occulsr,
- denotes sctive infection.
- = denotes absence of any reaction,

Thus,/



67.

Thus virus when mixed with an equal amount of

immune serum, 2nd injected intrscerebrally immedistely

sfter was found to have been neutralised, but the

neutrel serum-virus mixture wss resctiveted on

dilution.

It was z2lso found that a2 serum-virus

| mixture, which was neutral on injecticn into the

| cornea, was s2ble to produce & positive result on

intracerebrzl injecticn into the s2me rebbit.
varying resistance of rabbites to intracerebresl injec~-

+tion of the virus wass noted.

Thus in one animsl

The

the intracerebral injection of (Undil, V+I-8) produced

no effect, the other injected with (V 1074 I-8)

developed

(b)

typicel encephalitis,

Contact for 18 hours at reom-temperesture,

Dilution VAN=S V+IaS | (V4I=S) (V+diluted
bf virus, diluted 10-1| 1.8 10=1)
1/20 I-0%
140 I-C+ I-C — 1-C *
I-C+ I-C + I-C - Cornea —
Undil, I=C = I=0 *
I-0+ 1-0 - I-C +

Definite neutralisation of the virus

serum'afber intracerebral inoculstion was demonstrzble

by immune

but the serum-virus mixture, which was found to be

neutral/



68,

neutral on intracerebral inocculation, produced &

| definite reaction when injected into the enterior
chamber, Similarly the mixture which was found to
be neutresl on intre-corneal injecticn, was active on

| intrecerebral injecticen,

The verying results obtsined after injecticn of
| the serum=virus mixture into the brain and cornea
were probably due to 2 comparative rapid dispersion
' of the constituents in the former site. The serum=-
' virus mixture which was negotive on intracerebral

injection 2nd positive intra-ocularly was probably
neutrslised by the brain tissue, but aqueous humor
could not effectively deal with it. 1oreover a mild
reaction in the anterior chamber could be easily
 observed, but the same did not ebtzin in the brain,

i The dilution phenomenon in the neutral serum-
:virus mixtures could not be elicited due to the
:deterioration of the virus ot room-temperature in

118 hours.

In the next experiment, decimel dilutions of the
‘neuro=-virus were mixed with equal volumes of undiluted!
immune serwum end incubeted st 379C for 24-48 hours,

|
o . |
and then injected intracerebraslly snd intrs-oculerly, ‘
|
'The virus was sctive on intredermsl titration in a j

dilution of 1076,

Route/
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Intracerebrsl,

Route of inoculation aseeces
Dilution Va Saline a Va l«edS 4
bf virus. (24 hrs - 37°C) (24 hrs - 37°¢)
10-% e o
10‘1 -
Route of inoculption < saaes INtra=ocular,
Dilution V4 Saline Va4 I=8
b{ virus. (48 hrs - 37°C) {48 nrs - 37°C)
10-1 i s
Undil. T+ 4

‘At least ten lethel doses of the virus were
neutralised by sn equel volume of undiluted immune
| serum after 24 hours incubestion at 37°C, After 48
| Gouzs incubation at 37°C neutrslisetion of the virus
?by the immune serum was demonstrzble by intra-ocular
:injection.
| The previous experiment reveazled that neutralisa-w
| :tion of the virus by the antiserum wse very difficul{
to demonstrezte 2fter intre-cculsr injection of the
serum-virus mixture., In the fellowing experiment,
the serum-virus mixtures were injected intra-ocularly
efter varying periods of incubation, the centrol with
V4 Saline being injected into the opposite eye, The

result/
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Vol =
- 37°C

Diluticn V¥Saline | V+I=5| V+Saline |[V+I=5| V+Saline
bf virus. (0) (¢) | (24 hrs-37°C) | (48 hrs

16°° Soa i

192 e i

10™1 it - ; s + - el
Undil, FETe S

Unheated virus, which was positive in the skin in

1076 gilution produced an irido-cyclitis end keratitis

in 10~1 dilution (after 24 hours incubstion »t 3790 ),

but not

neutrelised the virus to some extent immediaztely on

in smaller concentrations.,

The imrmune serum

mixing, complete neutralisation occurred after 48 hours

by 10—1

incubation 2t 37°C,

in this time..

The virus

|
|
iuissociation of the neutrasl serum=-virus mixtures,

An attempt was agein made to demonstrste antigen-|
entibody union after intracerebrsl injection. The
.neuro-virUS dilutions 2nd undiluted immune serum were

mixed in equel volumes and (2) diluted 10~1 in saline

end injected intracerebrally (b) incubsted st 37°C
for 24 hours and egein diluted as before,

Injected/

deteriorated at.lesst




L,

Injected immedistely after mixing:

Diluticn v + Saline v+ I=5 (V+#1-8) ol

bf virus. diluted 10
10-1 St e e
Undil., - +

|2

Incubated at 37°C for 24 hours.

Dilution V+ Saline | V+I-S (V+#I=-3)

bf virus. diluted 10"1
Undil, + e +

Immune serum could neutralise the virus immediately
on mixing but the neutrasl serum-virus mixture could be
reactivated after 10-1 dilution in saline, although
ithe contact was prolonged for 24 hours =t 37°C. The
| 4
|lcontrols injected with 10=1 dilution of virus with an
;equal volunie of saline feiled to react showing thereby|
'the verying response of rabbi*s to intracerebral injecs
ition of neuro-virus, Z

The surviving rabbité were re-injected intrs- |

|
icerebrally with undiluted neuro-virus on the 14th dayl
all died of encephalitis within 5 days.

The experiment was repested. The serum-virus

mixtures were injected immedistely after mixing both

intracerebrally/



intracerebrally and intra-cculsrly,. Dissociation

was tested Tor by diluticn with 4 volumes of szline.

Dilution Vi NesS V£I-8 | (V+I=8) | V+3ail, I-8
f virus. di1,1/5 1/2
1/20" I1-0+ |
1/10 T-¢ + Tl
I-0 ¢ I-0 4
15 T-0 +
Undil, I1-C + I-C - | I-C*t I-C +
1-0+ I-0 +| 1I-0,4

Firm antigen-antibody unicen could not he demons-
1trated in serum-virus mixtures affér intracerebral
injecticn, The control showed that antiserum diluted
even 1/2 vefore mixing with undiluted virus failed to

lneutralise 1t. The neutral serum-virus mixtures were
in all probebility more or less balanced, the virus
|being inhibited therein., Had a more potent serum
|been availeble, firm antigen~antibody union might have
been demonstrated in overneutralised mixtures. Then
& similar nevrotropic virus, Yiz. louping-ill, wes
over-neutralised by means of a potent antiserun,

inactivation of the virus wes demonstrable, This

would be fully described in a later section.
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Absorption experiments,

P

An attempt was made to demonsirste antibody
absorpticn in serum-virue mixtures contsining eon
excess of the antigen,

Technigue,

A 10% emulsion of bacteris-free neuro-virus was
incubated with an equel zmount of immune serum for 18
hours at 37°C. Then it was centrifuged at 2000 r.p.i.
for 15 minutes, A small smount of the supernatent
fluid wes kept to see if excess of virus hed been used
for absorbing the antibodies, the rest was filtered
throuch 2 Seitz E.K. filter to remove the virus. (Non-
filterability of the virus threugh a Seitz E.K. filter
will be described in a laster sectiocn), The filtrate
wes lebelled "absorbed serun". It's antibody content
was tested, it was found to be as sctive 25 the immune

serum,

'Dilution Serum-virus [Seitz V |V+I-S|V+absorbed

pf virus,)] supernstant.|filtrate, serum.
10-9 s=n e OS] e B
10-2 ——- - 14 nm| <=~ ———
-l - —— 18 mm| ee- -
Undil, 8 mm i 25 wm e s

The result slso showed thst an excess of virus
had been used to zhsorb the antibodies, a2nd the Seitz
filtrste was free from virus.

In/
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In ancther experiment, the absorhing dose of the
neuro-virus wes markedly incressed, and the immune
' serum was diluted to reduce its antibody content.
Absorption was allowed to take place over a long
"

period at 37°¢, The neuro-virus and antiserum,

' which had proved hacteris-free by anaerohic and
|aerobic cultures were used exclusively. 10 9.4 of
IlO'l and 10'2 dilutions of antivaccinial serum were
‘used to emulsify 6 gms of vaccinial rabbit brain,

l c,c., of ether was added to counteract bacterial
fcontsmination. Rubber-gstoppers sealed with paraffin
.were used to prevent evaporation of the ether. The
| emulsion was incubated for 3 days at 37°C. The tube%
| were vigorously shaken once every déy to ensure thoroigh
%mixing of the contents, After 3 days, the emulsion |

was freed from ether by keeping it exposed to air for |

some time, 1t was then centrifuged for 30 minutes
at 2500 r.p.m. The supernatant fluid was pipetted |
off and spun twice for 30 minutes 2t the ssme speed,

The supernstant fluid wes then heated =2t 55°C for 45

minutes to deétroy the virus, This absorbed serum

wes tested for the presence of antibodies by titration

against the virus, The control immune serum was kept

‘under identical conditions.

‘Dilution/ ' : |



Dily?inn v V«\-diijt I-5 v+211:_3 ?+???or§?% E+3bsorbf%

pf virus 10 I-5 10 gerum 10 serum 10
10-8 4 mm - - - -
10~° A L e T S
10"4 8 mm - - - e
10-9 9 mnm -——— ——— - S mm
10-% 12 mm - 5 mm ——— 6 nmm
10°r D4 mm | 3 mm 6 mm 4 mm 11 mm

. _n . s
Portial sntihody absorption from the 10™< dilutiaon

' of the serum had apparently occurred,

The experiment was repeated, ond the technique -

employed was the s»ame a2s before, except that the virus

' was removed by Seitz E,K, filter instead of heat from
%the absorbed serum, :
Dilution Y V+di1ut%d Vfdiluzgd V+absorbe% Sgitz
of virus| I-5 10~- I-3 10 serum 107~ filtrate

i | O o G s

10°° | 9 mm| me- I e

107Y hs mmll  ese Wi e

167% " 19 mn cuw - 7 mm |
10™% " 24 mm|. e=- 11 mm 11 mm

16~ 26 wm ——- 15 mm 31 mm ——-
Undil, . =

Partial /



of absorbed serum was demonstreble,

Partial antibody ebsorption from 10-1 dilution

Another experiment brought out the contrest

between immune 2nd 2bsorbved serum more clearly,

Dilution V |V+diluted| V+diluted |V+absorbed |Ve absorbed

'pf virus. I-5 10=2 | 1-8 10-1 |serum 10-R|serum 10-1

| 10™6 S il e s S
10-° Sue I e e ==
104 7 mm - - AL =
10°3 [12 mm -—— —— 5 mm 4-mm
10=% |14 mm —-- --- 15 mm 9 mm
10-1 17 mm 11 mm 4 mm 17 mm 11 mm

The previous results were confirmed as shown in

the protocol,

Antibody sbsorption by killed virus was next

lattempted, Twe vaccinial brsins were emulsified in
|

S0 g e, of 10”2 dilution of immune serum.

The emulsion

was divided into two portions, of which one wes immed-;

tiately heated at 56°C for 45 minutes to kill the

virus, Both portions were incubated for 5 days at

37°C,  After 5 days, the tubes were opened, the ether

was allowed to eveporste and the emulsions were centri-

:fuged as described hefore. The supernatant fluid,

which was obtained from the emulsion containing the

live/
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live virus was heated at 56°C for 45 minutes to

destroy the virus,

by dead virus wes not heated a second tinme,

The serum, which had bheen treated

The

results of titration ¢f the antibody content of

absorbed sers are shown helow,

Dilution vV |Vedilutgd|Vaserum Vegerun
of virus, I-5 107~ |absorbed with |absorbed with
live virus 10~%°|herted virus 10°°
1078 3 mm| === 4 mm 2 mm
107° 11 mm| 2 mm 7 mm 9 mm
104 25 mm 6 mm pepules 17 mm
1079 532 mm| 14 mm 16 mm 29 mn
102 34 mm| 24 mm 22 mm 28 mm
10" N2 mm| 28 mm 21 mm 24 nm
Undil, 19 mm| 22 mm 22 mm 14 mm

Partial esntibody sbsorption by killed and live

virus was demonstrable but the results with live virus

were better,

The experiment was repeated,

Incubastion of the

serum=-virus emulsion was reduced to 22.5 hours at 3700.

(instead of 5 days).

Dilution/




Dilution ' Vbdilutgd Veserum absorbed|Veserun absorbed
of virus| =5 Ig5= with live virus |with degd virus
10=% 10-<
lO"6 12 mm == ——— s
10'5 13 mm - 1 s b
10-3 18 mm - 4 mm -
107°% |21 ym| 12 mm papules 4 mm
10'1 22 mm 16 mm 13 mm 5 mm
Undil., 20 mm 14 mm 11 mm

Killed virus fziled to absorb the antibodies,

but the live virus produced some degree of absorption.

The antibody

experiments might

factors.

In the

absorption as shown in the previous
have been due to non-specific

following experiment, normal

rabbit brain wes emulsified in 10-1 dilution of

immune serum to sct as a further contirol.,

Dilution/
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Dilution V| V#1I=5| Veserun Ve serun V¢ serun
of virus. absorbed with| absorbed with| ahsorbed with
normal brain | heated virus | live virus,

10°% 5 mm| --- aae e o
16=% B mm -~ G - 2 mm
1073 4 mm | -—— —- 6 mm 7 | mm
10'2 4 min| == 17 mm 18 mm 14 mm
107% 12 mm [ === 19 mm 26 rim 16 mm
Cndil, papuvles 22 mm 28 mm 17 mm

Rabbit brain containing live virus absorbed
neutralising 2ntibodies from immune serum to a greater
extent than did brain containing hest killed virus,
but the latter was more effective than normal brain,
Partial antibody sbsorption by normal ﬁrein could
only be due to non-specific factors, as the immune
serum and normal bra2in were obtained from homologous
animsls, viz,., rabbits,

Antibody absorption by normsl brain waes again
tested._ The immune serum was diluted 1/50 beforehanq,

and incubation of serum-virus emulsion was for 3 days

at 37°¢,

ﬂilution/ |



from immune rabbits in the presence of antiserum were

leucocyte/

79 .

Dilutien v V+I=8 | Vtserum a2bsorbed
of virus, with normsl brain
10-6 5 mm .- S

10~5 papules -—- e

10-4 papules = ——

16=° 13 mm 13 mm 13 mm

1072 16 mm 16 mm 16 mn

367 16 mm 16 mm 19 mm

Antibody absorption by normel brasin wes not ,

demonstrable in this instance, |

Role of leucocytes in the immunity mechanism,

Dougles end Smith (1930) found that whole blood !
from rabbits immunised ageinst vaccinia produced a ‘
better neutralisation of the virus than the separéted
serum, Washed blood cells from the same source, when
compared with normel cells, definitely enhanced the
action of the serum,

Fairbrother (1933) suggested that leucocytes

more potent'in their action on the virus, than normal
leucocytes; but in his comparative tests he used an
amount of "immune" leucocytes which was three times
that of the normel cells,

In the following experiments, the action of the
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| 1eucoceyte iraction of blood from normal and immune
irabbits was investigsted. It should be noted that
the leucocyte fraction contained a certain sdmixture

{of platelets.,

‘T%thod of preparation of leucocyte suspensions,
\ As immune animals rabbits were used, which 7-21

| days previously hed been employed for intradermal

titrations of the vacecinia virus and serum-virus

‘mixtures (vide supra), The hoir of 'the chegt was
|
|

[clipped as close as possible, and tincture of iodine

[was applied, 10 c.c. of equal volumes of a 5%
suspension of zleuronat and sodium nucleinate were
Iinjeeted intra=pleurslly on each side under ether
ianaesthesia.‘ 20-24 hours later, the rabbit was bled
iby cardiac puncture, =znd the blood so obtained was
Emixed with 2 solution of 10% sodium citrate and 5%
glucose [(nine volumes of blood to one.volume of
églucose-citrate). The exudate from the pleursl
icevity was mixed with an equal volume of a solution
containing 2% citrate snd 1% glucose. The blood and
'pleursl exudste were spun for 20 minutes at 2500-3000
TeDall, The supernatent fluid was pipetted off, and
the leucocytic cream was removed, At first the
leucncytes from the blood and pleural exudate were
mixed, but later they were kept separate. The

leucocytes/
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leucocytes were taken up in 7-10 c.c, of 1% citrate
solutien, theroughly shaken and respun for 7-10
minutes at 20003000 r.p.m. in this manner they were
washed at least three times, The totsl leucocyte
counts were made and it was found thet animels varied
considersbly in their yield of leucocytes, Rabbits
rendered immune to vacecinia virus inveriably gave
better yields then normal rabbits in both blood and
pleursl exudates. In any one experiment the leuco-
ieyte suspensions from normsl =2nd immune rabbits were

nunerically equalised by dilution,

Effect of leucocvies on the vacecinia virus,

The action on the virus of "immune" leucocytes
'ger se, =nd through the mediztion of the immune serum
!was tested, "he immune serun was diluted 1/50
beforehand, Decimal dilutions of neuro-virus were
mixed with equal volumes of (a) suspensions of
leucocytes from normal rabbits, (b) suspensions of
leucocytes from immune rabbits, (c) 1/50 dilution
|
of antivaccinisl serum, (d) 2 mixture of leycocyte
suspension and diluted immune serum. The concentre-
ttion of virus in those mixtures, which were to be
EcOmpared with erch other, was equeslised by the addition
of 2 solution of 1% sodium citrate. After verying
periods of incubstion, 0.2 c.c. of the mixtures were

injected/




injected intradermeally,

Experiment No,l,

82,

Incubated for 138 hours =t 3790,

Dilution| V |ValeS+ | vaI-S¢immune| v+immune leuco=-
of virus. citrate | leucocytes reytes + citrate

1652 |ess e SR e

10=9 11 mm —— - ——

16°° B3 min| - wee nu e

102 17 mm| 16 mm 14 mm papules
Undil, 17 mm 18 mm 21 mm

The "immune" leucocytes

the virus per se, but had no

immune serum~-virus mixtures,

'Bxperiment Yo.Z2.

definitely inactivated

definite action on the

The behaviour of leucocytes from normel and

imrmune rebbits wes compared,

The total leucocyte

count was equalised in 211 the suspensions to 2000

per c.mm,

The mixtures were (a) injected intra-

|idermelly immedistely after mixing, (b) incubated for

2 hours at 37°C before testing in vivo.

(2)/
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V |V+ll=Leuce, V+Imm,|Valmm,Leucol VeI=S+
Leuco, + citrste citrzte

[
10=" 22 mm

10-4 22 mnm

107 19 wm| 17 mm 11 mm papules 13 mm

;10‘2 25 mm| 18 mm 12 mm 4 mm 21 mm

101 23 mm| 21 mn 18 mm 12 mm 22 mm

Undil, 20 mm 17 mm 22 mnm 25 mm
N-Leuco, = Normal leucocytes
Imm.Leuco, = Immune leucocytes

Time of contect (2 hours =t 37°9C),

Dilution v V+1T=-Leuco,| V4 Imu, [V+N=Leuce, | V+Imn,Leuco,
of virus., Leuca.| t I=8 + I=-5
10-¢€ s
“F'\
s b o et =
-4
lo s - e
1()'3 16 mm 11 mm - - N
10”7% 18 mm 16 mm i s - |
10“1 ¢ rm | 18 mm 12 mm 4 mm -
Undil, 31 mm 21 mm 17 mm 9 mm

" Immune® leucocytes were effective in neutralising

the/
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the virus to some extent immedistely on mixing, but
the action was more marked after iﬁcub?tion: they
elso definitely enhanced the sction of immune serum
on the virus, In experiment No.,l the verisble
result was probébly due to the fact, that leucocytes
hed‘clumped together, end settled 2t the bottom during

| 1& houre incubeticn at 37°C; aud so were not in close |
| |

conteet with the serume-virus mixtures.

| Normal leucocytes had no actien on the virus '

| per se even after incubation.

jEx;periment No,3. |

| The previous experiment was repeated with the
following results. The tetal leucocyte count was
63,000 per c,mm,

Injected immedistely after mixing.

‘Dilution V | ®wN-Leuce,.| V+Imn.Leuco,| Vti-Leuco.|V+Imm.Leuce,

ef_virus, +citrate + citrate|l + I-S + I-5

e | |

i 10=5 4 mm| papules - - ==

I 1074 E mm| 16 mm ——— 13 mm % mm
1o 16 mm| 16 mm 13 mm 16 mm r i
1072 |18 mm| 17 mm 18 mm 16 mm ﬁ min
10°) |21 mm| 17 mm 18 mm 15 mm f!s? mn
Undil, 24 mm 19 mm 15 mm 12 mm

Time/




Time of centact (2 hours - 37°C),

Dilution V |V H-Leuco, |V+Imm,Leuco,| V+l=Leuco,| V+Imu,Leuco,
pf virus. + citrate + citrate +I-5 + 1-5

10-6 p—

1075 |21 mm o das it Al

1074 24 mm| 18 mm - 18 mm o

1073 28 mm 18 mm 4 mm 22 mm -

1072 56 mm 24 mm 18 mm 24 mnm 9 mm

107 B7mm| 23 mm 22 mm 28 mm 15 muo
Undil, 24 mm 18 mm 26 mm 12 mm

The previous

Experirment No.4.

chservations were confirmed,

The previous experiments were repested, only

"inmune" leucocytes were used this time instead of

‘nermzl and "immune" both,

Injected immedistely after mixing,

Dilution V [V+Leuco, V + Leuco. v +;-S
Icf virus, +citrate +J1=9 +citrate
=9
10‘“ - e e - - o - e - - e
10-4 == = s R
10~% pepules pepules —— L
1072 (16 mm 9 mm o= .-
167 |17 wm| 11 om cae -
Undil, 12 mm 17 mm -
Time/



Time of contact (2

hours =t 379C),

Dilution v ViLeuce, V+ Leucc,| V4 IS

pof virus, +citrate + I-5 + citrate
1076 papules
10-5 papules
10-4 153 mm 12 mm —— -
10=9 18 mm - 12 mm ——— -
102 |24 mm 17 mm 9 mm =N
10=1 39 mm 18 mm 14 mm 14 mm
Undil, 19 mm 18 mm 19 nmm

The "imrmune" leucocytes had no effect cn the
virus, they rather protected it from the action of

antiserum,

They behaved like normsl leucocytes,

Probably the rabbit in this csse was not highly immune,

In the previous experiments, the leucocytes from the

' blood snd pleurzl exudste had been pooled.

O

ihave been due to the antibodies absorbed from the |

The action

f the immune leucocytes on the virus per se might

circulation, which might not have been removed even

| after three washings with large volumes of glucoge=

citrate soluticen.
| pleural exudste wes in all probability very low, the
leucocytes from the pleursal exudate were kept separat@

ifrom those of the blood, and were tested separately in

As the sntibody content of the

| the following experiment,

| Experiment/



Experiment Fo.5,
&
Contoact 2 hours =t 37°C,
Dilutien v Vs ﬁ»Leuco. V+Imm,Leuce,| V+Imn.Leuco,
pf virus. (Blood) (Pleura)
10~ s
Fork o] e 7 mm C s e
107% | 9 mm 12 mm - st
1072 7 mm 12 mm S Boasi
10~} 19 mm 22 mm lO‘mm 14 mm
Undil, 20 mm 11 mm. 14 mm
(v)

Contect for 20 hours =t roommtemperntﬁre.
Dilution v V+i-Leuco, | V + Imm.Leuco,| V+Imm,Leuco,
of virus. (Blood) (Pleurz)

iO“z ——— 21 mm 10 mm 10 mm
10~% 28 mm 25 m 17 mm 15 mm
10°% 1 mm 26 mm 21 mm 20 mm
Undil, 29 mn 22 mm 28 mm

Wermal leucocytes had a protective effect on the

virus.

" Immine"

leucocytes

voth from blood and

plevre definitely inactiveted the virus,

incubstion st 18°

as two hours =2t 379C.

In/

20 hours

-2290 did not give such good results
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In the experiments so far recorded, the leucocyte-
virue mixtures were injected intradermally, The
effect of "immune" leucocytes on the insctivetion of
the virus after intrecerebral injecticn into young

growing rabbits wass next investigeted.
=

Contact for 18 hours at rcem-temperature.

Diluticn V+ Saline | VeImm.Leuco. Vo IS
bf virus.
1/16 - = o -
l/% -+ +
1/4 + +
142 + ¥ = |

inimal concentreticns of the virus were inactie-

:vated by "immune" leucocytes,

Sumnmary of previous observaticrs,

The "immne" leucocytes definitely inactiveted
the virusg per se affer the leucocyte-virus mixtures
were injected intradermslly or intracerebrelly. The
only exception was Experiment 0.4, in which they
beheved more or lese like normel leucooytes; end
protected the virus from the action of the antiserun,
probsbly the rabbit from which they were derived had
not develoved @ high grade of immunity.

Kormal/
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Normel leucocytes either did not diminieh the
potency of the virus ss in Experiments Fos.2 2nd 3 or
had a protective effect on the virus (No.5),

"Immune" leucncytes were effective immediately
on mixing, but the action was better marked when the
mixtures were incubated for two hours st 37°C
(Bxperiments Nos.,1,2, and 33 In Experiment Xe,.b
20 hours incubaticon at room-temperature did not give
such good results as 2 hours at 37°C.

"Immune" leucocytes definitely enhanced the
actien of immune serum~viruc mixtures (Nos.Z and 3),
but had no definite acticn on immune serum-virus
mixtures in Nec.l. . In the previocus experiments the
meximum time of incubation was 2 hours, while in this
experiment (No.l) the incubrtion was for 18 hours at
37°C, and the leucocytes hsd clumped together, znd

settled at the bottom, znd so were not in close

contzct with serum=-virue nixtures,

Effeét of spleen emulsion on the virus, .

The effect of a spleen emulsicn from normal and
immune rabbits on the virus was next tested. The
spleen wes erulsified in saline and freed frdm blooﬁ
by ét least three washings in saline, Equal veclumes |
of spleen emulsion and decimel diluticns of the virus|

were mixed and incubated for 2 hours at 37°C and then

injected/
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injected intradermelly,

The sctien

of immune and

normel leucocytes ohtained from the bloed and

pleural exudates of the seme rsbhits was agein

investigeted st the s2me tinme. The result weas @s

under,

Dilution V | V+l=Leuco.| V+¢Imm.Leuco,| V+Imm, V+IT  |V+Imn,

of virusi (Blood) Leuco. | spl. |spleen

(Pleurs |

10~6 P e s e e en
10=5 = e o = e '
10-% —— papules - - papules| 1C mm
109 ——— 12 mm papules - 3 mm |12 mm
1072 |18 mm| 15 mm 11 mm - 15 mm |17 mm
10-% 19 mm 15 mm 17 mm 20 mm (16 mm |17 mm

Undil. 18 mm 18 mm 22 mm |17 mm :18 mim

The effect of leucocytes on the virus was con=-

:firmed, but the normel spleen scted much better on

virus then immune spleen,

irmune animal.,

This might heve heen

to the persistence of the virus in the spleen of

In the next experiment, the spleen emulsions were

first heated at 56°C fer 45 minutes and then tested

for their inactivating effect on the virus,

Incubated/
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Incubeted for 2 hours =t 37°C.

Dilution V [ Val VelImm, | Veheeted Imm.| Veheoted
pf virusd spleen|spleen spleen, rormal spleen
1059 | e | e S Lo s
105 —e= ——- 11 mm 7 mm -
1.6~4 - - 11 mm 8 mm -
103 16 mm| --- 16 mm 9 mm 6 mm
10" 22 mm| --- 18 mm [ . 17 mm 16 mm
1071 27 rm| 24 rm| 18 mm 19 mm 17 mm
Undil, 26 mm | 20 mm 20 mm 18 mm

The hested normel spleen insctiveted the virus

to 2 certain extent per se. The hested immune spleen

on the other hand enhanced the a2ctien of the virus onl

the tissues,

Active immunisstien of rsbbits,

An attempt was made to demonstrate active immunity
in rebbits to sn intrzcerebrel injection after intra-
rdermel odministretion of the virus. A single series

. |
of seven injections of decimel dilutions of the virus

|
renging from undiluted to 106 were given in C.2 c.c. | -~
: : |
amounts to a number of rabbits, At 24 hour intervels
the rabbits received an intrecerebral injecticn of |

undiluted neure-virus, Immunity was not present on

the second, third, fourth and fifth day. On the

gixth/



sixth day immunity was demonstrable to this extent,
that the animel showed symptoms of encephalitis but
recovered, Cn the seventh dsy solid immunity was

demenstratrle.

Protection experiment with hyper=-immune entiveccinisl
serun, -

An attempt was mede to induce passive immunity
in rabhites againet an intracerebral injection of the
neuro=~-virus, Hyper-immune sntiveccinial serum was
injected intravenously into three rabbizg. One
received 1 c,c. Of ser;m, the other 2 c.c. and the
third 4 c.c. Cn simultaneous adminigtration of the
undiluted virus by the intracerebral route, typicsl
encephalitis developed in all of them in 5 days.

1 ) %
The serun hed no influence on the course of the

diseese,

Filterability of the vacecinis virus.

An attempt was mede to filter the vaccinia virus
through = Seitz E.K. filter., A 10% emulsion of
neuro=-virus in ssline was centrifuged a2t 25060 r.p.m.
for 15 minutes, The supernatent fluid was filtered
through = Seitz E.K. filter at a negative pressure
of 50 c.c, of mercury. The filtrate wes injected

intratesticularly in 0,5 c.c. amount inte & rabbhit,

the unfiltered emulsion being injected into another

2s/
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ag 2 control, After 3 deys, heemorrhegic orchitie
end inflemmaticn of tunice vegineles resulted in the
control, while the filtrate did not produce any
reaction, Three riore sttempts were mede on the senme
lines to filter the virus through a Seitz E.K, filter
with negetive results, In two further experiments,
the virus brain wes emulsified in normel rsbbit serum,
and the Seitz filtrate was tésted by intredermsl
injecticn with negetive results, while the control
with the unfiltered emulsicn was positive,

When the s2me neuro-virus emulsion wes filtered
through (1) British Berkefeld csndle, (2) Lo Chamber=-
:land candle, the filtrate produced no positive
results on intredermel injection, though positive !
controls were obhtazined,

he neurc-virus emulsion wes next trested with
an equal zmount of ether. The slightly opalescent
fraction (vide infrs) was tested for its virus content
by intredermel injections, and was found to be positive,
but the Berkefeld and Chamberland Lo filtrates prepered
from the same geve negrtive results, The virus in
short, could not pass, Seitz E.K., rritish Berkefeld

end Chemberland Lz cendles,

'Acticn of ether on neuro-virus,

-

Wheri ether wes added to an equal volume of neuro-

' virus/
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virus enmulgion, 2nd thoroughly mixed by frequent

sheking, 2n 2lmost water-cleer frection seperrted ot

.
the bottom of the tube, On centrifugelisaticn, three
layers were clearly discernible, A semi-fatty layer
intervened between an ether seoluble frecticn on top,
and an ether insoluble slightly opalescent fraction st
the botton, The bottom leyer wee removed and tested
for its virus content. After 3 hours contoct of
ether with the virus emulsion, the potency of the
virus wes reduced by 10'1. After 24 hours contact
of the twe ¢t room-tempersture the potency of the

—4)

virus wes reduced by 1072 (from 107% to 10

Pathogenicity of encephalitic strein of vaceinia
virus on animels,

In the follewing experiments, the effect on the
brain of sdministreticn of neuro=virus by various
routes to animels wes investigsted.

(a) Rabbits,

By intratesticular injection.

Neuro-virus was sdministered intrstesticularly |
in one c.c. 2mount. After three dsys,the rebbit had
2 definite orchitis, but in additicn showed general
symptoms., 1t lost weight, did not take its food and |
died on the sixth dey.

This observation was confirmed in 3 further

experiments,

By/
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By intradermal injecticn,

7 c.c. 0f an undiluted emulsion of neuro=-virus
were sdministered.intradermally. There wos g
definite locel lesion, but in addition the animal
lost progressively in weight amounting to 18 oz, in
three weeks, then it began to recover. Yo symptons
of encephalitis appesred,

By intravenous injectien.

4 ¢c.¢. 0f voceciniel brain diffusste (prepered by
leaving a2 small piece of brein in broth for three days
2t room=tempersture) were zdministered intravenously,
The gnimal defirnitely lost weight, 2nd wae off food,
On the eighth day, it looked definitely ill, showed &
gesping respirstion and had 2 cosrse lasteral tremor. .

It wes then killed, Legions of generslised vaccinia;

were present in lungs, liver, spleen snd intestine,

The sPme observetion wes confirmed seversl times,
No signs of encephelitis appesred. Thus, on admini-

:stration of an encephelitic strain of veccinie virus,

viz, neuro-virus, by intratesticulsr, intrsdermel end

intravenous routes, symptoms of encephelitis faziled
to appear.

The effect of traumatising the brain in conjunc-
:tion with en intresvenous injection of the virus was

next investigeted.

Cerebral/
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Cerebral treuma in conjunctien with virus
administreticn intravenously,

Vaccinia brain emulsion was sdministered intra-
:venously in 2 c.c. 2amounts end Logcke's fluid wes
injected intracerebrelly at the sonme time. On the

| sixth dazy, the rahbit hed symptoms of typicel
| vececiniel encephelitis,

On znother occesion, & rehbit wes given 10 c.c.
of neuro-virus emulsion intresvenously, and 1 <.c.
Leocke's fluid intracerebrally, 1t died on the tenth

dey with definite c¢linicsl menifeststions of encepha-

[}

:1itis.

(=

The effect of 2dministering minimal dcses of the
virus intresvenously in conjuncticen with cerebrsl '
treume was next investigeted. l c.c, saline was

Iinjeoted intracerebrally into =211 the rabbits shown

in the table,

Amount intravenously., Result,
031 Cucs 4+ dead ninth dey
0.5 ¢.a. negative '
1.0 c.c., + recovered
4,0 c.c. + dead third day

The result was not uniform due to the varying
susceptibility of the raboits, but it confirmed the

previous/
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'previous finding.
| (p) Mice,

In an attempt to transmit veccinial encephelitis
to mice, neuro-virus emulsion wes injected intrecere-
+brally up to 10"5 dilution, Those receiving 10™°
and 10™° dilutions survived, while others receiving

:10‘1 dilution were ill 2nd slightly atexic, and were
found dead in 4-7 d=ys.

In the next experiment, only the undiluted
emulsicn injected intracerebraslly produced symptons
of weakness and ataxia leading to desth in 1 out of
5 mice,

When the neuro-virus wss edmrinistered intre-
:peritornenlly with simultaneous cerebresl trsuma to 3

imice, one had stsxis, dieplayed clonic movements and
'died on the sixth dey; others were negative. The
controls injected with the virus intreperitoneslly
per se showed no symptoms,

Concentration of virus in brain and spleen tissue|
of rabbits following an intracerebrsl injection, |

The behzviour of neure-virus during the incubeticn

: i
pericd following en intracerebral injection was investi-
|

ct

rgated, ¥our rabbits were injected intracerebrally |
with the undiluted neuro-virus, 2nd were killed =t 24
hour intervels. The presence of the virus in brain
2nd spleen suspengiocns was titreted intradermslly.

Dilution/
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96 hours
bilution 24 hours 48 hours 72 hours ¢linically %
bf virus!| Brain|Spleen| Brain|Spleen| Brain|Spleer|Brain| Spleen

10-6 wa- aiaiise 6 mm| === 5 mm| =-- 6 mm —e--
10-° - - 7 mm -— 6 nm| =e= 11 lmm -
10-4 —— —— 7 mm - 6 mm| =e= 13 mm -
10-3 ——- es= | 11 rm| --- 8 mm| -== (14 mm| ---
1072 - -—— 17 mm| --- 9 mm| -ee 13 mm| 4 mm
10 |6 mm | == | 17 mm| -=- | 15 mm| 8 mm (14 mm| 5 am
Undil, 12 mm - 22 mm - 17 mm| 9 mm |16 wmfll mm

The virus multiplied locslly in the brain and
was recovered frem the spleen enly when the concentre-
:tion of the virue in the brsin hed risen very high,
The concentrsticon of the virue in the spleen then
roge indiceting either a local multiplication of the
virus in the spleen or a continued inflew from the
brain into the circulstion, The virus multiplied =t

-

leest 107~ times in 48 hours, the concentration

remaining more or less constant on subgequent titra-

:tiong, Clinical symptoms of encephelitis were not
menifest 2fter 48 hours, although the concentration |
of the virus in the brein wes neésrly the seme as

after 96 hours, When s high concentration of the '

| Yirue wes present in the brain for 48 hours, then

clinicel manifeststions supervened,

Distribution/




but the skin resctions were 2s follows.

[{o]
0

Distributicen ef the virus in bleood,

The sssocistion of the virus with the cellular
constituents of blecod was next investigerted. 10 ¢4
cf & neuro-virus emulsion were administered intra-
ivenously to a rabbit, After one hour, the rabbit
wag bled from the merginel esr vein into 2% citrete
solutien, 2nd the bleod wes fracticnated. The
leucocyte and red=-cell freaction were then injected
intradermelly, The virus was found to be associated
with the leucocyte fraction. The red cells failed
to give 2ny reesction,

In the next experiment, & c.,c. of the neuro-virus
emulsion were administered intravencusly, and after
two hours, the rabbit was bled from the esr into
glucose-citrate soluticn (2% sodium citrste and 19

rlucose), The bloond wes fractioneted, and serisl

{

dilutions in 1% citrate of easch frection were made
end injected intradermally into 2 second rabbit.
1 c.c. Locke's fluid wss injected intracerebrally at'

the seme time, No signs of encephalitis supervened,

Dilution/ |



Dilution | Virus.| Leucocytes|Pletelets|Red~cells| Plasua

pf virus.,
10~6 4 mm - - - i
107 |15 mm L5 e ol )
10—4 22 mm -—— p— - s
10=% 26 mm ——- 2 mm she Sad
1072 28 mm —— 3 mm —— e
10-* |34 mm 12 mm 4 mm 2 mm Al

In 2 further experiment, é c.c. of the virus
emulsicon were injected intravenously,.the rsbhit was

bled a2fter 30 minutes =snd 4 hours respectively.

Dilution | Virus|Leucocytes| Platelets| Red-cells|Leucocytes

of virus, 30 minutes in circulation 4 hourg
10-6 6 mm e e - s
10~5 B (— = =S o
167% 13 mm = = - o
107 | 14 mm ——c papules i s
1072 | 15 mm See 6 mm e s
101 13 mm 8 mm 9 mm - 7 mm

The virus, when present in blood wes associsted
with the 1leucocyte fracticn, but more so with the
platelets,

In the previous experiments, the virus wes

recovered,/
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recovered from blood in low concentration only; most
of it was inactiveted by the normsl defence mechanism
of the body.

In the following experiments, the effect of
injecting the virus into hyper-immune rsbbits was
investigeted,

5 c.c. 0f the neuro-virus emulsion were injected
intravenously into a hyper-imumune rabbit. After 15

minutes, the blood was withdrawn and fractionated.

The virus could not be recovered in thet cese,

i
Dilution Virus | Platelets| Leucocytes| Platelets Leucbqytes
of virus, 30 minutes 4 hours |
=5 ) .
107 12 mm - —=e - -
10"4' 17 mm S it AL gl
10=9 22 mm - T e k=
10—2 22 mm - — - - -
101 |28 mm 2 wm Soc i el
diseappesred
5th day

The virus had meinly disspperred from the circu-

:l2tion in 30 minutes and wes not recoverable after 4

hours,
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EXPERIMENTAL STUDIES OF THE PATHOGENESIS OF THE

VIRUS OF LOUPING=-ILL WITH PARTICULAR REFERENCE

TO THS JMECHANISH OF ANTI-VIRAL I UhI”Y

Technigue.

The louping-ill virus derived from the brain of
an infected sheep was subjected to passage in mice
by intracerebral inoculation. Thereafter the brazins
cf infected mice were used 2s the source of the virus.
All mice showing the typical symptoms of louping-ill
were killed when moribund, The brein was removed
egeptically, and sterility tests made in phosphate-
broth and cooked-me=t medium, The brain, on being
found sterile wns stored in 50 per cent glycerol in
the ice~chest, When required, it was freed from
glycerol by washing in saline, weighed and ﬁhoroughlyl
ground up in 2 sterile mortar, and then Locke's fluild
was graduslly added to produce a 5 per cent uniform
suspension, The suspension was centrifuged at 2000
r.p.m; for a period of 5 minutes. The supernztant ‘
fluid was pipetted off, and used for intrscerebral ‘
injection,

For inoculation in mice, the skin of the scalp
was depilated at first, but depilestion was later

abandoned, The animal was fully anaesthetised with

ether, The site of inoculation wes cleansed with

spirit/ !
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spirit, the point of inocul=tion heing mid-wey between
the root of the e=2r and the middle line of the skull.

A gusrded intradermal needle, which asllowed penetration
to 4+ of an inch wes used, *the amount of inoculum being
about 2,04 c.c. Since the meximum period of incubs-
:tion in louping-ill in mice has heen described as 2
deys (Creiz, Brownlee, Wilson and Gordon, 1931) the

animals were observed for thet period at le=st, the

-

ime heine 6 weeks.

i)
"
._l-
H
oy
&
t

Tynieal louping-ill infection in mice,

Unless the animal showed definite paralysis of
one or more limbs, it was not regorded as a cose of
lovpinz-1l11, Hyperaesthesis, staxia, peresis and
tremor =2lone were not di~cnostic of the disease, and
could be s2scribed to various bacterial infections,

In those mice, which showed definite c¢linical
symptoms of louping-ill the inoculation was regerded
as yielding = positive result (&) in those with no
clinicel menifestations but sur?iviﬁg throughout the
observation period, the result was stated as negative
(e==); those snimels found dead without heving shown
symptoms of louping-i1l were labelled (D). In all
|

mice showing symptoms not attributable to louping-ill,

|the result wes not recorded,

!Louping-ill in rabbits,

An attempt was mede to transmit louping-ill to

rabbites/
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rahbits by en intracerebral injection of infected

mouse brain, but without success even on repetition,

Louping=-ill in lambs,

3 c.c. 0f infected mousge~hrain emulsion were
injected intracerebrally into two lambs, Both

succumbed to the disesse, their brains were removed

)

agsepticelly, and dessiceted, and then preserved in

the refrigerator,

TLouping=-1ill in Macagus rhesus.

One c.c, of infected mouse-brain emulsion was
injected intracerebrally into é monkey, Yo symptoms |
were obgerved for 6 devs, During this time the. |

temperature ranged between 101,2°F and 102,2°F. On |
I |
the seventh day, there was a febrile reaction, the '
' temperature being 104,4°F, and the monkey was not as
lively as before. It beceme quieter, and was dis-
:inclined to move, Then marked staxie snd a coarse
| lateral tremor involving the entire body appeared.
' The temperature showed a diphesic resction, end on 5
| the fourth day after the sppesr=nce of the symptoms, |
| the animal wes unable to sit up. It lay quietly andi
meintained its position obstinately. When foreced to:
move, marked tremor and 2texis were still epparent.
' The tremor became infrequent, paresis more merked, an%
:the temperature dropped to subnormel, Following

| Tumbar/
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lumbar puncture the animal recovered some power and.
wes able to move sbout 2 little but remained definitely
ataxia. Then the head was displaced from the resting
position, it rocked vigorously end came into violent
| contact with the sides of the cage, slight nystogmus
was pfesent. The tempersature rose to normal, but
later =2g2in showed = diphssic curve., - At this stage
' there wos merked wasting of musclés, tremor was not .
. |
demonstrable, paresis incressed appreciebly, moderate
etexia was present, and the animal was unzble to feed
itself, lMuscular weskness incressed, =z2nd hecan
extrene, There weg difficulty in tpking solids; the
muscles of mastication acted very feebly. Finally !
the enimsl became helpless and moribund. i It waes killLd
on the 18th day =2fter the inoculation, !
The presence of louping-ill virus in the cerebroQ

:spinel fluid was investigated, Lumbsr puncture was

idone on the 7th day after onset of symptoms. The

lcerebro-gpinal fluid was diluted 1/4 before intra-

!

'scerebral injection into three mice, which did not

l 5 1
ishow any symptoms. The conc¢lusion was, that the virus
|

|was not present in the cerebro-spinal fluid at that

staze.

lode of infection in mice,

An attempt was ﬁade to infect mice by routes l
other than intracerebral, The minimal amount of the

virus/




virus from mouse-brain emulsion required to produce

infection was also investigeted. In the czse of the

ct

intraecerebrsl injections, one mouse received 0.04 c.c.

of the emulsion, the :

[y}

econd only the smell amount of
virus tazken up on 2 sterile needle which had been

dipped intd the. brein emulsion,

Mode of infection [Dose of Number Result,
brain-emulsion|of mice

Intrezerehral minimal 2 i
Intrascerebral 0.04 c.eo. 2 1
Subcuteneous. Dad Quts 2 o

ra

Intraperitoneal,| 2.5 c.c.

+ = Olinical manifestation of 1ouping-ili
|

--= = Survived without showing any symptoms

Thus minimel amounts of the virus introduced into
the brain were sufficient to preduce infection, while
0.5 c.c. injected intraperitoneally or subcuteneously

.Were ineffective,

The effect of traumetising the brain in conjunc-
stion with intreperitone=l or subcutaneous injection
of the virus was investigated. The results of 2

series of observations are shown bhelow,

'Route/
!
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Route of bose brain-|Additional trezstment| Number | Result,

injection. emulsion, of micd,
Intraperitoneall 0.5 c.c. Cerehral traums 3 + 10 days
(simultaneous) + 11 4days
Intracerebral 0.04 c.¢. Nil, 3 + A days
4+ & days
+ 8 days
Intraperitoneal| 0,5 c.c. Cerebral trauma 2 + 11 days
(simultaneous) + 12 days
Intracershral 0,04 c.c. Nil, 2 + 9 days
+ 9 days

Subcutaneous 0:5 s Cerebral trauma 2
simultaneous + 6 days
seventh day +16 days
It will be noted that intraperitonesl and sub=-

icutaneous injections of the virus in association with

an intrazcerebral treuma were effective in producing

louping=ill; but the incubstion period was longer thaen

after intracerebral injection and the successes were

not uniform,

The experiment was repeated later,

A number of

mice were inoculeted intraperitoneally with 0.2 c.c.

of brain

cerebral traume
|

(48 hours

;:tised after an intervel of 8 days.

emulsion,

later and

24

One mouse was subjected to

hours after inoculation, another

so on, the last mouse being trauma-

The results were|

irreguler; mice subjected to the traume on lst, 2nd

@hd/
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ond 4th. dey yielded positive results, those traumatised

on the 3rd, 5th, 8th 21d 9th

The surviving nice were tested for immunity 43

days later by intracerebral injection,

to the typi

undiluted

All

rirus at this period,

succumbhed

cal infection, there being no immunity to

As the virus was becoming more virulent on being

subjected to passage in mouse-brain, attempts were

made 2g22in to infect mice by routes other than intra-

rcerebral,

ere 2s follows,

1'he results of a series of observations

Route of Dose brain-|Additional treatment|Number| Result
injection, emulsion, of mice.
Subcutaneous 0D e Coal=-2as exposure 2 +8 days
Intracerebrsl 0.04 ¢.,c, Nil. 3 + 5 days
+5 days
+7 days
Intraperitoneal| 0,2 c.c. Nils 4 +15 days
: -
Subcutaneous 02 Cels Nil, 3 + 14 days
| =
Intranagal 5
insufflation 0.5 ¢,0. Nil, 1 +13 days
Intracerebral 0,04 c.c. Nil, 2 | |* 7 days
' I + 7 days
Intraocular 0.02 c.c. Nil, 1 + 8 days

The/
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The conclusion drawn was that subcutaneous and

intraperitoneal injections

virulence by passage could

in a certain prop
:tion period,

Intrascculsar

of virus exalted in

produce louping-ill per se

ortion of mice after a2 long incuba-

injection and intranasal insufflation

were also effective,

The experiment was repested with the following

result,
. 1
llode of Dose brain- Number of Result,
administration., |emulsion, mice,
Intracerebral 0.04 c.c. 3 "+ 6th |[day
"4+ 6th day
+ 6th day
Intraperitoneal
with spinal 0.2 g.e, ) + 8 days
injury 48 hrs +10 days
Later, e |
Intraperitoneal 14 12 7-12 day
2 - e =
Right intraocular 0,02 c.c. S +7th dey
+7th day
+9th day
Right Retroocular 0,04 c.c. 3 -
[Intracerebral 0,04 c,.c. 3 +5th deay
+6th day
Intransssl 0.5 c.Cs 4 +9th day
- +9th day
D*oth day
D 9th|day
Per Os 0.5 c.Ca 2 Louping-111°%

It/

* D = found

dead (vide p.103)
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It was shown in this way thet louping-ill could
be transmitted to mice by intresperitoneal, intre-
:oculaf, and intranssal routes. Retro-oculea
injections failed to reproduce the disesse. The
result of administering the virus by mouth wes
inconclusive, One out of the two mice was ataxic
on the 12th day, its brain wes submitted to passage
in four mice. One became comatose on the 1l5th day,
the second died on the 21st dey, others remsined
normal .

Thosze mice, which survived an intraperitoneal

injection of the virus were reinjected intracerebrally

with undiluted emulsion 32 days later; no immunity
was demonstreble and e8ll succumbed to the typical
infection,

An attempt was again mesde to reproduce the
infection in mice by administration of the virus per
0s in four mice, One developed stexis and psresis
on the 11th day; others showed no symptoms. The

controls injected intracerebrally died on the 6th day

Eshowing typical symptoms of the disesse.

The virus which hed become highly virulent by

pessagze was used later to infeet =ice per os. Three

‘out of 9 mice were successfully infected after an

ineuhetion period of 13-15 days,

In another experiment a Berkefeld filtrate of the

brain/
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brain emulsion when administered intrecerebrally
caused infection on the 7th dsy, while intrsnaszl

ingsufflation was effective in 8-14 days in 3 out of

4 mice,

In & further experiment louping=-ill mouse brain
emulsion was injected intracerebrally, a2nd the mice
were killed after 24 and 48 hours regpectively.

Their breins were emulsified and administered to mice

by intrscerebral end intraperitoneal routes, The

| prain of the mouse injected 24 hours previously gave

2 positive result on intracerebral administrstion,

and 2 negetive by the intraperitoneal route, The
brain of the mouse injected 48 hours previously |
yielded positive results by both routes, This experi-

rment suggested thet the virus gained in potency when

| it was allowed to multiply in the brain for 48 hours

| instead -of 24 hours, A highly virulent strsin conld

=

cause infection when injected intraperitoneally,

(otherwise 2n intrescerebral injection wes essentisl

to reproduce the disease,

Efféct of physicol and chemical agencies on the virus,

The effect of hest on the potency of the virus
wes investigsted, The brain emulsion was divided
into two parts. One was heated at 57°C in the water-

bath for 30 minutes, the other was kept in the ice-chest

%

O

zct 238 a control, Two mice were then injected

intracerebrally/



intracerebrally to

presence of live virus,

Number of mice. Heated virus Control.
57°C = 30 min.
2 - +
+

The virus was apparently killed by exposure to

¢ for 30 minutes, while the control was positive,

The experiment was repeated with the following

result,
Eilutian . Heated virus, Control,
of virus, [F59C-5 min.] 56°C-15 min,| 559C-50 min.,
1679 %
1072 +
+
10-1 s +
+ +
| fnail, + S -
| + AN &
Note:' 'In this and subsequent tables the number of

mice tested is indicated by the number of
symbols indicating the results of the
experiment, .

The brain emulsion was positive in at least a

10=3 dilution,

the virus waes active in a 10-1 dilution,

result/

After 5 minutes exposure to 55°C

The same
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.

O

result was given by exposure to 55°C for 15 minutes,

It was des

The wvirus wes next exposed to 2

troyed ot

3790 tor 24 hours.

5590 in 30 minutes,

tempereture of

Number of Heated virus (24 hours - 37°0)
mice. 13t experiment.| 2nd experiment, 3rd experiument.
+ + +

Louping=-1i1l mouse brain emulsion in Locke's

fluid was

hours.
iments,

Nex

Locke's fluid for

t the

active after bheing exposed to 37°C for 24

o
effect

The sesme resuvlt was obtained in three experis

of keeping the virus emulsion in

48 hours at 37°C wes investigated.

Dilution Heated virus Control.

of virus. 48 hrs - 37°C

10™°

10 +
Undil, e & ;
. S +

The virus beceme inactive

in Locke's fluid

in 48 hours

at 5700, while the control from the ice-chest was

positive/
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positive in at least a 10~° dilution,

Effect of ether on the virus,

The effect of ether on the brain emulsion wes
invegtigeted.

The emulsion was left in contsct with an equal
amount of ether a2t room-tempersature for two hours,
During this time the mixture was shaken vigorously
several times, then it wes centrifuged at 2000 r.p.m.
for 5 minutes, The mixture separated out into three
frections - an opelescent fraction at the bottom,

2 semi-fatty leyer intervening with an ether-soluble
fraction on top. The opalescent fraction wes tested
for the presence of the virus,

The virus could not be recovered, while the contreol
was positive.

In the next experiment, ether wes allowed to act
jon the emulsion for one hour and it was found that
|one hour's contact with ether inactiveted the virﬁs.

In a leter experiment, the virus emulsion wes
divided into four parts. Ether was allowed to act
on the emulsions for 15, 30 and 60 minutes respectively;

the fourth part served zs = control,

Kumber of Virus treated with efher Control,
mice, 15 min,| 30 min, 60 min,
o e ol i o
- - - s
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15 minutes contzct with ether inactivested the

virus,

Effect of normal sheep serum on the virus,

It was incident2lly noticed during a2n experiment
that when the virus was kept in Locke's fluid for 4
hours 2t room=-tempersture, its meximum effective titre
was 10=2, but if it was in contact with an equal
amount of norwal sheep serun, which had been heated
at 56 C for 30 minutes, its titre after 4 hours was

definitely higher, 10-93,

Dilutien Virus in Locke V in Locke sheep serum
ef virus. 4 hrs - reoom temp,| 4 hrs - rocom temp.
10-3 - +
102 + +
10-1 DX +
Undil, + D
i
‘L

D = found de=d.

The effect of normel sheep serum on the toxic
ectien of Locke's fluid on the virus wes further
investigated, The virue emulsion in Locke's fluid
was subdivided into two perts. Cne was left in
contact with an equasl volume of normal sheep serum,

the other was kept 2s a control,

Dilution/
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Dilution 4 hours &t room-tenmpersture, Al
of virus. Virus in Lacke V in Locke Normal serunm
10-° 1 ¥,
10~ +

The previous observetion was confirmed,

In another experiment, it wesg found, thet while
after 24 hours contect at room-tempersture, Virus ¢
undiluted normal sheep serum acted in a titre of
10“3, the virue in Locke's fluid was active only

when undiluted.

[¢7]

Hh

In a further experiment, breain was ground up
end divided into two portions, one wes emulsified in
Locke's fluid, the other in normel sheep serum,

Both portiones were incubated =t 379C for 24 hours,

and then injected intracerebrally into mice,

Dilution Virus in Locke| Virus in sheep serum
of virus.
10-1 —— -——
ﬂ;"‘
|
Undil, 2z '
+

These chservetions showed cleerly that virus survived

hetter in normal sheep serum than in Locke's fluid,

Effect/
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Effect of physicel agencies on the virus.

The resistence c¢f the virus te glycerol,
deseicotionyg Locke's fluid =t veriecus tempera-

ttures was investigeted as follows,

V' in 50% glycercl| Dessiceted Lamb|V in Locke's fluid

at +49C brain at -16°C

4 months + 4,5 months + 7 days room +
+ + +
+ +

4 months + 6 months + 9 days room -

17 deys === S days * e

& ronths === € months 1 18 deys +4°C I

- 10 deys + +
5 months ~~= 15 months <+
18 days -—— 22 deys +

- -

The virus survived for at lesst 4 months 17 days,
when preserved in 50% glycerol (m2de up with Locke's
ifluid) in the ice-chest. When dessicated, end kept
.in the refrigerstor, it survived for =2t least 15
|months snd 22 deys. In Locke's fluid, it survived
for 7 deye ot room-tempersture =nd for at lesst 18

days in the ice-chest.

Passege through filters.

The virus could be consistently filtered through

a2

td

sritish Berkefeld candle,
An sttempt wes made to filter it through a

Charberlend/
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Chamberland Ls cendle. A Berkefeld filtrate of the
virus emulsion was prepered and e2bout 1% c.c, of the
seme were pasced through a Chamberland Lg candle &t
e negative pressure of 50:@6. of mercury. The

filtrstes were then injected intracerekrally into

mice,

Filtrate - Contrel
Chamberland Lg Eerkefeld Unfiltered emulsicy
- - + +—

- + A

The Cheamberland Ly filtrate was insctive, while the

kefeld filtrate gove positive results,

Detectien of virus_ in tissues of mice 2t veriocus
intervals during the incubsticr-periocd.

| An attempt wes mede to determine the site of
|mu1tiplication of the virus following an intracerebrall
!injection. |

Louping=-il1 mouse brein emulsion was injected
| intracerebrally into mice. They were killed at 24 '

hour intervals, =nd their brains were emulsified snd

injected intrecerebrelly into other mice to determine

the presence of the virus. The virus was not demon=-
:etrable in the brain after 24 hours, the result was
doubtful after 48 hours, After 72 hours, the virus |

- 7 |
via s,/ |
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wes present in the brain when tested in 10=1 dilution,

iy

The experiment wes repested,

Number of

mice., brain 24 hr.| brain 48 hr, |brain 72 hr,
2 + + +
+ D +

Number of | epleen 24 hr|. spleen 48 hr.| spleen 72 hr,.
mice.

2

——— ——— +
D

The virus wes consistently recovered from the
brain after 24, 48 and 72 hours. From the spleens

he sz2me mice, the virus cculd not be recovered

o]
L}
ot

]
]

ter 24 and 48 hours, but wes demonstrable after 72

o

hours,
The incubetion period when subinoculasticns were

made Trom the brein =fter 48 hours wes 8-9 deys, aftex

4

7

2 hours B-6 days.

-

In e further experiment it was difficult to
demonstrete the virus in the brain 24 hours after the
infection., After 48 hours the virus was demonstrable
in 10~1 dilution and the spleen from the ssme mouse

| yielded 2z similer titre, After 72 hours, it wes i
demonstreble in the seme concentration, After 96

:hours, it was demonsgtrable in 10'2 dilutions of brain:
end spleen emulsions and ot this stage menifesteticns

jofﬁ
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of louping=1ill bvegen to sppesr.
A, Brains,
Dilutien
of viruvus.| 24 hour|48 hour |72 hour| 96 houxn 120 hour
10~2 + i
107+ + + + ¥
+
Undil, + + 4
——- +
B. ©Spleens,
Diluticens
5T virus.,| 24 hour |48 hour |72 hour| 96 hour| 120 hour
10-2 * *
1¢-1 + + +
+ +
Undil . - + + +- +
The experiment wes repeated later on, It con-

:firmed the previou

that the vi
after 48

1
nours

ru

=]

| circulation after

ey
i2 heures.

-

=

-0
e

[o )

n

e

%

ings

, #nd showed in addition,
apperred end multiplied in the bloed

, but it wes not demonstrrble in the
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A, Brain.
Dilution
of virus,. 24 hour 48 hour 72 hour g6 hour
10-% + +
1
)
5 1 5 it D - D
Undil, + + +
+ +
\
B,.,. Spleen.
Dilution
of virus. 24 hour 48 hour 72 hour g6 hour 3
1072 s 4
D
g6+ D E D
+ 453
UI‘!dil. - + D
D D
G Bloeoed.
Dilution
cf virus. 24 hour 48 hour 72 hour 96 hour
1072 D
10-1 + i i
+ - . .
1//2 = o + D

Thus,”




Thus it wes shown that on intrscerebrsl injecticn

the virus could be recovered with difficulty frowm the
brain, but not frem spleen, suggesting 2 locel multi-
:plicatien, After 46 houvrs, it could be recovered
from brain, bloed and spleen, #2 hours later it was
not demonstrable even in low dilutions in bleood, but
wes present in brain and spleen in hich concentretion,
Vanifesteticrs of louping=-111l eppeared =fter the
virus hed multiplied in the brain to a high level.

Concentraticn of virus by 2dditicn of normel
rabbit blood,

A few drops c¢f normel radbit blocd were allowed

to drop directly from the eer-vein into the brain I
emulsion, Vhen clotting and retraction hed taken i
plece, the erulsien wes centrifuged st about 2000 ‘
r.p.m., for 10 minutes. The supernstent fluid wes

' pipetted off, end the clot was teken up in a little

i TLocke's fluid to ensure 2 uniform suspension, Tern~

| fold dilutions were preprred, and the concentration

| of the virus in the clot was determined by intra-

| icerebral injection inte mice, the control being |
|

' injected with the emulsien alone, The virus aﬂsorbeq

by the bleood-clot gave positive results up to at 1easﬁ

;10'5 dilution, while the emulsion alone rescted up to!

i10'3 dilution only. The virus was thus concentrated |

=3

}at least 10™° times in the clot.

| The,/
|
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The possikility of concgntraticn of the virus by

defivrineted blocd wes next invesgtigated. The virus

lone wes ineffective in a 14100 dilution, bhut nmixed
with defibrinsted rebhit blood and injected immediestely
after, the M.L.D. was 1/200, Vhen the emulsion and
defibrinsted blood were in contact fer 20 hours in
the ice-chest, the ¥,L.D. wes agein 1/200. o
evidence of definite concentraticrn of the virus by

defibrinated vlood was forthcoming,

Relaticn of the virus to_jhe blood-constituents,

The distribut ¢f the Louping-ill virus in

\

bloed was determined, Louping=-1il1l mouse-brain

emulsion was left in contset with nine volumes of
citrated sheep bloed for two hours et room=-temperature;
then the bloed wes fracticneted into leucocytes,
red-cells and plesma, The vericus fractions were
diluted ten-feld in 1% sodium citrate, end injected
intracerebrelly into mice, The virus wes recovered

from 2ll the froctions but more so from leucocytes.

In another experiment, the emulsicn was left in |
contact with sheep platelets 2nd leucocytes for 20
hours in the ice~chest, Mormal sheep blood was
mixed in en equal volume with 2 solution containing
% sodium citrete snd 1% glucose, It was centrifuged
for 7 minutes a2t 2500=3000 r.p.li. Thé supern=tant

fluid/



fluid wes respun at the seme speed for 20 minutes, end
the deposit consisting of pletelets wes suspended in
glucose-citrete solution; the leucocytes being

obtained frow the deposit in the first tube. On
intracerebral injecticn of the virus-platelet emulsion,
the virus was found to be concentreted ten times, the

leucocytes goeve the seme titre zs the brain emulsion,

Dilution

of virus, V emulsion, |V Leucocytes| V Platelets
10~5 - - - )
10~4 s Sl +
103 + 9 s
10-2 *
10-t -
Undil, +

In the next experiment, the emulesion was in
contact with the various constituents of sheep blood
for 1& hqurs 2t room-tempersture, The results were
irregulsr, The red-cells in one cease produced the
typicel infection in 10=9 dilution, while the pletelets
geve & positive in 10=6 dilution. In 2 further
experiment , the contact of the emulsion with the
variocus constituents of sheep bloecd was for 3 hours

st room-temperature. The mixture was shaken for 30

minutes,/
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(3]

minutes during that time, then it was centrifuged
for 20 minutes &t 2000 r.p.m. 2nd the deposits were

diluted snd injected intracerebrslly.

Diluticn Red~cells, Leucocytes. Platelets,
of virus,
10=7 ——— D’
D D
-6 2 +
10 + ¥
107° - D +
1074 * + +
+ + D
1679 + + +
D + D
10~% +
+
107t +
+

When present in blood, the virus wes mesinly associated
with the platelet and leucccyte fracticn,
Experiments on concentration of virus by

(2] precipiteticn of euglobulins, and
h) s@fscrption on Berkefeld filter powder.

A 10% centrifugelised emulsion of mouse-brain
was diluted.with nine volumes of distilled water and
carbon-di-cxide wes possed through it for 3 minutes.
The recsulting precipitaete was thrown down by centri-

:fugalisaticn/
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. fugalisation and tested for the presence of the
virus. The contrel was positive, but no virus was
demonstrable in the euglobulins,

A powdered British Rerkefeld filter was sterilised.
The powder was added to the Berkefeld filtrate of
the infected mouse brain, and left in contact for 15
minutes, keing shaken vigourocusly several tires. 1t
woas then centrifuged, the deposit serially diluted
end injected intracerebrezlly, but no concentration of
the virue resulted, the masterisl being only as active

as the Berkefeld filtrate, viz, in lf.‘,*"1 dilution.

D

Impuniseticn of enimals sageinst Louping-ill,

(A) Sheep.

A sheep was immunised with the virus by sube-
:cuteneous injections of 2 20% emulgion of brains
from infected mice, At first injecticns were given
on alternste days for one month, later bi-weekly for
i one week, =2nd finally wé%kly for 3 weeks, The dose
of the emulsion was incressed from 4 to 40 c.c.

The sheep wzs bled after two months znd the serum
wes stored in the ice-chest without a preservetive,
(B) Rig,

5 cec, of 2 10% emulsion of brain from infected
mice were administered subcutaneously to 2 pig.

The animel wes wetched for any sdverse symptoms for
a week, end then further injections of the same

ermulgion/
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emulsion were given on alternate dsys for two weeks,
and later weekly, the dose being increased gradually
from 6-85 c.c. The bloed was withdrawn at intervals
and the serum tested for antibodies, (vide infra).
The animgl was bled after 5 months, end the serum was
stored in the ice=-chest without preservatives.

The entiserum from the pig was more potent in
neutralising properties than the sere from rabbite or
sheerp. Hence the pilg serurm was mostly used in

neutreiisetion experiments,

Neutralisation experiments,

n performing such experiments, decimal diluticns
in Locke's fluid of the supernztant fluid from a 10%
centrifugelised mouse~-brain emulsicn were mixed with
equel veolumes of the serum under investigation (0.2
c.c. each) in sterile tubes, 2nd the mixtures incu-
tbated for vaerying perieds, then injected intracere=-
tbrelly into mice. In the contrel, ncrmsl sheep
serum was ?dded‘in_equal volume to the virus dilutions
in Locke's fluid, a2s it was previously shown thet the
rvirus survived better in a mixture of normal sheep
gserum snd Locke's solution than in Locke's fluid slone.

Determinaticn of neutrelisinge power of immune
sheep serum,

In the following experiment, the immune sheep

serum was tested for the presence of virus-reutralising

antibodies/
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entibodies, 2nd the thermostsbility of such snti-
:bodies wes slso investigated, The technique
outlined in the previous paragraph was used, the
pericd of incubation of the serum-virus mixtures
being fixed et 4 hours at 37°C. The results were

as follows.

Diluticn V4 =5 V+I=5 V+ heated I=S
pf virus. (569 « 30 min.l)'
104 fiee
lf\-s + - ar [eap——
10=° % e e
+ - - e -
: . o
Undil. <$ +
v = Virus
=5 = Normzl serum
I-5 » Immune serum
V4 I=5 = Mixture eof virus and immune serunm
e = " Survived (negetive)
4 = Symptoms of Louping-ill

At least ten minimum lethsl doses of the virus
could be neutrslised by the immune serum after 4 hours
incubstion at 37°C, end it wes a2lso fouhd thet the
irmune serum wes thermostable, i.e. its neutralising
power was not reduced by heating to 55°C for 30
minuﬁeé.

These,/
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These ohserveticns were confirmed in two similar

experiments.,

Neutrelising power of herted sheep scru.

The effect of hesting the immune serum to 55°C
| for 60 minutes and to 58°C - 629C for &0 minutes was
| then investigated.

Time of contact 4 hrs =t 37°C.

Dilution V+ N=S V4 heated I-=S V4 heated I-S
of virus, (850C = 6C min, )| (58°C~62°C for
60 min., )
-3 + Sy o=
10 H S e
& D
1072 + & 4
+ - 4
¥ +
10-1 + X +
* +
t D
Undil., + + +
+ . 4
% + %

It was concluded that the neutrslising sntibody
was still precsent zafter the serum had been heated for
60 minutes =t 55°C, but 2t 2 tempersture of 58°C to
£2°C, the potency of the serum was defiritely reduced.l

Similar results were obteined on repetition,

Time and tempersture factors in neutralisation.

The/
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The effect of tempersture on the neutralisation

of the virus by the immune serum was investigated.

Serum~-virus mixtures were kept ot room-temperature

(18-22°C) and a2t 3%°C,(the time of contact being in

2ll ceses 4 hours) snd then injected intrecerebrally

inte mice.

Diluticon V4 =8 V4+I=0 V4 =5 Vi I=S
of virus.| (4 hrs-37°C){4 hrs-37°C)|(4hrs-roon. ) |{4hrs-room, )
10™3 + - + o
+ o S
10~ + e + +
T e +
=1
10 + + T +
D + +
Undil
g + L +
H B .

The higher temperature accelersted neutreslisation of

the virus. Approximetely 100 M,L.D, 2t least of’

the virus were neutralised =t 3?00, while only 10C

I.L.D. were neutrslised ot room-tempersture (18°C-22°C).
In the next experiment, the effect of varisticn

of both time and temperature during the contact of

virus snd immune

serum was investigated. Mixtures of

entivody end virus were kept =t room-temperszture (22°C)

Hy

or one hour, while another gseries of the same were in

contect,/
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- Py - ,
contact in the incubstor at 37°C for 3C minutes,

The result of intracerebral injection into mice wes

as follows.

Dilution Number of V +I-5 % V+I=5
of virus. mice. (30 min-37%C) | (60 min-room,
10-% 2 + e
D -
107t 2 + D
+ D
Undil, 1 + 3

Thus, tetter neutreslisetion occurred at room-
temperature in one hour than at 37°C in 30 minutes.
In a further experiment, the contact of immune
sheep serum and the virus dilutions wes for 4 hours

-

at 37°C and 26 hours =t room-temperature,

Diluticen Number of V4&I-5 V4I-5
of virus. mice, (26hrs-room, | (4hrs-37°C)
18-22°C )
10-95 2 + -
D e o
+ -
10-1 2 + 3
D L N ]
Undil, 1 4 ——

rd
The/



The contect of immune-serum and virus et 37°¢
for 4 hours gave better neutreligaticn than =t room-
tenserature for 26 hours,

In previcus experiments, the serum-virus mixtures
were alweys incubsted for the demonstreticn of neutra-

11liisation, Thether incubaticn wes necesssry for this

purpose was investigeted in this experiment,

Dilutic V4 =5 V+4I-5 V4leg
of virus, (4hrs-37°C) (0) (4hre-37°C)
10=9 & o s
+ - .. - -
107% D + g
D + Aok
|
107~ + + 4
+ 4 +
Undil D
. +
D -‘f‘-

High dilutions of the virus could be rendered
!inactive immedistely on mixing, tut on incubeticn, thé
neutralisation was much better.

In the next experiment, the incubstion of the

serum=-virus mixture for 4 hours 2t 37°C produced

better neutrslis

i}

tion then 30 minutes ot 37°C, or
injectien immediestely after mixing, 0.5 c.c. of the
immune serum injected intraperitoneally gave no
protection agoinst = simulteneous intracerebral

injection of the minimum lethal dose of the virus,-

Diluticn/
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V I-cerebral
I-8 I-veriton,

Diluticen |Val=S"| V4 I=5 V4 I=5
of virus.| (0) | (30min-37°C)|(4hrs-3%°C
10-5 =
10-2 + + -

D jY) e
1071 o
b

c+

That incubetioen of the serum=-virus mixture was

not necesgssary to demonstirate neutralisation of low

concentrations of the virus was confirmed in 2

further experiment,

The effect of incubation on the neutralisation of

the virus by the antiserum was clezrly shown in the

following experiment with & sample of serum obtained

from a rabbit immunised 2gainst Louping-ill,

Injected immedistely after mixing.

o

Dilution V4+ N=-S" sheep V4 I-8 rabbit
of virus,
1074 =4S =
1072 + et
+ - . an
10 + +
+ +

Injected/
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Dilution V4 N-5 V4 =3 Vit T8
of virus, gheep rahbit rebbit
10™6 <l o e

s D D
10=° o e wae
1074 s + 2

] 4’ - -

+ - m
1079 + £ ---

+ + i

10% + —--
A
+

10-1 +
* +
+ ¥

The immune r2bbit serum neutrslised the virus
immedintely on nixing but the result was 102 times
better, when the serum-virus mixtures were incuheted
for 4 hours ot 37%0.,

With the immune pig serum, neutralisation of the
virus was demonstrable immedistely on mixing and even
when the serun wes diluted 10™% neutralisation still
occurred,

Serum-virus mixture injected immedi=tely after

mixing,

Dilution/



|—.|
(3
n
L]

Pilution V4 ll=5 Va4diluted I-8 10-1
hf virus, sheep. . - -
10~4 —— e

D e
THe + ey
+ = s =

107 + +

4

10~L + +
+ +

Undil. +
+

+

Injected immedintely after mixing, and after

& 2y T n e o R e R .
two hours at room-tempersture,

Dilution Va4 =5 V4I-5 V +1=-5
bf virus, (0) (o). = (2 hrs-229C)
10-9 + s —
4 AT S
10=2 + ——e -
D . e
+ e
1o %
+.

The latter result showed better neutrelisation
after incubation,
In those experiments, in which the virus and

immune serum were injected intracerebrally immediately

on/
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on wixing, the in vitro contact was for a2 few seconds
only.

The possibility of neutralisstion of the virus
by the immune serum without aay in vitro contact was
next investizeted, The immune serum was injected
intracerebrally, and after 2 few seconds, the virus

vas injected in exactly the ssme spot, countrol mice

v

=

receiving the seme doge of virus emulsion alone.

ilution V only I-5 intracerebrally,
of virus. intracerehrally,. then V intrscerebrallyﬂ
10™° D ==
D - -
10™4 % il
1079 ; +
i e

The experiment was repeated with a less potent

virus and the same immune serum with the following

result.
Dilution V only I-5 intracerebrally,
of virus, intr=scerebrally.| then V intracerebrally,
10=2 i~ o
10™t + Lol
+ s 2 5

Definite/
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Definite protection was afforded by the immune
serum injected intracerebrally o few seconds before

the virus, The suggestion wa

Bt

w

that the sntibody

-}

changed the susceptidility of t¥

—

e tissues, which

were able to inactivate the virus to some extent.

Action of complement on serum-virus mixtures,

In previous experiments, it was shown thet the
heated immune serum (559C=-30 min,) wag as active as
the unheated, As the neutralisation of the virus
was demonstrated after the injection of the serum-
virus mixture into the tissues of the host, the
action of complement in vive could not he excluded,

In the following experiments, the zction of
complement (in fresh guinea-pig serum) on the
heated serum =and virus mixture wes investigated.

As the guinea-pig serum might act on the virus
per se, this was first determined,

Three volumes of fresh guinea-pig serum were
added to one volume of the virus dilutién; normal
sheep serum weas used in the control in place of the

guinea=-pig serun,

Dilution V41l=5 V +N=5"
of virus. sheep. guinen-pic.

102 + S
10=% + ---

+ +

=X + +

&

Undil. > =
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Formal guines-pig serum was thus found to
inactivete the virus to a certain extent,
The experiment was repeated with a different

cuinea-piz serum =2nd the same strain of virus.

Dilution Vg NeB5 Vélmd"
of virus, sheep. guinea-pig,
10~4 &
10™5 _ + T
+ -y
10-2 e =
2 "
10 : *

The previous observation was confirmed

irus dilutions and the

(4]
<
[

Equal volumes of th

with double the volume

(6]
;
(t)
h

immune sheep serum were
of fresh guinea-pig serum, In the control, the
guines-pig serum was uzed after heating it =t 569C

f 0 minutes inactive tt mplement.,
for 30 minutes to 2 rete the complement

3

Dilution V4ll=S | Vall=0 V4l=93 Veheated I4S
pf virus.| sheep| guinea-pig|+heated +fresh guinea=
guinea-pig| pig serun
T serum
10=9 + . -
+ —— - e
10 + + ;f,. iy
10—1 + 4 + ==
+ + + -
Undil, + + ¥ D

Although/
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virue was definitely enhanced by the normel guineas-pig
serum, this could be explained by the direct zction of
this serum on the virus,

The action on the virus of the tissues of a
refractory snimal [(rabbit)..

Louping-11l could not bhe transmitted to rabhits
(vide p,103). Of the many possible explanations for
this failure, one was the possible presence in the
animal's blood of a natural protective antibody,

The effect on the virus of normsl rebbit hlood and

serum was therefore investigeted,

(e o

In the first he mixtures of virus

®

xperiment,

4

e
o]

Jeta

ct

=

i

n

(6}
]

and serun were i)

troceredbrally after incuba-

A

:tion for 4 hours =t 37°C,

Dilutinn | V#li=-S shee ValN=rebbit serum ValN-rabbit hloocd
of virus, (4hrs=5?°G§ (4hrs-37°C) (4nrs-37°C)
1o +
+
=3 + 3
10 e + D
16T = + + +
+ +
= +
36™ + +
- & ;
Undil, 4+ i
D +

No definite action on the virus of normal rabbit

serum,/
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serwn or blood was demonstrable,

The experiment was repeated;: normal rabbit

fJ ~
blood was incubsted with the virus dilutions for 2

hours at 37°C,

| s
Pilution V4 N-5 sheep| V¢ N-rabbit blood (citrated)
of virus, (2hrs=-37°C) (2hrs-37°0)
169 + +
A +
+
-2 $ev
10 e .
* +
-1 + +
10 X |
+ ®
Undil, e
+
+

The previous observation wes confirmed.
The following experiments were devised to test

;the clearing rate of virus following intravenous

injection from the blood of 2

refractory aninm

3
=

Ly

&

ing the virus were
in

.
RN -Tal
=

o

()

ed intravenously into a rabbit. After two

hours, it wes bled, =2nd the blood was fractionated,

Mo virus could be recovered from 102 dilutions of

the leucocytes and platelets, 2lthough the control
with virus emulsion only was positive in 10-4 dilution,

Tn/
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In the next experiment, 12 c.c. of the mouse-
hrain emulsion were injected intravenously into 2
rabbit, blood was withdrawn from the merginsl eer-
vein after 30, 60 and 120 minutes respectively, The

virus was recovered in 107~ of whole blood up to 60

gample.

Ir further experiment, 6 c.c. of the mouse~-

o
)

brein emulsion were injected intrsvenously, the
rabhit was bled from the ear-vein after 60, 90 end
120 minutes respectively, 2nd the presence of virus
in the whole blood dilutions tested for by intra-

:cerebral injection into mice 28 follows.

Dilution A 60 minutes | 90 minutes| 120 minutes
of virus,
10-4 +
1679 - +
10-% + +
e +
+
10t + 4
+ + ;t“
1/2 + + +
+ + +
; +
Undil, ¥

The,/
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The virus was recovered from all the samples
taken up to 120 minutes after injection, hut it was
| difficult to recover a2t that time es shown by the
single positive result among three mice injected with
|
2 107" dilution of whole blood.

In a further experiment, the virus could not be
recovered after 60 minutes in the rebbit circulation,
although the control with the virus emulsion was

Ipositive in at lesst a 1079 dilution,

In refractory animels the virus was rapidly
removed from the periphersl blood, 2lthough the speed
with which this occurred differed merkedly in differ-
rent 2animals,

In the next experiment the result of incubstion
of the virus dilutions with citrated normel rabbit
blood was compared with that of immune blood and

' serum,  AS the rabbit blood wass diluted 1/2 by the
}addition of an equal volume of 2 per cent citrate,
‘the immune serum wes correspondingly diluted,

Incubated for 4 hours at 37°C

Dilution/
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Dilution V4 N=-blood V$ I-blood TglI=-5
pf virus.
-3 + =) s
10 . s
- +
10 I
+ b
+ -
1/2 2 4 )
+ = - - -

Protection experiments with ilmmune sheen serum,

0.2 c.c, .0of immune gheep serum weg injected
intraperitoneally in a number of mice; 2fter twenty-
four hours decimal dilutions of the virus were

injected intracerebrally, The result was as follows.

Dilution Result,
of virus,
10~ +
1072 +
+
4+
10~ +
+
&
Undil, +
+
+
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No protection was afforded by intrasperitoneal
administration of immune serum asgainst intracerebral

injection of the virus even in high dilutioas,

Recovery of virus from neutral serun-virus mixtures

An attempt was made to recover the virus from
neutral serum=-virus mixtures by dilution of the srme
in Locke's fluid.

Equal volumes of decimal dilutions of the wouse=-
brain emulsion were mixed with undiluted immune
rabbit serum, and after 4 hours incubstion 2t 37°C,

tures were diluted 10™' and 1072 in Locke's

fo
S
W
je
vy

fluid and injected intracerebrslly into mice, A

con mixing the virus dilutions

ct
H
O
]
5
[#]
W
4
O
<
[
e
(&)
jo R
J-J
<

with an equal amount of undiluted normsl sheep serum,
and keeping the mixtures at the same temperature for
the s=ame period, On intracerebral injection of fhe
‘same, the potency of the virus could be determined.

Contact for 4 hours =2t 37°C.

Dilu?ion Valle5| Vg I-8|(V+I=-5 dlluteu in Locke's fluid
of virus,| sheep | rabbit 10-+ 10-<
10-4 + S
+ — e =D
-3 +
10 3 =
10™2 T o o) e e
1%L % & + +
e D +
Undil,
‘: +
+ +

The //
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il

The serum-virus mixture containing 10™% dilution

{

of the virus was found to be neutral, and could not

he reactiveted by 10'1 dilution in locke's fluid,

By dilution, the virus in the aforesaid nixture was

diluted to 10™° from 1072, but ss the virus in the

control was positive in 10"4 dilution, the absence
b N

of rea

Q

dilution
virus.

stration

neutralised, 2nd could be reactiveted on dilu

tivetion of the virus could not be due to

beyond the reacting concentration of the

The mixture containing the higher concen=
-}

of the wirug,, viz. %k

O-l

ion,

In the next experiment, imnune sheep serum was

used for neutrslisstion of the virus,
Contact for 4 hours =t 37°C,
(V4 I-8)diluted with
Dilution V+el-8 | Vi lI-B Locke's fluid.
of virus.| sheep. | sheep. 2 -
167" 1G=* 10=9
10-° + S
10'2 + = i
+
lCBl + + g e
+ s + B
Undil, & +
e + -
+ + * b

m % . .
The neutrsl serum-virus mixture containing 10'2

dilution of the virus could not be reactivsted by

. I o e e
107" dilution in Locke's fluid, while the attempt

with/



146,

with the partizlly neutrslised mixture containing
10”1 dilution of the virus was, successful,
The same experiment was repeated with immune

| pig serum,

Contact for 4 hours at 3?00.

(V4 I-3) diluted in
Dilution Vll-53| V4 I-5 Locke'!'s fluid.
hf virus. | sheep. iz, )
y A 10~ 10-2
104 e
D T :
10-%? + ——— -—-
& e
5
15> 4+ - - s
+ - .- - e
Undil, PR R

Firm antigen-antibody union had taken place in
he neutral mixtures, and attempts at resctivation by
dilution failed.

As the dilution-phenomenon depends on diluting
Et’n_e neutral serum-virus mixture to such 2n extenﬁ,
that the diluted virus is still effective, while the
immune serum is diluted beyond the range of effective-
:ness, in the next experiment 2 control was included
+

“0 ascertain whether the concentrstion of immune

e - b’ A
serum nad heen sufficient to render it inactive.

The,/



The immune pig serum was diluted 10=% beforehand,
and then mixed with decimsl dilutions of the wvirus,
The serum-virus mixtures were diluted 101 immedistely
after nixing. Ks the final dilution of the serum
was 107% in the nixtures, 2 control was included by
diluting the serum 10“2 before mixing with virus

dilutions,

Injected intracerebrally immedistely after nixing.

Dilution [V4N-8 |V#I-S| (V4 I-S) | V+ diluted I-S
b f virus.|sheep, nig, dil, 10-1 10=2
10-4 L
1079 £ —_— s Rl
+ e ] - . .
1072 1 At
i i ==5 it
10-1 + + o +
+ + o +F
Undil, + + +
+ + s

The serum-virus mixture contaiaing 10-2 dilution
of the virus was psrtiazlly neutralised. Cn dilution,
the virus wss completely inactivated. This was due
to neutralisation by the immune-serum in -the diluted
mixture, es the control with 10~9 dilution of virus &

N-8 was positive,

Adsorption/
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pdsorption of the virus to Ls filter powder,

Decimal dilutions of the mouse-brain emulsion
were mixed with an equal volume of the undiluted
gserum under investigetion, 20=30 mgms of Chamberland
Lg filter powder were then added, =nd left in contact
for 15 minutes at room-teumperature, the mixture heing
shaken several times during this period. The mixture
was then centrifuged at 2000 r.p.m. for 10 minutes,
the supernatant fluid poured off, 2nd Locke's fluid
was added to the filter powder to restore the original
volume (1 c.c.). The result of intracerebrel
injection of the filter powder emulsion into mice

was as follows, '

Dilution V4 N=3 (V4 N=S)
of virus, sheep, in filter.
10“3 - - ==
“y
lo-‘-‘ - . -
10-1 4 +
+ +
Undil. + %
+ 1

It was possible to eBsorb the virus from the

normal serum-virus mixtures by the powdered filter.

Recovery of virus from neutrsl serum-virus mixtures

by filter powder,
In/
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In the following experiments, an attempt was
made to recover the virus from apperently neutral
serum-virus mixtures by adsorption by the filter
powder,

d in equal

(61}

Undiluted immune pig serum was mixe
volumes with decimal dilutions of the virus, part of
the mixture was treated immediately after with filter
powder as in the previous experiment. As a contral,
mice were injected with the same mixtures witheout
treatment, and the virulence of the virus was indicae=-

:ted by injecting filter powder treated by virus and

normel sheep serum mixtures, The result was as
follows.
Dilution V 4+ NS v4 I-8 (V4 I=-8)
of virus, | in filter. in filter.
1674 +
10=9 i Lo ashd
+ SR - -
D e X
1o% + +
D D it
+
Undil, + +
+ ¥

The neutral serum-virus mixture containing 10-°

dilution of the virus was pertially reactivated,

Serun-virus mixtures containing smaller concentrations

lof/
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the virus could not be reactiveted at all showing
that firm sntigen-antibody union had probably occurred
in mixtures containing an excess of immune serum.

In the next experiment, the serum-virus mixtures
were incubated for 4 hours at 37°C before treatment
with the filter powder, In the same experiment, the
capacity of filter powder to sdsorb the antibody was
investigated by separately tresting the virus dilu-
-tions and the immune serum with filter powder,
removing the supernatant layers by centrifugation,
mixing the deposite and immedistely injecting intra-

rcerebrally,

"

Dilution | V+ -5 [V4I-8 V4 I-5 V in filter+
pf virus.| (4 hours - 37°C) | in filter.| I-8 in filter|
(0) i
1075 + e 7, s
D - = == + -
1079 G oo = e
D - - - em - - = o
10™4 + == n o
+ - - - .. - o ~m
-3 +
10 : == i s
3! —
10-2 + oher Sk =l
+ - e - = -— - e
lO"’:L + 4
+ +

(0) = injected immediately after mixing,

Partial/
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Partial dissociation of the virus osccurred in
nearly all the neutrsl serun=-virus mixtures. The
virus used was highly potent and acted up to the
highest dilution tested, There wos therefore the
possibility that in no mixture was there sufficient
excess of the immune serum to overneutrslise the
virus, 2nd hence dissocizstion occurred. The suspen-
:sion in Locke's fluid of the filter powder, which
was first trested by the immune serum before mixing
with the virus dilutions proved mofe potent than the
antiserum in neutrslising the virus, The reactiva-
stion by filter powder of the virus in immune serum
virug rixtures showed thet relstively much more of
the virus thsn antibody was adsorbed by the powder,- }

In the fellowing experiments, it was again BhOWnL
that when the virus dilutions were mixed with the
undiluted immune serum 2nd then treated with the
filter powder, the virus cculd be reactivated to
some extent, But filter powder, which wes Iirst

treated by the immune serum, and then mixed with the

owder trested by the virue dilutions, was very

K

potent in neutralising the virus.

Dilutioen/



Dilution | V+NeS| V4I-8 [(V4I-5) V in filter+
bf virus, | (4 hrs |= 3%°C) fin filter, |I-S in filter.
(4 brs-37°C)| __ (0) e
10“5 - - - - . as - e
10=% - - -
10-1 i) ¥ s
Undil, - F
D s
(0) = Contact few seconds.
The experiment was repested,
Dilution |V4N-S V4I-5| (V4I-8 (V4w-5) | (V#I-8S) ||V in filterd
of virus.|{4 hrs-37°C)|(4 nrs-37°C) (0) (0) | I-8 in
in_filter. [in filter|in filten| filter (0)
¥ |
10-‘) - - Ll - . = - . - .. - en -
4 e P
1.!\,"'1 4
A - o - - -
- iy 5ol e
Undi P
o b 1 -11 " Jt;
.'.-

The neutresl serum-virus mixtures could be partially

reactiveted by the filter powder.

pewder first +4tres

avidity for the viru

3 g e

Neactivaticn,

.

But the f

ilter

ted by the immune serum had marked

s

us,



| Reactivetion of virus from neutrzl serum-virus
mixtures by 0lood=clol,

It had been shown previously that Louping-ill
| virue could be concentrated by the reabbhit bvloed clot.
| In the follewing experiments, decimsl dilutions of

the mouse=hrain emulsion were mixed with undiluted

rserum, and sfter warying periods of incubstion the

imixtures were tréated with & few drops of normsl
rabbit blood taken directly from the ear-vein, The
blond was allowed to clet and retract, the mixture
|was then centrifuged =2t 2000 r.p.m., for 10 minutes,
| The supernatant tluid wes poured off, and the deposit
Ewas taken up in Locke's fluid, which was brought to i
the original volume, After breeking vp the clot as
finely =s posgsible, the resultine emulsion wes injec-
ited intracerebrally into mice.

In the following experimemt, decimel dilutions

of wouse-brain emulsion were mixed with equel wvolumes

|0of normal and immune sheep serz, The wmixtures were |
immediately after dissccizted by the rabbit blood clat),

The result was as under.

‘Dilution/
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Dilution VA ll=-3 | blood + clot blood=clot from
nf virus. from ¥4 l= 1“:.','!.'..:1,.:.8.,_._..._.,._.___..._..
ltl')"3 - - -
lO'2 t + Gt
D + R
=1
10 + ——
M % 8
D i - :
The virus was pertially dissociated in the

mixture containing the undiluted virus

k]

nd inmune

and not in those containing smaller concenira-

It had been shown before, that there was hetter

serun,
:tions of the virus,
neutralisation of the virus by

incubation of the

at 37°C than when

only,

Tirus mixtures were dissoc

immune serum

after
serum~virus mixtures for 4 hours
the contasct was for a few seconds
In the following experiment immune serum

iated (2) a few seconds

3o 0
after mixing, (b) after 4 hours incubstion 2t 37°C.

Dilution/
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Dilution |clot from|clot from| clot from V4+I-5
be virus.|(V+N-8) [(V&I-8) |(V4+I-8), (4nrs-379c)
o) (0) (4hrs—37
o~ -— -
1=
10" - -
=
107% + -
-3 + = o LS
10 + Z
e +
- b +
:‘,O + + - e - —
-1 i
1¢c + + 4 4+
g0 + +
U
Undil, + +
T +
When the serume-virugs mixturec were subjected to
discoeiation after a few seconds contact, the mixture

containing 1072 diluticn of the virus was defiritely

£ L -
. G e B S )

\..P

reactivated, But after 4 hours incuhati:
serum-virus mixture, nc dissociasticn of the neutral
serum=-virus mixtures was demonstrsble; firm antigen=-

antibeody union hed taken place.

Antivody absorption experiments,

An attempt was wmade to demonstrate antibody

absorption/
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absorpticn by the virus in serum-virus mixtures,

| The prineciple wes tc use an excess of virus and to

| sllow it to act or the imrune serum for = iﬂng pericd
=t STOC. Three becteric-free Louping-1ill mouse

| brains (0.9 grammes epprex,) were emulsified in 3-4

| e.c. of immune serum, Rubber stoppers sealed with

paraffin were used to prevent becteriesl conteminetion,
The time of incubetion varied between 18-48 hours in
several experiments, After incubation, the emulsion
|wes centrifuged a2t 2500 r.p.m. for 15 minutes. The
 supernetant fluid was pipetted off and respun for the
| seme period, then it wes heated at 55°C for 30

minutes to free it from wirus, It was labelled |
"abgorbed serum" =2nd wss titreted zgoingt the virus to

fi.

; |
determine its entikody content, r corntrol was-always

included by keeping the imuune serum under identicel
conditions of tempersture, end then compzring its
titre with the sbsorbed serun,

In the following experiment, 3 bacteris-free
mouse brains were emulsified in 3 ¢.c. of immune pig

gerum, The emulsicn

was Givided into two pertions,
| 2 ]
‘which were separately incubated for 48 hours at 37°C. |
The sbsorbed serum wss tested for the presence of i
i

entikbedies, Bacterisl erowth occurred in one of the
| :
emulsiens, The result of intracerebral injection

|
'into mice was 2s follows.

|
Pilutien/

|
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Veéabsorhbed

contamineted

V4 I-5

No antihody absorption wass demonstrable,

The experiment was

4 mouse brains

Dilutien V4 17=-5 V4I-5 V+»ahsor?ed seruny
bf virus, (0) (C) {6y .

Undil,

++

ke

The abeorhed serum wes as active 2s the immune

serum,/
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serum, no zntibody ebsorption was demonstrable.

In a further experiment, imrune sheep serum was

substituted for the immune pilg serum, 3 mouse brains
were erulsified in 1.5 c.c. of serum, the incubation
O
being for 18 hours at 37 C.
Diluticn V4 li=S V4 I=5 5 V+absorbeg ferum
bf virus, | (4hrs-37°C (4brs-37°C)| (4hrs-37°C)
1073 S
10-° + sl e
+ L
=]
T D
+

Partisl antibedy ebscrpticnr wes demonstrable.

In the next experiment, th

@

antibody content of
the immune pig serum wes reduced by diluting it to
10~ before it was emulsified in mouge~brsin ermulsion.
The result of titrazting the entibody content of the

ebsorked serum wss s under.

Dilution/
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Diluticn V& li-8 V4 I-5 V& absorbed serum
of virus,| _ (0) (C) (o)
10—5 e o -
102 + e 4
+ e s
=0 3 4+
10 + T
+ + +
¥, 3 3
Partisl sutibvoedy ehbsorption was demonstrelble,

Antibody ebscrption occurred only from those

sera, whose sntibody content

In the fellowing experiment, &
strein of virus was used for anti
The gerum-virus emulsion wes
Cne wae trested by 10% ether

then both were

incubeted for

was low.,

highly virulent

nody absorpticn,.

=
48 hours =zt 37°C.

divided into two parts..

to inactivete the virus,

Dilution | V4 NeS V4serum absorbed|Va ebscrbed |V4 I-8
b virus.| (4hrs-379C )| etherised virus serum . -
S (4hrs-379C) (4hrs-37°C)
"J"
10" o s cen o o2
L abe
G2 + e al gl
+ - .- . - am e
1071 + ke + ---
+ = e =5
Undil, = + -
1 D e —r=

Partisl/
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i Partizl antibody sbsorpiicn wes demonstrshle
|
| from the absorbed serum, which had been treated with

| 1ive virus, the immune serum trested by etherised

| virus, was as potent as the unsbsorbed,

Complement-fixetion and flocculation reacticns,

Complement-Ffixatlicon test,

The supernstant fluid from & 5% centrifugelised

Louping-11l mcuse breinr emulsion was used ag the

|
;Fntigen, normal mouse brain being used ss a control,
| The haemolytic system wes prepared by adding 6 M.H.D.
?of the immune body to 2 3% emulsicrn of thrice washed
' sheep corpuscles, 0.25 c.c. 6f the sntigen =2nd 0,1
.c.c. of the immune serum were used in the tests. %

; i
| The usuel sntigen, serum and corplement dose controls |

were included.

VM.H,D, of complement fixed, _
Yormal brain, Louping-ill brain,

Ifmune sheep serum 8 &
Immune rsabhit serum 0 2
Immne pig serum (ol 3

'Of the three sers under exsumination, the titze of the
|

ineutr&lieing antibody was previously found to be

jhighest in the immune pig serum, which also showed
| |
'the definite presence of the complement-fixing ;

antibody,

Mlocculation test.

5%/




brain emulsions were mixed with en equal volume of
ether, and frequently shasken, After two hours
contact 2t room~tenmperature, the almost wster cleer
fractien f{rom the bottom was used as the sntigen.
Immune sers were heated for 30 minutes ot 55°C, and
0.5 c.ce of two~fold dilutions were mixed with equal
volumes of the antigen. After four deyd incubation
at 55 OC, definite flocculation occcurred with immune
plg serum up to s serum-dilution of 1/32, The
immune sheep serum geve o negetive result, the
immune rabbit serum gave & positive reaction up te

1/8 dilution, The floccules exemined under the

microscope consisted of an aggregation of minute

round granules,

| *
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The problem of the

has given rise to

O&e
DISCUSSION,

biological nature of viruses
great deal of controversy. If

viruses could be cultiveted on inenimete food media,

they might justifisbly be regarded as living organisms,

but it is doubtful

legitimately drawn

:Eagles and McCle=sn
It?.’le vaceinia wi
Laing and Lyth (1
|genersl failure to

from living tissue

they are not living entities but catalysts or ferments

|seme. kind is produced,

more widely,

of 2ccord with what we kXnew of the

whether thies conclusion can be

L

from the deta so far aveilsbhle,
(1931) cleimed to heve cultiveted
medium,

2 cell=-Ffree Maitland,

failed to confirm this, The
cultivate viruses in vitro apart

hes supported the hypothesis that

‘cepable after entering the susceptible cells of =0 I
|
|

|affecting its metabolism that more catzlyst of the

which then proceeds to "infect"

This theory, however, is completely out|

|
action of ordineary i

ferments, which exhibit no powers of reproduction when

'in contact with specific substances.

Although viruse

maintzinsg

o
o=

lenvironment

ito sdapt themseives to a chenged environment in highly

leh

by some viruses,

Iin/

constzant order

in which it is

haracteristic of living things and is shown gtrikingly

vary in size, each species

@

i
of size irrespective of the

multiplying. The capﬁcityl

The first exsmple of this is found j
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S. Yhen
smellpox virus has heen pessed through a sufficient
number of celves in succession, or even through
rabbits only, it hecomes so modified thet even after
repeated pesseges in men, it does net return to its
or&ginal condition, Similear phenomens heve been
observed in the edeptation of herpes virus to brain

tissue, of contagious epithelioma of fowls to pigeons,

(2

d

s

ea

i}

foda
«Q

e of tobzcco ts cucumbers,

|

ul

and of the mosa
It is difficult to reconcile such facts with any
conceptisn of viruses as inanimste principles, '

In certain respects the pathogenesis of virus i

/]

diseases =2ppeors to differ to 2 greater or less

{

eoree from bacterizl infections. The tendency to |

g

lective loceligation appears to be more definite,

(0]

2nd it has become customery to use such ferms as

dermotropic or neurotropic to define the special but

by no meesns exclusive affinities of a given species
or strain, Another peculierity of the viruses is 5
their tendency to produce cherscteristic "inclusien 5
| bodies" in certein cells, It seems possible that

| this hebbit of funetioning as intracelluler perssites
:has an importsnt bearing on anti-virel immunity, i

| Of the ultimete mechanism by which viruses
produce their harmful effects we es yet know liftle |
| or nothing, We do not, for instance, know whether |

: i
| @ny of them produce soluble toxins with 2 charscteristic

' biolozigal/



l2g behind thet of anti-bacterial immunity,

=
LN

biologicsl action, s in the cese of certain bacteris
Wilson Smith (1932) and Creigie (1932) isoleted a
specific soluble substance derived from the vaccinis
virus, which shareg with the becterizl haptens the
capacity to yield specific pregipitation in vitro,
although it is uneble to stimuleste antibody production
in vivo,

If the mechanism of anti-viral immunity could be
shown to he that of egnti-hacterisl immunity, the
gupposed relstionship of viruses to the becteris
would be strengthened, There was =2 tendency amongst
eerlier workers to differentiste somewhat sherply
hetween immunity to viruses on the one hand and te ’
bacterial infections on the other, Almost all '
experiients on the trensmission of virus infection i

and on immunity reactions in vive znd in vitro, heve

of necessity been carried out with tissue extracts
or with other crude materizl conteining host products |
ag well =25 wvirus, Under .these conditions the quali- |

ve analveis of such reections is
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rendered very difficult, snd for this reasson knowledge

|
of the mechanism of anti-virsl immunity hed tended to |

Before discussing the mechenism of anti-viral
immunity in the 1light of the present work =nd its
. I L] 1
similerity to or difference from that of anti-bacterial

immunity /
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involved in the e.
Anti-=hacterial sers may be subdivided into two
groups acecording to the mechanism hy which they bring
sbout the desth of the homologous organisms, The
serum principles involved may be either (a2) an onti-
+hody which along with complemeﬁt leads to the death
of corresgsponding bascteris with or without lysis-

| hectericidal action, or {(b) an antibvody which sensitises

' becteris to phagocytosis without the necessary inter;

i 1vention of complement. In the study of the mechanisimn
of anti-virsl immunity, it is impossible st present to
test any direct in vitro viricidsl action of an anti-
iserum, and the sesme 2pplies to the investigation of |

|
jany effect onalogous to becteriotropic action, '

Pfeiffer and Issaef (1894) and Pfeiffer (1895) found
that on injection of an immune serum along with the
corresponding orgenism into 2 normel animal, bacterio-
:lysis could he observed within a few minutes.

Bezzolza {1909) found thst lysis 2s a rule occurred
‘more resdily in the peritoneal cavity then when the

!test w=e mode in vitro. On the other hand when toxin
and antitoxin sre brought together in vitro, 2 definite

|

iperiod of time elspses hefore neutralisation of toxin

iis complete, Worgenroth (1907) showed that in the

:case of diphtheriz toxin this is congiderasble =~

|about twenty-four hours,

| The /'
|
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The determinetion ot the period of time required
for the in=ctivetion of virus in vitro by the corres-
:ponding serum would be of great interest. Lf
inactivation were shown to occur within a2 few minutes,
then a closge 2nalogy could be drawn with bactericidal
action,

Morgenroth {1907) found that & neutral mixture

' of diphtheria toxin and antitoxin could be broken up

| connection with veccinia virus wer

by dilute hydrochloric acid, and the two constituents
recovered, this union being thus reversible. Ramon
(1923) showed thet =s2lt-free toxin-asntitoxin floccules
dissociate upon the addition of 1 in 1000 to 1 in |
1,50C ecetic acid.” Upon hesting for sn hour at 58°C:

toxin is destroyed and snti-toxin rem=ains, Otto and

Sechs (1908) dissociated toxin-antitoxin by dilution, |

' but pointed out thet when the mixture was allowed to

stand for twenty-four hours, so that corbination is
complete, the phenomenon no longer occurred, If

virus could be recovered from a neutrsl serum-virus

t

nixture, then obviously its behaviour would resemble

cr

het of = toxin, which is not destroyed in a neutrel
toxin-sntitoxin mixture and cen be recovered by ‘
various mesns,

Cexrme (1908), Seto (1921) and Soberheim (1925) in

e unsble to immunise|

' 2nimals by injection of immune serum-virus nixtures, ‘

Wh ic h’ .'/ |
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which suggested the destruction of the virus-sntigen,

cordon (1925) supported this view; that the antiserunm
|

directly kills the virus in vitro, becszuse in one of

his experiments, complement enhanced the action of

hested serum on tihe virus, but he could not confiram

his first result, Andrewes {1928) showed that

vaccinia virus could be recovered from =zn 2pparently
neutral serum-virus mixture and this led to the idea |

| thet neutrslisstion of the virus by sn antiserum ;

resembles a toxin-antitoxin union, This view cannot
he accepted, becsuse recovery of the virus from the |
iimmune gerum=-virus mixture, which had not been shown
to be neutrzl has no significance, Although the

gerum=-virus mixture was found to be neutral on injec-

m

:tion into e test animel, no antigen-antibody union

might hsve taken place in vitro. In 1930, in cere-
:fully controlled experiments, Andrewes observed thst

with prolonged contsct virus was more and more difficult

'to recover, but some dissociation was possible even
after several days., He did not test the action of |
‘high concentrations of sntiserum on minimel amounts
.of the virus, snd the results encountered might have
been very different, as will be shown in succeeding
parses,
Anti-becterial immune substonces may also be

(demonstreble by their effects in producing clumping

lor /

|
|
| i
|
|
|
|
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agglutination of corresponding becteria or by

roducing 2 precipnitste with a filtraste of culture,

rod Lol

itation however also results from the intersction

(o5
Lre]

reci
of toxin and antitoxin. If the precipitated floccules

could be shown to consist of sggregations of specifi

o

eleméntary bodies, then the viruses would he compar-
1able to bacteris in relation to this phenomenon,
| This has heen achieved by Ledinghenm (1931) and Bedson
(1232) in connection with vaccinia and psittacosis
regpectively,
The complement=fixation resction is charscteristiec
of sntigen-sntinody reactions generglly, and its study

s ] ' l
| in relstion to snti-viral immunity has not yielded |

L8]
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deta of speciel as regards the question
2t issue: eond the s2me a2pplies to the phenomenon of
EFntibody absorption by the particular antigen,
In the study of the mechanism of anti-viral

| immunity, the following questions arise;

(1) Whether an antigen-sntibody union has occurred
in vitro, 1t would anot be possible, however to
'determine, whether the virus wes killed in vitro, or

only sensitised to the destructive action of the

?ph?gocytes or other cells of the test animal.

+
L]

e

(2) The time tsoken in inactivotion: whether inactivae-|

ition of the virus occurs rapidly like the lysis of i

4t
Q

fbs

¢cter

.b 2 or more slowly like the neutralisation of

'toxin/ |
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In the present work, the problem of the state of
the virus in neutrsl serum-virus mixtures wes re=-
investigsted. Dissocistion of the neutral serun-

Dilution phenomenon, i
Bedson (19228) zave the following restionsle of the
phenomenon; when a nixture of virus =2nd entiserum
Just neutrsl =s tested in vivo, in which the virus =
concentretion is considersble, is diluted, the highest
effective dilution of the serum is rapidly exceeded
vhile the diluted virus is still effective; 2nd in
it mey be possible to detsrmine the state
of the virus in 2zn zpperently neutralised nmixture and:
sc ascertzin whether any interaction between virus
end zntihody is tsking place in the test tube. At
first sight this conception might appesr unressonahble

heca2uze dilution of » belanced mixture of virus and



190,

entihody reduces both these fectors in the same pro-
:portion. But the rate 2t which sntigen and antihody
unite depends on their concentration so that by

diluting 2 belanced mixture of virus and antiserum

the time required for their intersction is prolonged.

1)

When 2 belanced mixture of virus and antibody is
diluted snd injected into a test snimel, the diluted
antiserum would 2¢t on the diluted virus in the
tissues, The time of their union having been con-
ieiderebly prolonged, the virus would esteblish itself
in the tissues hefore the antigen-zntibody union
oceourred, 2 negetive resction would only result when
the time required for the union of virus end ?ntibody'
wes less then thet required for the virus to infect the

: |
tissues, Thus by the simple procedure of dilution

"y

nd conseguent prolongztion of the time required for
the serum to act, =sctive virus may be unmasked in an
apparently neutreslised mikture,

The sera used by Andrewes varied considerably
in potency, s foirly poitent undiluted sample inactiva-
ited from 100-1000 m.i.d. of virus. In experiments |
'with neutrsl serum-virue mixtures, he had to work
iwithin a Very narrow rangé of virus dilutions. In

the experiments recorded in this tuesis, ordinary

immune serum wes obhtained from several rabbits, The

titre of the verious frections varied to some extent,

{ but’/
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but 10° - 109 gxin doses of the virue were usuelly

which were
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neutraslised, Those serux
more or less balanced could be regulerly reactiveted
by @ 10-* dilution in saline. On the other hsnd
neutral serum-virus wixtures contzining zn excess of
immune serum or minimel concentrstions of the wvirus
showed 2 stable antisen-2ntibody unien, The snti-
:gerum used by Andrewes had a low antibody content,

t was not practicsble for him to attempt dilution

s
[#
[

2

d virus, as

)
=

of over=-neutralisged nmixtures of serum
such mixtures already contzined a low concentrstion of
viruse and further dilution would heave rendered it
insctive, 1t is therefore obvinus thst he wes
working with only just balanced nmixtures, which have

_|

been shown to be resdily resctiveted by dilution,

In working with fowl-plague virus, Todd (1928) |

wee 2ble to reactivate neutresl serum-virus mixtures

hy dilution in saline, but not by dilution in normal

fowl-serum, But Andrewes (1928) in the case of

vacciniza virus successfully resctiveted both by

dilution in saline znd in normel rabbit serum.
Normal rabbit sers were used in four dilution experi-

iments of the present work (vide page L3 ).

Reactivetion of the virus definitely oceurred in one

experiment; only a2 trace in the second and none at ‘

21l in the other two, The fzilure of dissocistion
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by dilution was probably due to 2 high natursl pro-

1tective action of the sera used. 1though the

natursl imrune property of the sers wes not thoroughly-

investigested, the varying response of rabbits to

.

vacecinie infection which is well-known wes constantly

fode

observed, In one experiment, normal rabbit serunm
was hested 2t 55°C for 30 minutes in an attempt to
inactivete or reduce the natursl neutrslising enti=-
:hodies, 2nd dilution in this hested normal serum
reactiveted the 'virus, but net dilutioen in the
unhested rovmﬂ’ SeTrun, The varying results of the
work of Todd end Andrewes mesy possibly be expleined
by the verying nsatursl protective action of the sera
used,

Creigie and Tulloch (1931) found thet a floccu-

slating entiserum might inhirit the dermel infectivity

of vaccinie exposed therete in vitro, but that the
infective zgent was not killed by such exposure, for
by testiculsr inoculetion, the virus wes found to be

still sctive, They did not explain the discrepency

betweer their results snd those of Andrewes. In the

experiments recorded in this thesis, it was shown that

' hyperimmune serum neutresliged the virus slmost
'imredistelv on mixing, the antigen-antibody union
' being stsble, ss the neutrsl serum-virus mixtures

' could/
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could net be dissoclated even on 10_5 diluticon in

| saline. When the hyperimmune serum was diluted 1671

and then mizxed with the virus dilutions, neutralisa-

before use in neutralisation experiments, it was
found that balanced mixtures could be dissociated by
dilution in saline. The serum-virus mlxitures con-

ed hyperimmune serum behaved like those

o

staining dilul

-

eontaining ordinary immune serum, the only difference

-

between the two seemed to be a guestion of the amount

of antibody being greater in hyperimmune serume. On i

hyperimnune serum being previously diluted to 10~2

sEion of the virus was very unsatisfsctory:; but

dilutions and then the mizxturs diluted 107°, reactiva-
dbicn of the virus Pailed o oceur. A few seconds
contact of undiluted hyperimmune sérum with the virus

Angrewes (1928) found that a neutral mizture of
vaccinia virus and immune serum could be reactivated
By 1/125 ailution in saline, but not by 1/5 or 1/25
dilution. While Todd (1928) working with fowl-plague
virus found that a serum-virus mixture containing an
excess of immune serum could not be reactivated on
dilution. Todd, however, did not test high dilutions
of the overneutralised mixtures. In the present work,

when/




It wes further demonstrsted that diluted virus given
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when the neutrel serum-virus mixture wags diluted even

up *to 10‘5, no reactivation occurred, szlthough the
control with the lO‘5 dilution of virus s2lone wese
positive,

Craigie and Tulloech (1931) suggested that the

efficacy of Indis

:\J

nk, ecriftdvine, quinine hydro-

(=9

n

:chloride, end poseibly certair immune sera tc modify

=2

the lesieone resulting from incculstion of vacecinia
virus intec the skin was sclely sn in vive effect,
Their presence might either prevent the virus from
geininc access to the cells or allew the celle to
desl effectively with it. Andrewes (1928) in
coennecticn with veccinia postulated a local pessive
imouanity of the tissues produced by the antiserum,
which wes responsibhle for the neutrsligetion of the
virue in the sgkin of rabhite, It ig shown in the

presert work (vide pege 39), thaet entivecciniel

serun introduced within twenty minutes of the undilu- |

P

:ted neuro~virus in exactly the same erez neutrslised |

the virus; slso serum introduced 30 minutes before the

virus in the same epres afforded complete protecticn,

intradermelly was completely neutralised by the serumi

introduced in the seme spot even 40 minutes leter.

But it wes also observed that when undiluted virus and

immune serum were mixed and ofter o few seconds the

mixture wes diluted 10°° end injected intredermelly,

no/
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no lesion appecred, But when 107% dilution of the
. i) T . .
virus wegs mixed with 10~ dilution of immune serum
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d in vivo, there wuwa
| The concentretion of the constituents of the mixture

| was the szme in both intradermal tests, but the
resulis were msrkedly different. The capacity of the
immune serum to modify the vacciniel lesion could not |
| solely be sn in vive effect, as a defirite in vitro |
| inectivetion of the virus wes demonstretle, This
was confirmed by experiments carried out with filter
rvowder end euglobulineg,

Reactiveticon of neutral serum-virus mixtures by
(1) Cheorberiend Lo filter powder and (2) blocd-clot.

Andrewes (1928) devisqug}method to sdsorb the
virus frem neutrel sefum-Virus mixtures by Chamberl?n$
Lo filter powder, but he discerded 1t, beceuse he
found that the antibody was alsoc sdsorhed, Carefully
controlled experiments (vide page 5i ) showed thet
although hoth the virus =2nd sntivody were sdsorhed,

'much more of the virus than the zntibody w=s present
'in the filter powder, This method wes & valueble
.edjunct to dilution method in resctivating neutrsal

|
resious observetions were

gerum=-virve mixtures. Th

(0]

i

confirmed that only just belanced mixtures were
! |
dissocisble, The result wes the seme, when the
blood~-clot method wes employed, but as blced-clot

‘tends/



serum-virus mixtures could not be dissocisted Dby
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tends to adserb larger proporticns of sntihody fronm

neutrsl mixtures, this method wes not so s~tisfactory.

Reactivetior of neutrsl serum-virus mixtures by
precipiteting euglohulins,

Virus could be recovered in the euglobulins
obtzined from more or less balanced mixtures. The
contrels showed that 2 considersble amount of zantibody
weeg zglso sssocisted with the euglobhulins, but care-

:fully controlled experiments (vide page 62) revealed

that nuch more of the virus then antikvody was precipi-

ttated in the euglobulins, The conclusion of
Andrewes (1928) that this was the best method of

renctivating the virus from neutrsl serum-virus
mixtures could not be bhorne out, Findlay (1931)
end Ledinghem, Yorgen and Petrie (1931) have also |

found thet a considerable smount of vaccinial entibody

I-te

is associsted with the euglobulins of the 2nt vecoinia?
serum, |

Creigie and Tullech (1931) found that immune

precipitetion of euglobulins. The mixtures could not
; |

be dissocisted by precipitation of euglobulins, The

failure might have been due to & concomitant high

antibecdy centent of the euglobulins, which masked the

|

virug on intradermel injecticon. J
|

|

' Thtraceretral/
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Intracerebrel =nd intra-ccular investigetion.

All the points so far reised hezve been in
relation to the intradermel titrestion of serum-virus
mixtures.

Andrewes (1928) showed thet a serum-virus
mixture, .which was found to be neutrsl on intradermsl
injecticn was active when administered intracerebrelly
or intra-testiculerly, Feirbrother (1932) succeeded
in demonstreting ﬁeutralisetion of the virus after
the serum~virus mixture was injected intracerebrally, |
Fe found thet the incubstion of serum-virus mixtures
wes necessary for the demonstrztion of neutrslissztien,

An attempt wes mede (vide pege 65) to test the

acticr of hyperimmune serum on minimal concentretions
cf the virus, It was iﬂtereating'to note that lO3 -
10% skin doses of the virus were required te produce
encephelitis or irido-cyclitis in 2dult rsbhits,

egmaller doges heving no visible effect. Tndiluted

serum and injected intrecerebrally immedistely after
wes found to be neutresl, but the neutresl serum-virus
mixture could he reesctiveted on dilution, Higher

concentrations of the virus were neutrslised by the |

fmpune serum, when the scerum~virus mixture was

¢
incubeted showing therby thet the serum wes acting

directly on the wvirus. The verying respense of

tissues/
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tigsues to infection hy the seme serum-virus mixture
weas noted, A serum-virus mixiture, whieh wos found
to ke neutral on intra-cornesl injection wss zctive
en intracerebrel injecticn, This snomaly could be
explained on the ground that there was extremely slow
diffusion of the mixture in the cornea allowing pro-
ilomged contact of the serum and virus ir vivo, while
there was rapid diffusion of the constituente in the
brain, A serum-virus mixture which was found to be
neutrel on intracerebrel injection produced a
definite resction on intra-oculer inoculation. It
wes proheably due to the varying resgistance of the
tisgues to the ssme infection, the brain was cepsble

of neutralising infective mesterial which the aqueous

hunmor was unable to desl with,
A stable zntigen-entibody union could not be

demonstrated zfter the mixture wes injected into

he brezin, Thic wes to be explesined on the ground |

|
itration of virus for s positive result, end therefore

that intracerebral injecticn required a high concen-

.8 correspondingly high concentretion of immune serun

was necessary to produce overneutralisation, Such |
& serum wes not to hend, hence the serum-virus E
mixtures used were more or less bszlanced, and reacti?%'
:tion of virus on dilution consequently occurred. |

Andrewes,”



Andrewes (1930) averred that there wes evidence
of slow union of vaccinia virus with the antibody
in vitro, but the neutraliseticn in vivo occurred in
2 few minutes, Thus there wes o radicsl difference

between serum-virus neutralissticn in the living

enimal and the test tube. The present work indicated

thet there wes a cleose persllelionm between neutraliscs

stion in vive znd in wvitro,
The dats so far glven indiceted that s direct

unioen of virus 2nd sntibody may occur under suitsble

conditions ir vitro, This view is further strengthendd

by the results of antikody ebsorpticn tests, in thet

pertial antibody sbsorpticn from serum-virus mixturfes

| wasg cleerly demonstrated (vide pege 75).

Virus end excess of immune serum, left in
contact for a few seconds, failed to give 2 positive
reaction on intradermal injection; the seme rmixture
wes found te be neutral on intracerekrsl inoculatien,
but on dilntion reactivation occurred and positive

ireﬁctisns to intrescerebral injecticn resulted.

Heated immune serum was found to Le ag active as |

unheated serum, =nd there was no evidence to indiceste
| thet complement zcted on the serum-virus mixture in

i

vitro, The experiment reported by Cordon (1925)

in which complement wes found to assist serum-virus

iunion was not adequately controlled in that the action

ot/
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of the coemplement containing serum or virus per se
was not determined over z sufficiently wide renge

of virus dilutions. In these experiments the in
vive a2ction on the serum-virus mixtures of the
complement ceould not be excluded, Since complement
was not necessery for serum-virus neutrslisstion to
occur, @nd dissociation by dilution etec, wes possible,
the unicr of immune serum and virus resembled toxine- |
antitoxin fixetien, On the other hand specific
flocoulation (Craigie and Tulloch, 1931) and comple~ |
iment-fixetion resctions (Gilmeore, 1931) could be l
demonstreted which implied definite in vitrc union ;
of virus and =sntibody.

1t must be borne in mind thet irnmune sers seen

to kill becterie only with the co-operation of
leuceceytes or of complement.

Ledinghem (1931) hes put forward evidence to
show that vacecinia virus is probsbly identicel with
the Paschen hodies=, The virus only pesses the
cozrge filters with difficulty end so there seems no |

|
doubt that it is much lsrger than the molecules of i
bacterial toxin, Veccinie virus is thus intermedintd
in size between bacteria end toxins, hence it may h?Vé
its own peculisr mechanism in deeling with antisere. |

Vaccinia virus produces lesions in which there

is much cellulsr rescticn contzining g large number
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of phagocytes; snd experimentc performed by Dougles
end Smith (1930) supgest thet some of the phagocytic
cells of rebbites immunised sgainst veocciniez may be
ectively concerned in the incressed registance of

such animels, In the present work (vide psge 83)

it wss noted thst there wes a radicol difference

hbetween the leucocytes from normel snd immune rabbits

The "immune" leucocytes definitely inactivated the
virue per se after the leucocyte-virus mixture wes
injected intradermelly or intrecerebrelly. (It is

cssible thet this action might heve been due to the

@

e

adsorbed sntikodies,; which were not removed even

£
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hing), lNormel leucocytes either
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did not diminish the potency of the virus or exerted

b

g protective effect. "Irmmune® leucocytes definitely |

enhenced the scticr of immune serum on the virus in 2|

cut of 3 experiments, the effect heing more merked

m
Hhy

ter inecubation, Although no difference hzgs heen

detected between "immune" and normal leucocytes in

| immunity studies with bscteria, the very fact that

leucocytes a2cted on the virus seems to differentiate
it from toxins and provide sn onslogy with the
bacteriea, Also stzble sntigen-sntibody unien in

overneutralised serum-virug mixtures occurring after

| @ few seconds contect, is strongly in favour of the

reaction.rnqemhling 2 beoetericidal sction rather then

i
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2 toxin-zntitoxin uniocn.

The mechanism of anti-virel immunity in louping-ill,

The prohlen of inactivation of the virus in
neutrel serum-virus mixtures in louping-ill h=d to be
investigeted on slightly different lines from
vacecinia, The presence in any tissue of the virus,
on account of its highly neurotropic cherascter, hed
to be determined by intracerebrsl injection, wherees
vacciniz virus could be tested for by intradermal
injections. As was noted before, the results of

erum nmixtures

TR

injecticn of vaccinie virus and ant
into the skin and brain gave slightly different
results, firm entigen-zntiboedy unioen being demonstrabﬂe
&}y the first route znd not by the latter. 1t is

pogsible thoat if 2 more potent entiserum had been

aveilable, the serum-virus mixtures would hesve been

everneutreligsed 2nd a firm antigen-sntibody union
might then heve heen demonstreted sfter intracerebral |
inoculaticn of the seme. This was borne out by the

resulte of intracerehrel injection of the virus.

It was found, thet although on intravenous
injecticn of louping-ill virus into e normel rabbit,
' the virus wes repidly removed from the circulation,

| normal rabbit blood or serum had no definite inesctive-

tting effect or the virus in vitro. Rut neutralising

| entibodies,/



183.

sntibodies could he demonsgtreted in the serum on
immunisatiocn of this refractory animal, As regords
the time reguired for neutrslisaticn to occcur in
immune serum=-virus mixtures, Zinsser snd Tang (1926)

working with the neuro-tropic herpes virus stated

thet such mixtures must he incubsted before intra-
tcerebrosl injection in rebhits, In the present work,

however, it was found that = potent sntiserum could
neutraligse minimal concentrzticns of 8 similer neuro-
stropic virus, i.,e. louping-ill, immediately on
mixing., Similerly neutrslisaticn of vaccinis by
immune serum occurred immedistely on mixing.

Schultz, Gebhardt 2nd Bullock (1931) working |
with poliemyelitis virus also found that a concentrat%d

imrune serum 2dded to sn sppropriszte quentity of virusg

| might serve to render such a virus suspensiocn inno-

fdid not confirm

:cuous immedistely ofter the serum wes added. They

(=

sugeested thet the enti-wvirel serum did not act

9

directly on the virus, but indirectly by diminishing

the susceptibility of the tisesues of the host, They |

o+

his suggestion by testing the effect |
of injecticn of suiteble dilutions of the virus into
the hrain of e monkey which had been previously .
trested by immune serum. In the present work, when

immune serum wes injected intrescerebrally end louping-

121/



111 wvirus was admninistered in the same ares a few
seconds later, neutralisation of minimal concentra—
sticons of the virus was clearly demonstrable. Oon

the other hand, when sntise
the louping-ill virus in vitre and the time of
econtact and temperszture were va

L

that actual neutralisation occurred, the degree of

this effect being propor
Heated serum was found to be as potent in

|there was no evidence to indicate that complement
played a major role in the inactivation of the virus
by the antiserum in vitro. But positive complement-
|fixation and flocculation tests showed that there was
a specific antigen-sntibody reacticn in vitro.
Attempts were made to recover the virus from neutral
serunm~virus mixtures. fhose mixturea, which were

partially neutralised coﬁld be reactivated by dilution

|in Locke?s fluid. Stable union had ocecurred in
icompletely neutral serum-virus mixtures, and no virus
1

was recovered on dilution of the same. Similarly
the results of adsorption of the virus by a powdered
Chamberland Lz rilter showed that immune serum-virus
mixtures containing an excess of immune serum, or
minimal concentrations of the virus could not De

reactivated/




reactiveted; but virus could %e recovered fror more
or less belanced mixtures, The filter powder which
had been trested bty the immune serum exhibited g
merked avidity for the virus, This observation was
comparable to thrt of Bedson (1928) in connection

| with colledien perticles and herpes virus,

When er a2ttempt was mesde to recover the virus
from neutrsl serum-virus nixtures by the blood-clot
wethed, the previous observetions were confirmed,
When an immune serum~virus mixture wes incubsted,

the virus could not be recovered by adsorption in

blood-clot, althoursh the attempt was successful, when

the serun gnd virus had heen in contect for a few
secondz,
The abscrption experiments indicated, that s

tr

L4+

ce of antibody absorption occurred when a great

| excess of virus wag added to 2 minimel zmount of
antiserum, FElferd end Andrewes (1933) working with
becteriophrge found it extremely difficult to demons-
itrete antibody sbsorption, even the beslanced
mixtures of phoge 2nd sntiphege serum centeined &

| very lerge excess of immune serum.

In one experiment, althourh live virue edsorbed

sm=2ll amounts of entibody, virus inactiveted by ether

-

fziled to =2dsorb 2ny. This ohservetion pointed to 2
| difference between the behaviour of this virus end of

| hecteris



i_.
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bacterie in general, since inactivated becterisl
emulsions adsorb antibodies to the szme extent ss
living orgenisms,

Thus recovery of virus from more or less
belanced neutrel serum-virus mixtures suggested that
a2 certain smount of virus wes not actuslly destroyed
but rather inhibited in the presence of zntiserum,
There wes no evidence to indicrte thet inactiveted
virus could be recovered by dissociztion of zn over-
neutrelised serunm-virus mixture, The =2ction of
heated immune serum on the virus was not enhanced by

the a2ddition of complement to serum~virus mixtures

in vitro, but it was impossible to exclude the action|

of complement in the test animel, Further, comple=-

iment wes fixed by the serum-virus mixtures, only

| when the serum conteined the specific sntibody.

the work which hes been recorded in this thesis

elicits no mezjor or fundamentsl differences between

| the mechanisms of gnti-virsl end snti-hecterial

immunity,



|
|
‘ 187,
|
|

DISCUSSICH ON THE PATHOGEWESIS OF THE VIRUS
OF VACCINIA,

An attempt was made by Levaditi end Nigolau

(1925) 2nd Walthard (1926) %o produce vaccinial

! encephelitis in rabbits by intredermsl sdministrstion

! of the virus, but no symptoms of encephslitis super-
:vened eslthough the virus could be recovered from the
brain, When cerebral traume was inflieted slong with
intredermsl injection of the virus, & grester smount

i of the virus could ne recovered from the brair than
efter intradermsl zdminigtrstion =lone,

VeIntosh and Secerff (1930) were sble to demons-
:trate microscopic lesions in the centrsl nervous
system after intrazdermal injection of the virus, but
did not succeed in producing symptoms of encephalitisﬁ

In the present work, sttempts to produce meni-

festations of encephelitis =2fter administration of

| the virus by intratesticulsr, intravenous end intra- |
tdermal routeg failed, Histologicel lesions cof

encephelo-myelitis were discernible after intravenous |

administration of the virus, but outwsrd menifestetions

|did not appesr. The 2dninistrztion of the virus by

Euniformly suceessful in producing encephalitis, pro-

|
!
the intrevenous route 2long with cerebral troume wes |
|
:vided » reascnably lsrge dose of the virus-materiel
was employed,

In/
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In another experiment it was fournd that following

intrecerebral inoculestion, the virug multipglied

| l1ocelly, and when the concentration of the virus had

risen to a feirly high level, then signs of encepha-
+1itieg supervened,

Wilson Smith (1929) found theot when vececinis

| virue wes present in bleood, it was associsted with

the leucocyte and plstelet fractien, but more so with |

leucocytes. In the present work it wes found that

| the vaccinie virus wes associsted more with platelets

thzn leucocytes. Segel snd Becot (1922) mede @ '

gimilar obhservetion with the typhus wvirus.
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DISCUSSION Ol THE PATHOGENESIS OF Tik VIRUS
OF LOUPING-ILL,

For demonstration of the louping-ill virus in
any tissue, intracerebral injection of the tissue

emulsion into mice wes required. The results of

(=8

administratien of the tissue emulsicn by routes other
then intracerebral were not uniformly successful.

The incubetion period was shorter when the virus was
sdministered intracerebrally than by other routes.
When virus of low virulence weas zdministered sube
scutanecusly or intraperitoneslly, symptoms of
infection fziled to pear, but concomitant cerebral

2p
' trauma precipitated the characteristic disesse,

o

It was found thet following intrescerebrel injection,
it was difficult to recover the virus after 24 hours,
but later it multiplied locelly 2nd wes demonstrable

in the eirculaticon, When the concentration of the

virus rose to a sufficiently high level, then symptoms

of encephzlo-~myelitis supervened. On intrevenous
injection of the virus into & rabhit, it could be
recovered from the whole blcod, serum and red-cells
respectively, wheress in vesccinias the virus could not
be recovered either from whole blood, serum or red=
aells, hut only from the washed leucocytic fraction.
There was a distinet difference between the behaviour

jof the two wiruses in this respect.
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SUMMARY AND CONCLUSIOXNS.

This experimental study of the mechanism of

| entiviral immunity revealed the following data and

conclusions;

(1) When vaccinia virus wae mixed with appropriste
amount of antiserum and immedistely injected into
rabhits, inectivation of the virus to & grestsr or
less degree was demonstirable,

(2) The virus could be recovered from neutral
serun-virus mixtures, which were more or less

halenced

(3) Those neutrazl serum~-virus mixtures which con-
ttained an excess of immune serum or minimal con-
entrations of the virus could not bhe dissociated,
(4) Partizl antibody absorption was clearly shown,
when an excess of virus was in prolonged contact
with minimal smounts of antibody.
{(5) Firm 2ntigen-antibody union could not be
demonstrated ofter intracerebral injection of
neutrsl serum-virus mixtures, This was congidered
to he due to lack of excess of immune serum in such
mixtures, I

(6) In the cose of =znother neurotroplec virus, viz.

thot of louping-1i11, it was found that firm-antigen-

antivody union could be demonstrated in mixtures

containing/
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containing either an excess of immune serun cf low
concentrations of the virus.

(7) Neutral serum-virus mixtures could be subdivided
into (a) balanced, and (b) overneutralised.

Balanced mixtures were reactivable, while definit

i
1]

insetivatiocn of the virus occurred in overnsuitralised

(9) Attempts to produce manifestations of encepha-
:1itis af'ter administraticn of vaceiniza virus by
routes other than intracerebral failed, but adminis-
:tration‘of the virus by the intravenous rouie zlong
with cerebral trauma precipitated the characiteristic

-

with

(=1

diseast. An analcgous phenomenon was elicite

a louping-ill virus of low virulence.
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