In studying what have appeared to be some of the

mogt important chemical and physical properties of the
neurotropic virus of Horsesickneegs by far the greater portion
of th¥ work has been carried out with mouse adapted virus
and the strain chiefly used has been that known locally as
20449, From time to time the results.have been repeated
and confirmed on one or more of the other strains that have
been fixed so there is as yet no reason to believe that the
propertiea of one strain of virus, other than the antigenic
properties, are not identical for all straims, rohibitive
cost has prevented any attempt to cenfirm the regsults on
visé}ototrOpic virus of equine origin but as opportunity

permits this aspect will gradually be dealt with.

teeping (ualities,

iver since the setiological association of Horse-
sickness with an ultra visible virus in the blood of
reacting animals has been recognised, it was known that ihe
infective agent posesses remarkable keeping qualities.
Theiler reported that undiluted blood, or virus diluted
with glycerine may still be infective after 4 years, that
putrefaction does not always destroy the infectivity and
that a considerable degree of thermo stability was evident,
Gm the other hand it ig a common experience to find
infective blood, stored in oxalate-carbol-glycerine as
a preservative (82 50O c.c. water, 500 c.c. glycerine,

5 gm. calcium oxalate, 5 gm. carbolic acid) to be completely
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avirulent after a few months at room temperature. The
reagson for this deterioration has not been apparent but
certain faetors have been established in connection with
the viability of neurotropic virus,
in the earlier experiments a high dilution of infective

brain suspension (say 1 3 10,000) in 10% serum saline was
gtored under the conditions being investipated and survival of |
the virus merely determined by injection into mice. In the
later experiments the infective titre of the suspension was
determined infitially by serial dilution and compared with
the titre after storsges In this connection it is necessary
to state that the infectivity of a given virus emulsion
which has been carefully prepared and thoroughly centrifuged
may be titrated accurately to two fold limits as will be
seen from the following table,

Table . Agecuraey of virus Titration,

Emulsion of 4 brains « generation 60, strain 20449
titrated on different occasions by serial dilution in
1: 10 serum saline.

Hlutiona
1/10 1/20 1/40 1/80 1/160 1/320
A 4,4 5.6 5.6 4,5 5,0 Qe O
B 4;4 4.5 6.6 5‘5 GQG QQG
C 445 4,5 4.6 5.6 6.8 CeO

Jotes In this and all further tables the numerals
indicate the day after injection on which
death of the mouse occurred; O « survival,
x = death due to brain injury.

From this it is apparent that the infective titre
of any given emulgion of neurotropic virus which has been
carefully prepared may be determined within fairly narrow
limite. It is true that the limits are not sufficiently

narrow to satisfy a chemist or a worker on say bacterial
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toxine but they are sufficiently accurate for all the
purposes of this study.

At this point it is necessary to digress to mention
the harmful eff'ect of physiological saline (0.85% sodium
chloride in distilled .ater) as & vehicle and as a dfiluent.
vhen & virus suspension was made in saline # gerial dilutions
also were mede in saline it was found that the titre of the
serum stock solutlon varied considerably on different
occasions, odd mice died which had been injected with &
dilution apparently beyond the infective titre and mice
survived which arparently had Siﬁiﬁﬁé several infective
doses., These variations were beyond the limits of experimental
error, Ko adequate explanatlon can be offered but the
inregularities may stand in some relation to the aggregation
of virus particles into clumpa by the sodium or chlorine
ions, further, on storage in saline alone there 1s a decided
tendency for the virus to become inactivated even at low
temperatures., +<hen 1l0% normal serum is added to the saline
the result of titration is typically exemplified by the
figures given above and the viwfcidal effect disappears.
Consequently for all work except routine subinoculations
which are usually carried out within a few hors after
preparation of the suspension,K 10% gerum saline is used as

a vehicle and diluent.

A, The affagt of tempgrature on viability,

1. 3Storage at ¢ 49.

feghnique. A stock suspension of several infective
brains was made in 1 31 10 serum saline, the concentration
of brain substance being approximately 1 : 50, This was
centrifuged for 30U minutes at 2,50U revolutions per minute

decanted into a sterile bottle fit¥ed with a rubber cork
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and placed in an electric .refrigerator immediately below
the freezing chamber, where the temperature remained
congtantly between 3 and §°C. A fairly thick deposit
gradually collected at the hottom of the bottle hut when
samples were withdrawn, this was left undigturbed. From
time to time serial 4Ailutions were made of 1 c.,c, amountse
in seru:s saline and injaectad into mice with the following
results. Mouss generation 82, strain 20449 wae used, and

the interval is given in days after preparation of the

suspension.
Table IX. e .oner

From the above figures it is apparent that after
gstorage for 173 days at 4% there 13 very little decrease
in the infectivity of a given suspension of neurotropic
virugs, It isg true that there was a tendency for the c¢ourse
of the diseage to become slightly longer, and eventually
0,05 cec. of the 1:160,000 dilution simetimes contained
less than 1 minimal infective dose tit the fluctuations
are within the limits of experimental error, It may be
claimed therefore thet at 4° s suspension of neurotropic
virug {n serum saline iz eapable of retaining its full
virulence for a pericd of at least six montha. Unfortunate-~
ly the experiment had to be discontinued at thls stage owing
to depletion of the gupply of virus. In the course of other
experiments this obdervation has bean confirmed on several

o¢casions.

Another virus suapension originally diluted 1311004000
but not accurately titrated was found te be fully virulent
after 18 months storage under similar conditions, and

enother sample was active after having been kept frozen

for four months,.
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The Influence of storage at 49C

on viabilitx of the virus,

bate tnteryal S I E—
T : 10,000 1 : 20,000 1t 40,000 |1 : 80,000 | 1 : 160,000 | 1 : 320,000
15.9,83 8 By 545y 545 4,5 5,0 0,0
26,9, 33 19 4,5 546 5,6 5,0 6,0 0,0
13.10,33 36 4,6 646 546 6,6 6,0 0,0
4.11.53 58 4,6 4,6 5,6 5,0 740 0,0
30,11,33 84 5,5 5,5 4,5 6,0 10,0 0,0
20, 12,33 104 5,46 5,6 5,6 5,0 0,0 0,0
17. 1.34 132 4,5 5,x Byx 5,6 6,0 0,0 |
26.1,34 140 445 4,5 64X 5,6 0,0 0,0
2. 2.34 148 4,5 X4 445 4,5 6y% 0,0
9. 2,94 156 546 4,8 545 5,6 6,0 050
27. 2.34 173 5,6 546 546 6,6 0,0 0y0
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2. gtorage gt room temper-tyre and at 37°C,

Several attempts were made to run a similar series
of experiments with emulsion stored at room temperature and
at 37°c, These were consistently unsuccessful because
in spite of the greatest care bacterial contamination pre-
vented the intracerebral injection of mice., The results
obtained when a bactericide was added are included in the
results under that heading, For future reference, however,
it is important to note that no decrease in titre was

observed after 48 hours at 37°C.

Technique, For this work a.l s 10,000 dilution of
infective brain wes sealed off in lﬁﬁlr glass phials in 0.6 c.¢
asmounts. These were emersed in a large water bath at the
indicated temperature for the time specified, after which they
were quickly dropped into cold water and then the ‘injections
were made, It is not, however, known how long it took the
temperature of the suspension to attain that of the water
bath but since emersion was complete, the phials were made
of very thin glass, and only # c,¢. amounts were used this
é;gg period must have been reduced to a minimum, To obviate
any error due to coagulation of the serum proteins the
suspensions were made in saline alone. This procedure may
gseem i1llogical at first sight since it has been shown above
that saline is definitely virucidal, This harmful effect
however was eliminated by making the time of exposure to

heat not longer thsn 15 minutes, by carrying out the

injections immediately after the conclusion of the experiment
eoncerning with that material which had been exposed to the
highest temperature and by using only freshly prepared

suspensions,
Table III.
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Table Iil.

#ffect of Heat on Virus,

Time Temperature “v.
¥inutes 30° 35° 40® 48° 80°  52,6° 559  57,5° 60° e8° 70°  75°  80°
15 4’4 - ‘§,4 5’4 4 ,4 - 0’,0 - @,0 - ﬁ}’@ - ‘3,0
15 - ﬁ?‘ ’4 - - 3 ,4 4 '5 6’5 3,5 0’0 - - - -
10 had ;3 ’5 “;,4 4’4 G,Q - G,G - Q’O’ G’O - - -
10 - 3 ’4 4’5 4’4 4’8 - 0,0 - (},0 0,0 - - -
10 - - 4’4 4 ,4 4,‘3 4,5 3,6 - ‘«Z},Q U,O -~ - -
10 - - - - 3’4 3’4 4,4 %’6 Q’O 0’0 - - -
5 - - ‘%,4 ‘5.’5 4'4 4,5 4,4 - U‘,Q 0’0 - - -
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These experiments show slight di;:;;g:;;:; which
cannot be due to groes experimental error. They indicate
that there is not a sharply defined thermal death point
of the virus but that inactivation occurs progressively with
the rise in temperaturc,ﬁa indicated by a significant
prolongation in the course of the disease produced by virus
exposed at the higher temperatures., A temperature of 6C°
sufficed to Abeﬁvg all virus even after exposure for as
ghort a time as § minutes. .after 10 and 15 minutes exposgﬁ(
at 57.5° some virus was definitely capable of survival, on
the other hand complete inactivation was found on two
occasions to have occurred after 10 and 16 minutes at 55°,

It may be concluded therefore that exposurs to a
temperature of 60° {8 sufficient to deatroy neurotropic
virus while exposure to temperatures below 85° for 16

minutes will not be destructive,

The effect of pH upon the virus contained in a given
emulsion is of importance because inter alia information on
this point is essential in all investigations into the
determination of the electrical charge by cataphorisis, in
all attempta at purification by the method of absorption and
dilution, and in gaining an inaight into factors associated
with longevity.

Techpiguge. 4As Buffers the following have been used i~

(a) Serum-saline 10%. The buffering effect was

csagclaZiés.
satigfactory but it was thought that : and

precipitation of the serum proteins within their iso-
electric range might be responsible for mechanical removal

of virus,
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{(b), Tenth molar phosphate buffer. This buffer was
entirely satisfactory but its l../4d range wes inadequate for
a comprehensive investigation.

(¢) B.D.Hs Universal buffer prepared according to
the formula of Fredeaux and ward., This buffer appears to
fulfil all the requirements for an investigation of this
type, The range is wide, the Buffering effect is powerful
even when diluted 1 : 5 with diatilled water, and in this
dilution intracgerebral injection is tolerated well, Used
in the concentration advocated by the manufacturers it is
toxic and must be diluted,

For preliminaty tests B,D.,H. universal indicator was
used for pH determinations. éor the results gquoted all
readings were made ¢ ' using a Cambridge
potentiomimeter and ;Z::;-hydronp electrodes, The readings
were found to be exceedingly accurate and constant on the
acid side of normality but those obtained for the éﬁféii
limits of alkalinity cannot be regarded as other than
approximste,

Buffer was distributed in 50 c.c. amounts in a series
of sterile bottles, Using X/5 NaOH or HCl the pH of each
was adjusted approximaetely to the point required., Concen~
trated stock brain suspension known to be infective in
& dilution of 1 t 1,000,000 wae used and was rapidly added
to each bottle in amounts sufficient to produce a final
concentration of 1 3 10,0G0.,: The pH was then determined
potentiometrically, This procedure waa adopted to ensure
practically instantaneous exposure of the virus to the
particular pH, thus eliminating any posasible errors due to
the action of gradually increasing acidity or alkalinity.

The bottles were then allowed to stand overnight in the
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A8 the exact amount of acid or alkali added to each

was known it was a simple matter rapidly to readjust the pH

to normality before injecting mice.

The results, tabulated below, represent different

serieas of experiments carried out with three different

suspensions of the same strain of virus (20449).

Table 1V,
Effegt of pH upon infectivity of Newrotropie Virus,
.
H (Serum saline Fhosphate B.DyHeUniversal
4 :  buffer buffer buffer
i 10 L ] - o 2’6
9.5 - -
* o0 . - 518
. _ 8,0 _ _ R . S I - 1 -
Te74 444,56 - -
7.69 - 5'5
7.49 - 4’4
7.31 - 4.5 -
60“ 1 - - 5,5
6.66 ; 5,5’5 - -
6.5@ - - 4'5
6,46 - 546 -
6.25 - 8’6 -
6.13 4’5'5 - -
L 609_1 - - - - 1 _ - R __6!§__ .o
5;98 - -5’5— - -
5.96 - 8,C -
5.91 - D’O -
6.87 6’0'0 - -
5‘86 - -« &
6.46 09040 - -
5.18 0'0’0 » -
5.13 - 0,0 -
I 6,08 _ _ R - - _}___._QQQ_ ——
4,71 0,0,0 - -
4,51 - | - 0,0
4‘“ 0'0'0 - -
4;93 - hd 0’0
3.98 04050 i - -
3071 0,0'0 - -
3.32 - - 0,0
3.08 - - 0,0
The figures shown are exceedingly interesting. They
indicate

(1) fone

of the constituents of the three buffers

have any effect upon the stdility of the virus per se.
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(2) wvirus 1e able to withstand alkalinity but is
ungtéble in an acid medium.

(3) a pH of 5,96 is the maximum degree of acidity
which can be tolerated.

(4) below a pH of 5.96 a wminute change is sufficient
to cause complete inactivation.

There is a single discrepancy in the figures. It will
be noticed that every mouse which was injected with virus
acidified to a pH of leses than 5.96 survived with the single

Ul el
exception that received material stored at pH 5.86., Death
of this mouse wae due to Horsesickness since subinocuktion inte
other mice reproduced the typical condition. Ko explanation
can he offered but it is significant that &5 mice which received
virua exposed to pH §.87 and 5,91 all survived in other
experiments,

The extreme sensitivity of the virus to hydrogen lon
concantrétions immediately below a pH of 6.0 le so remarkable
that an explanatory note is called for, The -u.cfd differ-
ences in pH were obtained by chance, in fact in the ex;eriment
with the phosphate buffer they were the result of adding the
same number of drops of acld to equal volumes of fluid. It
will be admitted readily that the actual figure on the scale
alotted to the pH may be open to guestion but the sensitivity
of the potentiomimeter is such that the differences noted muat
be correct, Then in two different experiments a pH of 6,01
was found to be not destructive, while pH 5,87 resulted in
insctivation, This clearly emphasizes the remurkeble
gensitivity at or about the critical point which must be

placed at é—m below pH 6.0,

48 pointed out above virus was maintained at the pH
indicated usually from one afternoon until the following
morning. Subsequently it was found thet an infective
suspension acidified to a pH of approximately 5.0 had been
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'naurra.'
inactivated when brought back to the #&rtidwsl point

3 minutes later,

It is concluded that the neurotropic virus of
liorsesickness {s exceedingly sensitive to a change of pH
to the acid side of neutrapility. Above pi 6.0 it is not
affected but changes below that figure so small as to be
quite indetectable by colorimetric methods way be virucidal.
On the alkaline side of neutraPlity the virus is stable.

fhe effect of desiceation, It has been stated
frequently that the virus is insctivated by desiccation,.

The conditions under which drying was accomplished are not
clear but as the result‘zg recent work it may be stated

[(,l(d/
copclusively éokyétu%#s#n does not destroy the virus, On

the contrary desiccation has proved a convenient means of
preparing infective material for prolonged storage,

Teechnique, FPhosphorus pentoxide, commereial
concentrated sulphuric acid, and anh’droua caleium chloride
have all been used as drying agents, Latterly in view of
the harmful effect of an acld 4/ upon the virus, calcium
chloride has been used conclusively.

he materlal to be dried is placed in & Petri
dish in a large exsiccator over the drying agent, and
exhausted, for rapid drying & large exciseator, a large
quantity of dissiccant and a very efficient pump capable of
reducing the pressure to sbhout 3 m,m. of mercury is
essential, Fractically all the moisture can be removed in
thig way in 24 hours and invariably dehydration to a
constant level will be producgd in 48 hours,

For drying in the frozen state the technique
described by So—wyar,Lloydw Kt'lzi\h@has been used with success,

It was found that the efficiency of sulphuric acid as a
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drying agent decreased with the temperature and for low
temperature work only phosphorue pentoxide and calcium
chloride were used.

axperimentsal, On 28.,4.33 five mouse braing
representing generation 29, strain 0, were pocled and
carefully macerated so0 as to form a homogeneous mixture.
This brain material was divided into three approximately
equal parts which were diaposed of as follows e

A, Flaced in a weiphed centrifuge tube go that
the weight might be obtained by difference. sufficient
10% serum saline wae added to produce a 4 suspension which
wag thoroughly emulsified snd centrifuged. The 1nfgctivity
of the surernatant was then determined by ssrial dilﬁtion
as shown below,

B, FPlaced in a petri dish and dried over calcium
chloride at room temperature, The desiccator was evacuated
twice a day and each morning the dry brain substance was
carefully powdered, DUrying was continued for 6 days by
which time it was aasumed that a constant level had heen
attained, A sample of the fine powder was then tsaken, the

obtained
welight/accurately by trensference to a weighed centrifuge
tube previously dried in a hot air oven and a 4% suspenaion

—‘YLW
worked up in gserum saline., The superimtendent after

centrifuging was then titrated.

C. Treated as B except that desiéeation was
carried out initially in the frozen state. The desiccator
was stored in an electric rsfrigerator set to run at § 4°C
during the entire process of drying.

The results of the titrations are given in tabular

form below, mice being injected with 0,08 c,c. intracranially
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+ fresh ikaterial B, dried at room Cs Dried frozen J~

O > |

tcmpgrature
Dilution  Result Dilution Result Dilution |Result
Ell 1 25 77 3+ 200 8.8 1200 67
1: 10 6.7 1l 560 6.6 11 6GO 6.7
13 1000 7.8 13 1000 6.7 13 1000 | 7.8
1 ¢ 10,000 6.7 1 3 10,000 6.8 1 3 1000 | 6.8
1 100,000 8,0 1 100,000 0.0 1 31G0,000| 10,0
1 $L000000 0,0 1 13000000 0.0 111000, 000 0.0

It is seen that the infective titre of the
fresh material and the dried material remained practically
the same, 1.e¢, between 1 1 10,000 and 1 : 100,000, Gome
virus must have been destroyed during the process of
drying because dilution is based on the actuxzl weight of
the brain substance emulsified and does not take into
account the loss in weight from the removal of moisture.
Further, there is no significant difference in the titre of

the material dried at room temperature and in the frozen

atate,
The fact that virus is not destroyed by desicca-

tion has been confirmed, using virus of eguine origin as
opposed to neurotropiec virus, in the following manner. The
spleen of & horse deatroyed in extremls was removed with

aseptic precautions end pulped &n a lLatdpie mincer. aAbout

100 grams of the pulp was desiccated in vecuo ever sulphuric
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acid at room temperature., Of the dried powder 1,7 grams
was extracted with 50 e,c, of saline and § c.c, of this
injected into & susceptible horse subcutaneously produced
a typilezl reaction with death on the 7th day.

Desiccated infective mouse brains have been
stored in sealed tubes separated from calcium chloride
by a cotton wool plug wedged into a eonstf&ction in
the tube., The tubes have been stored in a refrigerator
and whenever virue was required the material was found to
be fully virulemt., Up to the present injections have been
made 15 months after desiccation.

It must be concluded therefore that desiccation
not only does not destroy the virus of Horsesickness but

provides a valuable means of preparing infective material

for atoragae.

In previous publications attention hes been
directed to the use of virus attenuated by serial passage
through mice for the immunization of equines. Jince the
essential component of this vaccine is a living antigen
it became egsential for commercial production and for use
under conditions outside the laboratory to devise some
means of procuring a maintaining bacterial sterility. Caree
ful technique could be relied upon for the preparation of
a final product with a minimum of bacterial contamination/
80 the problem resolved itself into the discovery of an
agent essentially bacteriostatic rather than bactericidal
in action, but exerting a minimal harmful effect upon the

virus over a fairly wide rsnge of temperature. Oxalate-

carbol-~glycerine had been used previously for the preserva-

tion of virulent blood with a considerable measure of succesi
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so that its efficiency was investigated together with that
of phenol and phenol-gther, tricresol and tricresol-ether
&nd ether alone. Thege substénces were selected because of
their value for the preservation of anti-gera and because in
the presence of serum they are responsible for a minimum
of precipitation,

Cxalate-carbol-glycerine was prepared By dissolving
5 grams of calcium oxalate and 5§ grama of phencl in a mixture
of 500 c.ce of glycerine and 8500 c.e, distilled water,
“henol ether and tricresol ether was prepared by mixing
equal parte by volume of the chémical with pure ether (flercis
The preservative was added to an infective brain suspension
in 10% serum saline to produce the concentration indicated.
After being filled the containers were corked with sterile
corks and were sealed with wax before storage under the
conditions cited in the tebles below. After uncorking for
the removal of samples fresh corks were used. The bacterial
sterility test was carried out by seeding C.5 c¢.c. amounts
into broth and onto large agar slants to obtain some idea
ofig;gree of infectionj incubation at 37°C for three days.

Table VI,

From the data given above it will be seen that
the bactericides used were remarkably effective but after
storage et room temperature (16 - 20°C) even for as short
a period as 48 days Uxalate-carbol-glycerine was the only
one which hael 1ittle or no virficidal effect. Both phenol
and tricresol in a concentration of 0.6% destroy the virus,

and tricregol-ether is considerably more viricidal than

phenol ether in a concentration of 0,7%. Tricresol and
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Virus used =

a

Vi

wffect of Preservatives aiqu; T!!ggrature.

Mouse generation 47, strain 20449,

madet 1 : 500 in 1/10 serum saline,

Preservative|Concen- Storage | Sterility , Virus Titration - mice, Hemarks
tration Tamp. ays Test EmulsTo : I3 I00 [ 1I: 1000 |1 10,000
|
|
| "
Phenol 0.5% Room | 10 days Sterile 5,6 | 4,4 5,6 6,0 0,0 Slightly turbid

29 o 1" 8,9 8,0 0,0 0,0 - ditto

49 *# " 0,0 ’ 0,0 0,0 0,0 - Turbidity increas
Fhenol-ether | 0,7% Room | 10 days Sterile 494 | 445 9496 0,0 0,0 Clear.

29 " n 4,5 5’5 0’0 0,0 -

49 v n 5,7 6,7 7,0 0,0 - S1light deposit.
Ricresol 0.5% Room | 10 days Sterile 9,0 0,0 0,0 0,0 0,0 Markedly turbid,

29 " 44 0,0 0,0 0,0 -

49 " " O’Q Q,O 0,0 0’0 -

R
Tiécresol- 0. 7% Room | 10 days Sterile 4,5 4,5 5,6 740 040 Clear
ether

29 " " 546 4,6 7,0 0,0 -

49 " » 00 | 0,0 0,0 Wy 0 - Slight deposit.
o::%aie- 10% Koom | 10 days Sterile 39 V| 444 5,6 Gy 0 0,0 ¥ine deposit.
carbol=
glycerine 28 " " 695 1| 5,5 5,0 0,0 -

49 " " 4,4 4,4 5,6 0,0 -

Etherx 0.7% Room |10 days Heavy 5’5 5,6 6,6 5’0 U,O Slight turbidityo ‘
infection l
| Controls 4°C |10 days Infected 4,4 || 5,5 6,0 6,0 0,0 Clear
| No pre- ' -
servative 23 days " 444 445 4,6 0,0 - Slight deposit, |
|
49 days - " 445 445 6,0 6,0 - Slight deposit,
_
Note. A crack in the bottle was not noticed. All ether escaped|and putrefaction followed.

It is to be noted that in spite of heavy bacterial contam
interfere with the injection of mice,

ation this ¢id not
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phenol alone cause marked turbidity amd precipitation but
in combination with ether this effect is much diminiashed.

In order to determine the effect of storage
at various temperatures the entire experiment was repeated,
The temperatures selected were those to which a comuercial
vagceine would be subjected, viz. ¢ 4° - 63 being the
temperzture of the refrigerating storage chamber, 2¢° -
20° being that of a hot summers day and 37° was included
since it would probably be necessary to incubate vaccine
for 24 hours after bottling to ensure destruction of any
bacterial contaminants. Possibly the experiment is open
to eriticism since the virus suspension used was not
artifieially contaminated by the addition of a bhacterisal
culture, but it must be stated that the container was left
exposed to the air of the room unstoppered before the variout
bottles were filled and the preservetive was added., Sterili.
ty test of the control after 48 hours showed that some
contamination had been pécked up. The results are given
in tahular form below,

Virus used was generation 65 in mice strain
20442, Jince the emulsion used was infective initially
only up to a dilution of 1 : 100 a titration was not
carried out at each test, 0,06 c.c. of a 1 s 10 dilution
in serum saline alone being injected intracerebrally inte
mice to determine survival of the virus,

Table VII,.

The experiment confirms the bactericidal and
bactericstatic properties of the substances used, Both

phenol and tricresol in a concentration of O.5% is

virticidal at 4°C, 27°C and 37°C, Combined with ether,
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Table Vlg.

Bffect of Freservatives,

Freservative Temperature | Interval | Sterilit
L Y |Mouse Interval| Steril
gays, Infectivity days 1ty ¥§§2§t1 Interval |Sterility|liouse Interval|Sterility| Mouse
vity o days Infeeti- cays Infect
vity ivity.
Phenol 49 17 Ster .
0.5% terile 0,0 82 | Sterile | 70 83 sterile | 0,0 192 |sterile |0,0
27°C 17 " 4,56% a2 " 0,0 83 " 0,0 192
’ - -
379C 17 " 0,0 32 - - 83 - - 192
Phenol-ether 4% Ster: ~ ~
oete ‘ 17 Sterile 444 32 Sterile 045 83 Sterile | 5,7 192 Sterile |u,0
2700 17 " 4,4 32 " 646 83 " 0,0 192 - -
O
399 17 “ U0 " 32 - - 83 - - 192 - -
O "
Tgfg;esol 4°C 17 Sterile 0,0 32 Sterile 030 83 wterile | 0,0 192 bterile (0,0
. 27°C 17 " 0y 0 32 " 0,0 83 " 0,0 192 - -
37¢¢ 17 " 0,0 32 - - 83 - - 192 - -
Jd - 0"‘ o~ 'y .
~ ‘rigﬁgjol 4% 17 Sterile 3y4 32 Sterile | 5,9 83 Sterile | 5,6 192  (Sterile (0,0
0. 7% 27°C 17 " 4,0 32 " 5,0 83 . 0,0 192 - -
370C 17 . 0,0 | 3z - - 83 - - 192 - -
W
°§§%§‘§§” 4% 17 Sterile 444 32 Sterile 4,4 83 Sterile | 5,6 192  |oterile [5,7
géy é:;rine 27°C 17 " 0,0 32 " 10,0 83 " 0,0 192 - -
37°C 17 » 0,0 32 - - 83 - - 192 - |-
Control 4% 17 Infected 444 32 Infected 4,4 83 Infected| 4,45 83 Infected (4,6,
| Ho preservative ' b

X

Note,

The survival of virus for 17 days at 27°C and its presence after 32 days at 4°C in the
presence of phenol are discrepancies which cannot be explained.
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however, the destructive effect particular of phenol ether i
is less marked than tricresol ether at the lower tempera-
tures but at 37°C all virus is destroyed within 17 days,
Uxalate-carbol=-glycerine even after 192 has little or no
effect upon the virus when kept at 4°C but at 37° it is
deatructive within 17 days. This indicates thut
temperature has a marked bearing upon vaccine preservation
and the work definitely excludes the possibility of using
any of these substances for commercial production since
the vacclnzggidcll probability be insctive by the time
it reached the user after despatch by post or by rail,
A further experiment wse therefore devised to determine
whether ether alone would prove satisfactory, sSerum
saline emulsions of the four strains of virus to be used
in the proposed quadrivalent vaccine were prepeared
under conditions which would apply to vaccine production
in bulk, Zther wag added to produce a concentration of
2%, the bottles were corked and sealed, incubated for
18 hours at 37° and then placed in an incubator at 30°,
{.0, approximately the maximum temperature to which the
vaccine would be exposed, Serial dilutions of the emulsions
were injected into mice as indicated below,

Table VIII.

It will be noticed that after 15 days at 30°C
there wts very little decrease in the virus titre of
the suspension and the 2% ether was capable of maintaining
bacterial sterility. after 30 days & slight decrease in
virus content had taken place but hacterial sterility
was maintained. After 91 days, howemer, the decrease in
virus content wes marked and slight bacterial multiplica-
tion had taken place since two out of the four bottles

showed slight infection represented by the development of
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The Bfficiency of Sther as a Preservative,

FTiltration In Mice -
Tter-{Temp. || Generation 101,otrain wterility H Generation 92, otrain Stari- Generation 124, otraln |Steri=J ¢ ; -
val | oc. 20464 A. Test o0t64 B. lity 20449 ’ lity eaeratéon 101, Strain ii:;i
in 1710 1710C [1/1000 1710 | 17100 [17I000 | Test 1710 TI7ICCTI7ZIOW| Test IoT Io0T I/I000| Test.
Gays ,
1 300 [ 444 | 4,4 494 - Sterile || 494 | 4,56 | 4,6 - Sterile || 446 | 5,5 6,5 - Pterile || 6,7| 6,0 | 0,0 - Sterile
*%lé 300 f = | 445 640 9,0 Sterile | = Hyex | 5y6 9,0 Sterile - 4456 545 4,0 [oterile || 7,8| 8,0 | 0,0 - Sterile
30 300 | 4,4 | 445 5,0 - Sterile 444 445 | 4,0 - Sterile || 4,4 | 5,5 5,0 - [Bterile || 5,7 0,0 | x,0 - sterile
: o |l ) . n g , o i,
| 540 - oterile || 640 | 0,0 | 040 - 51ight 445 | 5,0 0,0 - [Sterile | 0,0| 0,0 | 0,0 - Slight
91 30 % 5,01 6,0 0,0 ’ ' s oS ’ ’ ’ ’ ’ ot iation
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between 20U and 500 colonies on the large agar slants
seeded with C.6 c.c. of fluid, This infection did not
interfere with the intracraniel injection of the mice and
no pputrefaction was apparent,
atore

Concurrently with the,experiment horses were
injected to determige whether any alteration in antigenic
property resulted 32:;; storage under the conditions
inveastigated. The virus emulsions were mixed in equal
proportions and 10 c.c¢. of the mixture were injected
subcutaneously with the following iasults.

Table IX,

It is seen that the attenuation for horses was
not affected in anyway. For the majority of immunity
tests O virus was used since it is known that a horse 1is
able to respond to the antigeniec stimulus of different
strains of virus injected simultaneously, so that the
strain represented by the smallest virus concentration was
taken as the index of immunity. Obviously the immunising
property of the virus was not altered by storage at 30°
in the presence of 2% ether, Unfortunately horses were
not availsble for a test of the material stored for 61
days, but it would be unreasonsble not to ssgssume that so
long as the virus remains infective its immunising
property will remain unchanged.

In a further series of experiments carried out
in conjunction with other investigations it was found that
extrﬁzzizakgr desiccated infective brain with'fg:ﬁ’ether
in a soeklet a.paratus for & hours did not destroy the virus
and that storage of suspensions with 2% ether added did

not affect the titre after five montha at 4%,
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Immunization of horses8 with Virus stored with ether as

Table IX.

a rreservative.

&

Date reriod of , Imnunity Test
Horse Injected Storuge Result Interval Virus Used Result

19.,4.34 1 cay 51ight fever, Day 6 - 10. 48 days O+ 20449 Ho resction,
19.11.34 1 cay Slight fever, Day 6 ~ 9, 40 cays O virus No reaction.
Se b,34 | 15 cays Fever, Day 8 - 13. 80 days ¢ virus No reaction.
3¢ Be34 | 15 ceuys No reactions 86 days 0 virus No reaction.

19. 6.34 | 30 days Fever, Day 8 - 13, 65 cays 20449 No reaction.

19, 5.34 | 30 days Ho clinicsl reaction 7C days ¢ virus No reaction.
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These results are of the ingg::Z% importance
to commercial vaecine production, They indicate that in
the present state of our knowledge,ether ie the only
preservative that can be used, In a concentration of 2%
it is bacteriostatic rather than hactericidal at the
temperatures to which the vaccine would be exposed after
despatch from the laboratory. In the laboratory care must
be taken to have at most only & slight infection after
bottling end the vaccine must be stored at about 4°C before
despatch to ensure survivial of the virus. A period of
not more than 30 days should then be allowed between issue
énd date of injection. This peried ies more than adequate

for all practical purposes.

£1lterability of the Virus,

Very little work has been done on the filterabili-
ty of neurotropic virus. 3Berkefeld and vhamberland csndles
have proved so unreliable in other studies that they have
not been used. Elfords's comparatively recent work haa
demonstrated the many decided adventages of using 'Gradocol!
membranes for ultrafiltration studies, bhut unfortunately
thege membranes were not available, However, arrangements
have been made ®Ff their preparation in the near future
and then a detailed investigation will be carried out,
Consequently as a mere demonatration of the filter passing
nature of the virus the 3eitz filter has been used.

Experimental, An approximately 8% emulsion of
four mouse brains representing passage generation 157,
gtrain 20449, was prepared in 10% serum saline in the

usual manner, This was diluted to make a 1% suspension
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E.K.
for filtration, which was cerried out through single E.H,

discs under positive pressure with and without the
previous passage of normal serum saline to minnimbe any
poasible errors due to virus absorption, A saliune
suspension of B.,7éhnﬁfo&mu4 grown on agar slants was
used as é control of the dise., Titrations of the infecti-
vity of the original suspension and of the filtrates was
carried out to determine guantitatively the filterability
of the virus,

The results obtained are given in tabular form
below, Filtrate B was obtained after an equal volume
of normal serum saline had been foreced through the disc.

Table X.

It is seen that the virus is capable of passing
a Seltz E«K. disc vhen 50 c.c, 18 filtered under a
pogitive pressure of 20 cms of mereury, but the titre of
the original 1% suspension is reduced from 1:1000 to
1:100, 7This decrease in infectivity probably is not to
be accounted for by &bsorption of virus particles to the
disc since the previous filtration of normal serum saline
had no demonstrable effect upon the infective titre of
the filtrate.

This result has been confirmed in a second
experiment of which 1t is quite mnnecessary to give the
details of injections which were essentially similar,

In & third experiment 30U c.c. of a virus
suapenaiun,whidh on,biological titration was found to be
infective in a dilution of 1 : 80 but not in a dilution
of 1 1+ 160 was filtered under a positive pressure of 20 cms
of mercury in & minutes. lhe filltrate was not infective.
In this instance ueing a high dilution of virus adsorbtion

probably played some part,
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Table X.
Filterability through a Seitz Filter.

puceriar | fotme, [ e [ e | e rae T rea | TR ] 00,0
-ontrol
nfiltered - - - - 444 445 4,5 0,0 040

A 80 c.c. 20 cm Hg 6.5 min., 444 4,5 445 0,0 Q,0 00

B 50 c.c. 20 cm Hg 8.5 min, 444 444 4,5 0,0 0,0 Cy0

Hote: Bacillus prodigiosus failed to pass either filter es determined
by sterility tests of filtrates on agar slantse,
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Effect of Light.

Attention has been focussed upon the pogsible
effect of 1light upon viruges by the work of £§E§:z;’&nd
Tod upon the action of methylene blue upon
becteriophage, and the possibility of utilising this
phenomenon for active immunisation. Later Kind described
the harmful effect of light upon the antigenic properties
of horsesickness virus inactivated by fogymelin, It would
appear not unlikely that light may be of some practical
value in future work on viruses in generel, so that the
limited number of observations made with neurotropic Horse-
sickness virus may be of importance.

A, U v L It was found that
exposure of an infective brain suspension to ultra violet
light (220 volt 3.7 amp. Henam quartz mercury lamp) the
depth of fluid being 4 m.m., the distance from gource of
light 30 cms, resulted in complete inactivation of the
virus in 1 minute. Up to the present it has not been
possible to investigtte the antigenic properties of suech
inactivated materiul on horseg, but the susceptibility of
mice, which had survived the Z:ii:::::::af;jection of
ineetiveted virus did not appear to be decrezsed on

subsequent immurity test,

B. Light of the visible specirum, Infective

virus emulsions‘with ether added as a preservative haXE
been exposed in colourless glass bottles in the bright
diffused light of the laboratory for several weeks. A
fine precipitate was gradually deposited and there was a
gradual decoloration of the serum saline Wabénje, but

this also occurred in control bottles left in the dark in
an unheated incubator, [he virulence for mice certainly

was not affected and no change could he detected in the
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antigenic property for horses. The contraéry could not be
anticipated because immunisation appears to depend upon
multiplication of attsanuated neurotropic virus within the

body'aecompanied by antibody formation,

Light 1e ¢ 24 Techniguq, Por
Lopp-ArAn
this work the technique of *“udien and Tod was followed

with minor modifications., 48 a pontolite lamp was not
availsbhle as the =z ource of light an ordinary c¢lose wound
filament ¢ volt 5 amp. Us¥am lamp housed in a suitable
casing was used, The work was carried out in a dark room,
mixtures being made in the very dim light which escaped
from a black paper cowl placed over the lamp., No apparatus
was available for the measurement of the intensity of the
light. The distance from the source of light to the
fluid exposed wastaken as the distance from the nearest
luminous filament of the lamp to the bottom of the Fetri
digh used as container, During exposure the 1id of the
Petri dish was replaced by a thin plate of gless (cleaned
photographic plate) the same plate heing used for every
experiment af'ter being cleaned and washed with alecohol.
The possible effect of heat was overcome bhy standing the
dish on a thick melal block previously chilled in a refri-
gerator, After 45 minutes under tne lamp the temperature
of the fluid certainly did rise but at no time did it
reach 409C, a temperature which previous work (see above)
had been ghown to hawe no effect upon the virus,

The methylene.blue used (Grlblers) was dissolved

in saline to produce a concentration double that intended

for use., After sterilisation it was mixed with an equal
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volume of infective bra{n emulsion, the total velume
being sufficlent to produce the requisite depth of
fluid in the Petri dish,

The infective brain emulsions were prepared
either from desiccated materisl or from thoroughly
centrifuged but not filtered stock suspensions in saline
that had been stored at § 4°C. Contrel material stored in
the dark was Injected after all other operations had been
completed,

cxperimental, As soon as it had been
esteblished that the virus was sensitive to the photodyna-
mic sction of methylene blue an experiment was run to
determine the effect of irradiestion on i

(a) brain suspension prepared from desiccated material,
i.e, containing no living tissue material.

(b) fresh brain suspension prepared and centrifuged
within a few hours of use, l.e¢. contalning living
cellular elements.

(e) brain suspension stored in the ice box for several
days hefore use, i.e. containing nonviable cellular
fragments.

=5 Neurotropic mouse pessage virus was used.

The results are given in tabular form below,

Table XI.

The results confirm those of é??ﬁgﬁgvand Tod
and show that virus is protected from the phofodynamie
action of methylene blje by the presence of living
cellular elements or fragments of them. Even material
stored for six days is capable of affording protection
but this eaetion has dlsappesared after 27 days. But it
ig worthy of note that even living cellular debris which
cannot be removed entirely by centrifuglag for 15 minates

at 250 revolutions ger minute is ineapable of protecting
the virus if the source of {llumination is sufficiently
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Photodynamic Action of Neghylene Blue,

Table XI.

Brain Concentra~ | Concentration|Distance| Depth Time of Rxposure in Minutes Control’
Suspension tion of Methylene 2% 10 15 20 25 30 35 in

Blue Dark ﬂ

|
Desiec&ted 1 100 | 1:100,000 26 cms |0,2 cms 545,06 | 797,8 | 11,0,0 0,040 0,0,0 0,0,0 0,0,0 - 4,5,
brain
Fresh brain{ 1 : 100 | 1:100,000 26 cms |0.2 cms - - 546,7 545,45 5,846 546,7, 03747 790,50 445
dFresh brain| 1 : 100 | 1:100,000 185 cms  |0,2 cms - 44,5 5,0 ©,0 0,0 0,0 0,0 - 4,5
Stored
© days 1: 100 }-3190,000 26 cms 0.2 cme - 4,5’5 6'6’8 6’7’? 7’090 0’0,0 0'0’0 - 4’4’6
Stored
27 days 1: 100 13100,000 25 cms 0.2 cs - 6’6 5'0 0’0 0,0 0,0 0,0 - 4.5
Stored &
37 days . 1:100 1:100,000 25 cme (0,2 cms - 546 0,0 0,0 0,0 0,0 0,0 - ©
.-
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bright, This is shown by destruction of the virus when
the light was brought within 15 cms of the fluid,

It is apparent, however, that in work of this description
it is preferable to exclude living cells either by using
suspensions prepared frowm desiccated brain substance or
by storing stock suspensioms for about a month, Probably,
a8 shown by Gealloway with rabies virug filtration would

serve the same purpose.

It was then decided to determine whet concentra-
tion of methylene blue could be relied upon to produce
the mosgt constant and rapid inactivation, The various
concentrations were prepared by serial dilution from a
stock solution made 1 : 500G, to minnimise errors due to
inaccuracies in weighing out small quentities of dye.
Infeetive guinee pilg braim suspension which had been
stored for 30U days after preparation was used as the
source of virus. The depth of fluid was 4 m.me and the
digtance from the lamp 25 cms. The results are
tabulated below,

Table XII.

The results show that a concentration of
111,000,000 is cepable of producing inactivation but the
virus is destroyed slowly. A concentration of 1 3 ;,QOQ
is 21go destructive but the action is unnrdiable, The
irregulakity {s probadbly due to the opacity of the solution
preventing penetration of the light so that active
virus may be picked up from the hottom of the layer of
fluid after that towards the. surface has been destroyed.

A concentration of 1 : 10,000 to 1 s 100,000 is probably

within the range of that most satisfactory for use
since complete inactivation would probably take place
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Table XII,

Optimal Concentration of methylene Blue,

Concentration Time of Sxposure. Minutes. sontrol
of Hethylene in
Blue 5 e ' 15 20 20 30 36 45 Lark
1l: 1,000 90 90 . 0o 67 20 60 00 - 97,7
13 10,000 o0 | 00 ‘o0 | oo | oo | oo - - 4646
1 : 10,000 - - co G0 00 o0 o 0o 54646
1 3 100,000 60 Q0 oo o0 00 - - - 54046
1 3 100,000 66 | 80 | 0O ) Co o0 - - 676,46
1 : 1,000,000 e | 545 | 85,5 | 546 | 640 - 00 - 546
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within. 15 minutes,

Concurrently with the above experiments an
additional series was run in the hope of gaining further
ingight into the phenomenon of inactivation, .is far as
possible each experiment was plamned to differ froz the
preceding in respect of a single factor so that a direct
comparison would be possible, The intensity of the light,
the depth of fluid irradiated and distance from the
1lluminstion were varied while the concentration of
methylene blue and the source Of virus were kept constant,
Hethylene blue 1 : 100,000 waas used to inactivate guinea
plg passsage virus in a concentration of 1 part of infective
brain to 5¢ parts of saline, the suspension being stored
for 18 days before use., s8 previously atated the elactric
bulb used was a 6 volt & amp, Csram close wound filament
lamp., The results obtained are tabulated below.

Table XIii,

From the figures given it is readily appareni
that the destructive action of the methylene blue
is related to the intenasity of the artificial light used
for radiation since the time taken for inactivation varied
with the distance from the light and {ts brightness., A
great number of experiments of this nature would be
necessary to determine whether the photodynamic action is
directly proportionate to light itensity. 3Sinece the
electric current suprlied to the laboratory varies
greatly and since no accurate mecans of measuring light

intensity was available eny results obtained could not be
other than approximate, Un the other hand it is

significant that exposure to the diffuse dull light in
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Effect of Varying Light Intensity

Table XIII.

Lepth of mntaneﬁl Current Time of Expgsure, Bimutes, control
Luspen=- | from ] T [ in
:iom light 1 23 5 10 15 | 20 25 30 Dark
3 , !
‘2 m.m, 20 cms 5 Ampe. 5,5,& 7’7,8 11,6,0 Q,Q,G 0’0’0 QQO,Q O’Q,Q 4’5,5
2 m.m. | 25 cms |5 mps 44545 59545 66,8 65757 = 75050 | 0,0,0 - 4,4,5
]

' R.H, 30 cms 5 Ampﬁ - 5'5’5, 5&,6 5,5,5 6’7’7 7’8’0 7’9,6 4’4,5
w.m, | 30 cms |4.5 amps - 54545 59545 53595 | 59546 | 64657 | 56,7 4,545
R,38, 26 cms 5 Bmps‘. b 5’6 5’5 &’8 8’0 Q;Q 0,0 4,4,5
Metfiy 25 oms & Ws - 4’6 6’5, 7,& 4’8 G,Q 0’0 4’5,5
S.0, on before - 4’4’4 ﬁ,ﬁ,é 5’6’6 6,6,6 - 9’0’0 4,4,5

bench windiowX
Hote (x) Lamp not used but dish exposed on laboratory bench about 10 feet distant

from & window &t midday on a bright summers day.
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the laboratory in the presence of methylene blue
resulted in insctivation at least not slower than
exposure to the lavrp at a distance of 30 cmg, At this
distance the lamp casts a distinmctly visible bright
circle of light on the bench, indicating that the diffuse
daylight from which the ultra vislet portion is excluded
by passage through thick window glass and through the
glage of the Petri dich is relatively richer in active
rays than the artificial electric light, No information
was available as to which portion of the spectrum was
responaible for the photodynamic action of the methylene
blue, and guitable filters which would enable an
investigation of this point to be carried out were not
obtainable in Jouth Africa, It was decided reluctantly
therefore that before a detsiled study of the antigenie
value o7 light insctivated virus was warranted a
conalderable amount of additional werk on the wany
fundamental aspeots of inactivation wes essential, In the
absence of suitable apparatus these investigations were
abandoned but it is hoped to continue them in the near
future. However, a single experiment on immunisation by
meana of virus inactivated by light in the presence of
methylene blue was conducted,

saline suspensions of neurotropic virus of
mougse and guinea pig origin in a concentration of 4% were
stored in the refrigerator for 12 days at 4°C. m two
occasions during this time the sugpensions were frozen
solid in the freezing chamber and allowed to thaw rapidly
in a water bath at 30°%, 1In spite of initial thorough

centrifuging a fine deposit settled down, but only the
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carefulle decanted supernatznt wes used for inactivitation.
For this purpose methylene blue in a final concentration of
1 ¢ 100,00 was ueed and the mixture was exposed for 30
minutes at a distance of 25 cms, from the lamp the depth of
fluid being 4 m.m, buring the course of exposure mice
were injected at 5 minute interwvals with the following

resulta te

Control
in dark.

Virus
exposed

Mouse virus J

ﬁg@ﬁel‘atiﬂn - 4,&,4 4,4&”&1 3'6’?4 @,6‘ - 4’5’50
68,8train

20449,

iduines pig E

virus,genera« « [8,8,6, 4,88, 668, 789 .|0,0;0|~ 4,5,8.
tion 32,
strain 204490

At the end of 30U minutes exposure the suspensions
were transferred to separate bottles covered with black
paper, every care being taken to exclude light until the
horses were injected., Nevertheless the injections were
made in a bright hall and glass syringes were used so that
it is quite certain some additional exposure to light
occurred,

The time of exposure (30 minutes) was selected
because the previous work had shown that in the manjority
of instances this was more than sufficient for complete
inactivation, At the time the horses were injected the
results of the tests on mice naturally were not known, =0
that only at a later date wes it realised thatl whereas the
guinea pig virus had been completely inactivated the

mouae virus was not, although the major portion must
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have been inactive since the course of the disease in the
mice was Ao lengthened, It is extremely likely
that additional umavoidable exposure to light at the

time of.injeation resulted in total inactivation,

Herse 20715 reoceived 1U c.c. extract of material
of mouse origin.

Horse 20662 received 10 c.c. extract of
material og gulnea pig origin.

At no time did any febrile reaction follow
in either animal, whereas it is definitely known that
virus at that level of attenuation by passage Iinvariably
produces & fairly severe febrile reaction, Blood was taken
at frequent intervals from both horses and after defebrina-
tion injected into mice to ascertain whether any virua could
be detected in the blood stream; none of the mice died.

By a technigue of in vitro neutralization to be described in
the following erticle horse 207186 (inactivated mouse virus)
failed to show the presence of anti bodies in the serum
after six tests over a period of six monthsj on immunity
teat it then succumbed to en injection of 5§ c.,c. of
homologous virus,. Horse 20682 (guinea pig insctivated
virus) showed the vradual development of antibodies in

the serum and after an intervzl of six months was solidly
immune to the homologous virus,

This result is difficult to interpret, and sio
definite conclusion can be drawn from it but it indicates
that the sntigenic property of virus inactivated by the
photodynanmie action of methylene blue is not necessarily
destroyed dbut that the origin of the virus (guinea pig or
mouge brain material) is of importance, At this stage,

for the reasons stated above, and because of the economic
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necessity of concentraeting upon vaccine production the

work had to be abandoned, It is considered most unlikely
that the method will be of any importance from a practical
point of view in Horsesickness but the academic interests
warrants additional work in the near future,

The result of this single experiment sheuld be
considered in the light of the previously recorded finding
that & massive injection of highly concentrated guinea
pig infective brain tends to produce a milder reaction in
horses then imjection of a dilute suspension, and that the

reverse is the tenéency'with material of mouse origin,

- _

1. The keeping qualities of neurotropic
Horsesickness virus are good. The infectiwe titre of a
guspension in 10% saline atored at § 4°C remains practically
unaltered for a period of about § « 6 months. The virus
is gradually destroyed at higher temperatures and the
thermal death range is 85 - 809,

2., Attention is directed to the unsuitability
of isotonie saline either as a vehiele for suspensions or
as e diluent., Serum saline (10%) is satisfactory.

3. The sensitivity of the virus to a slight
degree of acidity iz shown. A pH between 5,9C and 5,98
is virucidal, {m the alkaline side of neutrality up to
pH 10 the virus is stable,

4, Degiccation either at room temperature or
in the frozen state has no detrimental effect. (n the
contrary dried infective brain material is a suitable

form in which to store virus strains.
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6, Frhenol and tricresol in a concentration of
0.6% are viruecidal., uixed in egual proportions with ether
and used in a eoncentration of C.7% the virus is destroyed
but considerably more slowly at low temperatures. Virus
is destroyed by oxalate carbol glycerine at the higher
temperatures,

6. The best preservative to use, of thoge
1nvestigateq,is ether, which is baeteriostétte rather
than bactericidal,

7. The viruas is capable of passing a Seits E.K.
disey }

8, Nethylene blue has a marked photodynamiec
inactivating effect, The antigenic value of virus

inasctivated by this means is not clear,
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