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1. The virus titre of the blood as determined by titration of the * vaccine”
samples in sheep.—Sheep were given 1 c.c. of decimal dilutions of the pooled daily
samples subcutaneously and 28 days later were challenged with the F~mologous
virulent virus. The results are given in tabular form in Table No. 2.

TABLE No. 2.
The Virus Content of the Blood of Sheep infected with Egg Attenu :d Virus.

DiLuTION.
Inter- . N
val Undiluted. 1/200 1/2,000
in
Days.
Immu- Immu- Immu-
Sheep. | Reaction, nity Sheep. | Reaction. nity Sheep. | Reac- nity
Test. Test. tion. Test.
5 74701 NR NR — — — — — —
74703 R6/2 NR — — —_ — — —
M-+-Fo
7 74692 NR NR 74695 RI11/2 NR 74698 NR NR
MoFo
— — — 74697 NR NR 74702 NR R 5/6
M+ -+
F+4++
9 | 74684 NR NR 74699 NR R 6/3 74677 NR R 6/4
M-++E? M4+ -+
FH4-++
— - — 74678 NR NR 74686 NR R 6/7
M+ 4+
F++-
11 74700 NR R7/4 — — — — — —_
M+
F++

NoTE.—NR =No reaction.

R6/2 MoF+ -+ =Febrile reaction commenced day 6 and lasted 2 days. Severity of mouth
(M) and foot (F) lesions denoted by 0. . « ++++

Result—From the data in Table 2, it will be seen that of the 13 sheep used
in the experiment 11 showed no reaction whatever to the egg attenuated sheep
blood virus. The 2 doubtful reactors showed merely a mild fever of short duration
and slight accompanying hyperaemia of the buccal mucosa. It is apparent there-
fore that evidence of infection is dependent entirely on the production of immunity.
The immunity tests show that virus was present in the blood 5 days after infection,
had reached = titre of approximately 1:1000 on the 7th day, had decreased to a

titre of 1: 1C on the 9th day, and its presence could not be demonstrated on
the 11th day.

Comment.—It is unfortunate that in this experiment a 50 per cent. end point
was not reached with the 5 day sample, but other determinations have shown
that the quantity of virus present at that stage is small and seldom reaches a titre
higher than 107'. It may be concluded therefore that virus appears in the
peripheral blood slightly before the 5th day after intravenous injection with 1000
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Resuits.—The reactions in the sheep are strictly comparable to that shown by
the blood virus donor (74676) that received the egg attenuated virus, the slightly
longer periods of incubation being due to the route of infection and the progres-
sively smaliler dose of virus. The transient thermal reaction in two of the sheep
(76083 and 76174) which subsequently were found to have no immunity is inexpli-
cable but is regularly encountered by anyone who has maintained a temperatuie
record of even so-called normal sheep under laboratory stable conditions.

On immunity test only 2 sheep were solidly immune, the original virus donor
and one of the two that received the highest concentration of blood virus. All the
remainder reacted but a very marked difference was noted in the reactions of those
sheep which received blood dilutions up to 2x10°* and those from 2x10~*
upwards. This difference was far more marked chmcally than can be depicted with
strict accuracy, in a table. In fact up to 2 x 10~ the reactions were almost, but
not quite so severe as those which experience has shown would have been obtained
on applying a test with a strain of somewhat different antigenic structure. The
reactions from 2 x 10~* upwards were those to be anticipated in fully susceptible
animals maintained under stable conditions.

Conclusion—Tt is concluded that virus was present in the blood dilutions up
to 2x 107% and absent in higher dilutions but the virus had failed to afford full
protection against the original unattenuated virus. A change in antigenic structure
had not taken place as a result of serial egg passage to this level, as shown by the
solid immunity of the sheep that received egg virus, a finding confirmed by
repeated routine immunity tests during serial egg passage. Therefore the antigenic
modification could only have occurred concurrently with the change from the
A phase of virus.

This antigenic reorientation was equally pronounced in another experiment
with the same strain of virus (V2), was observed to a lesser extent with a second
strain (Be er) but up to the present has not been encountered with two other
strains (Estantia and Mimosa Park).

From the point of view of routine vaccine production this change in antigenic
structure introduces a complicating difficulty but it is believed that it could be
overcome by careful selection of the virus strains.

B. Inactivation of vaccine virus by the inclusion of immune sheep amongst the
donors—A small batch of monovalent vaccine had been prepared for experimental
purposes. The 3 blood virus donors 75447, 76153, 76116 received intravenously
5 cc. of a 1/100 dilution of egg embryo emulsion strain Cyprus, egg generation
126, the titre in eggs being 3-3. No reaction was produced and after an interval
of 21 days the sheep were shown to be solidly immune. Blood samples (20 c.c.) in
0.C.G., to make a final dilution of 1 in 3, were collected from each sheep on day
5, 7.9 and 11 after injection. Equal volumes of the samples on each day were
pooled, decimal dilutions were made in broth and injected subcutaneously in 1 c.c.
amounts into other sheep from the available susceptible stock, to check once

ore the rise and fall in virus titre of the blood during the course of infection.
None of the sheep showed any clinical reaction, so that again determination of
infection with virus was dependent solely upon the results of the immunity test.
T e results are given in Table No. 5.
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OPAGATION OF' EGG-ATTENUATED BLUETONGUE VIRUS IN SHEEP.

Result—Blood of only one of the three donors (76116) produced any
immunity in the sheep; therefore only in this sheep did virus find its way into the
circulation in demonstrable amount. Also, in this sheep the rise and fall of virus
titre followed the anticipated pattern in that virus was present in small amounts
on the 5th day, attained a titre of 107* on the 7th day and had dis. eared by
the 11th day. From the result of the previous experiment in which ts infective
blood was diluted 1 in 3, even though the 5th, 7th and 9th day samples would be
infective in higher dilution, the mixtures were inactive. Therefore the only reason-

le conclusion is that the virus was neutralized by antibodies present in the other
samples. That it is possible for this to happen has been shown expcrimentally by
mixing infective blood with bilood from a known immune and a known susceptible
animal; it is quite unneccessary to give full details of that experiment here. Again
it must be pointed out that in the cxperiment under consideration one she
(76787) that received dilution 107* of non-infective 7th day sample 76153 was
found to be immune, a finding which is quite out of place.

1t is concluded therefore that in spite of the greatest care in selecting what are
believed to be fully susceptible animals, a small number, estimated at about | per
cent may be found to be immune. Inadvertently two such immune sheep were
selected quite at random for vaccine virus production.

DISCUSSION.

For more than 20 years a bluetongue vaccine has been produced by a method
based upon the propagation of an avirulent strain of virus in susceptible sheep.
Ohjections to the continued use of this vaccine have been cnunierated clsewhere

itz 1948).  But, as regards the actual method of roduction, the vaccine
probably never contained virus in a lower titre than 10- . 1t appears to be cer-
tain that this was possible because any immune sheep used for virus propagation
were eliminated by discarding all animals which did not respond to infection by
what was considered a normal febrile reaction. When the mcthod is adapted to
1e propagation of virus attenuated to such a degree that they produce no clinical
reaction, detection of the immune animal becomes quite impossible. > produce
requisite amount of vaecine at least 1,000 donors would be required each vear.
.ection and elimination of any immune animals whose sera would neutr ze
i quantities of prepared vaccine would be possible by the application ot a
test based upon in vitro serum virus neutralization of egg adapted virus strains.
Such a procedure would involve considerable expense, not the least of which
yuld be the housing, isolation and maintenance of the sheep for considera
riods while the tests were being carried out. Since it appearcd to be quite im-
pussible to devise any system of selecting only fully susceptible sheep by any = er
method, it was decided that, what must be regarded as the classical method -
vaceine production, must be abandoned, and replaced by one dependent upon the
opagation of all the requisite virus in eggs. An exact description of the technique
wveloped will form the basis of the second publication in this series.

SUMMARY.

(1) A brief description of Theiler’s classical method of bluctongue vaccine
duction is given and various modifications introduced from time to time are
rded.

(2) In an attempt to adapt the recognized technique to the routine mass pro-
duction of a polyvalent vaccing using fully attenuated egg adapted (A) strains of
is three difficulties were encountered:
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(¢) As a result of even a single passage through susceptible sheep fhe
adapted (A) strains were transformed at least partially into apparer
original or sheep strains (O) so that quantitative control could not be
carried out in eggs.

(b) During the course of change from the A to the pseudo-O phase at least
some strains show a marked change in antigenic structure.

(¢} Since the majority of sheep infected with egg attenuated virus show 1o
clinical reaction it is impossible to eliminate animals included by acci-
dent amongst the virus donors. In the final mixture specific antibodies
in the serum of such immune sheep neutralize the virus propagated in
the susceptible donors, thus making the vaccine inert, This has
proved an insurmountable difficulty.

(3) Though passage through sheep causes a change from the A to the pseudo-
type of virus there is no reversion to original virulence.
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