


INVESTIGATIONS INTO THE TRANSMISSTON OF BLUETONGUE TN SHEEP.

The mosquitos were obtained by catching the adults and larvae
or pupae in the field and keeping the latter in the laboratory until
the 1magines hatched out. The larvae originated from natural
breeding places, or during the drier part of the season from artificially
flooded places.  Specimens hatched in the laboratory from larvae
or pupae obtained from the field were more suitable than those
caught as adults, the latter generally showing a much higher
mortality.

The mosquitoes were kept, before use, in large mosquito netting
enclosed cages covered on four sides by hessian kept wet by allowing
water to percolate through 1t from above, in order to secure the
necessary degree of humidity. When not needed directly they were
fed on a 10 per cent. aqueous solution of sugar, otherwise pure waler
only was provided.

The infected specimens were stored in our warm room, in which
the temperature was maiutained at an average of 24° to 25° C. From
fime to time, however, the temperature varied between 20° and
30° C. as the heating had to be controlled by hand.

In the first series of experiments the mosquitoes were all stored
in jain Jars, the lids being replaced by mosquito netting, 10 specimens
m each. In order 1o secure the necessary humidity the jars were
kept on wet cotton wool in slightly larger jars provided with Tids
having a few holes in them. The mosquitoes were fed on sugar water,
a small piece of cotton wool soaked in a 10 per cent. solution bheing
placed on the net covering the jar. This method was quite satis-
factory, as was the case with horsesickness, when the mosquitoes were
used for injection and only small numbers needed.

Ior the experiment in which the feeding of targer numbers was
intended, our specially designed cages were emploved. These were
kept on shelves, being swrrounded on four sides by wet hessian, thus
ensuring the desired humid counditions inside the cages. Ifor some
species, especially . caballus, it was found advisable to further
increase the humidity by covering the floors of the cages with wet
filter paper. In the case of the small mosquito groups the jars were
always employed. as the cages, which were limited in number, lLad
to be reserved for the larger groups.

The method employved for the injection of mosquitoes consisted
firstly of stunning the insects by hitting the test tubes in which they
were contained against the palm of the hand. The stunned specimens
were then dropped on to a small quantity of normal sheep serum
contained in a mortar and ground up to form a fine emulsion by
means of a pestel. A further quantity of serum was then added and
the whole injected snbcutaneously into the sheep on the inner aspect
of one thigh.

For feeding purposes the small wire cages covered with mosquito
netting, described in the technical section, were used in all cases. T e
liberating of mosquitoes in fly-proof stables containing sheep was not
attempted, as no good results were expected.

The wool was carefully clipped as close as possible {o e skin
from an area on the back of the sheep corresponding with one surface
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of the cage, and the cage, containing the mosquitoes, was then placed
in position on this area. Six pieces of tape attached to the wool
around the clipped area, two on each of the long sides and one on
each of the short ends, tied together over the cage served to hold it in
position. To ensure a sufficient degree of hwuidity inside the
cages a plece of damp cotton wool was placed on top of the cage and
held in position by means of the tapes. Without this mrecaution a
considerable mortality could occur. Up to four cages cor | be placed
on one sheep in this manner, two on either side of the nud line.

As our stable for mosquito feeding, with special arrangements
for obtaining a humid atmosphere, was mostly in use for horsesickness
experiments, the feeding on sheep had to be conducted in the
ordinary sheep stables. On very dry nights the cotton wool occasion-
ally dried up, resulting in a more or less high mortality amongst the
mosquitoes, but under normal conditions the water contained in the
cotton wool was sufficient to last out the night.

By this method of mosquito feeding 1t was not mecessary to
1solate individual sheep, as the cages are not interfered with by other
sheep which may be present in “the same box. Furthermore, the
sheep used were apparently in no way irritated by the presence of
the cage(s), as no attempt was made to rub it (or them) off, or, at any
rate 1n our experiments no sheep succeeded in dislodging a caue

The feeding results on the whole were not as good as was the
case in the horsesickness experiments. The percentage of mosquitoes
which engorged themselves, and furthermore, the amount of blood
taken up by the individuals was definitely less, whereas the
mortality amongst the unfed specimens was certainly higher. A
number of reasons may be advanced to account for this fact. The
pressure exerted on the cage, on which depended its contact with the
skin, was not so great as 1n the case of the cages used on horses, so
that slight movements of the skin tended to disturb feeding mosquitoes.
The regulation of humidity was less effective and the mosquitoes had
ample opportunity of taking up water. Short wool covering the
clipped surface, which was never shaved, mechanically interfered
with the insertion of the proboscis and the wool fat present probably
also played a part in preventing good feeding.

However, our results were sufficiently satisfactory to permit of
our disregarding these minor difficulties.

Il. STRA S OF 1Us L S
YERII 1

In our experiments three different strains of bluetongue virus
were used, the ordinary vaccine strain, and two strains recovered
from fresh spontaneous cases.

1. Bluetongue Vaccine Virus.—In the first series of experiments
described hereafter the virus wherewith we produced the experimen-
tal cases of bluetongue for feeding mosquitoes on, consisted of the
laboratory vaccine strain. This strain had orlgmallv been obtained
from a natural case of bluetongue which had occurred on the station

in a lamb in Febr .ry, 1927. Blood om this lamb had been
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injected into sheep from which, by successive subinoculations into
other sheep at or immediately after the reaction period, the virus strain.
had passed through 48 generations. These subinoculations were carried
out over the period 5.2.27 to March, 1932, the last sheep being
31930 and 81554, the preserved blood of whi  was used in our
experiments.

On reviewing the history of this virus strain certain facts are
apparent which would account for some of our failures or apparent
failures to transmit the disease through the agency of mosquitoes.
In the first place only two deaths, which could be definitely attributed
to blue tongue, were caused. Of the two sheep injected with blood
from the original lamb which died of bluetongue, one died on the
fourth day after injection after having shown no temperature
reaction whatsoever, the other showed a typical though not marked
reaction commneing on the sixth day and returning to normal on
the eleventh day, the maximum temperature registered being
1056.2° F. This latter sheep was used for subinoculations into two
further sheep, death resulting in both cases with typical symptoms
of bluetongue. The first of these two sheep showed a temperature
reaction commencing on the third day with a maximum of 106.2°
on the seventh day, and death on the ninth day. In the second case
the reaction lasted from the seventh to the twelfth days, with a
maximum of 105.1°. The temperature then remained in the neigh-
bourhood of 102° F., with death on the seventeenth day. No further
deaths were recorded during the whole course of the subinoculations,
except five which occurrad between the tenth and twenty-second
generations, and for v ich some other explanation, hawving no
relation to bluetongue, could be given.

In all, about 113 sheep were used up to the production of the
present vaccine strain. Of these, 86 per cent. showed temperature
reactions, 5 per cent. showed very doubtful reactions, whereas about
5 showed no evidences of reactions. Of the 8G per cent. showing
reactions 20 per cent. were looked upon as slight reactions, where
the temperature remained below 105° and was as a rule not main-
tained for longer than half a day, or fluctuated markedly between
103° and 105° for a few days. However, the scrutiny of the tem-
perature charts of the sheep used in the production of the virus has
revealed the fact that a slight or doubtful reaction does not necessari-
ly indicate the intensity of the reaction following upon a subinocu-
lation of blood from such a case. Marked reactions frequently result
from subinoculations from slight cases and the converse also holds
good. One further point of interest is the production ~f clinical
symptoms. As pointed out above, only two deaths from uetongue
resulted from subinoculations from the original lamb, both of which
occurred in the second generation. Up to the eleventh generation
slicht mucoid or muco-purulent discharges from the nostrils,
dyvspnoea, and swelling and reddening of the huccal inucous mem-
brane generally accompanied by reddening of the coronets, were
observed. Thereafter, no clinical symptoms were recorded, the virus
having become so attenuated as to produce only temperature
reactions,

n
—
(&



O. NIESCHULZ, G. A. II. BEDFORD, AND R. M. DU TOIT.

During the course of our work temperature reactions were the
only hulde as to the success or otherwise of the transmission experi-
ments. In this connection 1t must be pointed out that only tempera-
tures exceeding 104° F., and maintained for periods of one or more
days, and furthermore, making their appearance within the limits
of the vaccine strain incubation period, which as revealed during the
production of the vaccine varied between three and twelve days,
were considered to be positive. There exists, therefore, some doubt
as to the possible nwmber of positive cases produced. All the
experimental animals were, however, subjected to a further subinocu-
lation of vaceine in order to test their immunity and, although such
subinoculations may not alwavs succeed or an animal may have
acquired a partial immunity not sufficient to absolutely protect if,
this test was looked upon as the final proof of the original trans-
mission of the disease.

2. Leopo Virus.—A sample of blo~1 obtained from a case of blue-
tongue in sheep on the tarm of a Mr., rrek in the Ixopo district of
Natal was received from the Government Veterinary Officer of Lxopo
on 4.4.32 and this constituted the virus strain used in our experiments
and designated Ixopo virus.  Unfortunately no information could
be obtained as to the extent and severity of the outbreak, but it was
ascertained that sheep had actually died from bluetongue on the farm
in question. Bluetongue is known to occur yearly in this locality,
so that there can be little doubt but that we were dealing with blood
from a naturally contracted case.

3. Nameelfontein Virus.—On the 5th April, )32, the Kxtension
Officer of the Pretoria District sent in blood from three lamb« which
died of bluetongue belonging to Mr. Opperman of the farm aineel-
fontein i this district.  Although not a very extensive outbreak,
this owner lost several other sheep from typical bluetongue. Yearly
moculation against bluetongue is carried owt on this farm, bhut s
was not done this year on account of the season having been very
dry and there being little chance of bluetongue 1n the farmer’s
opinion. As mentioned previously the blood received was taken from
young lambs, so that even 1if relapses of bluet:  rue do occur there is
little chance of our having obtained anything but a unatural field
strain of the virus, as this was the first season {that these lambs had
been exposed to infection.

4. Kaoperimental dnimals.—The sheep used in our experiments
are periodically obtained by the Lahoratory for experimenial pur-
poses and for the production of the bluetongue vaccine from known
bluetongue free areas. They are borveht from a few well known
reliable farmers 1o the Phillipstown  istriet of the Cape rovince,
which is a Karroo area. No guarantee of their susceptibility to blue-
tongue is obtained, but agreements are made that so fer as possible
the sheep must be obtalne(l only from the Phillipstown  istrict.
further precaution that is taken i1s to buy only two-tonth sheep in

order that they will have had as little chance as possi + of having
been exposed to natural infection. ~1is the absolute exception to

encounter an immune sheep, so that tor practical purposes it may be
concluded that all the sheep used are susceptible to bluetongue.
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ill. EXPERI :NTS WITH
STRAlI OF BLUE

At the commencement of our experiments we only had at our
disposal the laboratory sirain used for the preparation of the blue-
tongue vaccine which, as previously stated, had been isolated from a
natural case five years before, and had been passed through nearly
50 generations in the laboratory by meaus of direct successive blood
inoculations. This was therefore not the most sultable strain and
we could anticipate difficulties in our transmission experiments.

We began the experiments, as in the case of horsesickness, with
the 1n3ect10n of infected mosquitoes after intervals varying betw 1
% and 19 days, dating from the infective meal. In most cases an
interval of from 5 to 15 days was chosen. In the event of a positive
case being obtained by this method it was our intention to attempt
the further transmission of the infection by the feeding of the same
species of mosquitoes on susceptible sheep.

The experiments here under review in this section were com-
menced in November, 1931, and concluded in March, 1932, when we
obtained a positive case and at the same time also received material
from natural ‘“ field *” cases. The work was interrupted for more than
a month by our attempts to transmit further whai we took to be a
successful case caused by the original vaccine strain of the virus,
but which eventually turned out to be a doubtful ten -erature
reaction.

For these experiments we used six different species of mosquitoes,

z., Aedes caballus, A. dentatus, A. hirsutus, A. lineatopennis, A.

punctothoracis and A. wvittatus. Aedes caballus, A. lineatopennis

and A. hirsutus were regarded as the most probable vectors for

reasons outlined above. Aedes dentatus and A. vittatus were looked

upon as of secondary importance, whereas 4. punctothoracis was not
considered to be of any practical significance.

In all, 12 experiments were made in which about 250 mosquitoes
were injected into 10 sheep. After an observation period of three
weeks or more, these sheep were all injected with 1 to 2 c.c. of blue-
tongue vaccine (hereafter veferred to as  T.V.) in order to test their
susceptibility or immunity. Whenever 1t was conside = necessary
blood from the experimental sheep showing a febrile reaction was
injected into one or two susceptible animals in order to verify the
original reaction.

In the following pages the various experiments themselves will
be described and thereafter a discussion of the results of all the
experiments together will be given at the end of each section.

(@) Virus SHEEP.

Six sheep were used in this series of experiments whereon the mosquitoes
were fed. They were injected with the following B.T.V. 1 ‘erial: 47th
generation (batch 809), 48th generation (sheep 31930) or with od from one
of our own vaccine virus sheep (49th generation).

Virus sheep 1 (-—sheep 32230) Injected on 14th November, 1931, with
1 c.c. B.T.V. 31930,
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Group 4.—Fed on virus sheep 2 on 25th November (afternoon). Tirst day
of fever. Temperature about 105.2. 11 Specimens (caught as adults) engorged.
Used for experiment 3.

Group 5.—The same material as abov~ fed on virus sheep 2 during the:
following night. Second day of fever. smperature 105.2 and 104.8. 36
Specimens engorged. Used for experiment o.

Group 7.—Fed during the night of 3rd December, 1931, on virus sheep 3.
Second day of fever. Temperature 104.8 and 106.5. 51 Specimens (caught as
adults) engorged. Used for experiment 6.

Group 8.—Fed on the same virus sheep during the following night. Third
day of fever. Temperature 106.9 and 106.2. 29 Specimens (caught as adults)
engorged. Used for experiment 6.

Giroup 14.—Fed on virus sheep 6 during night of 25th February, 1932.
Third day of fever. Temperature 106.4 and 105.4. 75 Spe (hatched from
larvae) engorged. Used for experiment 4.

Fxpermment 1 (B.T. 1). 5 Aedes caballus.
Injection. Interval 18 hours. Sheep 32331.

On 20th November, 1931, this sheep was injected subcutaneously with an
emulsion of five specimens of A. caballus (group 1), which had fed the previous
afternoon on an infected animal.

Reaction.—On 24th November (4 days p.i.) the sheep showed the first rise
of temperature, up to 105°, and on the next day 105.2. On the 26th a slight
fall occurred, and on the 27th the temperature registered 103.2 in the morning.
The same day it rose to 108° only to commence falling the following day again
(106.2 and 105.3), and from 1st December, the temperature regained normal
where it remained.

Immunity test.—On 11th December, three weeks after the injection of the
mosquitoes, the sheep was tested for immunity by the injection of 1 c.c. B.T.V.
subcutaneously. During the following three weeks (the day of injection
excluded) the temperature reached 104° for only one afternoon. The super-
infection was thus negative and the sheep immune.

Subinoculations.—On 25th November, two sheep, Nos. 31722 and 32346,
were each injected subcutaneously with 1 c.c. blood from sheep 32331, The
former sheep showed a typical reaction with 107° as maximum, whereas in the
latter the reaction was very weak or even doubtful.

~ The result of the main experiment was therefore positive, confirmed by
immunity test and subinoculation into other sheep.

ExreriveNxt 2 (B.T. 2). 20 Adedes caballus.
Injection. Interval 5 days. Sheep 32335,

Into this sheep were injected subcutaneosuly 20 4. caballus which had fed
approximately 5 days previously on an infected sheep. Seven specimens of
group 1 were injected on 24th November, the same number of group 2 the
following day, and on the day after 6 of group 3.

Reaction.—On 2nd December, 8 days after the injection of the first group
of mosquitoes a rise of temperature occurred, 104.3° being registered, which,
gowever, was not maintained, the temperature regaining normal the following

ay.

Immunity test.—On 15th December, three weeks after the commencement
of this experiment, the immunity of the shcep was tested by the subcutaneous
injection of 1 c.c. B.T.V. The temperature rose 9 days later, reaching its
maximum, 106°, the same day. It remained above 104° for four days. This
reaction may be considered as moderate.

Result.—There may have been a slight immunity developed in this case
but the experiment would appear to be negative.
Experivext 3 (B.T. 4). 30 Aedes caballus.
Injection. Interval 5 days. Sheep 32303.

Into this sheep 30 specimens of A. caballus were injected after the same
interval as in the preceding experiment, 8 specimens of group 4 on 30th
November and 22 of group 5 the following day.
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Reaction.—On 8th December, 7 days after the injection of the last group
of mosquitoes, a weak, but quite definite, febrile reaction commenced, which,
however, lasted only four days. On 8th December the temperature registered
102.8 and 104.5°; 9th 104 and 105°; 10th 103.3 and 105.9; 11th 103.6 and
}8§.g6 The temperature then returned to normal, remaining thereafter under

Immunity test.—On 23rd December, 22 days after the last injection of
mosquitoes, the immunity test comsisting of 1 c.c. B.T.V. subcutaneously, was
applied. The temperature rose to 104.7 on 28th December and two days later
reached 107. The whole reaction lasted 4 days, and was quite typical.

Subinoculation.—Blood from this sheep, taken on 10th December during
the short febrile reaction, was injected on that date into sheep 32149. During
on ~bhecwration period of three weeks this sheep never showed a temperature

: 104° for longer than half a day. The sheep was tested for immunity
three weeks after the injection by the subcutaneous inoculation of B.T.V. A
Il%%gked febrile reaction resulted, lasting 9 days and showing a maximum of

The result of this experiment must be regarded as doubtful, probably as
negative. There was a certain febrile reaction, just at the time when it couid
be expected, but it was not very marked. The immunity test was positive,
the sheep therefore not having acquired any immunity. Furthermore, a sub-
inoculation of blood into a susceptible sheep was negative.

ExprrimeEnt 4 (B.T. 14a). 40 Aedes caballus.
Injection. Interval 7 days. Sheep 31713.

This sheep was injected subcutaneously on 4th March, 1932, with 79
mosquitoes belonging to six different species of Aedes, viz., 40 A. caballus, 3 A.
dentatus, 2 A. hirsutus, 30 A. lineatopennis, 1 A. punctothoracis and 3 A
vittatus. All these mosquitoes had been fed about 7 days previously on an
infected sheep. The 40 A. caballus which alone concern us here belonged to
group 14.

Reaction.—The day following the injection a slight rise in temperature, vo
104.2°, took place, but thereafter the temperature remained constant, varying
between 101.8 and 103.8°.

Immunity test.—On 5th April, one month after the injection of mosquitos
this sheep was injected with 2 c.c. B.T.V. TFour days later the temperature
rose, passing 104 and reaching 107.4° on the 7th day p.i. The temperature
reaction was marked and lasted seven days.

Result.—As shown by the immunity test the sheep had remained fully
susceptible and the experiment was thus negative.

Exreriment 5 (B.T. 5). 14 Aedes caballus.
Injection. Interval 15 days. Sheep 32333,

14 Mosquitoes, which had fed approximately 15 days previously from an
infected sheep during the third day of its fever reaction were injected into
the above sheep as follows:—9 Specimens of group 2 on 5th December, 1931,
and two days later 5 of group 3.

Reaction.—During an observation period of three weeks the animal showed
no typical temperature reaction, except that the day following the second injec-
tion the temperature rose to 104.2° and later, on the 6th, the 12th and the 15th
days after the first injection temperatures of 104.3, 106.4 and 104.2° were
recorded. These temperatures were, however, not maintained for periods of
Jonger than % day in each case, and were therefore considered as of no conse-
quence.

Imanunity test.—On 28th Decéniber, three weeks following the last injec-
tion of mosquitoes the sheep was injected with 1 c.c. B.T.V. Four days later
the temperature reached 105.6°, and after a further period of two days 106.4°,
was recorded which constituted the maximum. The reaction persisted for five
days and though not marked was quite typical.

Subinoculation.—1 c.c. blood from this sheep taken one day after the short
rise of temperature to 106.4°, was injected into sheen 31236 on 18th December.
During an observation period of 27 days the e exceed
103.4° This sheep was then subinoculated with V. auu ooven days
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later the temperature rose to 106.2°. The whole reaction lasted 2-2% days and
was not very marked. There existed therefore the possibility of a certain
amount of immunity having been developed.

Rtesult.—In our opinion the experiment must he regarded as negative,
as the sheep had shown no typical reaction and later proved to be susceptible
Eo 1bluetongue. Furthermore, a subinoculation of blood into another sheep
ailed.

Experivext 6 (B.T. 10). 15 dedes caballus.

Injection., Interval 16-17 days. Sheep 32340.

In this experiment 15 .. caballus, 9 of group 7 and 6 of group 8, were
injected on 2Gth December, 1931. These mosquitoes had fed 16-17 days pre-
viously on an infected animal during the second and third days of fever.

Reactions.—Kxacerbations to 104° occurred during the first week following
the injection, but thereafter 103.4° was the maximum temperature recorded
in the course of the observation period of 25 days.

Immunity test.—On 15th January, 1932, the sheep was inoculated with
1 c.e. B.T.V., the injection being followed by a marked reaction, 106°, constitut-
ing the maximum, was reached on the 7th day p.i., and on the 11th day the
temperature fell to 102°, The temperature remained ahove 104° for four dagys.

Result.—This experiment was theretore nweguatire.

(¢) Exremivexts witn Adedes lincatopennis.

With A. lineatopennis four experiments were conducted and 1312 specimens
injected into susceptible sheep.

Virus sheep Nos. 1, 4, 5 and 6 were used. aud the mosquite groups
consisted of :

Group 1.—Fed on virus sheep 1 on 20th November (afternocon). Third day
of fever. MTemperature 104.2°. Four specimens (caught as adults) engorged.
Used for experiment 7.

Group 2.—Fed on the same virus sheep during the following night. Third
day of fever. Temperature 1042 and 103.8°. 26 Specimens (caught as adults)

~

engorged. Used for experiments 7 and 9.

Group h.—Fed on virus sheep 5 during the night of 4th to 5th Febhruary.
Second to third day of fever. Temperature 107.2 and 106.0°. 90 Specimens
(caught as adults) engorged. Used for experiment 10.

Group 6.—Fed at same time on virus sheep 4. Third day of fever.
Temperature 106.2 and 105.3°. 42 Specimens (caught as adults) engorged.
Used for experiment 10.

Group 7.~ Fed during the following night on same virus sheep. Fourth
day of fever. Temperature 104 and 105°. 40 Specimens (caught as adults)
engorged. Used for experiment 10.

Group ®.—Fed on virus sheep 5 during the same night. Third to fourth day
of fever. Temperature 104 and 103.8°. 32 Specimens (canght as adults)
engorged. Used for experiment 10.

Group 9.—Fed on virus sheep 6 during the night 25th to 26th February.
Third day of fever. Temperature 106.4 and 105.4°. 42 Specimens (reared from
larvae) engorged. Used for experiment 8.

Experimext 7 (B.T. 3). 20 Adedes lineatopennas.
Injection. Interval 5 days. Sheep 31848,

20 A. lineatopennis were injected into this sheep about five davs after their
infective meal. They were comprised of 3 of group 1. injected 25th November,
1931, and 17 of group 2 injected the following day. They had fed on an
infected sheep during the third day of fever, its temperature of 104.2° at the
time, however, having been very low.

Reaction.—During an observation period of three weeks the sheep showed
no typical febrile reaction. The temperature passed 104° shortly after the
injection and again four days after the second injection. but in each case was
maintained for only i day.
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Immunity fest.—On 17th December the sheep was inoculated with 1 c.c.
B.T.V. The temperature commenced rising four days later, the fever lasting
five days with a maximum of 105.6°. The reaction was thus very mild.

Itesult.—The sheep being susceptible, the experiment must he regarded as
negative.

Experivent 8 (B.T. 14b). 30 Adedes lineatopennis.
Injection. Interval 7 days. Sheep 31713.

Into this sheep 30 4. lineatopennis of group 9 were injected on 4th March,
1932, together with 49 specimens of five other Adedes species.

The course of the experiment has already heen described under experiment
4, and there the result was shown to be negative.

ExrerimexT 9 (B.T. 6). 2 Aedes lineatopennis.
Injection. Interval 16 days. Sheep 31683,

On 12th December, 1931, two A. lineatopennis of group 2 which had had
an infective feed 16 days previously were injected into this sheep.

Reaction.—No febrile reaction occurred throughout the observation period
of more than five weeks, although 13 days p.i. the temperature exceeded 104°
for a period of half a day.

~ On 14th January, 1932, this sheep was used in experiment 17 (dedes
vittatus as a control, but with negative results.

) The immunity test was conducted on 11th February by the subcutaneous
inoculation of 1 ¢.c. B.T.V. The resultant febrile reaction, with an incubation
period of 6 days, a duration of 5 days and with maximum of 106.4°, was
typical.

Itesult.—The experimeut must, therefore, be vegarded as negative.

ExperiMeEnT 10 (B.T. 13). 60 Aedes lineatopennis.
Injection. Interval 17-19 days. Sheep 31703.

In this experiment 60 A. lineatopennis of groups 5 and 8 were injected on
22nd February, 1932. The mosquitoes had fed on the second to fourth days
of the fever reaction on virus sheep 5 and 6, i.e. between February 4th p.m.
and 6th a.m., thus 17 to 19 days before.

Reaction.—On the 2nd, 3rd and 8th days following the injection tempera-
tures between 104 and 104.4° were recorded, otherwise the temperature
remained normal. On 3rd March, the 10th day, p.i. a definite fever reaction
set 1n which lasted until 10th March, i.e. 8 days. The maximum was 106.2°
and on three days the temperature remained above 105°. Although of medium
intensity this reaction was nevertheless quite definite. [For exact temperatures
of virus sheep 8 (p. 20).]

Immunity test.—This sheep was tested for immunity on 5th A 1, 43 days
after the injection of mosquitoes, by the subcutaneous injection of £ c¢.c. B.T.V.
During an observation period of three weeks the temperature remained normal,
varying between 101.8 and 103.4°. A complete immunity had therefore been
acquired.

Subinoculation.—On 10th March, two sheep, 31556 and 32269, were each
subinoculated with 2 c.c. blood from the above-mentioned animal, taken the
day after the height of the febrile reaction. Both these sheep showed typical
bluetongue reactions. In the first case the temperature commenced rising on
the fifth day, p.1. and returned to normal on the 13th day, exceeding 104° on
seven days with 106° as maximum. The second sheep reacted on the sixth
day, the temperature remaining above 104° for six consecutive days with a
maximum of 106°. On 10th April, 31 days after the injection of blood from
the experimental animal, the immunity of these two sheep was tested by the
inoculation of 2 c.c. B.T.V. The temperatures remained normal throughout
the observation period of three weeks, varying between 101.4 and 103.4 in the
first case and 102.3 and 104° in the latter animal.

Result.—This experiment 1s therefore definitely positive. The injection
of the infected mosquitoes was followed, after an incubation period of 10 davs,
by a typical bluetongue reaction and the sheep “later proved to be ir e.
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vaccine strain of bluetongue virus from % to 19 days previously.
These mosquitoes were of the following species :—

Aedes cabalus, 124 specimens. Aedes punctothoracis, 1 spe-
Aedes dentatus, 3 specimens. cimen.
Aedes hirsutus, 2 specimens, Aedes vittatus, 9 specimens.
Aedes lineatopennas, 112 spe-

cimens.

In the case of two of these experiments the transmission was
successful.

In the first of these two experiments (experiment 1) 5 Aedes
caballus were injected 4 day after having fed on an = ":cted sheep.
The febrile reaction in the experimental animal was very marked,
the maximum temperature being as high as 108°.

This result indicated that 5 mosquitoes are capable of taking up
sufficient virus to reproduce the disease.

This was certainly remarkable in view of the fact that the
reaction in the virus sheep from which the mosquitoes had fed
had been very weak. In fact, had such a reaction occurred in our
experimental sheep, we would have been inclined to regard 1t as
doubtful or even negative.

The second positive experiment (experiment 10) is of more im-
portance. It served to demonstrate that the bluetongue virus 1s
capable of persisting in Aedes lineatopennis in a fully virulent forin
for periods of at least 1T days.

60 Specimens were injected subcutaneously, and after an incuba-
tion period of 10 days a typical fever reaction resulted, which lasted
for 8 days. When injected almost 1% months later with *he same
strain of virus the sheep proved to be completely immune.  wo other
sheep, subinoculated with blood from this animal taken auring its
reaction, showed typical reactions, themselves later acquiring com-
plete immunity.

The other experiments were all negative with the exception of
one (viz.: experiment 3), which may be looked upon as doubtful. In
this case a somewhat atypical reaction occurred which could possibly
have been due to a mild infection with bluetongue, but when tested
for immunity the sheep proved to be normally susceptible.

The negative experiments and the one doubtful case embody the
injection of 186 mosquitoes at varying intervals after the infective
meal as follows:—

5 to T days after feeding. 15 to 17 days after feeding.
90 Aedes caballus. 29 Aedes caballus.
3 Aedes 7 ‘atus. 2 Aedes lineatopennis.

2 Aedes rnursutus.

50 Aedes lineatopennus.
1 Aedes punctothoracis.
9 Aedes dentatus.

We will here limit the discussion to the experiments with Aedes
caballus and A. lineatopennis as the number of specimens of the
other species used was very small.
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We obtained one positive result with 112 dedes lincatopennis
injected and only negative vesults with A. caballus, with the excep-
tion of experiment 1, when 5 A. coballus mjected half a day after
feeding produced a oasitive reaction. This case, however, we do not
regard as being of wuch importance i view of the actual transmis-
sion as not sufficient time was allowed for the development of the
virus in the insect host. The number of experiments conducted 1s
certainly not sufficient to justify the conclusion that one species 1s a
probable transmitter and the other not.

The question presents itself, What can the reason be for the
negative lenul’(a. The chance of the virus developing in the mosquito
may be quite small.  This may be an important factor. Tt will he
recalled that the virus which we used had bheen passed through a
large number of generations from sheep to sheep by subinocculation
in the laboratory. By these successive subinoculations it had been
trausformed into a vaceine virus, a much attenuated strain, and thus
one profound biological alteration had tuken place. Another altera-
tion, a change, possibly a reduction, in its developmental capacity in
the insect host would, therefore, not be at all surprising.

Another possibility 1s that the different virus she  may not have
been equally suitable for infecting the mosquitoes. .. ¢ used 6 sheep
in these tests. On virus sheep 4 and 5 the .1. lineatopennis, which
transmitted the infection, were fed. On the others the following
mosquitoes fed :—

Sheep 1, 34 1. caballus, 22 A Lineatopennis.  Result negative.
Nheep 2. 30 -1 caballus, nil. Result doubtful.
Nheep 3, 15 1. caballus, nil. ssult negative
Sheep 6, 40 A. caballus, 30 A. lineatopennis. HKesult negative.

Iu virus sheep 1 the reaction was a very mild one, and only
exceptionally would we utilize such a case for feeding mosquitoes on.
However, on this same sheep those mosquitoes fed which, injerted
the following day, produced a marked reaction in experiment 1. he
other mosquitoes which fed from virus sheep 1 must therefore also
have taken up sufficient virus.

Sheep 2 gave the doubtful case.
In the case of sheep 3 only 15 specimens were used.

Sheep 6 1s, however, quite remarkable in that 79 mosquitoes
comprising 40 4. caballus and 30 A. lneatopennis, which fed from
1t, were injected 7 days later without result, notwithstanding the fact
that the febrile reaction was very marked.

It 18, therefore, not unreasonable to suppose that the virus in
one sheep is more capable of developing 1n mosquitoes than is that in
another sheep. On the other hand, as the same virus strain was used
to infect all the animals, the varying results experienced may have
been due to a general reduction in the developmental capacity of the
strain in mosquitoes  Apart from this only a certain period in the
duration of the febr - reaction may be suitable for the infection of
the mosquitos. We were unfortunately not able to carry out a
sufficient nwunber of experiments to definitely ascertain this point.
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IV. EXPERIMENTS WITH VIR i
DOUBTFUL ¢/ OF BLUET({
INJEGTION O] JSQUITC 8§ \

In the preceeding section we discussed (experiment 3) a doubtful
case of bluetongue produced by the injection of A. caballus 5 dayvs
after feeding. The temperature had suggested a mild reaction of
bluetongue, and we hoped that this strain, which we considered had
displaved some slight aptitude for developing 1n the insect, would
regain its natural virulence in time by further passage through mos-
quitoes. It must be mentioned that the result of the immunity test
did not become known until after the following experiments had
been conducted.

In this series of experiments the same procedure was adopted,
viz., the subcutaneous injection of emulsified mosquitoes al 1intervals
of H 1o 20 days after the infective meal.

We used H7 specimens of mosquitoes helonging to three species of
Aedes, vig., A. dentatus, A. Tirsutus and . wiltatus, as we had no
others at our disposal at (hat time.

For the feeding of the mosquitoes the following sheep was
wsed 1 —

Virus sheep 7 (sheep 32303).  This sheep was the same as that
used 1n experiment 3 (dedes caballus), and the course of the {em-
perature reaction has been fully described under that experiment.

A Exverivesrs wirn Adedes dentatus.

Only one experiment, with 9 specimens, was made with this species.
Virus sheep 7.

Mosquito group 2.—Fed on virus sheep 7 during the night of 10th to 11th
December.  Third day of fever. Temperature 105.9-103.6°. 14 specimens
(reared from larvae) engorged. Used for experiment 13.

Exprrivment 13 (B.1. 8). 9 Adedes dentatus.
Injection. Interval 5-6 days. Sheep 32046.

On 17th December, 1931, 9 A, dentatus of group 2 were injected into the
above sheep which, 5-6 days previous, had fed on an infected sheep during the
third day of its febrile reaction.

Reaction.—TFor the first 11 days the temperature remained normal.  On
29th  December it rose from 103.6° (a.m.) to 105.2°, falling the following
morning to 103°, hut rising again that ufternoon to 106°.  Thereafter it
remained unormal for one weck only, to rise again to 105° on 8th January,
where it remained for only half a day. This was followed hy three days of
normal temperature, when a further rise oceurred. On 12th January, 104.2
and 105.0° were recorded:; on the 13th 1048 and 101.9°. and on the 1ith
104.2 and 102.6°. Thereafter ne further abnormal temperatures were registered,
although the sheep was kept under observation for the following three mouths
to ascertain whether these sudden temperature elevations were regular or
periodic occurrences.

On 21st March the immunify test was applied, 2 c.c. B.T.V. being injected.
This injection was followed by a reaction six days later. the temperature
remaining elevated (above 104°) fer 53 davs, with a maximum of 106.8°. The
sheep had therefore acquired no immunity.

Subinoeulation —On 31st December. the day following the second rise in
temperature, a subinoculation of 1 c.c. blood from this sheep was made into
sheep 31979. Four days later a rise occurred, 1062 heing reached, followed
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on ithe unext day by temperatures of 105.2 and 103.4°. It then returned to
normal, but on the 13th day, p.i. there was another short rise to 105.2°. The
sheep was kept under observation for over 11 weeks, during which period the
temperature, although slightly irregular, only three times exceeded 104 for
half a day in each case. On 2Ist March this sheep was inoculated with the
same virus as that employed in the case of the original sheep. The ensuing
reaction was very marked, persisting for 64 days with a maximum of 106.8°.

Result.—It 1s rather difficult to form any definite conclusion in this case
and we prefer to regard the result as doubtful. The original sheep, which,
prior to the mosquito injection had registered a very constant temperature,
showed a somewhat doubtful reaction after an incubation period of 13 days.
Furthermore, in the sheep subinoculated from it a slight temperature reaction
occurred but in neither case was any immunity developed.

B. ExpEriMrenTts witn Aedes Hirsutus.

Aedes hirsutus was made use of in two experiments wherein 26 specimens
were injected 5 and 16 days after the infeetive feed.

Virus sheep 7 and mosquito group :

Group 3.—Fed or virus sheep 7 during the night of 10th to 11th December.
Third day of fever. Temperature 105.9 and 103.6°. 29 specimens (reared from
larvae) engorged. TUsed for experiments 14 and 15.

ExprriMent 14 (B.T. 9). 20 Aedes hirsutus.
Injection. Interval 5-6 days. Sheep 32118.

On 17th December, 1931, 20 dedes hirsutus of group 3 were injected. These
mosquitoes had fed 5-6 days before on an infected sheep during the third day
of a febrile reaction.

Reaction.—A rise in temperature occurred on 25th December, the readings
being 104.6, and a little later on 105.6, followed the next morning by 103.8°.
Unfortunately morning temperatures only were taken (holidays). On 30th
December and 13th January temperatures of 106 and 104.8°, respectively, were
recorded, which were, however, only fluctuations. ¥urther fluctuations of
106 and 106.4° occurred on 21st and 25th January, followed by normal tempera-
tures for the remainder of the observation period of almost 10 weeks.

Immunity fest.—On 5th April, 1932, 110 days after the injection of the
mosquitoes, the immunity was tested by the injection of 2 c.e. B.T.V. A
marked febrile reactior followed, commencing 6 days later and lasting for 5
days with a maximum mperature of 107°.

A subinoculation of 1 c.c. bloed from this sheep was made into sheep
31764 on 28th December, 3 days after the slight initial temperature reaction
referred to above. ¥rom 3lst December to 9th January, the 4th to the 12th
day following the inoculation, the sheep showed an extremely irregular
temperature exceeding 104° on 5 days (on 2 days afternocon temperatures were
not recorded), whereon 106°, 106.7°, 105.2°, 104.8° and 105° were registered.
These elevations were in each case followed on that or the following day by
drops in temperature to 103° or lower. The temperature remained more
regular during the ensuing four weeks exceeding 104° for half a day on only
one occasion. On 10th February, the immunity test was applied, 1 c.c. B.T.V.
being injected. After =n incubation period of 6 days a short but definite
reaction occurred whi lasted for 2% days, 106.8° being the maximum
temperature.

The results of this experiment are not altogether clear. A slight tempera-
ture reaction followed the injection of mosquitoes, but the immunity test clearly
demonstrated that no immunity had been acquired. Another sheep, sub-
inoculated with blood from this animal, showed a very irregular temperature
over a period of 8 days, running up as high as 106.7° on one occasion. This
reaction was not typical for bluetongue, but similar reactions are met with
from time to time in subinoculations of the vaccine virus strain. The reaction
following the immunity test of the second sheep was mild, lasting for only 2%
days, seeming to indicate that some slight immunity had been developed.

The transmission in this experiment must, therefore, be regarded as
doubtful, in all probability negative.
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ExperiMeNtT 15 (B.T. 11). "6 Aedes hirsutus.
Injection. Interval 16 days. Sheep 32298.

This sheep was injected with 6 Aedes hirsufus of the same group as those
used in the preceding experiment, but 16 days after the infective meal.

Reaction.—The temperature remained normal for 12 days, varying between
101.5 and 104°. On 10th January, a mild temperature reaction commenced,
lasting three days, and accompanied by discharges from the nostrils. Tempera-
tures of 106 and 103.2° were recorded on 10th January, on the 11th 105.2 and
105°, on the 12th 103.4 and 105.2° and on the 13th 103.2 and 102.6°. During
this reaction an occasional rise in temperature up to 106.2° was noted. The
animal was kept under observation for the following 11 weeks, during which
time it showed a very regular temperature, only twice, for periods of half
a day at a time, reaching 104°.

Immunity test.—On 5th April, 99 days after the injection of mosquitoes the
immunity was tested by the injection of 2 c.c. B./T.V. Six days later a very
marked febrile reaction followed, lasting 7 days, with a maximum temperature
of 108°.

Subinoculation.—Blood from this sheep taken on 11th and 14th January,
during and shortly after the reaction referred to above, was injected into
sheep 32349 on the latter date. Throughout the course of an ohservation period
of more than 12 weeks no definite febrile reaction occurred. On the 4th, 6th and
7th days, p.i. slight rises in temperature to 104 and 104.4° occurred, and on the
20th day, p.i. 105° was excecded for half a day, otherwise it remained normal.
88 days after the injection (i.e. on 11th April) the sheep was tested for
immunity by the subcutaneous injection of 1 c.e. B.T.V. The reaction which
followed was very marked lasting 8 days with a maximum temperature of 106.7°.

On 27th April a further sheep (No. 34738) was injected with preserved
blood taken on 11th January from the original sheep (No. 32298), but in this
case 10 c.c. were injected intrajugularly in order to increase the chances of
infection. No definite reaction, however, occurred. Temperatures of 104° were
exceeded several times for not longer than half a day on each occasion, but
this had also been the case before the sheep was infected. On 28th May the
animal was tested for immunity by the injection of 1 c.c. B.T.V. A typical
reaction lasting 4 days with temperatures up to 106.4° followed after an incu-
bation period of 4 days.

Result.—This experiment has to be regarded as negative. A mild tempera-
ture reaction was shown, but when tested for immunity the sheep proved to be
normally susceptible and also subinoculations of blood, taken during the febrile
reaction, into 2 susceptible sheep failed.

C. ExperiMENTs wiTH Aedes Vittatus.

With this species two experiments were conducted wherein 22 specimens
wera injected 5 and 20 days after feeding on an infected sheep.
o

Virus sheep 7 and mosquito group:

~ Group 2.—Fed on virus sheep 7 during the night of 10th to 11th December.
Third day of reaction. Temperature 105.9° and 103.6°. 40 specimens (reared
from larvae) engorged. TUsed for experiments 16 and 17.

Exeermvext 16 (B.T. 7). 14 Aedes vittatus.

Injection. Interval 5 days. Sheep 32308.

This sheep had been used once before, viz., in experiment 11, where it
had been injected with 6 A. wittatus group 1.

On 17th December it was injected with 14 A. vittatus of group 2 which
had fed 5-6 days before on sheep 7 during the third day of its febrile reaction.

~ Reaction.—No typical reaction resulted. Once only, 13 days after the
injection of mosquitoes, the temperature exceeded 105° for half a day.

Immunity test.—On 27th January after an observation period of 20 days
the sheep was injected with 2 c.c. B.T.V. The resultant reaction was quite
typical, lasting 4-5 days, with a maximum temperature of 105.8°.

The result of this experiment was definitely negative.
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Exvrriment 17 (B.T. 12). 8 .dedes vittatus.
Injection. Interval 20 days. Sheep 32288,

For this experiment 8 Aedes vittatus of the same group as in the preced-
ing experiment were used on 3lst December, 1931, but the injection was made
20 days after their initial feeding.

Reaction.—Four days following the injection of the mosyuitoes (ie. on
4th January) the temperature rose rapidly to 106°, where it remained through-
out the day. On the 5th 105.8 and 1072 were recorded. on the 6th 106.7 and
105°, the 7th 104 and 103.7°, and on the &th 104.4 and 104°. 1t then returned
to normal and remained below 104° for the following 18 days. This temperature
reaction was certainly very marked, and it closely resembled the usual blue-
tongue reactions. However, the incubation period of four days was very
short, especially when we take into consideration the fact that only a very
small guantity of virus could have heen injected with the crushed mosquitoes.
IFollowing upon the temperature rveaction slight clinical symptoms  were
manifested consisting of distinet warmth of the feet and coronets, slight
discharges from both nostrils and frequent licking of the lips.

Tmmunity test.—On 27th January the sheep was tested for immunity by
the injection of 2 c.e. B.T.V. subcutaneously.  Seven days later the temperature
rose to 105.4°, remaining at 105 during the following day, hut falling the dayx
after below 104°. Two fluctnations to 105 occurred on the 12th and 20th day,
p.l. but they lasted only halt a day cach. The temperature reaction following
upon the immunity test injection was very weak, lasting enly 14 days, with a
maximun of not even 106°.

Subinocuiation.—On 7th January a sheep, 31696, was subinoculated suh-
cutaneously with 1 c.c. blood from the preceding sheep taken two days
previously. No typical febrile reaction followed this injection. Twice only,
viz., 4 and 11 days p.i., short rises of temperature to 106 and 105.2° respec-
tively, occurred. Five weeks after the subinoculation of blood, j.e. on 10th
February, 1 c.c. B.T.V. was injected. This was followed by a marked tempera-
ture reaction lasting 8-9 days with a maximum of 106.6G°.

Another sheep, 32299, was subinoculated with 1 c.c. of the same material
as sheep 31696, on 14th Januarv. No temperature reaction resulted with the
exception of a few slight fluctuations up to 104°. On 11th April, twelve
weeks after this subinoculation, 1 ¢.c. B.T.V. was injected, which resulted in a
pronounced temperature reaction lasting 4 days with 108.8° as maximum.

Together with the above sheep a third, viz. 31683, was subinoculated with
the same material. This sheep had heen used in a negative experiment (see
experunent 9, A, lneatopennisy.  Again no typlcal reaction ensued. 16 days,
p.1. a short rise in temperature to 105° took place. On 10th TFebruary this
sheep was inoculated with 1 c.c. B.T.V.. which was followed by a typical
reaction of 54 dayvs’ duration, showing a maximum temperature of 106.4°.

On 27th April we injected vet another sheep, No. 34690, with the same
preserved material as in the preceding cases.  Tn this case, however, 10 c.c.
was Injected intrajugularly. For 21 days the tewmperature remained normal
(not exceeding 104°9),  Then a mild reaction followed, the 19th 105.6, the 20th
103.8 and 104.8, and the 21st 103.4 and 104.8 heing recorded. whereafter the
temperature dropped to normal again. On 28th May the sheep was tested
for nmmunity by injection of 1 c¢.c. BTV, After an incubation period of 7
days a clear reaction, lasting ¢ days, with 107.4 as a maximum, followed.

The result of this experiment has to he regarded as doubtful. TFour davs
after the injection of the mosquitoes a distincet temperature veaction lasting
3 days with 107°© as maximum of temperature appeared, followed by slight
clinical symiptoms.  Except for the short incubation period, the reaction
resembled a typical bluetongue reaction. Besides, the temperature reaction
following upon the immunity test was very weak, lasting only 13 days. Blood
taken during the end of the febrile reaction failed, however, to transmit the
disease to 4 susceptible sheep.
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D. Resvrrs or tae Insrerrox or Mosaeuitors FeEn ox 4 DovnrrrL
CasE rroprcep BY BTV, WHICHT IIAD BEEN SUBJECTED TO
Passicr tarove Mosquitors.

On a sheep showing a mild bluetongue-like reaction which had
been produced Ly the injection of a number of A. caballus fed five
days previously on a true experimental case of bluetongue (B.T.V.),
we fed a number of A. dentatus, A. lirsutus and A. vittalus. These
were injected into susceptible sheep at intervals of from H to 20 days
following the feed.

The results of these experiments were as tfollows:—

Injection of 9 A. dentatus H-6 days afler feeding (experiment 13)
-as followed 13 days later by a temperature reaction lasting 2 days
with 1062 as maximum. A subinoculation of blood into another sheep
produced a similar short reaction four days after the injection. Both
these sheep when tested for immunity about three months later
proved to be susceptible. The result was looked upon ax doubtful.

20 Aedes hirsutus (experiment 14) were injected after the same
interval, resulting in a short febrile reaction 8 days later in which the
temperature exceeded 105°. This sheep was found to be still normally
susceplible almost 4 months later. A sheep subinoeculated with 1 c.c.
blood from this case showed an extremely 1rregular temperature,
which rose as high as 106-7°, from the 4th to the 12th day following
injection. The immunity test, conducted one month lnater, was
followed by u very mild reaction of only 24 days’ duration.  his case
must also be regarded as somewhat doubtful.

Another lot of Ad. lirsutus, consisting of 6 specimens, was
injected after a period of 16 days (experiment 15). 12 Dayvs later a
temperature reaction commenced closely resembling a mild blue-
tongue reaction, 106° being the maximum temperature recorded.
Three months later, however, this sheep was found to he normally
susceptible. A sheep, injected with 1 c.c. blood taken during the
course of this reaction failed to veact, although it was fully sus-
ceptible as demonstrated at a later date. A further sheep was injected
later on with 10 c.c. blood given intrajugularly and this also failed
to show any t{ypical fever reaction. This experiment also appears to
be doubtful.

A further experiment (experiment 16) wherein 14 Aedes vittatus
were injected five dayvs after feeding, gave negative results.

8 A. wrttatus of the same group were injected into another sheep
after a longer tuterval, viz., 20 days (experiment 17). A very distinet
temperature reaction combined with slight clinical symptoms made
its appearance 4 davs later, lasting 4-5 dayvs and showing a maximum
temperature of 107°. This reaction very closely resembled that of a
typical bluetongue reaction. The immunity test injection produced
a very weak reaction persisting for only 2 days, the maxinium tem-
perature not exceeding 105.4°. An immunity appears to have been
developed, not sufficient, however, to completely prevent a reaction,
but nevertheless sufficiently strong to considerably modify it. Three
sheep were injected will 1 c.c. blood each, from this sheep taken
during the febrile reaction. Nomne of these sheep reacted typically
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and all three were later proved to be susceptible to injection of known
virulent blood. Furthermore, a fourth sheep was injected with ) c.c.
blood intrajugularly and still no typical temperature reaction ensued.
IFrom the results obtained by the injection of mosquitoes in the first
instance, we must regard this experiment as doubtful.

The results obtained in these experiments are certainly of
interest. We started off with a sheep showing a mild temperature
reaction not followed by immunity, and in most of the subsequent
cases, produced by injections of mosquitoes fed from this sheep,
marked reactions resulted, some of which were indistinguishable
from true vaccine strain bluetongue reactions. These, however, were
not followed by immuity or at any rate the immuity conferred was
extremely weak. Subinoculations of blood from these cases into -
ceptible sheep did not succeed at all, or, where slight febrile reactions
resulted, no immunity was acquired.

The temperature reactions noted may mnot of course have been
connected with bluetongue in any way and may have been purely
accidental or coincidental, but in many cases where the sheep were
kept under observation for several months the temperatures remained
remarkably constant. IT'urthermore, in most cases the reactions com-
menced within the limits of the known bluetongue incubation period;
in other words, just when they were to be expected. In this con-
nection one must not lose sight of the fact, that immunity does not
invariably follow bluetongue, there being notable exceptions
recorded, and moreover, that subinoculations with normally virulent
virus are not successful in producing results in all cases.

We have regarded these experiments as negative or at most
doubtful, which appears to be the only rational conclusion. Had we
regarded them as positive, 4. hirsutus and A. wittatus would
naturally be incriminated as transmitters, which, with the results so
far obtained, cannot be assumed.

V. EXPERIME TS WITH VAGG \ |
DEFINITE PASSAGE TF € I

In the first section we described an experiment (experiment 10)
in which a true case of bluetongue was obtained by the injection of a
large number of Aedes lineatopennis 17 to 19 days atter the infective
meal. This case was verified by subinoculations of blood from it
into two susceptible eep and subsequent immunity tests. This
appeared to be an excellent case wherewith to carry on the experi-
ments and endeavour to obtain results in the more natural manner,
viz., by the actual feeding of mosquitoes.

At that time, about the middle of March, large numbers of 4.
caballus and a fair number of A. lineatopennis were available from
one or other of our experimental breeding places. A. hirsutus was
not so plentiful, but could periodically be obtained in moderate num-
bers. These three species were therefore used in this series of
experiments.

It was our intention to commence feeding the mosquitoes on sus-
ceptible sheep 14 to 15 days after the infective meal and once again
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5 days later, if any specimens still survived. In the event of no
typical reactions resulting the remaining mosquitoes would be
injected,

In all, 9 experiments were conducted 1n which 93 mosquitoes fed
on susceptible sheep after intervals of 14 to 20 days and 17 specimens
were injected 22 to 36 days following the original feed on 2 reacting
sheep.

A. Virus SHEEP.

The mosquitoes were fed on the following three sheep :

Virus sheep 8=sheep 31703 from experiment 10 (into which A. lineatopennis
were injected 17 to 18 days after feeding).

Result.—Temperature reaction: 3rd March, 103.2 and 105.8°; 4th 103.6
and 104.0°; 5th 103.4 and 104.2°; 6th (a.m.) 104°; 7th 104.9 and 104.6°; 8th
104.6 and 105.9°; 9th 106.2 and 105.2; 10th 104.5 and 104.6° and 11th March
103.2 and 103.5°. 1t is rather difficult to estiinate in this case where the
actual bluetongue reaction commenced, 3vd or 7th March may either be looked
upen as the commencement.

Virus sheep 9=sheep 31556 from experiment 10 (injected on 10th March
with blood from virus sheep 8).

Result.—The temperature remained normal until 14th March. On 15th
103 and 104.6°; 16th 103.6 and 102°; 17tk 104.8 and 106%; 18th 105.3 and
1059 19th 105 and 103.8°; 20th (a.m.) 103.8°; 21st 104.3 and 105.1°; 22nd
104.2 and 104.2°; and 23rd 103.3 and 104.1°. From the 24th onwards the
temperature remained normal. An injection of B.T.V. on 10th April revealed
the presence of complete immunity. In this case 15th March or perhaps 17th
March may be regarded as the commencement of the reaction.

Virus sheep 10=sheep 32269 from experiment 10 (injected together with
preceding sheep with blood from virus sheep 8).

Result.—Temperature normal until 14th March. On 15th 102.8 and 104°;
16th 103.2 and 105°; 17th 105.6 and 106°; 18th 105.6 and 105.1°; 19th 104.2
and 105.1°; 20th (a.m.) 104° and on 2Ist 105.8 and 105°. From the 22nd
onwards the temperature remained normal except for two short elevations on
the 24th and from the 26th to the 27th. When tested on 10th April this sheep
showed complete immunity. The commencement of the reaction may, in this
case, be regarded as 15th or 16th March.

B. Experiments wirtha Aedes caballus.

A large number of A. caballus were fed on the three virus sheep, of which
36 engorged themselves from the original sheep and 410 from the two sub-
inoculated cases. This number was very considerably reduced within the firsf
week after feeding, the high mortality resulting from the deposition of large
numbers of eggs.

In two experiments we succeeded in feeding 41 specimens on susceptible
sheep after an interval of 14 to 15 days, 10 specimens in one experiment after
18-19 days, and 1 specimen remained for injection after an interval of over one
month.

Experiment 18 was carried out with the mosquitoes fed on the original
case, and experiments 19 to 21 with those infected on the two subinoculated
sheep.

Virus sheep 8 to 10 and mosquito groups:

Group 16.—Fed on virus sheep 8 during the night of 9th to 10th March.
Seventh (or third) day of fever. Temperature 105.2 and 104.5°. 36 specimens
(caught as adults) engorged. TUsed for experiment 18.

_ Group 17.—Fed on virus sheep 10 during the night of 17th to 18th March.
Third (or second) day of fever. Temperature 106 and 105.6°. 112 specimens
(caught as adults or reared from larvae) engorged. Used for experiments 19-21.

Group 18.—Fed at the same time as group 17 on virus sheep 9. Third
(or first to second) day of fever. Temperature 106 and 105.3°. 186 specimens
{caught as adults or reared from larvae) engorged. TUsed for experiments 19-21.
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Group 20.—Fed on virus sheep 10 on night of 18th to 19th March. Fourth
(or third) day of fever. Temperature 105.1 and 104.2°. 112 specimens (caught
as adults or reared from larvae) engorged. Used for experiments 19-21.

ExperiMent 18 (B.T. 15). 16 dedes caballus.
Feeding., Interval 14-15 days. Sheep 32326.

On the night of 23rd to 24th March 4. caballus group 16 was allowed to
feed on this sheep and 12 engorged specimens were obtained. On the 24th the
remainder were again placed on this sheep, of which 4 engorged themselves,
making a total of 16 engorged specimens. These mosquitoes had fed 14 to 15
days previously on sheep 31703 from experiment 10 during the sm'enth or third
day of the reaction (the actual commencement of the reaction is difficult to
ascertain), this sheep having been injected with A. lineatopennis.

Reaction.—No typical febrile reaction followed the feeding of the mos-
quitoes, the temperature remaining normal except for 26th and 27th March,
and 9th and 18th April, when it rose to 104°, and on one occasion to 105.2°.

On 19th April the immunity test was applied, 1 c.c. B.T.V. being injected.
A wmarked reaction followed on the 4th day, which lasted 6 days and showed a
maximum of 107.1°.

~ Result.—This experiment was therefore negative as no typical reaction
followed the feeding of the mosquitoes, whereas the sheep proved to be normally
susceptible,

Experiment 19 (B.T. 18). 25 Adedes caballus.
Feeding. Interval 14-15 days. Sheep 33528.

On 1st April a cage containing 4. caballus, groups 17, 18 and 20 combined,
was placed on the above sheep and during the night 25 specimens engorﬁed
themselves. These mosquitoes had fed 14-15 days previously between March
17th (p.m.), and the 19th (a.m.) on virus sheep 9 and 10.

Reaction.—On 7th April, 6 days after the feeding of the mosquitoes, the
temperature rose to 106.2°, Temained at 105.4 to 1()6 2° during the following
day, and was still 106° the next morning. 1t then dropped back to normal,
where it remained for 9 days. On 19th April a second rise took place, 105.8
and 103.2° being recorded on that day and 106 and 105° on the 20th with
103.6 and 104.8° on the day followiug. This was followed up to 3rd May by
another period of normal temperatures, when 106.5 and 105.5° were registered.
These temperatures were maintained, however, for only the one day. During
the next 5 days the temperature was again normal.

Subinoculations.—On 8th April, during the first vise of temperature, sheep
34660 was subinoculated with 2 c.c. blood and cn 21st April during the second
temperature rise, once more with 2 c.c. blood taken on that date. The sheep
was kept under observation up to 8th May, 31 days after the first and 18
days after the second inoculation. A temperature of 104° was only surpassed
on the day of the first injection. on the 2 following days and on the 8th day,
104.7° being the highest temperature registered. Apart from this the tempera-
ture remained normal. Ou 9th May the immunity of the sheep was tested by
the injection of 1 c.c. B.T.V. On 15th May, 6 dd)s later, the temperature hegan
to rise to 105.6°. 1t then dropped and 4 days later was normal again. The
result of this subinoculation therefore was negative, no reaction occurring, the
animal being susceptible.

With the same material as that used in the preceding case another animal,
sheep 34663, was injected on 8th and 21st April. This sheep was kept under
observation up to 12th May, 34 days after the first and 21 after the second
inoculation. Only once, 7 days after the first injection, was a temperature
higher than 104 (104.2°) registered for % day, otherwise the temperature was
normal throughout the observation period. On 12th May 1 c.c. B./.T.V. was
injected in order to test the immunity. After an unmaintained rise of tempera-
ture (104.6°) on 17th May, an abrupt rise up to 107° occurred on 19th May.
The temperature remained at 107° for another § day, then for 3 days at 105°
and from 25th May onwards was normal agaln This sheep was, therefore,
fully susceptible, and no reaction having followed the subinoculations, this
experiment must also be regarded as negative.
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Immunity test.—On 9th May, 38 days after the feeding of the mosquitoes,
and 29 days after the first temperature reaction, the original sheep of the
main experiment was tested for Immunity by injection of 1 c.c. B.T.V. On
15th May the temperature reached 104.2°, the next day 107°, but fell one day
later back to normal (103°). Then another reaction, lasting about 5 days with
105° as maximum occurred.

Result.—The result of this experiment is somewhat difficult to interpret.
Five days after the feeding of the mosquitoes a short but clear reaction (106°)
was noticed, certainly occurring earlier than a mosquito-transmitted reaction
would be e\pe(ted Ten days later another reaction appeared during which
temperatures above 104 and 106° as maximum were noticed on 5 days. Sub-
inoculations of blood taken during these exacerbations failed to ploduce a
reaction in susceptible sheep. Furthermore, after the immunity test the sheep
reacted, although not ahsolutely typical, at any rate clearly enough. The
veaction after the feeding of the mosquitoes and that which followed the
immunity test were of equal intensity. The experiment cannot be regarded as
positive nor with certainty as negative, and we prefer therefore to regard
it as doubtful.

ExpErivEuxt 20 (B.T. 21). Adedes caballus.
Feeding. Interval 18-19 days. Sheep 33544,

On 5th April the remainder of the mosquitoes used in the preceding experi-
ment, viz. groups 17, 18 and 20 were fed on sheep 33544 and 10 specimens
engorged themselves during the night. In this case 18 to 19 days had elapsed
since the inital feed on the virus sheep 9 and 10.

Leaction.—The temperature of this sheep remained normal for 11 days.
On 18th April it rose from 102.6° to 105°, remained at 104.6° and 105.4° during
the following day and fell back from 105 to 103.6° on the third day. There-
after it remained normal except for a short rise to 104.8° on 25th April.

Subinoculations.—2 c.c. blood were injected into sheep 31841 on 20th April,
the last day of the reaction. The sheep was kept under observation for 22 days.
No reaction was noticed, the temperature remaining between 101.8 and 103.8°.
On 12th May this sheep was tested for immunity by the injection of 1 c.c.
B.T.V. Seven days later the temperature began to rise and reached 108.2° on
20th May. The reaction was very marked, the temperature remaining above
105° for 6 consecutive days. As no reaction had followed the original injection
the subinoculation was negative.

Together with this animal sheep 34422 was injected with the same material.
On the 2nd and 3rd day after the inoculation the tempcerature was somewhat
elevated (104 and 105°), but thereafter normal up to 12th May, when the sheep
was tested for immunity by injection of 1 ¢.c. B.T.V. Ten days later the sheep
reacted, the fever lasting 6-7 days, and 107° being the highest temperature
noticed, This subinoculation was  also negative.

Immunity test.—On 9th May, 34 days after the feeding of the mosquitoes
and 19 days after the fever reaction the immunity of sheep 33544 of the main
experiment was tested by the injection of 1 c.c. B.T.V. Six days later the
temperature reached 105° and on the next day rose further up to 106.8°, 1t
remained In the vielnity of 106 for one more day, commenced falling the next
day, at first slightly, and regained normal on 22nd May.

Result.—This experiment 1is still more difficult to interpret than the
preceding. Eight days after the feeding of the mosquitoes a fever reaction
commenced, showing its maximum 3 days later. It was not very severe, but
was quite t\plul occurring in a sheep with normally regular temperatures and
at the time when a 1ed(t1on from the feeding of the mosquitoes could be
expected. A subinoculation of the blood, taken during the fever reaction, into
two susceptible sheep failed to produce any result and furthermore, the
immunity test of the original sheep was quite marked. We therefore prefer
to regard this experiment as doubtful as well.

ExrerimexT 21 (B.T. 24). Aedes caballus.
Injection.  Interval 35-36 days. Sheep 34615.

Of the combined mosquito groups 17, 18 and 20, which had been used in
expe ats 19 and 20, only one specimen remained one month after the initial
feed. we could not induce this specimen to feed again on another sheep, and
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on 22nd April it was, therefore, injected after an interval of 35 to 36 days
into sheep 34615.

Reaction.—The sheep was kept under obscrvation for 20 dayvs. During this
period no reaction occurred, 103.4° heing the highest temperature registered.

The immunity test was applied on 12th May through injection of 1 c.c.
B.P.V. VFive days later a temperature reaction began to appear which, how-
ever, was not typical and mnot very marked. It lasted about 6 days with
temperatures varying between 103 and 105.2°.

Result,—We regard this experiment also as negative, as no reaction followed
the injection of the mosquito. The fever following the subsequent virus injec-
tion was not marked and perhaps the sheep was slightly immune. We do not
think, however, that through this the result of our experiment was largely
influcneed.

C. Exrerivests wirn Aedes lineatopennis.

On virus sheep No. 8, i.e. the original case, 44 A, lineatopennis were fed,
and 92 specimens on the two subinoculated animals together. These constituted
practically the end of our supply of this species as the season was almost over
and A. lineatopennis was becoming comparatively rare. The mortality amongst
this species, although considerable, was noticeably less than amongst
A. caballus whereas they were both kept under identical conditions.

In three experiments we succeeded in feeding 39 specimens, 15 after an
interval of 14 to 15 days, 8 after 14 to 20 days and 16 after 18 to 26 days.
In a fourth experiment 10 specimens were injected after 22 days.

Experiments 22 and 23 were carried out with the mosquitoes fed on the
original case; experiments 24 and 25 with those fed on the subinoculated sheep.

Virus sheep. 8 to 10 and mosquito groups:

Group 11.—Fed on virus sheep 8 during the night of 9th to 10th March.
Second (or third) day of fever. Temperature 105.2 and 104.5°. 44 specimens
(caught as adults) engorged. Used for experiments 22 and 23.

Group 12.—Fed on virus sheep 10 during the night of 17th to 18th March,
Third (or second) day of fever. Temperature 106 and 105.6°. 47 specimens
(caught as adults or reared from larvae) engorged. Uscd for experiments 24
and 25.

(roup 13.—Fed at the same time as gronp 12 on virus sheep 9. Third
(or first to second) day of fever. Temperature 106 and 105.3°. 11 specimens
(caught as adults or reared from larvae) engorged. Used for experiments 24
and 25,

Group 14.—Fed on the same virus sheep the following night. Fourth (or
second to third) day of fever. Temperature 105 and 105°. 15 specimens
(caught as adults or veared from larvae) engorged. TUsed for experiments 24
and 25.

Group 15.—Fed during the same night on virus sheep 10. Fourth or
third day of fever. Temperature 105.1 and 104.2°. 19 specimens (caught as
adults or reared fromn larvae) engorged. TUsed for experiments 24 and 25,

Exrermment 22 (B.T. 16). 8 Adedes lineatopennis.
Feeding. Interval 14-20 days. Sheep 31694,

On 23rd March, A. lineatopennis (group 11) were placed on this sheep,
two specimens feeding during the night. The following day the remainder were
put on to this sheep, four more engor‘fmd specimens being obtained. On 29th
Marvch all the remaining mosquitoes of this group were again allowed to feed
on this sheep, and during the night 2 out of the 12 engorged. Mosquitoes were
therefore fed on this sheep 8 times, viz., 2 specimens after an interval of 14
days, 4 after 15 days and 2 specimens after 20 days. The mosquitoes had
engorged themselves on a sheep during the second and third days of a febrile
reaction,

Reaction.—Sheep 31694 was kept under observation for 28 days (21 days
after the last mosquitoes had fed) during which period the temperature
remained normal, the highest point reached being 103.4°.
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Imm unlfl/ test.—On 20th Aprll the imumunity was tested by the ln]entmn
of 1 c.e. B.T.V. On the 6th day p.i. the temperature rose to 105, fell to 103.1°
that aiternoon registered 102, 6° and 107° the following day, then 105.2 and
106.4° and on the 9th day p.i. 103.8 and 104.9°. From the 10th day onwards it
remained normal. Although a maximum temperature of 107° was recorded the
reaction was not very marked, being of a remittant nature and remaining
above 104° for a period of less than 48 hours.

Result.—Notwithstanding the somewhat atypical nature of the immunity
test this experiment must he regarded as negative.

Exrerimexr 23 (B.T. 17). 10 dedes lineatopennis.
Injection.  Intercol 22 days. Sheep 31777.

- On 31st March, 10 specimens (the vemainder of 4. lineatopennis group 11),
which had heen used in the preceding experiment, were injected into sheep
31777. The interval between the feeding of the mosquitoes on the virus sheep
and their injection was 22 days.

Reaction.—~KExcept for a slight rise the day after injection, the temperature
of this sheep remained normal for 12 days, A very slight temperature veaction
then commenced which lasted for two days, the temperature recorded on the
afternoon of the 13th day being 102.4 and 104.6° and the following morning
103.4 and 104.5°. Throughout the following week the temperature, although
fluctuating remained normal.

Linmanity test.—On 21st April, 8 weeks after the injection of mosquitoes,
the immunity was tested, 1 c.c. B.T.V. being injected. The reaction that
followed was not typical. Seven days, p.i. the temperature rose to 105.6°,
remained at 104.4 for 48 hours and thereafter returned to novrmal for 2 days.
when another rise up to 104.8° lasting % day, followed. During the following
week the temperature was again normal.

Result.—1t is not possible to express a definite opinion as to the result of
this experiment and we have to regard it as doub{ful. The injection of the
mosquitoes was not followed by a definite fever reaction, but on the other hand
no typical reaction was obtained by the injection of true bluetongue virus, the
same batch of virus which gave a very marked reaction in a large nnmber of
other sheep. The sheep may possibly have acquired an tmmunity prior to
the commencement of this experiment.

Exverivext 24 (B.T. 19). 15 Aedes lineatopennis,
Feeding. Interval 14-15 days. Sheep 32076.

On 1st April, 1932, the combined groups 12 to 15 of A.lineufopennis were
place on sheep 32076, ‘and during the night 15 out of the 21 specimens fed.
These mosquitoes had fed hetween 17th and 19th March on virus sheep 9 and
10.

Result.—After an incubation period of 9 days the temperature rose to
104°, Thereafter, one day of normal temperature followed, and on 13th April
102.8 and 104.2° were recorded; the 14th 105.9 and 104.8° and on the 15th
104 and 103.4°. This concluded the fever reaction, but the temperature there-
after remained somewhat higher than during the incubation period, often
reaching or surpassing 1040,

Subinoculation.—On 14th April, i.e. the highest point of the fever reaction,
two sheep, 34484 and 34531, were injected subcutaneously with 2 c.c. blood each,
taken on this day.

The first sheep did not show a typical reaction. In the course of an
observation period of 25 days, the highest temperature recorded was 104.6°,
104° being reached or surpassed on the 2nd, 6th to 8th and 14th to 16th days.
On the 15th to 16th day the temperature varied between 104.2 and 104.6°, but
this was probably also not of the nature of a true reaction. The sheep was
tested for immunity by injection of 1 c.c. B.T.V. on 9th May. Seven days later
the temperature leaLhed 106.2°, but fell the next day to 103.6°. The following
morning another rise made its dppedrauoe the tnmp(‘mtme remaining at 106°
for 24 hours and then falling back to normal. This subincculation was there-
fore negative,.

The second sheep however, showed a very marked reaction after an incu-
bation period of 5 davs which lasted for 7 days, the maximum temperature
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attained being 106.6°. For 4 consecutive days the temperature varied between
104.8 and 106. 6° during which time 1t fell below 105° for only half a day (for
full references of the tempel ature see under virus sheep 13). Slight but typieal
clinical symptoms were shown, discharges from the nostrils, slight stomatitis
and warm feet being evident. Dullness with a general sick appearance was
apparvent for a number of days. From 26th April onwar ds the temperature was
normal. On 12th May, 2° days after the injection of blood and 17 days
after the end of the feb: reaction the sheep was tested for immunity hy
injection of 1 ¢.c. B.T.V. The sheep was kept under observation up to 7th
June. No reaction followed this subinoculation, 104° being the highest tempera-
ture noticed. This subinoculation was therefore positive.

Immaunity test.—On 3rd May, 32 days after feeding the mosquitoes and 18
days after the fever reaction, the immunity of this sheep was tested, 1 c.c.
B.T.V. being injected. On 9th May the 6th day, p.i., the temperature rose
up to 106.6°. The following two days the temperature remained above 1069,
107.6° being vegistered as maximum. On the third day (12th May) the tempera-
ture was still at 106° and the sheep was then killed for other experiments.
The course of the fever reaction indicated that the sheep was normally suscep-
tible to bluetongue.

The result of this experiment is somewhat remarkable. Twelve days after
the feeding of the mosquitoes a shght fever reaction with a maximum tempera-
ture of 105.9°9 occurred. It may have been a slight attack of bluetongue fever
and therefore 2 other animals were subinoculated with the blood. The original
sheep was tested for immunity 18 days after this fever reaction and proved to
be normally susceptible. The first subinoculated sheep did not show any
reaction of importance and later also proved to be susceptible. In the second
sheep, however, the inoculation was followed by a typical and marked reaction
with slight, bnt typical clinical symptoms, and when tested for immunity 17
days after the reaction it proved to be totally immune. We maintain ‘that
thls experiment must be regarded as positive, on account of the definite result
in one of the subinoculation experiments, notxnthstandmg the fact that the
sheep had not acquired any immunity. The fever reaction following the feeding
of the mosquitoes was short and not very marked, and although being in all
probability of a true bluetongue nature, as one of the subinoculations proved
clearly, it was not strong enough to give the sheep an immunity sufficient to
resist a subsequent inoculation of bluetongue virus.

ExveErmiMENT 25 (B.T. 22). 16 Adedes lineatopennis.
Feeding, Interval 18-26 days. Sheep 33554,

On 5th April, 1932, the remainder of the 1. lineatopennis (combined)
groups 12-15, used in the preceding experiment, were allowed to feed on sheep
33554, and 14 specimens (out of 22) engorged themselves during the night.
Seven days later the survivors of this group were given another opportunity
of feeding during the night of 12th to 13th April and 2 out of 6 specimens
engorged. These mosquitoes had fed originally on virus sheep 9-10, the interval
in the case of the 14 specimens having been 18-19 days and in the remaining
two 25 to 26 days.

Reaction.—The temperature of the sheep remaired normal for the first
8 days, disvregarding the second feeding of the mosquitoes. Then on 14th April
it rose from 103.4 to 104.8°, the next day registering 104.2°. Ome day of
normal temperature followed after which a more marked reaction set in.
On 17th April, 12 days after the first feeding of the mosquitoes, the temperature
remained at 106° throughout the day. The following day 106° and 105.6° were
recorded and on the third day of the reaction 104.2 and 104.6°. For two more
days a slightly elevated temperature was noted (maximum 103.9°) and there-
after it returned to normal and showed a regular course, remaining for 17 days
below 104° except for one sudden rise up to 105°, ldstlncr however, only 1 day.

Subinoculation.—On 18  April, the second day of the fever lea(,tion, 2 c.c.
blood taken on this day were injected iunto sheep 32302, which was kept under
observation for 21 days. During this period only once, 9 days after the injec-
tion was a temperature above 104 (104.4°) rem@tered for + day. On 9th May
1 c.e. BUT.V. was injected for testing the 1mmun1ty On 16th May, 7 days
later, the temperdture reached 107.1° and 107.6°. 1t began to drop the next
day, ‘but an elevated temperature was maintained for the following 6-7 days.
The’ sheep was fully susceptible and the subinoculation negative.
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Together with the preceding animal another sheep, 32317, was injected with
plle same material. Tt was also kept under observation for 21 days. Xxcept
for some fluctuations, up to 107° on 21st April, to 104.5° on the 25th and to
105° on the 27th, which F~ever were maintained in each case for only % day,
the temperature remainc mnormal. On 9th May the sheep was tested for
immunity by the injection of 1 c.c. B.T.V. This injection was also followed
by a marked rcaction. The temperature began to rise on 15th May, reached
107.4° on the 17th and remained between 104 and 106° for 4 more days. This
subinoculation was, therefore, also negative.

Immunity test.—On 9th May, 34 days after the feeding of the mosquitoes
and 20 days after the second and more marked reaction, the original sheep
was injected with 1 c.e. B.T.V. A typical reaction followed. Six days later
the temperature hegan to rise, 106.8° the maximam, heing rcached the next
day. A more or less elevated tcmperature (103-106.2°) was maintained for
6 more days.

The result of this experiment must be regarded as doubtful for the same
reasons as some of the previous ones. Eight days after the feeding of the
mosquitoes quite a typical fever reaction with temperatures up to 106°
appeared. However, the same sheep tested for immunity 20 days later proved
to be normally susceptible. Two other susceptible animals injected with blood
of this sheep taken towards the end of the fever peviod, did not show any
reaction after the injection.

D. ExrerivMests wite Aedes hirsutus.

Only one experiment with three specimens could he conducted with
AL hirsutus.

Virus sheep 9.
Mosquito group 5.—Fed on virus sheep 9 during the night of 18th to 19th

March. Fourth (or second to third) day of fever. Temperature 105 and 105°.
10 specimens (reared from larvae) engorged. Used for experiment 26.

ExpeeriMment 26 (B.T. 20). 3 Aedes hirsutus.
Feeding., Imterval 17 days. Sheep 33533.

On 4th April, 1932, A hirsutus group 5 was fed on the above sheep and
3 specimens engorged themselves. These mosquitoes had fed 17 days previously
on an infected sheep.

Reaction.—Throughout the ohservation period of 21 days the temperature
remainder normal, 103.4° being the maximum recorded.

On 26th April the immunity test was applied, 1 c.e. B.T.V. being injected.
The temperature vose 3 days later up to 107°, whercas the next day 105.2 and
104.6° were registered. Two days of normal temperature followed. On the
7th day the temperature rose again to 105.7 and 105°. After 2 further days of
normal temperature 105 and 105.4° were recorded on the 10th day and 104.8
and 105° on the 11th, after which the temperature returned to normal, where
it remained. In this case temperature reactions were noticed on the 3rd and
4th, the Tth and the 10th to 11th days. The first elevation of temperaturc
was too early for a bluetongue reaction; the two others were not typical and
very weak.

Result.—The feeding of mosquitoes was no followed by any temperatnre
reaction at all, but notwithstanding that the cxperiment has to be regarded
as doubtful, as the reaction following the immunity test was, if it is to be
regarded as a reaction at all, very weak.

E. DISCTSS10N oF THE RESTLTS OBTAINED WITH THE VACCINE STRAIN
oF VIRUS AFTER ONE DEFINITE PASSAGE THROTGIT MoSQUITOES.

In March, 1932, a positive case of bluetongue was obtained by
the injection of G0 Aledes lineatopennis, which had fed on an
infected sheep 17-19 days previous (ride lxperiment 10 of the fivst
chapter). Blood of the mosquito-infected sheep was subinoculated
in two other animals, and these also showed typical reactions. On
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these three sheep 592 mosquitoes were fed. 446 A. caballus, 136
A dineatopennis and 10 A, hirsutus. At the time of the reactions
of these sheep, about the middle of March, A. caballus were
numerous, a fair number of A. linneatopennis could be obtained,
whereas only a few specimens of A. Zirrsutus were bred.

The mosquitoes were used in this series of experiments mainly
for feeding experiments. After their feeding on one of the virus
sheep the mosquitoes were kept on sugar water in cages or jars in
owr warm room. They were then first fed on susceptible sheep atter
an interval of 14 days. allowing thus sufficient time for a develop-
ment of the virus in these insects. DPart of the mosquitoes were later
fed once again on other susceptible sheep and some were emulsified
and Injected subcutaneously into sheep. When fever reactions
followed the feeding or injection of mosquitoes, blood was subinoeu-
lated into other sheep. All the sheep used were tested for immunity
after a suflicient time had elapsed by subinoculation of | c.c. of
the normal vaccine virus.

In all, Y experiments were carried out, the results of which we
will brieflv summarize.

dedes caballus, experiment 18, fed 16 specimens after an
wterval of 14-15 days.  No reaction.  Sheep normally susceptible.
Result negative.

A, caballus, experinent 19, fed 25 specimens after an interval
of 14-15 days.  Short reaction after 6 dayvs and 10 davs later.
ITmmunity test applied 29 days after the first reaction gave o some-
what a typical reaction of similar intensity. Subinoculations into
2 susceptible sheep were negative.  Result of the experiment doubiful.

A, caballus,  experiment 20, fed 10 specimens (the same
mosquitoes as 1n experiment 19) after an interval of 19 days. A
fairly typical reaction of medium intensity occurred 11 days later.
The immunity test applied 19 days after this reaction guve a marked
reaction. Subinoculations into 2 susceptible sheep failed to produce
any reaction. The result of the experiment was donbtful.

A. caballus, experiment 21, 1 specimen, which had been used
in the two preceding experiments, was injected after 35-36 days
into a sheep. No reaction. Sheep normally susceptible.  Result
negative.

A, dineatopennis, experiment 22, fed 8 specimens after an
interval of 14-20 davs.  No reaction. Sheep suscepiible, reaction
of the tmmuntty test. however, somewhat atypical. Result negative.

A liveatopennis, experiment 23, 10 specimens, the vemainder

of the preceding experiment, injected after 22 days. » definite
reaction.  Reaction of the immunity test not typical. Result
donbtful.

A, lineatopennis, experiment 24, 15 specimens fed after an
interval of 14-15 dayvs.  After 12 days a temperature reaction, how-
ever, not very marked, occurred. When tested 18 days later for
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immunity the sheep was normally susceptible. During the short
febrile reaction blood was subinoculated ito 2 sheep. One animal
remained normal, the other however developed a typical and
marked fever reaction accompanied by slight but typical elinical
symptoms after an incubation period of 5 days. There seems to be
no cause for doubt as to the bluetongue character of this reaction,
and furthermore, when tested 17 days after the conclusion of the
reaction, the sheep proved to be totally immune. Apart from the
result of the immunity test this experiment seems to be positive on
account of the definite result in one of the subinoculated animals.

A. lineatopennis, experiment 25, fed 16 specimens, the remainder
of the mosquitoes used in the preceding experiment, after an interval
of 18-26 davs. Kight days later a fairly typical temperature
reaction appeared. However, 20 days later the sheep proved to be
normally susceptible when tested for immunity. Blood taken at
the end of the first febrile reaction and inoculated into 2 normal
sheep gave negative results. The result of the main experiment was
doubtful.

A. lirsutus, experiment 26, fed 3 specimens after an interval of
17 days. No reaction. Immunity test very doubtful. Result of
the experiment thevefore doubtful.

In reviewing the results of these experiments the main feature
appears to be the fact that most of them are not clear cut.

The most important experiment undoubtedly is No. 24 with
A. lineatopennis, fed after an interval of 14-15 days on a sheep.
In this experiment oune of the subinoculated animals, sheep 34531,
showed a bluetongue reaction, which allowed no doubt as to its
nature, a marked and typical temperature veactioun, slight but
typical clinical symptoms (the vaccine strain used never shows
marked symptoms under experimental conditions) and a total
immunity after the end of the reaction. The original sheep, how-
ever, showed only a short and mild reaction which produced no
immunity.

The same mosquitoes were fed on another sheep 4-11 days later
(experiment 25) and once more, in this case after 8 days, quite a
typical reaction occurred. Also, in this sheep no immunity resulted
and the subinoculations of blood (taken after the temperature had
commenced to drop) were also negative.

Similar results were obtained in the experiments with

A. caballus.

In experiment 19 after feeding a batch of mosquitoes which had
been infected 14-15 days previously, & days later a short but quite
marked temperature reaction appeared. Subinoculations, however,
were negative and the sheep later proved to be normally susceptible.

The same mosquitoes, fed on another sheep 4 days later (experi-
ment 20), gave once more the same result, quite a good febrile
veaction after 11 days, no immunity and negative subinoculations.
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It must be pointed out that all the sheep used in these experi-
ments normally showed a regular temperature, and some of them
a very regular one. The animals in this series were observed for
at least a fortnight before wse and those with somewhat irregular
temperatures were discharged. The reactions therefore certainly
were not normal fluctuations of the temperature.

Experiments with 16 A. caballus fed after 14-15 days (experi-
ment 18), 1 specimen injected after 35-36 days (experiment 21), and
3 A. lineatopennis fed after 14-20 days (experiment 22) were
negative. Experiments with 10 4. lineatopennis (No. 23) injected
after 22 days and with 3 4. Airsutus (experiment 26) after 17 days
were doubtful, although in all probability also negative. These
negative or doubtful results were all obtained with mosquitoes fed
on virus sheep 8 (infected by injection of mosquitoes), whereas the
mosquitoes giving a positive or doubtful, but quite typical reactions,
had infected themselves on virus sheep 9 and 10 (infected by sub-
moculation of blood from virus sheep 8).

It is, therefore, not impossible that part of our failures in
these experiments was due to a slight degree of virulence of the
virus. It is a kuown fact, that the virulence of the virus for sheep
decreases very rapidly under laboratory conditions. We had the
same experience, e.g. when injecting blood from spontaneous
clinical cases into sheep in the lahoratory, the course of the disease
being mild and closely simulating that produced by the vaccine
strain.  This appears to be mainly due to the better conditions under
which sheep are kept in stables than is the case under field
conditions.

The small amount of virus injected into a sheep by an infected
mosquito may just have been sufficient to produce a fever reaction,
but it was insufficient to produce an immunity capable of resisting
the comparatively massive doses normally used when injecting virus
by means of the syringe.

Furthermore, the virus of this strain may have been present
in the blood of mosquito-infected sheep in sufficient quantity to
produce infections by subinoculation for only a relatively short time.
Once present in sufficient amount in the blood, the virus would
produce normal immunity as in sheep 34531 (ef. also the results of
mosquito feeding on virus sheep 8, infected through mosquito injec-
tion and on virus sheep 9-10, infected through subinoculations).

These are certainly possibilities whereby our results could bhe
explained but they do not entirely satisfy us.

Concluding this discussion we believe that we have succeeded
in transmitting a bluetongue infection by means of allowing in-
fected specimens of Aedes lineotopennis to feed on susceptible sheep.
The experiments, however, were not sufficrently clear cut and they
do not permit of any definite conclusion about the natural trans-
mission of bluetongue to be arrived at.

On the o  r hand, the experiments certainly do not exclude
A. lineatopennis and A. caballus as possible vectors.
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VI. EXPERIMENTS WITH T} Al v
TWO (TRUE OR SUPPO GE
MOSQUITOES.

Iu the preceding chapter we have described some experiments
with a strain of the ordinary vaccine virus after a survi=-! of 17-19
days in mosquitoes. After feeding the mosquitoes infecte with this
strain more or less marked fever reactions appeared in some cases,
which, however, were not followed by immunity. Ouly in the case
of one sheep infected by subinoculation of blood was a complete
immunity acquired. On three of these sheep, mosquitoes were fed
during the fever reaction and after an interval of at least 14 days,
these  re again fed on susceptible animals.

During the interval these mosqunitoes were kept on sugar water
in our warm room, which was only heated at night at that time
as the day temperature was sufficiently high for virus development.

At the time of these experiments, viz., towards the end of the
summer (7th-22nd April), Aedes caballus were still obtainable in
sufficient numbers from one of our experimental breeding places.
A fair number of A. lneatopennis was also present, but we lost
the group of this species later through an unfortunate aceident.

A. Virus Surep.

The following three sheep, infected in experiments described in the pre-
ceding chapter, were used for infecting mosquitoes. The reactions shown by
these animals were of a true bluetongue nature or at any rate practically
indistinguishable from such reactions.

Virus sheep 11=sheep 33528 from experiment 19, reacting after feeding of
Aedes caballus.

Result.—This sheep showed a series of febrile reactions. We are here
concerned with only the first of them. The temperature on 7th April, 6 days
after the feeding of the mosquitoes, was 102.6-106.2°, the 8th 105.4 and 106°,
the 9th 106 and 103.2° and the 10th (a.m.) 104.6°. Tested later by injection of
B.T.V. this sheep was susceptible.

Virus sheep 12=sheep 33554 from experiment 25, reacting after feeding of
A. lineatopennis.

Result.—The mosquitoes were fed on 5th April, and 12 days later a short
reaction occurred. The temperature on 17th April was 106 and 106°, the 18th
106 and 105.6°, the 19th 104.2 and 104.6°. Tested later by injection of B.T.V.
the sheep had not acquired an immunity.

Virus sheep 13=sheep 34531 from experiment 24. This sheep was injected
on 14th April, 1932, with blood of sheep 32076 which had shown a slight fever
reaction after the feeding of infected A. lineatopennis.

The temperature was normal up to 18th April, and on the 19th 103.4 and
104.8°, the 20th 103.8 and 105.4, the 21st 105.6 and 105.7°, the 22nd 104.8 and
106.6°, the 23rd 105.5 and 106.1°, the 24th (a.m.) 105.6°, the 25th 103.9 and
104.8°.  The temperature then went back to normal. When tested later by
injection of B.T.V. this sheep proved to be totally immune.

B. ExperiMEnTs wiTH Aedes caballus.

On each of the three virus sheep one group of A. caballus was fed. Tn all,
382 specimens engorged themselves. The mortality amongst the mosquitoes in
this case was considerable; especially was this the case amongst the first group
which were caught as adults. They died en masse during the period of ovipos-
icion 4 days after they fed. The other two groups retained their vitality much
onger.
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With these mosquitoes 5 expeviments (Nos. 27-31) were carried out and
136 specimens were fed again on susceptible sheep after an interval of 14-21
days.
Experiment 27 was carried out with mosquitces fed on virus sheep 11;
experiments 28 and 29 with specimens from virus sheep 12 and experiments 30
and 31 from virus sheep 13.

Virus sheep 11-13 and mosquito groups:

Group 21.—Fed during the night of 7th to 8th April, 1932, on virus sheep
11. First day of fever. Temperature 106.2-105.4°. 118 specimens (caught as
adults) engorged. Used for experiment 27.

Group 28.—Fed during the night of 18th to 19th April on virus sheep 12.
Second to third day of fever. Temperature 105.6-104.2°. 118 specimens (reared
from larvae) engorged. Used for experiments 28 and 29.

Group 34.—Ted during the night of 22nd to 23rd April on virus sheep 13.
Fourth day of fever. Temperature 106.6-105.5°. 121 specimens (reared from
larvac) engorged. TUsed for experiments 30 and 31.

Exrerimext 27 (B.T. 25). 2 dedes caballus,
Feeding. Interval 15 days. Sheep 34084.

During the night of 22nd to 23rd April, 1932, 2 (out of 3) A. caballus of
group 21 were fed on this sheep. They had infected themselves 15 days before
on virus sheep 11 (ot experiment 19) during the first day of a febrile reaction.

.'.’em'f[on.—"l'he sheep was kept under observation for 21 days. During this
period no reaction occurred, no temperature above 104° being rccorded.

Immunity test.—On 14th May the sheep was inoculated with 1 c.c. B.T.V.
On 19th May a short vise to 106° occurred, the temperature dropping to normal,
however, the same day. On 2lst May another, and this time marked, reaction
began lasting 4-5 days with 107° as maximumn.

Ltesult.—This experiment was negative. After the feeding of 2 specimens
no temperature reaction followed, whereas the sheep was normally susceptible.

Exrermvext 28 (B.T. 33). 41 Adedes caballus.
Feeding. Interval 15 days. Sheep 34550.

On 3rd May, 1932, .. caballus group 28 was put on sheep 34550 and 41
(out of 77) specimens engorged themselves during the night. These had fed
15 days hefore on virus sheep 12 (of experiment 25) during the second to third
day of fever,

LReaction.—TUp to 15th April, i.e. 12 days following the feed the temperature
remained normal. A short rise to 105.6° lasting, however, less than 24 hours,
then appeared. Thereafter another week of normal temperature followed. On
24th May, 104.6° was recorded, the temperature remained hetween 103.8 and
104.6° for 3 days and then dropped to normal,

Immunity fest.—On 28th May, 25 days after the feeding of the mosquitoes
the sheep was injected with 1 c.c. B.T.V. The following day the temperature
started to rise again, 105.4 being rvecorded on 30th May. The temperature
dropped onc day later, but directly commenced rising again and fluctuated
hetweeu 103.4 and 105.4° from 31st May to 4th June. On 6th May it was
normal again hut the following day a more typical reaction set in, lasting
5 days with 107° as the highest point of the reaction. On 17th June the sheep
was discharged from observation.

Result —Tt s difficult to form a definite opinion about the result of this
experiment, and we have to regard it as doubfful. Twenty days after the
feeding of the mosquitoes a temperature reaction set in; 4 days later the sheep
was injected with B.T.V. The temperature remained irregular, but 10 days
later a more typical reaction commenced which would appear to have been
the reaction following the virus injection. On scrutinizing the temperature
chart, however, the possibility of all these reactions commencing on 24th May,
prior to the immunity test, heing connected with one another presents itself.
Furthermore, the inoculation period of what is considered to he that of the
normal bluetongue reaction of the immunity test was longer than normal, viz.,
10 days.
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ExveriMext 29 (B.T. 40). 36 Aedes caballus.
Feeding. Internal 21 days. Sheep 34409.

During the night of 9th to 10th May the same mosquitoes as used in the
preceding experiment were put on to sheep 34409. 49 specimens still remained
and of these 36 engorged themselves. The interval was now 21 days.

Reaction.- —On 17th May a short rise of temperature up to 104.8°, lasting,
however, only § day, occurred. 10 days of normal temperature follow ‘ed. The
temperature then hecame somewhat irregular, varying between 102.8 and 104.6°,

Immunity test.—On 10th June, a month after the feeding of the mosquitoes,
1 c.c. BT.V. was injected. Directly after this injection the temperature rose
to 1079, but had regained normal bv the next morning. After 8 days a marked
reaction set in lasting ahout 6 days with temperatures of up to 106.8° and
remissicns of 102°

LResult.—This experiment is to be regarded as negative. No typical reaction
followed the feeding of the mosquitoes, whereas the sheep proved to be suscep-
tible.

ExpeErrMext 30 (B.T. 37). 40 Aedes caballus.
Feeding., Interval 14 days. Sheep 34175,

On 6th May, 4. caballus (group 34) was put on to this sheep, and during
the following night 40 (out of 61) specimens engorged themselves. These
mosquitoes had fed 14 days before on virus sheep 13 (sheep 34531 from experi-
ment 25) during the 4th day of fever.

Lteaction.——During the first 12 days a normal and regular temperature was
maintained (102.4-103.8%). 1t then began to rise, and on 22nd June 105 and
105.4° were reached. 23rd June 105.4 and 102.1° were recorded, the 24th (a.m.)
104.8°, the 25th 104.6 and 1059, the 26th 104.2 and 105°, the 27th 105 and
104.3° and the 28th (a.m.) 105.29,

Lwnvmunity test.—The same day, 28th May, the sheep was injected subeu-
taneously with 1 c.c. B.T.V. That afternoon the temperature rose to 106.4, a
temperature which was maintained until the following morning. It then
dropped to normal and began to rise again on 5th June 8 days after the
injection, reaching 106.8° the highest point, on 9th June, Four days later
the reaction came to an end.

The result of the experiment is to be regarded as doubtful. 13-16 days
after the feeding of 40 infected mosquitoes a marked fever reaction set in. At
its highest point, owing to an unfortunate error, the sheep was tested for
immunity and 8-9 days later a similar reaction O(Lurled It is possible in any

case, that the first reaction was due to a bluetongue infection transmitted by
the mosqmt()es which, however, did not confer or had not then conferred to the
sheep a sufficient degwe of mlmunlt\ to resist without any reaction the
subsequent virus injection.

IixeerivexT 31 (BT, 41). 17 Aedes caballus.
Feeding. Interval 20 days. Sheep 34423,

On 12th May the remaining specimens of 4. caballus (group 34), which had
already been used in the preceding experiment, were pat on to sheep 34423 and
during the night 17 (out of 25) specimens fed.

Reaction.—On 14th May, two days after the feeding, a temperature of
106.2° wag recorded, but the iollo\\lng da\ it commenced to dr op, and remained
normal for 9 days, after which a somewhat irregular course was noticed,
temperatures of 104-104.80 being noticed on 24th, thh, 31st May, 1st and 4th
June.

Immunity test.—On 8th June, 27 days after the feeding of the mosquitoes,
the sheep was injected subcutanuoumy with 1 c.c. B.T.V. 15th June, 7 days
later, the temperature began to rise. The reaction which was of medium
intenﬂt), lasted 3-4 days, the highest temperature recorded being 106.4°.

The result of this experiment was negative. After the feeding of the
mosquitoes no typical reaction occurred, whereas the sheep proved to be
susceptible.
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C. Exrvermuents wimr Aedes lineatopennis.

When these experiments were undertaken in April dedes lineatopennis was
very difficult to obtain. Only one group could be fed on one of the virus sheep
and this was again fed 15 days later on a susceptible sheep. Shortly after-

rards this group was dccldently lost.

Virus sheep 11 was used and mosquito group 16.—VFed during the night
of 7th to 8th April on vivus sheep 11. First day of fever. rlempgrflture 106.2-
105.4°. 75 specimens (caught as adults) engorged. TUsed for experiment 32.

Exverivext 32 (B.T. 26). dedes lineatopennis.
Feeding. Interval 15 days. Sheep 34797.

On 22nd April, 1932, 4. linectopennis group 16 was put on to sheep 34797
and during the “mht 10 (out of 20) specimens fed. They had their initial
feed 15 days p1 )usly on sheep 33528 during > first day of a febrile reaction.

No real redaction followed the feeding of these mosquitoes during an observa-
tion period of 23 days. Only once, 4 days after the infecting feed of the
mmosquitoes, was a temperature in excess of 104° noticed (104.4°). This, how-
ever, was maintained for less than 24 hours.

Immunity test.—On 16th May the sheep was injected subcutaneously with
1 c.e. B.T.V. 24th May, 8 days later, the temperature began to rise, reaching
106.6°, the maximum of the rezut!on 2 days later. ’],he reaction lasted 3-4
days, and although not very marked, was quite typical.

The result of this experiment was negative, no typical reaction following
the feeding of the mosquitoes on a sheep which, when tested for immunity,
proved to be susceptible.

D. Restrrs or EXPERIMENTS WITH THE VACCINE VIRUS AFTER
TWOo (STPPOSED) PASSAGES THROUGH MosqQUuIrors.

In April, 1932, we obtained fever reactions in sheep after
the feeding of mosquitoes which had infected themselves on a sheep
showing a bluetongue reaction after the injection of mosquitoes or
on two other animals injected with blood of the first sheep. These
fever reactions resembled more or less true bluetongue reactions, but
they did not produce any immunity. Only one sheep, subinoculated
with blood taken from one of these animals during the fever period,
showed a typical reaction combined with slight clinical symptoms
and later a complete immunity.

On three of these sheep, two original and one of the subinocu-
lated cases, 382 Aedes caballus and 75 A. linneatopennis were fed.
These mosquitoes were kept as usual on sugar water in jars or cages
in our warm room after the feed. Following an interval of 14 days
or longer, the mosquitoes were fed on new susceptible sheep.

In all, 6 experiments were conducted, 5 with A. caballus and 1
with A. lineatopennis. In the experiments with A. caballus all
three virus sheep were vsed; in the case of the latter species only
one sheep, viz., one of 2 original cases.

Aedes caballus, experiment 27, was carried out with mosquitoes
fed on virus sheep 11, one of the original cases. 2 specimens were
fed after an interval of 15 days with negative results.

For Aedes caballus, experiment 28, mosquitoes from virus sheep
12 were used, also one of the orlomal cases showing no subsequent
immunity. 41 specimens fed after 15 days. The result was
doubtful, as a few days before the sheep was injected for testing the
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immunity a fever reaction set in, continuwing through the incubation
period of the immunity reaction, which, besides that, showed a
normal course.

A. caballus, experiment 29, was carried out with the same
mosquito group, of which 36 specimens fed for the second time after
an interval of 21 days. In this case, however, the result was with-
out doubt negative; mno reaction followed the feeding of the
mosquitoes, whereas the sheep was normally susceptible.

A. caballus, experiment 30, was made with mosquitoes which
had fed on the subinoculated sheep showing a true Dbluetongue
reaction followed by complete immunity. 40 specimens fed after
an interval of 14 days. 13-16 days later a marked reaction set in.
Before this reaction was closed unfortunately the immunity test
was applied and this showed the normal course. The result there-
fore was doubtful.

A. caballus, experiment 31, was made with the same group of
mosquitoes (17 specimens) after an interval of 20 days. The result
was negative,

A. linneatopennis, experiment 32, with 10 specimens after an
interval of 15 days. Result negative.

In all these experiments 5 susceptible sheep were bitten 139
times by infected A. caballus after intervals ranging between 14
and 21 days and by 10 A. lineatopennis after 15 days. 1our of
these experiments were certainly negative, whereas in two the results
were doubtful. EKspecially in one of these cases (experiment 30)), in
which 40 A. caballus were fed after 14 days, there is a definite possi-
bility that the experiment was really positive.

It must be remembered that these mosquitoes were fed on three
virus sheep, of which only one was definitely positive. With
mosquitoes fed on this sheep, experiment 30 was conducted. No
further discussion of the results seems to be necessary and we may
refer to the preceding chapter.

VII. EXPERI :=NTS wWIl L F o D.

At the beginning of April, 1932, through the courtesy of the
Grovernment Veterinary Officer, we received a quantity of preserved
blood from a natural case of bluetonge from Ixopo (Natal). Our
hope that with this material clinical cases of bluetongue could be
produced and that in future we would not have to 1e1V any more
on only more or less typical temperature reactions as produ(ed by
the vaceine strain of bluetongue was, however, not realized. Two
sheep were injected with this materi al but both showed only very
slight reactions lasting less than 48 hours in each case and showmo
no clinteal symptoms. The virnlence, therefore, was less than that
of the ordinary vaccine strain. Mosquitoes were fed on these two
sheep but thereafter the strain was abandoned.

At the time of the short febrile reaction in these sheep Aedes
caballus was the only mosquito species at our disposal in large
numbers. In all, 413 specimens engorged themselves. They were
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kept in our warm room in the usual way after this feeding, but
their numbers dimin ed rapidly ow : to an extraordinary high
mortality amongst them.

Apart from this species a few A. lLineatopennis were fed and
also some A. durbanensis, which appeared during that time in one
of our experimental breeding places.

The experiments were conducted in the usual manmer, the
infected mosquitos being refed on susceptible sheep after an interval
of at least 14 days.

A. Virrs SHEEP.
The following two sheep were injected with the Ixopo strain:

Virus sheep 14=sheep 31553. Injected on 4th April, 1932, subcutaneously
with 2 c.c. preserved blood of a natural case.

Result.—The temperature remained normal or nearly normal up to 10th
April. On the 11th (a.m.) it was 105°, on the 12th during the morning 107°
and during the afternoon 104°. It then remained between 103 and 104.6° for
6 days and later on between 102 and 104°, The actual febrile reaction was,
therefore, very short, lasting less than 48 hours.

Virus sheep 15=sheep 31570. Injected together with the preceding sheep
with the same material.

Result.—The temperature remained normal up to 10th April, when 103.8°
was recorded during the morning. On the 11th it registered 107 and 106.8°,
the 12th 105.8 and 103.4° and from the next day onwards normal temperatures
were maintained, ranging between 102 and 104.6°. In this case as well the
reaction, although definité, was very short, less than 48 hours.

B. Exrerivents wite Aedes caballus.

On hoth virus sheep a batch of A. caballus was fed during the nights
following 11th and 12th April. Owing to the very short duration of the reaction,
the last two batches were actually fed after the temperature had already
returned to normal.

During tht first night 121 specimens were fed, of which 17 survived at the
cnd of 15 days. Of 252 fed during the second night 23 survived. 24 days
later only 6 out of the four hatches were left. The mortality was extremely
high in this case.

The mosquitoes were fed on three susceptible sheep; the two batches fed
on the virus sheep during the first night were refed on the first of these three
animals after an interval of 15 days, the last two groups were refed at the
same time on the second sheep and the remaining specimens of the lots together
were fed on the last animal at the end of 24 days. After 45-46 days 2 specimens
were still alive and they were injected into a sheep.

The two virus sheep 14 and 15 were used and the following mosquito
groups :

Group 22.—Fed on virus sheep 15 during the night of 11th to 12th April.
First to second day of fever. Temperature 106.8-105.8°. 95 specimens (reared
from larvae) engorged. Used for experiments 33, 35 and 36.

Group 23.—Fed on virus sheep 14 during the same night. First day of
fever. Temperature 107.8°. 26 specimens (reared from larvae) engorged. Used
for experiments 33, 35 and 36. -

Group 24.~—Fed on the same virus sheep during the following night. First
day after the end of the fehrile reaction. Temperature 104-104.2°. 150
specimens (reared from larvae) engorged. Used for experiments 34-36.

Group 25.—Fed on virus sheep 15 during the same night. First day after
the end of the febrile reaction. Temperature 103.4-102.6°. 142 specimens
(reared from larvae) engorged. Used for experiments 34-36.
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Exverivext 33 (B.T. 28). 13 Adedes caballus.
Feeding. Interval 15 days. Sheep 34758.

On 26th April, 1932, the remaining specimens of the combined groups 22
and 23 were put on to sheep 34758 and 13 (out of 17) specimens engorged
themselves during the ensuing night. These mosquitoes had fed on an infected
sheep 15 days previously at the pealk of a short febrile reaction.

Reaction.—The temperature of this sheep during the week preceding the
feeding of the mosquitoes had never exceeded 103°. 7 days after the feeding
of the mosquitoes, however, a temperature of 103.4° was noticed, the following
morning 103.8° was recorded and for the following 5 days tempelatmeb higher
than 103° were frequently seen. Thereafter the temperature became somewhat
irregular with unmaintained rvises to 104.2 and 104.4° on 19th and 27th May,
the day before the application of the timmunity test.

Inmonunity test m 28th May, 32 days after the feeding of t“~ mosquitoes,
1 c.c. blood of virus sheep 14, taken on 12th April, was 1n]ected s utaneously.
The temperature commenced rising immediately either owing w the virus
injection or as a continuation of the slight rise noticed on the previous day,
and on 30th May, 105.2° was reached. An evening remission to 102.6° oceurred
on this date, but on the 3lst the temperature commenced rising again and the
reaction contlnued reaching 105.6, its highest point, on 4th June. The reaction
came to an end shortly after this.

Result.—We regard this experiment as negative, notwithstanding the fact
that something like a febrile reaction commenced ]llbt hefore the application
of the immunity test. The reaction following the immunity test was of medium
intensity, but a more marked fever could not be expected with this strain
owing to its low virulence.

Exrerivext 34 (B.T. 30). 14 Adedes eaballus,
Feeding., Interval 15 days. Sheep 34606.

On 27th April, 1932, the surviving specimens of A. caballus group 24 and 25
were put on to sheep 34606 and durlng the following night 14 (out of 23)
specimens engorged themselves. These mosquitoes had fed 15 days previously on
the day following the febrile reactions of the two sheep infected with the Ixopo
strain,

LReaction.—During the first 8 days the temperature remained normal (102-
103.4°). On 6th May, it rose to 104.8°, returned to normal the next day, hut
showed a further slight elevation (104 and 104.2°) on the following two days.
Thereafter it remained practically normal up to 27th May, showing only two
slight elevations (104 and 103.8°), lasting in each case } day.

Immunity test.—On 28th May the sheep was injected subcutaneously with
1 c.c. blood of sheep 31553, one of our virus sheep. TFour days later, on Ist
June, a sudden rise to 105.6° occurred, which lasted, however, for only 4 day.
A further rise occurred 2 days later and the temperature remained between
105 and 106.8° for 3 days. It then dropped again, but remained more elevated
than usual (104-105.4°) for the next ten days.

The result of this experiment was negative. The reaction occurring 9 days

after the feeding of tlie mosquitoes was not sufficiently definite to be of any
importance. The immunity test was of medium intensity bhut clear enough.

ExpeermveExt 35 (B.T. 35). 4 Aedes caballus.
Feeding. Interval 23-24 days. Sheep 34390.

On 6th May, 1932, the remaining mosquitoes of the two preceding experi-
ments were used again and 4 out of 6 specimnens engorged themselves. They
had fed 23-24 days before on two infected sheep during the top point of the
febrile reactions and during the day after the end of this reaction.

Reaction ~—To start with the temperature remained normal for the first
14 days (101.6-103.2°). A short rise to 104.6° then occurred, whereafter another
period of normal temperatures followed.

Immunity test.—On 28th May, 22 days after the feeding of the mosquitoes,
the sheep was injected with 1 c.c. blood of sheep 31533, the same material
as used 1n the preceding tests. Five days later a definite rise in temperature
occurred, 106.8° being reached 2 days later. The fever period lasted 4-5 days,
the reaction being typical and gquite marked.
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The result of this experiment was negative. No reaction followed the
feeding of the mosquitoes, and the sheep was normally susceptible.

Exrrrrvext 36 (B.T. 40). 2 Adedes caballus.
Injection. Interval 45-46 days. Sheep 34360.

On 27th May 2 specimens of the combined groups 22-25 were still alive and
they were 1n]eoted into sheep 34360 on that day. They had had their original
feed on a viras sheep 45-46 days previously.

Reaction.—A normal temperature was maintained for 7 days up to 3rd
June. The temperature was on the 4th 103.6 and 105.6°, the 5th (a.m.) 106°,
but from the day thereafter it was normal again.

Immunaty test.—On 20th June, 24 days after the injection of the mosquitoes,
the sheep was subcutaneously 1n]ected with 1 c.c. blood from sheep 31570. A
short, but quite typical reaction commenced to appear 7 days later, lasting
about 3 days, with 107.4° as maximum.

Result.—The experiment has to be regarded as negative. The short
reaction following the injection of mosquitoes cannot be considered as a blue-
tongme reaction and the sheep proved to be susceptible later when tested for
immunity.

C. ExperiMexts wint Aedes lineatopennis.

At the time that thesc ~xperiments were carried out A. lineatopennis was
very difficult to obtain ar not more than 10 specimens could be induced to
engorged themselves on the virus sheep. Of these a few specimens were refed
on a susceptible sheep after a period of 15 days and longer. After 45 days 2
speciimens were still alive and they were injected into a sheep.

Virus sheep 14 and 15 were used and mosquito groups:

Group 17.—Fed on virus sheep 15 during the night of 11th to 12th April.
First or second day of fever. Temperature 106.8-105.8°, 3 specimens (reared
from larvae) engorged. Used for experiment 32.

Group 18.—Fed on virus sheep 14 during the same night. First day of
fever. Temperature 107.8°. 3 specimens (reared {rom larvae) engorged.
Used for experiment 37.

Group 19.—Fed on the same virus sheep one night later. TFirst day after
the end of the febrile reaction. Temperature 104-104.2°. 4 specimens (reared
from larvae) engorged. Used for experiments 37 and 38.

ExegriMent 37 (B.T. 27). dedes lineatopennis.
Feeding. Interval 1529 days. Sheep 34053.

During the night of 26th to 27th April the combined groups 17 and 18
were put on to this sheep, but onty 1 (out of 3) specimens fed. The following
night batch 19 was put on and 2 (out of 4) mosquitoes fed. The same lot of
mosquitoes was again put on to the sheep during the night of 10th to 11th May
and 2 specimens probably fed. This point was not ascertained with certainty,
however. During the following night 1 specimen (out of 2) from groups 17-18
engorged itself.

The sheep was, therefore, bitten by 3 specimens after a period of 15
days, by 2 (?) after 27, and by 1 specimen after 29 days.

Reaction.—No definite fever reaction followed the feeding of these
mosquitoes. From time to time (29th April, 21st, 28th May, 3rd, 4th June)
short elevations varying between 103.8 and 105° were noticed, but they were
irregular and not connected with one another as a reaction.

Tmanunity test.—On 8th June, 43 days after the first, and 29 days after
the last, feeding of the mosquitoes the sheep was injected subcutaneousiy with
1 c.c. blood of sheep 31570 (virus sheep 15). On 14th June, 6 days later, the
temperature rose, reaching 106° the same day, 106.4° the following, and 107°
the day thereafter, however, with daily remissions to 104°. On 12th June,
the reaction came to an end.

The result of this experiment was negative. No reaction followed the
feeding of the mosquitoes. The reaction of the immunity test was not very
marked, probably on account of the low virulence of this strain.
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the remaining specimens were injected into sheep. Seven experi-
ments were carried out and in each case after a sufficient period
had elapsed the immunity was tested by subcutaneous injections
with the same strain of virus.

In these experiments the following results were obtained:—

Aedes caballus, experiment 33. After an interval of 15 days
13 specimens fed. Result negative.

A. caballus, experiment 34, After the same interval 14 speci-
nmens fed. The result was also negative.

A. caballus, exveriment 35, was carried out with the remaining
mosquitoes of the preceding  eriments. 4 specimens d after
an interval of 23-24 days. Result negative.

) A. caballus, experiment 36, 2 specimens injected after an
interval of 45-46 days. Result negative.

A. limeatopennis, experiment 32, 3 specimens fed after a period
of 15 days, 2 (uncertain) after 27 and 1 specimen after 29 days.
Result negative.

A. lineatopennis, experiment 28, 2 specimens injected after 45
days. Result negative.

A. durbanensis, experiment 39. Only 1 specimen fed after an
imterval of 16 davs. Result negative.

In these T experiments 27 A. caballus fed after a period of 15
days, and 4 after 23-24 days, 3 A. lineatopennis after 15, 2 ()
after 27, and 1 after 29 days, aud 1 4. dwrbanensis after 16 days,
2 A. caballus and 2 A. lineatopennis were injected after 45-46 days.
All experiments were negative. The virus sheep on which these
mosquitoes had taken their original feed, showed, however, only an
extremely mild and short reaction, and part of the mosquitoes had
actually fed when the reacgion had already (earlier than could have
been expected) come to an end. The conditions were, therefore,
very unfavourable for conducting transmission experiments and may
have influenced their results.

In one of the experiments the injection of virus failed to give
an infection, whereas a subsequent injection of the same material
gave a tvpical reaction.

Vi, EXF IMENTS N
KAN i

At the beginning of April, 1932, nearly at the same time as the
Ixopo strain, material from another mnatural case of bluetongue,
which had occurred in lambs on the farm  ameelfontein was
obtained through the courtesy of the Kxtension Officer of the
Pretoria District. The blood was injected into sever: sheep and
infections of medium and marked intensity were produced,
resembling very much the ordinary vaccine strain reactions. By
means of further subinoculations in one case at least clinical
symptoms were obtained. The strain could be regarded as suitable,
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although our hope of getting a strain giving clear cut reactions and
1e0uLul\ slight clinical svmptmus at lea%t was mnot fulfilled.

As in the case with the Ixopo strain dedes eaballus was the
only species available in larger numbers at the time we obtained
the Kameelfontein strain. In all, 402 specimens engorged themselves
on the virus sheep. Thereafter they were kept in the usual way
in cages in owr warm room, till they were refed on susceptible %heep
The 11101tdht) amongst the mosquitoes during the period between
these two feeds was very considerable.

Only a few specimens of A. linneatopennis were at our disposal,
and of these 12 could be induced to feed.

The experiments were conducted in the ordinary manner. _.e
mosquitoes were refed on susceptible sheep after an interval of at
least 14 days and afterwards the immunity of the sheep was tested
by injection of the same strain of virus.

A. Virvs Sorer.

In all, 5 sheep were injected with the Kameelfontein strain, and of these
the following 3 were used for feeding mosquitoes on.

Virus sheep 16=sheep 31717. TInjected on 5th April, 1932, subcutaneously
with 2 c.c. preserved blood from the original case at Kameelfontein.

Result.—The temperature remained normal up to 11th April. - the 12th
it was 106 and 105.2°9, the 13th 106.2 and 105°, the 14th 105.8 ar 105°, the
15th 106 and 105°, the 16th 105.2 and 105.2°, and the 17th (a.m.) 104.3°. From
the next day onwards normal temperatures were maintained. The reaction
lasting 6 days was marked.

Virus sheep 17=sheep 32345 was injected together with the preceding
animal with the same material.

Result—The temperature remained normal or nearly normal (not exceed-
ing 104.5%) up to 15th April. On the 16th it was 103.7 and 105.1°, the 17th
(a.m.) 104.5°, the 18th 107.6 and 108.2°, the 19th 106.8 and 106.6°, and the 20th
105 and 104.4°. Thereafter a normal temperature was regained. Notwith-
standing a maximum of 108.2°, the reaction was ouly of medium intensity.
The incubation period, lasting 11 days, was longer than usual.

Virus sheep 18 =sheep 34498 was injected on 13th April subcutaneously with
1 c.c. blood, taken from virus sheep 34498 during the fever reaction.

Result.—A normal temperature was maintained up to 17th April. On the
18th it was 103.8 and 105.1°, the 19th 105.4 and 106.7°, the 20th 105.8 and 107°
the 21st 107 and 108.2°, the 22nd 107 and 104.5°, tho 231 d 104.1 and 104.2°, the
24th (a, m) 104.7°, the 25th 105 and 105°, the 26th 103.4 and 103.3°, and the
27th 105°, When ‘the animal was killed.  This sheep showed quite a severe
reaction accompanied by clinical symptoms, red coronets and discharges from
the nestrils. During the last days it showed a markedly 1ll appearance.

B. Exviriyvexts wiry dedes caballus.

On all three virus sheep batches of 4. caballus were fed, in all 402
hpeumens One batch from each sheep was used tor the experlmeuts of which
5 were carried out. The mosquitoes were refed on the susc eptible sheep for the
first time after 15 days and part of them for a second time 3-10 dayvs later.

Kxperiments 40 and 41 were carried out with mosquitoes infeeted on virus
sheep 16, experiments 42-43, with specimens from sheep 17 and the last
experiment with mosquitoes fed on virus sheep 18.

The following mosquito groups were used:—

Group 26.—Fed on virus sheep 16 during the night of 14th to 15th April.
Third te fourth day of fever. Temperature 105- 106%. 45 specimens engorged
(reared from lar\ae) Used for experiments 40 and 41.
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Group 27.—Fed on virus sheep 17 during the night of 18th to 19th Apuril.
Third day of fever. Temperature 108.2-106.8°. 89 specimens (reared from
larvae) engorged. TUsed for experiments 42-43.

Group 33.—Fed on virus sheep 18 during the night of 21st to 22nd April.
Tourth day of fever. Temperature 108.2-107.3°. 30 specimens (reared from
larvae) engorged. TUsed for experiment 47.

ExepriMest 40 (B.T. 31). 15 Aedes caballus.
Feeding. Interval 15 days. Sheep 34587.
On 29th April, . caballus group 26 was put on sheep 34587 and 15 (out of
32) specimens engorged themselves during the following night. They had fed
15 days previously on virus sheep 16 during the third to fourth day of fever.
Reaction.—During an observation period of 28 days no reaction followed,
the highest temperature registered being 103.8¢.

Immunity test.—On 28th May, the sheep was injected subcutaneously with
1 c.c. blood from sheep 34498 (virus sheep 18). A marked reaction commenced
4 days later, lasting 6-7 days, with 107.8° as maximum.

The result of this experiment was clearly negative. No reaction followed
the feeding of the mosquitces, and the sheep afterwards proved to be noymally
susceptible.

Expreriment 41 (B.T. 38). 4 Aedes caballus.
Feeding. Interval 25 days. Sheep 34100.

On 9th May, the remaining specimens of the same batch of A. caballus
were fed on sheep 34100 and 4 (out of 12) specimens engorged themselves. The
mosquitoes had had their original feed 25 days previously.

Reaction.—A normal temperature was maintained for 14 days. On 24th
May, 105° was registered, but the following morning the temperature had
dropped again. Thereafter it remained somewhat unstable, 104.8° being
noticed on 2nd June, and 105° on 5th. These high temperatures were, how-
ever, not maintained for more than one day.

Immunity test.—Omn 10th June the sheep was injected with 1 c.c. blood from
sheep 34498 (virus sheep 18). 11 days of normal temperature followed. On
22nd June a sudden rise up to 105° occurred, lasting, however, only 4 day and
followed by 4 days of normal temperature. On 27th May, 17 days after the
injection, the bluetongue reaction started at last, lasting 7 days with 107.3° as

maximum.

Result.—The experiment has to be regarded as negafire, as only a few
short and unmaintained rises of temperature occurred after the feeding of
the mosquitoes. The reaction of the immunity test was somewhat atypical
through the exceptionally long iucubation period.

ExpERIMENT 42 (B.T. 32). 31 Aedes caballus.
Feeding. Interval 15 days. Sheep 34464.

On 3rd May A. caballus group 27 was fed on sheep 34464 and the following
night 31 (out of 36) specimens engorged themselves. These mosquitoes had fed
on virus sheep 17 during the third day of the bluetongue reaction.

~ No reaction at all followed the feeding of the mosquitoes during an observa-
tion period of 24 days, 104° being the highest temperature registered.

Immunity test.—On 28th May 1 c.c. blood from sheep 34498 was injected
subcutaneously and 5 days later a typical bluetongue reaction tollowed, lasting
5 days with 107.8° as maximum.

The result of this experiment was clearly negative.

Exreriment 43 (B.T. 39). 9 Aedes caballus.
Feeding. Interval 21 days. Sheep 34184.

On 5th May, the remaining specimens of the same hatch of A. caballus
used in the preceding experiment were put on sheep 34184 and 9 (out of 12)
specimens fed. These mosquitoes "had taken their initial feed 21 days previously

No reaction followed the feeding of the mosquitoes, 104° being the highest
temperature registered during an observation period of 29 days.
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Immunity test.—On 8th June, the sheep was injected with 1 c.c. blood
from sheep 34498. A marked reaction, lasting 4-5 days witlh 108° as maximum
occurred after a prolonged incubation period of 9 or 12 days.

The reswlt of this experiment was also negative.

Exprrimext 44 (B.T. 36). 4 Aedes caballus.
Feeding. Interval 15-20 days. Sheep 34045.

On 6th May A. caballus group 33 was put on sheep 34045 and 3 (out of 12)
specimens fed during the following night. The remainder of the same hatch
were fed again on the same sheep during the night from 11th to 12th May and
1 (out of 3) specimens fed. The interval was in the first case 15 and in the
second 20 days. The mosquitoes had had their original feed on virus sheep 18
during the fourth day of fever.

No reaction followed during an observation period of 37 days after the
first feeding of the mosquitoes. A temperature of 104° was reached or slightly
exceeded on several occasions, however, only for short periods, the sheep
generally running an elevated temperature.

Immunity test.—On 13th June 1 c.c. blood of sheep 34498 was injected
subcutaneously. A reaction of medium intensity commenced 9 days later,
lasting about 3 days with 1079 as maximum,

The result was negutive, as in the preceding experiments.

C. Expermiexts witH dedes lineatopennis.

With this species, which had become rare during the time of these experi-
ments, only two experiments could be carried out, one with feeding after an
interval of 14-21 days, and the other by injection of 1 specimen being lett after
38 days.

Virus sheep 18 was used and the mosquito group:

Group 20.—Fed on virus sheep 18 during the night of 19th to 20th April.
Second day of fever. Temperature 106.7-105.8°. 12 specimens engorged (reared
from larvae). TUsed for experiments 45 and 46,

ExveriMeExT 45 (B.T. 34). 6 Aedes lineatopennis.
Ieeding. Interval 14-21 days. Sheep 34329.

During the night of 3rd to 4th May, A. lineatopennis group 20 was fed on
sheep 34329 and 5 (out of 7) specimens engorged themselves. The remaining
mosquitoes of the same batch were refed 7 days later, 10th to 11th May, and 1
specinzen took up blood. The first five specimens had fed 14 days and the last
specimen 21 days after the initial feed on virus sheep 18.

Leaction.—A mnormal temperature was maintained for 22 days after the
first feeding of mosquitoes. Then a short rise to 105° occurred, lasting only
4 day, whereafter the temperature remained somewhat elevated, exceeding
104°, however, only once for i day,

Immunity test.—On 10th June. 38 days after the first feeding of the
mosquitoes, the sheep was injected subcutaneously with 1 c.c. blood from sheep
34498 (virus sheep 18)., Ten days later a marked reaction appeared, lasting
5 days with 107° as maximum.

The wresult of this experiment was mnegative. The slight temperature

reaction noticed was not typical at all and the sheep proved afterwards to be
normally susceptible.

ExreriMent 46 (B.T. 41). 1 Aedes lineatopennis.
Injection. Interval 38 days. Sheep 34410.

.. On 27th May, 1 A. lineatopennis of group 20 was still alive and it was
mmjected (with two other specimens fed on a sheep infected with Ixopo virus)
into sheep 34410.

The result of the experiment was negative. The reaction and the immunity
test have been described already under experiment 38,
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D. Resurrs or THE EXPERTMENTS WITH TIIE KAMEELFONTEIN
STRAINS OF BLUETONGTUE.

At the beginning of April, material from a case of bluetongue,
which had occurred in a lamb at Kameelfontein (Transvaal) was
obtained. Tt promised to be a suitable strain for our purposes, as
at least in one of the injected animals slight clinical symptoms
appeared.

The season, however, was already nearing its end, and Aedes
caballus was the only species obtainable in large numbers breeding
in our experimentally flooded breeding places. " esides s specles
only a very limited number of A. lineatopennis could be obtained.

In all, 402 A. caballus and 12 A. lineatopennis were fed on the
virus sheep. Unfortunately the mortality amongst the former
species was considerable. The mosquitoes were kept in our warm
room on sugar water as usual. After an interval of at least 14 days
they were fed on susceptible sheep and part of them refed after a
longer period. Omne specimen of 4. lineatopennis was injected into
a sheep more than 1 month later. All sheep were afterwards tested
for immunity by injections with the same strain of virus.

The following results were obtained in these experiments.

Aedes caballus, experiment 40. 15 specimens fed after 15 days.
Result negative.

Aedes caballus, experiment 41. After 25 days 4 specimens
belonging to the same batch as those in the preceding experiment,
fed. Result negative.

A. caballus, experiment 42. After an interval of 15 days 31
specimens fed. Result negative.

A.  caballus, experiment 43. After 21 days 9 specimens
belonging to the same group as those of experiment 42, fed. Result
negative.

A. caballus, experiment 44. After an interval of 15 days 3
specimens and after 20 days I specimen belonging to the same group
fed. Result negative.

A. lineatopennis, experiment 45H. After 14 days 5 specimens
and after 21 days 1 specimen fed. Result negative.

A. lineatopennis, experiment 46. Injected after 38 days 1
specimen. Result negative.

In these 7 experiments 49 A. caballus fed after 15 days, 10
after 20-21, and 4 after 25 days, 5 A. lineatopennis after 14 and
I after 21 days, whereas one specimen of the latter species was
injected after 38 days. All erperinients were negative.

The experiments with Aedes caballus were carrie out with
sufficiently large numbers. The strain, which had shortly before
been isolated from a natural case of bluetongue, was virulent enough.
The result, therefore, must have a definite value.
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DISCUSSION OF T : RESUL" i .
EXPEF

During the summer 1931/32 a number of experiments with
bluetongue in sheep was carried out at Onderstepoort together with
work on horsesickness.

The epizootological evidence at hand pointed out that the
transmission of both diseases must be very similar and that most
likely mosqguitoes were involved in the fransmission. It must be
stated, however, that these epizootological evidences—the non-
contagious character of the disease, its restriction mainly to the
summer months, the correlation between the amount of rain and
the number of cases, the protection afforded by stables at night—
are somewhat meagre, fitting well, however, with the assumption

of mosquitoes heing the carriers.

During the same time a mosquito survey was carried ouf at
Onderstepoort, the results of which have been described in the first
paper of this series. It was found that amongst the mosquitoes some
Aedes species best fulfilled the epizootological requirements. These
species are limited to the summer months, and their numerical
appearance depends more than that of any other genus on the
amount of rain. Aedes caballus, A. lineatopennis and A. hirsutus,
were regarded as the most suitable transmitters, A. wittatus, A.
dentatus and some other species as possible transmitters of secondary
Importance.

No transmission experiments have been undertaken before with
this disease.

STRAINS 0F BLUETONGUE VIRUS.

Three different strains were used for these experiments, most
of which were carried out with the ordinary laboratory vaccine
strain, as the first material from natural cases was only obtained
at the beginning of April.

The vaccine strain had been isolated from a mnatural case in
February, 1927, and had passed in the meantime through 48
generations. In 86 per cent. of the sheep temperature reactions
were shown after injections with this strain, of which 20 per cent.
had to be regarded as slight reactions. Only 8 deaths had occurred
in the early generations, and from the 12th generation onwards no
clinical symptoms were recorded. Temperature reactions were,
therefore, the only guide for the interpretation of the results in our
work, and in @« vumber of experiments no definite opinion as to
the result could be reached.

At the beginning of April, 1932, material from two natural
cases of bluetongue was received, one from Ixopo, Natal, and the
other from the farm Kameelfontein in the Pretoria District. At
that time the bluetongue season was already nearing its end. All
efforts to get material from spontaneons cases earlier in the season

had failed.

b1
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Through injection of the Ixopo strain in the first generation
only mild reactions were obtained, whereas the Kameelfontein
wmaterial gave infections of medium to marked intensity, and in
one of the further subinoculations even slight clinical symptoms.

EXPERIMENTAT, ANIMATS.

The sheep used for these experiments came from a known
bluetongue-free area of the Cape Province. Tt i3 very exceptional
to find an immune animal amongst these sheep. To be as safe as
possible, however, all sheep were tested for immunity after the
experiment had been finished with the same strain as was used
for infecting the respective mosquitoes.

The mosquitoes used in the experiment were obtained by catching
the larvae and pupae or the adults in the field.

They were fed on the infected and later on the susceptible
sheep in small cages covered with mosquito-netting. dese cages
were fixed on clipped areas of the skin by pieces of tape, attached
to the surrounding wool. They were covered with a piece of wet
cotton wool to ensure a sufficient degree of humidity inside the
cages.

The mosquitoes were kept between the feedings in a warm room
on sugar water in jars or cages. In order to ensure that a sufficient
degree of humidity was obtained, the jars were placed in larger jars
containing damp cotton wool and the cages were surrounded with
damp hessian.

A full description of the technique has been given in the second
paper of this series.

In all; 2,892 specimens of 6 different species of mosquitoes were
fed on the infected sheep, viz., 2,124 A. caballus, 639 A. lineato-
pennis, B2 A, lirsutus, b0 A. vittatus, 24 A. dentatus, 3 A. puncto-
thoracis and 2 A. durbanensis. More than double the number of
specimens had to be caught and handled to obtain these results.

SCITEME 0F EXPERIMENTS.

The clean mosquitoes were fed on sheep experimentally infected
with bluetongue virus during the actual temperature reaction. Later
on, sheep infected or supposed to be infected by mosquitoes were
also used. The mosquitoes were generally put on to the animals late
in the afternoon and taken off again the following morning.

These infected mosquitoes were injected into susceptible sheep
i the form of an emulsion in serum, or refed on susceptible sheep
after an interval of at least 14 days, to allow for a certain develop-
ment or multiplication of the virus to take place in the mosquito.
Some of the mosquitoes were refed again after longer intervals.

~The injections of crushed mosquitoes were mainly made as pre-
liminary experiments to ascertain the presence or ahsence of the
virus 1n some part of the body of the mosquito. To prove that a
certain species is a transmitter, feeding experimnents are naturally
necessary. The exclusion of a species from the list of probable
transmitters is more easily donme by imjection experiments.
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‘When the experiment was concluded, every sheep was tested
for immunity by means of subcutaneous injections of 1 or 2 c.c.
bluetongue material from the same strain as that used for the
infection of the mosquitoes. The immunity test was never applied
earlier than 3 weeks after the feeding or injection of the mosquitoes
in order to allow sufficient time for a reaction to appear.

Frst SERIES 0oF KXPERIMENTS.

We started our experiments with the ordinary vaccine strain
of bluetongue virus. At first, in order to ascertain the presence of
virus, the mosquitoes were injected into susceptible sheep after periods
ranging between 4 and 19 days. In all, the following 12 experiments
were made, In which about 250 mosquitoes, 124 Aedes caballus, 3
A. dentatus, 2 A. hirsutus, 112 A. lineatopennis, 1 A. punctotho-
racts and 9 A. cittatus were injected into 10 sheep.

Exp. 1. 5 A. caballus injected after 3 day. Result positive.
Exp. 2. 20 4. caballus injected after 5 days. Result doubtful.
Exp. 3. 30 A. caballus injected after 5 days. Result negative.
Exp. 4. 40 A. caballus injected after 7 days. Result negative.
Exp. 5. 14 A. caballus injected alter 7 days. Result negative.
Exp. 6. 15 A. caballus injected after 16-17 days. Result negative.
Exp. 7. 20 A. lineatopennis injected after 5 days. Result negative,
Exp. 8. 30 A. lineatopennis injectéd after 7 days. Result negative.
Exp. 9. 2 A. lineatopennis injected after 16 days. Result negative.
Exp. 10. 60 A. lineatopennis injected after 17-19 days. Result positive.
Exp. 11. 6 4. vittatus injected after 5 days. Result negative.
3 A, vittatus injected after 7 days. )
Exp. 12 3 4. dgnfafus.ir}je(ztecl after 7 days. L Result negative.
2 A. hirsutus injected after 7 days.
1 4. punctothoracis injected after 7 days.

In the first preliminary experiment 5 Aedes caballus were in-
jected about 18 hours after they had fed on an infected sheep, with
a positive result, showing that the 5 specimens had taken up sufficient
virus to reproduce the disease. This result proved that the manner
in which the mosquitoes were fed was eflicient.

~ Negative results were obtained by injecting 99 A. caballus 5-17
days after they had fed on virus sheep; 52 A. lineatopennis after

5-16 days, 9 A. vittatus after 5-7 days, 3 A. dentatus after 7 days,
2 A. hirsutus after 7 days, and 1 4. punctothoracis after 7 days.

The injection of 30 A. caballus after 5 days was doubtful, the
sheep showing a slight reaction not followed by immunity.

One experiment, in which G0 specimens were injected after
17-19 days was clearly positive, showing a typical fever reaction.
complete 1mmunity and clearly positive results with immunity in
fwo subinoculations (experiment 10).

From these experiments we can conclude that the bluctongue
virus 4s capable of persisting in Aedes lineatopennis in a fully
virulent form for periods of at least 17 days. This, however, was
not regularly the case. In 52 specimens of the same species no
virus was present after 5-16 days.
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SECOND SERIES OF EXPERIMENTS.

In one of the experiments of the first series a doubtful reaction
was obtained after an injection of A. caballus, the temperature
suggesting a mild infection with bluetongue, which, however,
showed no imunity when tested later. On this case a nu~ber of
A. dentatus, A. hirsutus and A. vittatus were fed and the f owing
5 experiments carried out:—

Exp. 13. 9 A. dentatus injected after 56 days. Result doubtful.
Exp. 14. 20 4. hirsutus injected after 5-6 days. Result doubtiul.
Exp. 15. 6 A. hirsutus injected after 16 days. Result negative.
Exp. 16. 14 A. witfatus injected after 5 days. Result negative.
Exp. 17. 8 4. writtatus injected after 20 days. Result doubtful.

Two of these experiments (15 and 16) with 6 A. Lirsutus injected
after 16 and 14 A. wittatus after 5 days were certainly negative.

In the 3 other experiments (13, 14, 17) with specimens of A.
denatus, A. hirsutus and A. wittatus injected after 5-20 days
reactions resembling more or less the true bluetongue reactions were
noticed after the injections of the mosquitoes, but no Immunity
followed or at any rate the immunity conferred was very weak.
Subinoculations into 8 susceptible sheep failed.

In the last experiment (17), in which 8 A. wittatus were injected
after an interval of 20 days the reaction that followed was, except
for the short incubation period (4 days), indistinguishable from a
true bluetongue reaction and was also accompanied by slight clinical
symptoms. The immunity reaction was quite weak, suggesting that
a certain degree of immunity had developed. However, as 4 sub-
inoculations of blood taken during the fever period, failed, this
experiment also has to be regarded as doubtful.

THIRD SERIES 0F EXPERIMENTS.

Besides the doubtful case used for the second series a true case
of bluetongue had beeun obtained in the first series of experiments
by means of injections of 60 A. lineatopennis 17-19 days after theur
feeding. The virus had therefore undergone one passage through
mosquitoes. On this sheep and two subinoculated animals 446 Aedes
caballus, 136 A. lineatopennis and 10 A. hirsutus were fed, and with
this material the following 9 experiments were carried out, in which
this time the mosquitoes were refed on susceptible sheep after a
period of at least 14-15 days had elapsed. Some of the mosquitoes
were fed again after a longer interval or injected later into sheep
as an emulsion.

Exp. 18. 16 A. caballus fed after 14-15 days. Result negative,

Exp. 19. 25 A. caballus fed after 14-15 days. Result doubtful.

Exp. 20. 10 4. caballus fed after 18-19 days. TResult doubtful.
Exp. 21. 1 4. caballus injected after 35-36 days. Result negative.
Exp. 22. 8 4. lineatopennis fed after 14-20 days. Result negative.
Exp. 23. 10 4. lineatopennis injected after 22 days. Result doubtful.
Exp. 24. 15 A. lineatopennis fed after 14-15 days. Result positive.
Exp. 25. 16 A. lineatopennis fed after 18-26 days. Result doubtful.
Fxp. 26. 3 4. hirsutus fed after 17 days. TResuld doubtful.
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One of the experiments (No. 24) was regarded as positive. In
this case 15 specimens fed after an interval of 14-15 days. 12 days
later a temperature reaction, however, not very marked, occurred.
When tested 18 days later for immunity, the animal proved to be
normally susceptible. Blood taken during the short febr  reaction,
was Injected into two sheep. One of these animals developed a
marked fever reaction, accompanied by slight but typical clinical
symptoms, and when tested for immunity it proved to be totally
Immune. Virus must, therefore, have been present in the original
mosquito infected sheep, although no immunity was conferred to it.

Clearly negative results were obtained in only 3 experiments,
in which 16 4. caballus were fed after 14-15 days, 8 A. lineatopennis
after 14-20 days, and in which 1 A. caballus was injected after
35-36 days.

In the remaining 5 experiments the results were doubtful. In
these experiments 35 A. caballus had been fed after 17 19, 16 A.
lineatopennis after 18-26, and 3 A. hirsutus after 17 days, whereas
10 A. lineatopennis were injected after 22 days. In one of the
experiments with A. caballus a short reaction occurred after the
feeding of the mosquitoes, followed later by an immunity reaction
of a similar intensity. In the second experiment a fairly typical
reaction commenced 11 days after the feeding of the mosquitoes but
it did not confer any lmmunity to the sheep. In both cases sub-
noculations into susceptible sheep {failed to give a positive result.
In the experiment in which 10 A. lineatopennis were injected, no
definite reaction followed the injection, but the result of the
immunity test was not reliable. In the other experiment in which
speciinens of the same species were fed after 16-18 days, quite a
typical temperature reaction occurred, but it was not followed by
immunity and subinoculations of blood into susceptible sheep were
negative. In the experiment with A. Jlirsutus the result of the
immunity test was very doubtful. The animals used in these
experiments normally showed a regular temperature.

FourTH SERIES OF EXPERIMENTS.

Three of the sheep of the preceding series of experiments were
used for feeding further mosquitoes. Two of them had shown tem-
peratures more or less closely resembling bluetongue reactions, but
not followed by immunity after the feeding of A. caballus or A.
lineatopennis, and the third animal had had a true bluetongue
reaction after being injected with blood from another sheep. The
vaccine strain had thus passed twice, truly or supposedly, through
mosquitoes.

On these three sheep 382 A. caballus and 75 A. lineatopennis
were fed and they were refed in the following 6 experiments after
intervals ranging between 14 and 20 days.

Exp. 27. 2 A. eaballus fed after 15 days. Result negative.
Exp. 28. 41 A. caballus fed after 15 days. Result doubtful.
Exp. 29. 36 A. caballus fed after 21 days. Result negative.
Exp. 30. 40 4. coballus fed after 14 days. Result doubtful.
Exp. 31. 17 A. caballus fed after 20 days. Result negative.
Exp. 32. 10 A. lineatopennis fed after 15 days. Result negative.
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None of these experiments were positive.

(Clearly negative results were obtained in 3 experiments, in
which 55 A. caballus fed after 15-21 days, and 10 A. lIineatopennis
after 15 days.

Doubtful vesults were obtained in 2 experiments, in which
respectively 41 and 40 A. caballus fed after 15 and 14 days. 1In
one of these experiments a temperature reaction set in just prior
to the immunity test and continuing through its incubation period,
whereas in the other experiment just before the application of the
immunity test, which was positive, another reaction of equal
strength had occurred.

Firrir SERIES oF KXPERIMENTS.

At the beginning of April, 1932, material from a natural case
of bluetongue was received from Zropo. Blood from this case in-
jected at Onderstepoort into 2 sheep gave only weak reactions. On
these sheep 413 A. caballus, 10 A. lineatopennis and a few 4.
durbanensis were fed. At that time of the vear 4. caballus was the
only species obtainable in fair numbers. The mosquitoes were refed
in the following experiments after intervals ranging from 15 to 29
days and those remaining alive after 13 months were injected into
sheep.

FExp. 33. 13 4. caballus fed after 15 days. TResult negative,

Exp. 34. 14 A. caballus fed after 15 days. Result negative.

Exp. 35. 4 A. caballus fed after 23-24 days. Result negative.

Exp. 36. 2 4. caballus injected after 45-46 days. Result negative.
Exp. 37. 6 A. lineatopennis fed after 15-29 days. Result negative.
Exp. 338. 2 A. lineatopennis injected after 45 days. Result negative.
Exp. 39. 1 A. durbanensis fed after 16 days. Result negative.

In all, 31 4. caballus were fed after 15-24 days and 2 were
injected after 45-46 days, 6 A. lineatopennis (of which 2 were
doubtful) fed after 15-29 days, 2 were Injected after 45 days and
1 A. durbanensis fed after 16 days. All the experiments were
negative, whereas the sheep used proved to be normally susceptible.

SIXTH SERIES OF KXPERIMENTS.

At the beginning of April, 1932, we received material from
another natural case, which had occurred at the farm Kameelfontein
in the Pretoria District. Injected at Onderstepoort into sheep, it
gave temperature reactions of medium to marked intensity and slight
clinical symptoms in one of the further subinoculations.

On three virus sheep 402 4. caballus and 12 A. lineatopennis
could be fed and they were refed in the following experiments after
mtervals lasting at least 14 days.

Exp. 40. 15 A. caballus fed after 15 days. Result negative.

Exp. 41. 4 A. caballus fed after 25 days. Result mnegative.

Exp. 42. 31 A. caballus fed after 15 days. Result negative.

Exp. 43, 9 A. caballus fed after 21 days. Result negative.

Exp. 44. 4 A. caballus fed after 15-20 days. Result negative.
Exp. 45. 6 A. lineatopennis fed after 14-21 days. Result negative.
Exp. 46. 1 A. lineatopennts injected after 38 days. Result negative.
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In these 7 experiments G3 Ad. caballus were refed on sheep after
intervals 1anging between 15 and 21 days, whereas finally 1 A.
lineatopennis was injected after 38 davs.  All the experiments were
negative and the 7 sheep used proved later to be normally suscen-
tible to the Kameelfontein strain.

Grnkran Discrssiony or 11 Restnrs.

In all, 46 experiments were made with three different strains
of bluetongue, a vaceine strain and two others derived from fresh
spontaneous cases.

In these experimenis 324 specimens were injected after periods
ranging hetween } and 45 days and infected mosquitoes were refed
346 times after 14-29 days, viz,:—

Ao caballius, 127 injected, 281 refed.
Ao Uneatopennis, 125 injected, 61 rvefed.
Ao eittatus, 31 injected.

Ao Dirsutus, 28 Injected, 3 vefed.
ALdentatus, 12 injected.

Ao opunctothoracis, 1 injected.

A, daurbanensis, 1 vefed.

Three positive results were obtained. In the first case some
Aedes caballus were injected the day after their feeding and thus
the result has no relation to the actual capacity for transmission.
In the second experiment a positive infertion was obtained by the
injection of GO Aedes lineatopennisx 17-19 davs after their feeding
on a virus sheep and this infection could be transmitted further
through subinoculations.  The third case was not absolutely clear
cut. 15 A. lineatopennis had fed 14-15 days after their original
mfection, the feeding heing followed by a slight temperature re-
action, but not by immunity. Through subinoculations, however,
the presence of virus could he definitely traced during the febrile
reaction,

The results were doubtful in 10 experiments in which 30
Ao caballus, 10 AL lineatopennis, 20 A Tirsutus, 8 AL rittatus and
9. A, dentalus were injected after 5-22 days and 116 Ao caballus
fed after 14-26 days.  In these experiments temperature reactions,
not followed by immunity and not confirmed by subinoculations,
were observed, or the result of the immunity test was open to doubt.

32 lixperiments were negative, the vast majority, in which 182
mosquitoes were injected and 199 specimens vefed. 92 4. calallus,
3 AL lineatopennis, 23 AL vittatus, 8 4. Iirsulus. 3 AL dentatus and
1 d. punctothoracis werve injected after intervals of 5-46 days,
whereas 165 A. caballus, 30 A, lineatopennis, 3 A. liirsutus and 1
A, durbanensis were refed after 14-29 davs. In 5 of these experi-
ments, m which 14 A, o/ttarus and 6 . Lirsutus were injected and
38 A. caballus and 10 A. lineatopeunis refed, the mosquitoes had
been originally fed on cases in which there could be some doubt as to
the true nature of the temperature reaction.
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As negative experiments, of which there 1s no doubt, there
remain 27, in which 162 specimens, 92 A. caballus, 55 A. lineato-
peunis, 9 A. vittatus, 2 A. dentatus, 2 A. hirsutus and 1 A. puncto-
thoracis were injected and 151 specimens, 127 4. caballus, 20 A.
lineatopennis were refed after the same intervals as stated above.

Only with 4. caballus and A. lineatopennis could experiments
with large numbers be made.

Both positive experiments weve obtained with Aedes lineato-
pennis. Against one positive case abtained by injection of 60
specimens after 17-19 days, there are negative results with 50
specimens injected after 5-7 and 5 after 16-45 days, and against the
positive result obtained through feeding stand 3 negative experi-
ments, in which 20 specimens were refed after 14-29 days.

All the experiments with A. caballus were negative. 92 speci-
mens were injected, 74 after 5-7 days, 15 after 16-17, and 3 after
35-46 days. 127 specimens were refed, 92 after 14-15 days and 35
after 20-25 days. The material used was large enough to allow of
a definite conclusion being arrived at.

Some facts may have influenced the results of these experi-
ments. The vaccine strain, with which most of the work was done,
was not a very suitable one. It had been isolated about 5 years
previously and passed through nearly 50 generations by means of
direct inoculations. Through these direct inoculations it had been
profoundly altered, attenuated, and 1t is possible that at the same
time 1its developmental capacity in insects had also been changed,
viz., reduced. The Ixopo strain, though recently isolated from a
natural case, gave very slight reactions, suggesting that during the
temperature reactions the amount of virus present in the blood was
not very large. It may further be possible that only a c~rtain period
in the duration of the febrile reaction is suitable for = infection
of the insects.

In the interpretation of the results we were as careful as
possible, and some of those regarded as doubtful may actually have
been positive.

Arriving at the final conclusions we may say:—

Aedes lineatopennis seems to be a natural transmitter of blue-
tongue. Our results do not allow us to state whether this species
18 an 1mportant transmitter or only a more or less accidental
carrier, as the number of positive results was too small.

Unfortunately, when we did obtain material from natural cases
towavds the end of the season this species was only available in
very small numbers.

From an epizootological point of view, Aedes lineatopennis
would be a very suitable transmitter. Breeding ouly in temporary
water, 1t depends absolutely on the amount of rain. It breeds
during the summer after good rains in a large number of marshy
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spots 1n the veld, provided thay are covered with grass. After the
mosquitoes have hatched out, the adults remain for some time at
or near the breeding places, which usually lie 1n vleiz. The breeding
habits and behaviour of the adults 1s just what one would expecl
of an efficient transmitter,

Aedes caballus does not seem to he «a transmitter at all. 10
number of mnegative experiments was suficient {o warrant this
conelusion.

The material used of other species 1= too small to allow of any
definite conclusion.  However, according to the negative results,
although small in wuwmbers, it is improbable that theyv are very
1mportant carriers.

In future work the rveal importance of A. lneatopennis will
first of all have to be decided, and 1if thiz should happen not to
be in favour of this species, more work with the Stegomyia group
and with Anophelines will have to be carried out. The possibility
still remains that Arvthropoda other than mosquitoes may be Involved
1n the transmission of this disease.

St

During the summer 1931/32 transmission experiments with
bluetongue in sheep were carried out at Onderstepoort. Owing to
Lack of rain, the season was very unfavowrable for our work.

The result of a mosquito survey had pointed to :Aedes species
as being very suitable {ransmitters from an epizootological point
of view, and some species of {1his genus were used for our experi-
ments.

Three strains of virus were used, the vaceine strain of the
laboratory and 2 strains from natural cases, obtained towards the
end of the season.

Nearly 3,000 clean mosquitoes were fed on 18 infected sheep,
the majority belonging to Aedes caballus and A. lineatopennis, and
only relatively small numbers of 5 other species including
A hirsutes, A, vittatus and AL dentatus.

In 22 experiments, 324 specimens were Injected Into sheep after
periods ranging between b and 45 days, 127 1. caballus, 125 A.

linealopennis, the remainder belonging to A. eittatus, . hirsutus,
A. dentatus and AL punctothoraces.

TInfected mosquiioes were vefer 346 times after 14-29 days on
susceptible sheep at periods varying between [4 and 29 dayvs, viz.,
8L A caballus, 61 A, lincatopennis and + Lo Tarsefns  and
Ao durbanensis,

Three positive results were obtained. Tn the first case 5 mos-
quitoes were injected shortly after their infection, showiug only that
sufficient virus was taken up. In the second case GO A. lineatopennis
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were injected after 17-19 days, and in the last experiment 15 speci-
mens of the same species refed after 14-15 days. In the last case
no immunity was acquired but the presence of virus could be
ascertained by subinoculation.

All the other experiments were either negative ov the results
doubtful.

Aedes lineatopennis seems to be a transmitter of bluetongue,
very adapted for this purpose from an epizootological point of view
owing to its breeding habits and behaviour in the adult stage. 1t
could not be ascertained if this species is an important or only a
more or less accidental transmitter.

Aedes caballus does not seem capable of transwmitting the disease.

The work carried out up to now does not present a solution of
the problem of the natnral transmission of bluetongue.
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