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IN addition to the work on horsesickness described in the preceding 
paper, we carried out a number of experiments with bluetongue in 
sheep along similar lines. The work on bluetongue was mainly 
undertaken to make use of the time, when the horsesickness work 
could not be undertaken. 

From the epizootological point of view, horsesickness and blue
tongue are very closely related to one another, and what has been 
said about horsesiclmess-it being non-contagious by ordinary means 
of contact, the seasonal and also to a certain extent the geographical 
distribution, the dependence on the amount of rain, the occurrence 
in marshy vleis and absence on hill tops, the danger of g-razing at 
night, during the late afternoon or the early hours of the morning, 
the protection afforded by stables-applies practically as well to 
horsesickness as to bluetongue and does not need to be discussed at 
length. 

It seems to be very probable from the information at hand, that 
horsesickness and bluetongue, if transmitted at all through insects, 
are carried by the same or by closely related species. As in the case 
of horsesickness we suspected, for reasons discussed with the results 
of the mosquito __§_UrveY. Aedes species as the most probable trans
mitti.ng"'agents, and this genus only was used in our experiments. 

According to references in the literature up to now, no trans
nnssion experiments have been carried out with bluetongue. 

I. EXPERIMENTAL TECHNIQUE. 

The methods adopted in our work on bluetongue were in general 
very similar to those used for horsesickness, and have been described 
in full in the second paper of this series. We can limit ourselves 
therefore to a brief summary. 
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The mosquitos were obtained by catching the adults and larvae 
or pupae in the field and keeping th e latter in the laboratory until 
the imagines hatched out. The larvae originated from natural 
breeding places, or clming 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 mosquit<Jes were kept, before use, in large mosquito netting 
enclosed cages covered on four sides by hessian kept wet by allowing 
water to percolate through it 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 water 
only was provided. 

The infected specimens were stored in our warm room, in which 
the temperature was maintained at an average <Jf 24° to 26° C. Fr<Jm 
time to time, howe\·er, 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 jam jars, the lids being replaced by mosquito netting, 10 specimens 
in each. In order to secure the necessary humidity the jars were 
kept on wet cotton wool in slightly larger jars provided with lids 
having a few h oles inthem. The mosquitoes were feel on sugar water, 
a small piere of cotton " ·ool soaked in a 10 per cent. solution being 
placed on the net covering the jar. 'l'his method was quite satis
factory, as was the case with horsesickness, when the mosquitoes were 
used for injection and only small numbers needed. 

For the experiment in which the feeding of larger numbers was 
intended, our specially designed cages were employed. These we1·e 
kept on shelves, being surrounded on four sides by wet hessian, thus 
ensuring the desired humid conditions inside the cag·es. For some 
species, especially A . caball1ts, it vvas found ad,-isable to further 
increase the humidity by covering the floors of the cages "·ith wet 
filter paper. In the case of the small mosquito groups the jars were 
always employed, as the cages, which were limited in number , had 
to be reserved for the larger groups. 

The method employed 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 subcutaneously 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. 'rhe 
liberating of mosquitoes in fly -pr<Jof stables containing sheep was n<Jt 
attempted, as no good results were expected. 

The wool was carefully clipped as close as possible to the 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. T·o ensure a sufficient degree of humidity inside the 
cages a piece of damp cotton wool was placed on top of the cage and 
held in position by means of the tapes. Without this precaution a 
considerable mortality could occur. Up to four cages could be placed 
on one sheep in this manner, two on either side of the mid line. 

As our stable for m<Jsquito 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 
mdinary sheep stables. On very dry nights the cotton wool occasion
ally dried up, resulting in a more or less high mortality am<Jngst 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 it was not necessary to 
isolate 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 in our experiments no sheep succeeded in dislodging a cage. 

The feeding results on the whole were not as good as was the 
ease in the horsesickness experiments. 'l'he 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 in 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. 

II. STRAINS OF VIRUS USED IN T H E EXPER IMENTS AND 
EXPERIMENTAL ANIMALS. 

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 Vi1'us.-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 s.trajn. This stTain had originally been obtained 
from a natural case of .bluetongue which had occurred on the station 
in a lamb in February, 1927. Blood from this lamb had been 
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injected into sheep from which, by successive subinoculations into 
other sheep at or immediately .after the reactio11 period, the virus strain. 
had passed through 48 generations . These subinoculations were carried 
out over the period 5 .2.27 to M:arch, 1932, the last sheep being 
31930 and 31554, the preserved blood of which 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 rlay after injection after having shown no temperature 
reaction whatsoever, the other showed a typical though not marked 
reaction commncing on the sixth day and returning to normal on 
the eleventh day, the maximum temperature registered being 
105.2° 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 remainerl 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 occurred between the tenth and twenty-second 
generations, and for which some other explanation, having 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 SG 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 hal£ 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 anrl the converse also holds 
good. One further point of interest is the production of clinical 
symptoms. As pointed out above, only two deaths from bluetongue 
resul ted from subinoculations from the original lamb, both of which 
occurred in the second generation. Up to the eleventh generation 
slight mucoid or muco-purulent discharges from the nostrils, 
dyspnoea, and swelling· and reddening of the buccal mucous mem
brane generally accompanied by reddening of the ooronets, were 
observed. Thereafter, no clinical symptoms were recorded, the virus 
having become so attenuated as to produce only temperature 
reactions. 
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During the course of our work temperature reaetions were the 
only guide as to the success or otherwise of the t ransmission experi
ments. In this connection it 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 ''"i thin the limits 
of the vaccine strain incubation pe1·iod, 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 number of positive cases produced. All the 
experimental animals were, however, subjected to a further subinocu
lation of vaccine in order to test their immunity and, although such 
subinoculations may not always succeed or an animal may have 
acquired a partial immunity not sufficient to absolutely protect it, 
this test was looked upon as the final proof of the origillal trans
mission of the disease. 

2 . l.vopo Virus.-A sample of blood obtained from a case of blue
tongue in sheep on the farm of a :Mr. Harrek in t he Ixopo district of 
Natal was received from the GoYernment Veterinary Officer of Ixopo 
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 outb1·eak, but it was 
ascertainecl that sheep had actually died from bluetongue on the farm 
in question. Bluetongue is known to occur yearly in this localit y, 
so that there can be little doubt but that we were dealing with blood 
from a naturally contracted case. 

3. ]{a?neelfontein Virus.-On the 5th April, 1932, the Extension 
Officer of the Pretoria District sent in blood from three lambs which 
died of bluetongue belonging to :Mr. Opperman of the farm Kameel
fontein in this district. Although not a very extensive outbreak, 
this owner lost several other sh eep from typical bluetongue. Yearly 
inoculation against bluetongue is carried out 011 this farm, but this 
was not clone this year on account of the season having been very 
dry and there being little chance of bluetongue in the farmer's 
opinion. As mentioned previously the blood received "·as taken from 
young lambs, so that even if relapses of bluetongu e do occur there is 
little chance of our having obtained anything but a natural field 
strain of the virus, as this was the first season that these lambs had 
been exposed to infection. 

4. Experimental Animals.-rrhe sheep used in our experiments 
are periodically obtained by the La bora tory for experimental pur
poses and for the production of the bluetongue vaccine from known 
bluetongue free areas. They are bought hom a few well kno'i1·n 
reliable farmers in the Phillipstown District of the Cape Province, 
which is a Karroo area. No guarantee of their susceptibility to blue
tongue is obtainecl, but agreements are made that so far as possible 
the sheep must be obtained only from the Phillipstown District. A 
further precaution that is taken is to buy only two-tooth sheep in 
order that they will have had as little chance as possible of having 
been exposecl to natural infection. It is the absolute exception to 
encounter an immune sheep, so that for practical purposes it may be 
concluded that all the sheep used are susceptible to bluetongue. 
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Ill. EXPERIMENTS WITH THE ORDINARY VACCINE 
STRAIN OF BLUETONGUE VIRUS. 

At the commencement of our experiments we only had at our 
disposal the laboratory strain 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 means of direct successive blood 
inoculations. 'l'his was therefore not the most suitable strain and 
we could anticipate difficulties in our transmission experiments. 

We began the experiments, as in the case of horsesickness, with 
the injection of infected mosquitoes after intervals varying between 
~ 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 fu rther what 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 temperature 
reaction. 

For these experiments we used six different species of mosquitoes, 
viz., Aedes cu ballus, A . dentatus, A. hirsutus, A. lineatopennis, A. 
puncto'trwracis and A. vittO:ttlS. Aedes caballus, A . lineatopennis 
and A. h·i1·sutus were regarded as t he most probable vectors for 
reasons outlined above. Aedes dentatus and A. ·vittatus were looked 
upon as of secondary importance, whereas A. punctotho1·acis 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 referred to as B. 'l'. V.) in order to test their 
susceptibility or immunity. Whenever it was considered 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. 

(a) Vmus SHEEP. 

Six sheep were used in this series of experiments whereon the mosquitoes 
were fed. They were injected with the following B.T.V. material: 47th 
generation (batch 809), 48th generation (sheep 31930) or with blood 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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Resutt.-Temperature normal up to 18th November a.m.; p.m. 105.4°; 
the following morning 103.8°. Temperature on 20th, 22nd, 23rd, 25th and 27th 
November between 104° and 104.6° . The temperature reaction was thus not 
very marked. 

With blood from virus sheep 1, two other she~p, viz. 32338 and 31651, wera 
injected. The first sheep showed a typical temperature reaction with 106.9° 
as maximum. In the case of the second sheep the reaction was weak, the 
temperature not exceeding 104.7°. 

Virus sheep 2 (=sheep 32331) infected in experiment No. 1 (for temperature 
reaction see experiment 1). 

Virus sheep 3 (=sheep 32338) injected on 26th November with 1 c.c. blood 
from virus sheep 1. 

Result.-On 2nd December the temperature began to rise and the febrile 
reaction lasted for 5 days. On 2nd December the temperature registered 103.8 
and 105.6° (morning and afternoon), on the 3rd 105.5 and 104.8°, the 4th 
106.5 and 106.9o, the 5th 106.2 and 105.2°, the 6th (a.m.) 104.2° and the 7th 
104° and 103.5°. This was looked upon as a medium reaction. 

Virus sheep 4 (=.sheep 31635). Injected on 27th January, 1932, with 2 c.c . 
B.T.V. 31930. 

Result.-Temperature normal up to the morning of 1st February. .After
noon temperature 104.2°; 2nd (a.m.) 103.3°; 3rd 105.00 and 104.9°; '!th 105.8° 
and 106.20; 5th 105.3° and 104°; and 6th and 7th between 104.0° and 105.0°. 
This was quite a good reaction, lasting 7 days and showing a maximum of 
106.2°. 

Virus sheep 5 ( = sheep 31582). Injected on 18th February with 2 c. c. 
B.T.V.; batch 809, reported by the Government Veterinary Officer, Barberton, 
as havmg caused mortality amongst sheep immunized with it under field condi
tions. 1n a number of sheep injected with the material at the laboratory the 
course of the infection was, however, ident ical to that produced by our 
ordinary vaccine virus. 

Restdt.- The temperature remained be low 10,1° up to 22nd February . On 
the 23rd it rose to 104 and 104.4°; the 24th 104 a nd 104.60; 25th 105.7 and 
106.4; 26th 105.4 and 104.7 ; 27th 105.0 and 105.3 ; 28th (a.m.) 105 .2°; 29th 
106 and 106.3; 1st March 105.0 and 105.4°; 2nd 104.0 a.m . and p.m. and on 
the 3rd 103.2 and 104.1. Thereafter the temperature remained below 103.6. 
This temperature reaction was very marked, the maximum being 106.4 anJ 
the duration about 10 days. 

Virus sheep 6 (=32120). Injected at the same time as virus sheep 5 with 
the same material. 

Result.- The temperature reaction in virus sheep 5 was normal (below 
104) up to 2nd February. On the 3rd it rose to 104.4 and 105.6; 4th 105.6 and 
107.2 ; 5th 106.0 and 104.0; 6th 103.8 and 104.4; 7th (a.m.) 105.2. From 
8th February onwards the temperature remained normal. This reaction was 
of medium intensity, lasting 5 days. with a maximum temperature of 107.2°. 

(b) ExPERIMENTS WITH Aedes caballus. -Aedes caballus was used in six experiments in which a total of 124 specimens 
were injected into susceptible sheep after intervals of from 18 hours to 16 and 
17 days. 

The virus sheep Nos. 1, 2, 3 and 6 were used for feeding the mosquitoes on. 
The mosquito groups consisted of : 
Group 1.- Fed on the afternoon of 19th November, 1931, from virus sheep 

1, the second day of fever. Temperature 103.8 and 103.2. Of these mosquitoes, 
hatched from larvae, 19 specimens engorged. Used for experiments 1 and 2. 

Group 2.-Remainder of group 1. Fed on 20th November from sam<J 
virus sheep on third day of fever. Temperature 104.2. 20 Specimens engorged. 
Used for experiments 2 and 5. 

Group 3.- The unengorged mosquitoes of group 2, fed on same virus sheep 
between 20th November (afternoon) and the following morning. Third day of 
fever. Temperature 104.2 and 103.8. 23 Specimens engorged. Used for 
experiments 2 and 5. 
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Grot&p 4.-Fed on virus sheep 2 on 25th November (afternoon). First day 
of fever. Temperature about 105.2. 11 Specimens (caught as adults) engorged. 
Used for experiment 3. 

G1·oup 5.-The same material as above fed on virus sheep 2 during the 
following night. Second day of fever. Temperature 105.2 and 104.8. 36 
Specimens engorged. Used for experiment 3. 

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. 

Group 14.-Fed on virus sheep 6 during night of 25th February, 1932. 
'l'hird day of fever. Temperature 106.4 and 105.4. 75 Specimens (hatched from 
larvae) engorged. Used for experiment 4. 

ExPERIMENT 1 (B.T. 1). 5 Aedes cabaUus. 
Iniection. I nterval 18 hot~rs . Sheep 32331. 

On 20th November, 1931, this sheep was injected subcutaneously with an 
emulsion of five specimens of A. cabaUus (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 subcuta neously with 1 c.c. blood from sheep 32331. The 
former sheep showed a typical reaction with 107° as m aximum, 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 subinoculabon into other sheep. 

ExPERIMENT 2 (B.T. 2). 20 riedes caballus. 
Iniection. Interval 5 days. Sheep 32335. 

Int o this sheep were injected subcutaneosuly 20 A. 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 nse of temperature occurred, 104.3° being registered which 
however, was not maintained, the temperature regaining normal the following 
day. 

Immunity test.- On 15th December, three weeks after the commencement 
?f. this experiment, the immunity of the sheep was tested by the subcutaneous 
InJectwn of 1 c.c. B .T.V. The temperature rose 9 days later, reaching its 
maxunum, 106°, the same day. It remamed above 104o 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 negatitJe. 

ExPERIMENT 3 (B.T. 4). 30 Aedes caballtts. 
Iniection. I n terval 5 days. Sheep 32303. 

Into this sheep 30 specimens of A. cabalh~s were injected after t he same 
interval as in the preceding experiment, 8 specimens of group 4 on 30th 
November and 22 of g roup 5 t he 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 Sth December the temperature registered 
102.8 and 104.5°; 9th 104 and 105°; lOth 103.3 and 105.9; 11th 103.6 and 
104.0. The temperature then returned to normal, remaining thereafter under 
103.8°. 

Immunity test.-On 23rd December, 22 days after the last injection of 
mosquitoes, the immunity test consisting of 1 c.c. B.T.V. subcutaneously, was 
apphed. The temperature rose to 104.7 on 28th December and two days later 
reached 107. 'l'he whole reaction lasted 4 days, and was quite typical. 

Subinoculation.-Blood from this sheep, taken on lOth December during 
the short febrile reaction, was injected on that date into sheep 32149. During 
an observation period of three weeks this sheep never showed a temperature 
surpassing 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 
marked febrile reaction resulted, lasting 9 days and showing a maximum of 
108°. 

The res1~U 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. 

ExPERIMENT 4 (B.T. 14a). 40 A edes caballus. 
Iniecti.on. Inte1·val 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. ca.ballus, 3 A. 
dentatus, 2 A. hi1'Sut1~s, 30 A. lineatopennis, 1 A. punctothoracis and 3 A 
vittatus. All these mosquitoes had been fed about 7 days pr<Jviously on an 
infected sheep. 'l'he 40 A. caballus which alone concern us here belonged to 
group 14. 

lleaction.-The day following the injection a slight rise in temperature, vu 
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.'l'.V. Four 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. 

ExPERIMENT 5 (B.T. 5). 14 A edes caball1~s . 

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 
longer than ! day in each case, and were therefore considered as of no conse
quence. 

Immunity test.-On 28th December, ' 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 froin this sbeep taken one 'day after the short 
rise of temperature to 106.4°, was injected into sheep 31236 on 18th December. 
During an observation period· of 27 days the t emperature did not exceed 
103.4° This sheep was then subinoculated with 1 c.c. B.T.V. and seven days 
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later the temperature rose to 106.2°. 'l'he whole reaction lasted 2-2t days and 
was not very marked. There existed therefore the possibility of a certain 
amount of immunity having been developed. 

Besult .-In our opinion t he experiment must be regarded as negative, 
as the sheep had shown no typical r eaction and later proved to be susceptible 
to bluetongue. Furthermore, a subinoculation of blood into another sheap 
failed. 

ExPERIMENT 6 (B.T. 10). 15 Aedes caballus. 

Injection. Interval 16-17 days. Sheep 32340. 
In this experiment 15 A. cr~ballus, 9 of group 7 and 6 of group 8, were 

injected on 26th December, 1931. These mosquitoes had fed 16-17 days pre
viously on an infected animal during the second and third days of fever. 

lleactions.-l£xacerbations to 1040 occurred during the first week following 
the inj ection, but thereafter 103.4° was the maximum temperature r ecorded 
in the course of the observation period of 25 days. 

Immunity test.-On 15th January, 1932, the sheep was inoculated with 
1 c.c. B .T.V., t he 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 aboYe 104° for four days . 

Hrs Hif .-This experiment was therefo re negaftr e. 

(c) ExPERIMEKTS WITH fledes hneatozu'nn·is. 

·with A . lineatopennis four experiments "-ere conduct ed and 112 specimens 
injected into susceptible sheep . 

Virus sheep Nos. 1, 4 , 5 and 6 ,,-ere u sed , and the mosquito groups 
consisted of : 

Group 1.-Fed on virus sheep 1 on 20th NoYember (afternoon). Third day 
of fever. Temperature 104.20. Four specimens (caught as adults) en gorged. 
Used for experiment 7. 

GT01~P 2.-Fed on the same virus sheep during the following night. 'rhird 
day of fever. Temperature 104.2 and 103.8° 26 Specimens (caught as adults) 
engorged. Used for experiments 7 and 9. 

Gro1~p 5.-Fed on v irus sheep 5 during t he night of 4th to 5th February. 
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. 

G1·oup 7.- Fed during t he 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 8 .- Fed on virus sheep 5 clnring the same night. Third to fourth clay 
of fever. Temperature 104 and 103.8°. 32 Specimens (caught as adults) 
engorged. Used for experiment 10. 

Group 9.-Fecl on virus sheep 6 during t he night 25th to 26th F ebruary. 
Third clay of fever. Temperature 106.4 and 105.4°. 42 Specimens (rear ed from 
larvae) engorged. Used for experiment 8. 

ExPERIMENT 7 (B.T. 3). 20 Aedes lineatopennis. 
Injection. InteTval 5 days. Sheep 31848. 

20 A. lineatopennis were injected into this sheep about five days after t heir 
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 a n 
infected sheep during the third day of fever , its temperature of 104.ZO at the 
time, however, having been very low. 

R eaction.-During an observation period of three weeks the sheep showed 
no typical febrile reaction. 'I'he temperature passed 104° shortly after the 
injection and again four days after the second injection, but in each case was 
maintained for only ! day. 
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Immunity test.-On 17th December the sheep was inoculated with 1 c.c. 
B.T. V. The temperature cmnmenced rising four days later, the fever lasting 
five days w1th a maximum of 105.6°. The reaction was thus very mild. 

nesult.-The sheep being susceptible, the experiment must be regarded as 
negative. 

ExPERIMENT 8 (B.'l'. 14b). 30 Aedes lineatopenn·is. 
Injection. InteTval 7 days. Sheep 31713. 

Into this sheep 30 A. lineatope1mis of group 9 were injected on 4th March, 
1932, together with 49 specimens of five other Aedes species. 

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

ExPERIMENT 9 (B.T. 6). 2 Aedes lineatopennis. 
Injection. InteTval 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. 

neaction.-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 (Aedes 
vittatus as a control, but with negative results . 

The imm·unity te"'t was conducted on 11th F ebruary by the subcutaneous 
inoculation of 1 c.c. B.T.V. The resultant febrile reaction, with a n incubation 
period of 6 days, a duration of 5 days and with maximum of 106.40, was 
typicaL 

Ilesult.-The experiment must, therefore, be regarded as negative. 

ExP.ERIMENT 10 (B.'l'. 13). 60 Aedes lineatopennis. 
Injection. InteTval 17-19 days. Sheep 31703. 

In this experiment 60 A. lineatopennis of groups 5 and 8 were injected on 
22nd February, 1932. The mo<;quitoes 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 lOth day, p.i. a definite feveT Teaction 
set in which lasted until lOth March , i.e. 8 days. The maximum was 106.20 
and on three days the temperature r emained abo·ve 105°. Although of medium 
intensity this reaction was nevertheless quite definite. [For exact temperatures 
of virus sheep 8 (p. 20).] 

lm1mmity test.-This sheep was tested for immunity on 5th April, 43 days 
after the injection of mosquitoes, by t he subcutaneous injection of 2 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 imm1mity had therefore been 
acquired. 

Subinoctdation.-On lOth 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.i. 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 t emperature remaining above 104° for six consecutive days with a 
maximum of 106°. On lOth 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 t he 
first case and 102.3 and 104° in the latter animal. 

nesult.-Thi_s experiment is therefore definitely positive. The injection 
of the infected mosquitoes was followed, after an inc1_1bation period of 10 days, 
by a typical bluetongue reaction and the sheep '-later proved to be immune. 
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Subinoculations of blood into two susceptible sheep produced typical tempera
ture reactions, these sheep subsequently developing complete immunity to blue
tongue. 

(d) ExPERIMENTS WITH OTHER AEDES SPECIES. 

Apart from A. cabalh~s and A. Lineatopennis, small numbers of four other 
Aedes species were used, viz., A. vittatus, A. dentatus, A. hiTsuttts and A. 
punctothoTacis. 

Virus sheep Nos. 3 and 6 and mosquito groups: 
A. vtftatus, gmt~p 1.-Fed on virus sheep 3 durmg the night, 4th to 5th 

December, 1931. Th1rd day of fever. Temperature 106.9-106.2°. Seven 
specimens (reared from larvae) engorged. Used for experiment 11. 

fl. vittatus, gTOt~p 3.- Fed on virus sheep 6 during the night, 25th to 26th 
February, 1932. 'l'hird day of fever. Temperature 106.4-105.7°. Three speci
mens (reared from larvae) engorged. Used for experiment 12. 

A. dentatt~s, gToup 3.-Fed on virus sheep 6 together with A. vittatt~s, 
group 3. Four specimens (reared from larvae) engorged. Used for experiment 
12. 

A. hinutus, gToup '!.-Fed together with A. vittatus, group 3. 3 specimens 
(reared from larvae) engorged. Used for experiment 12. 

A. punctothoTacis, gToup 2.- Fed together with the preceding group.-1 
specimen (reared from larvae) engorged. Used for experiment 12. 

ExPERIMENT 11 (B.T. 7). 6 Aedes vitta~. 

Inject·ion. InteTval 5 da?JS. Sheep 32308. 

On lOth December, 1931, 6 A. vittatus of group 1 were injected into this 
sheep. The mosquitoes had fed five days previously on an infected sheep during 
the third day of fever. Another injection of mosquitoes into his sheep was made 
seven days later, but this will be referred to under experiment 16 in the 
following chapter. 

Reacti.on.-The temperature remained normal for 19 days, when a sudden 
but short rise to 105.6° took place. This was followed by a period of three 
weeks in which the temperature remained normal. During the following week 
fluctuations to 104 and 104.8° occurred. 

hnnwnity test.-On 27th January, after an observation period of about 
seven weeks, the sheep was inoculated with 2 c.c. B.T.V. Seven days lat~n· the 
temperature rose to 105°, the reaction being mild but typical, lasting 4! days, 
with 105.8° as maximum. 

Result.- This experiment was negative. No typical reaction had occurred 
following the injection of mosquitoes and the sheep had remained susceptible. 

(.~ . ..u~ 
ExPERIMENT 12 (B.T. 14c). A.edes vittattts, A. hiTsutus and A·. ptmctothomcis. --Inject·ion. Inten;al 7 days. Sheep 31713. 

Into this sheep six different species of mosquitoes were injected, which 
included A. caballus and A. lineatopennis mentioned under their respective 
heads, and 3 A. ·vittatus, group 3, 3 A. dentcdt1s, group 3, 2 A. hiTstdus, group 
4 and 1 A. punctothoTacis, group 2. 

A full description of this experiment has been given under experiment 4 
(Aedes caballus). 

The result, as mentioned therein, was negative. 

(e) RESULTS OF THE INJECTION OF MosQUITOES INFECTED WITH 
BLUETONGUE VACCINE VIRUS. 

In 12 experiments we injected into susceptible sheep 251 
mosquitoes which had £eel on sheep experimentally infected with a 
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vaccine strain of bluetongue virus from ! to 19 days previously. 
These mosquitoes were of the following species:-

Aedes cabal us, 124 specimens. Aedes punctothor·acis, 1 spe-
Aedes dentatus, 3 specimens. cimen. 
Aedes hirsutus, 2 specimens. Aedes vittatus, 9 specimens. 
Ae0es lineatopennis, 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 
oaballus were injected t day after having fed on an infected 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 it as 
doubtful or even negative . 

'rhe second positive experiment (experiment 10) is of more im
portance. It served to demonstrate that the bluetongue virus is 
capable of persisting 1:n Aedes lineatopennis in a fully viTtdent /oT?n 
for periods of at least 17 days. 

60 Specimens were injected subcutaneously, and after an incuba
tion period of 10 clays a typical fever reaction resulted, which lasted 
for 8 days. When injected almost It months later with the same 
strain of virus the sheep proved to be completely immune. Two other 
sheep, subinoculated with blood from this animal taken during 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 looke.d 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 7 days after feeding. 
90 Aedes caballus. 

3 Aedes dentatus. 
2 Aedes liir sut;(s. 

50 Aedes lirwatopennis. 
1 Aedes punctothomcis. 
9 Aedes dentatus. 

15 to 17 days after f eeding . 
29 Aedes caballus. 
2 Aedes lr:neatopennis. 

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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\iV e obtained one positive result with 112 Aedes lineatopennis 
injected and only negative results with A . caballus, with the excep
tion of experiment 1, when 5 A. caballus injected hal£ a day after 
feeding produced a positive reaction. This case, hO"IYever, we do not 
regard as being of much importance in view of t h e actual transmis
sion as not sufficient time was allmYed for t he development of the 
virus in the insect host. The number of experiments condu cted is 
certainly not sufficient to justify the conc:lusion th at one species is a 
probable t ransmitter and the other not. 

The question presents itself, vVhat can the reason be for the 
negative results? The chance of the virus developing in the mosquito 
may be quite small. This may be an important factor. It will be 
recalled t hat the Yirus which \Ye u sed had been passed throu gh a 
large number of generations from sheep to sheep b:v subinoculation 
in the laboratory. By these su ccessive subinoculations it had been 
transformed into a vaccine virus, a much attenuated strain, ancl thus 
one profound bi-ological alteration h ad taken place. Another altera
tion, a ch ange, possibly a recludion, in its developmental capacity in 
the insect host would, th erefore, not be at all surprising. 

Another poRsibility is that t he different virus sheep ma:v not have 
been equally suitable for infecting th e mosquitoes. ''Te u sed 6 sh eep 
in these tests. On virus sheep 4 and 5 the A. li?leatoJJenn·is, which 
transmitted the infection , were feel. On the others t he following 
mosquitoes fed:-

Sheep 1, 04 :1. caball1ts, 22 A. lin eatopenm:s. Result negatiYe . 
Sheep 2, 30 A. calwll1ts, nil. Result doubtful. 
Sheep 3, 15 A. caball11s, nil. Result negative. 
Sheep 6, 40 A. caball1ts, 30 A. lineatopenn·is. Result negative. 

In virus sh eep 1 the reaction was a very mild one, and only 
exceptionally would "lYe u tilize such a case for feeding mosquitoes on. 
However, on this same sheep those mosquitoes fed which, inj ected 
the following day, produced a marked reaction in experiment 1. The 
oth er 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 "·ere used. 

Sheep 6 is, however, quite r em arkable in that 79 mosquitoes 
('Olllprising 40 A. caballus and 30 A. lineatopen11·is, which fed from 
it, were injected 7 days later without result, notwithstanding the fact 
t hat t h e febrile reaction "IYas very marked. 

It is, t herefore, not unreasonable to suppose th at the viru s in 
one sheep is more capable of developing in mosquitoes than is t hat in 
another sheep . On the other hand, as tl1 e same Yirus strain was used 
to infect a ll the animals, the varying r esults 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 febrile reaction may be suitable for t h e infection of 
the mosquitos . W e were unfortunately not able to carry out a 
sufficient number of experiments to de:finitely ascertain this point. 
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IV. EXPERIMENTS WITH VIRUS COLLECTED FROM A 
DOUBTFUL CASE OF BLUETONGUE PRODUCED BY THE 
INJECTION OF MOSQUITOES FED ON B.T.V. V I RUS. 

In the preceeding section we discussed (experiment 3) a doubtful 
case of bluetongue produced by the injection of A. caball11s 5 days 
after feeding . The temperature had suggested a mild reaction of 
bluetongue, and we hoped that this strain, which we considered had 
displayed some slight aptitude for cleYeloping in the insect, would 
regain its natural Yi1·ulence in time by further passage through mos
quitoes. It must be mentioned that t he result of t h e immunity test 
did not become lmmYn until after the following experiments had 
been conducte<l. 

In this series of experiments the same proeed ure was adopted, 
viz., the subcutaneous injection of emulsified mosquitoes at intervals 
of 5 to 20 days after the infective meal. 

\iV e used 57 specimens of mo~quitoes belonging- to three species of 
Aedes, viz., A. dentat?ts, A. hi i"S1thls and A. vittat11s, as '"e had no 
others at our disposal at that time . 

For the feeding of the mosquitoes the following sheep was 
used : -

Virus sheep 7 (Rheep =i230=i). 'l'his sheep was the same as that 
used in experiment 8 (Aedes caball1ts), and the course of the tem
perature reaction haR been fully described under that experiment. 

A. ExPERDU:XTS ""ITI-I Aedes dentatus . 

Only one experiment, w ith. 9 specimens, was made "·ith this species. 
Virus sheep 7. 

. Mosqttito· gT01tp 2.- Fed on virus sheep 7 during the night of lOth to 11th 
D ecember. Third day of fever . Temperature 105.9-103.6°. 14 specimens 
(r ear ed from larvae) engorged. "sed for experiment 13. 

ExPEmMENT 13 (B.T. 8) . 9 ,l ecles rlentatus. 
Injection . l nfe?·val 5-6 days. Sheep 32046. 

On 17th D ecember, 1931, 9 d . dentahts of group 2 wer e injected into the 
above sheep which, 5-6 days p revious had fed on an mfected sheep during the 
third day of its febr ile reaction. ' 

Reaction.- For the first 11 days the temperature r emained normal. On 
29th . December it rose from 103.6° (a.m.) to 105.2°, falling the following 
mornmg to 103°, but rising again that afternoon to 106° Thereafter it 
remained normal for one week o nly, to rise again to 105° on 8th J anuary, 
where it remained for only ha lf a. day. 'l'his was followed by three clays of 
normal temperatur e, when a further rise occurred. On 12th January, 104.2 
and 105.0° were recorded; on the 13th 104.8 and 104.9°, and on t he 14t h 
104-.2 and 102.6°. Thereafter no further ab normal temperatures were r egistered, 
although t he sheep was kept under obser vation for the follo"· ing; three months 
to ascertain whether t hese sudden temper ature elevations \rere r egular or 
per iodic occurrences. · 

On 21st March the immunity test was appl ied, 2 c.c. B.T.V. being; injected. 
This injection ,,-as followed b~, a reaction six days later , the temperature 
remaining elevated (above 1040) fer 5~· days, with a maximum of 106.8°. The 
sheep had t herefore acquired no immunity. 

Sttbinoctdation.-On 31st December, the day following the second rise in 
temperature, a subinoculation of 1 c.c. blood from th1s sheep was made mto 
sheep 31979. Four days later a rise occut-recl, 106° bei ng reached, followed 

623 



IKVESTIGA'l'IONS IKTO THE TRAKSMISSIOK OJ<' llLl:ETONGUE IN SHEEP. 

on Lhe next uay 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 k'3pt under observation for over 11 weeks, during which period the 
temperature, although slightly irregula r , only three times exceeded 104 for 
half a day in each case. On 21st 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 6! days with a maximum of 106.8°. 

Besult.- It is rather difficult to form any definite conclus ion in this case 
and we prefer to regard the result as dot~btful. 'l'he 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. ExPERIMEKTS WITH Aedes Hirw.tus . 

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

Virus sheep 7 and mosquito group: 

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

ExPERIMENT 14 (B.'l'. 9). 20 Aedes hirst~h~s. 
Injection. Interval 5-6 days. Sheep 32118. 

On 17th December, 1931, 20 Aedes 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. 

B eaction.-A rise in temperature occurred on 25th December, the readings 
being 104.6, and a little later on 105.6, followed t he 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. Further 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 test.-On 5th April, 1932, 110 days after the injection of the 
mosquitoes, the immunity was tested by the injection of 2 c.c. B'.T.V. A 
marked febrile reaction followed, commencing 6 days later and lasting for 5 
days with a maximum temperature of 107o. 

A subinoctdation of 1 c.c. blood from this sheep was made into sheep 
31764 on 28th December, 3 days after the slight initial temperature reaction 
referred to above. From 31st 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 afternoon temperatur~s were 
not recorded), whereon 106°, 106.70, 105.2°, 104.8° and 1050 were reg1stered. 
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 lOth February, the immunity test was applied, 1 c.c. B .T.y. 
being injected. After an incubation per iod of 6 days a short but defimte 
reaction occurred which lasted for 2! days, 106.80 being the maximum 
temperature. 

The results of this experiment are not altogether clear. A slight tempera
ture r eaction followed the injection of mosquitoes, but t lHl immunity test clearly 
demonstrated that no immunity h ad 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 reactwn 
following the immunity test o.f the second sheep was mild , lasting for only 2t 
uays, 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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ExPERIMENT 15 (B.T. 11). 6 Aedes hiTsutus. 
Injection. Inte1·val 16 days. Sheep 32298. 

This sheep was injected with 6 Aedes hi1·s1dus 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 1040. On lOth 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 lOth 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 
t his 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 clay at a time, r eaching 1040. 

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

8-ubinoculation.-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 elate. Throughout t he course of an observation period 
of more than 12 weeks no definite febrile reaction occurred. On the 4th, 6th and 
7th clays, p.i. slight rises in temperature to 104 and 104.4° occurred, and on the 
20th clay, p.i. 105° was exceeded for half a clay, otherwise it remained normal. 
88 clays after the injection (i.e. on 11th April) the sheep was tested for 
immunity by the s ubcutaneous injection of 1 c.c. B.T.V. The reaction which 
followed was very marked lasting 8 clays 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 28t-h May the 
animal was tested for immunity by the injection of 1 c.c. B.'l'.V. A typical 
reaction lasting 4 clays with temperatures up to 106.40 followed after an incu
bation period of 4 clays. 

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

C. ExPERIMENTS WITH Aedes Vittatus. 
·with t his species two experiments were conducted wherein 22 specimens 

were injected 5 and 20 clays after feeding on an infected sheep. 
Virus sheep 7 and mosquito group: 
GToup 2.-Fed on virus sheep 7 during the night of lOth to 11th December. 

Third day of reaction. TP.mperature 105.90 and 103.6°. 40 specimens (1·earecl 
from larvae) engorged. Used for experiments 16 and 17. 

ExPEHIMEN1' 16 (B. 'l'. 7). 14 Aedes v'ittatus. 
Injection. InteTval 5 days. Sheep 32308. 

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

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

Reaction.-No typical reaction resulted. Once only, 13 clays after t he 
injection of mosquitoes, the temperature exceeded 105° for half a day. 

Irnm1mity test.-On 27th January after an observation period of 20 clays 
the sheep was injected with 2 c.c. l3.T.V. The resultant reaction was quite 
typical, lasting 4-5 days, with a maximum temperature of 105.8°. 

The TesuU of this experiment was definitely negative. 
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ExPERIMENT 17 (B.T. 12). 8 ~ledes vittatus. 

Injection. Inte1·val 20 days. Sheep 32288. 

For t his expenment 8 A edes vdtatus of the same g roup as in the preced
mg experiment were u sed on 31st Decem ber , 1931, but the mjection was made 
20 days after t he ir initial feedmg. 

Beaction.-Four days following the injection of the mosquitoes (i.e. on 
4th J anuary) the temperature rose rapidly t o 106°, where it r emained through
out the day. On the 5th 105.8 a nd 107° wer e recorded , on t he 6th 106.7 and 
105°. t he 7th 104 a nd 103:7°, and on the 8th 10-±.4 and 104°. Jt then returned 
to normal and r emained below 104° for t he following 18 days. This temperature 
reaction was certainly ,·ery mar ked, and it closely resembled the usual blue
tongu e r eactions. However , the incubation period of four clays was ven • 
shor t, especia lly " ·hen " ·e take into consideration the fact that only a very 
sma ll quantity of virus could ha,·e been injected with t he crushed mo qu itoes. 
Follo11·ing upon t he temperature r eaction s light cl inical symptoms wer e 
m anifested consisting of distinct warmt h of t he feet a nd coronets, slig ht 
t!iscbarge from both nostrils and f requent lic-king of the lips. 

Immunity t est.-On 27th J anuary t he s hPep "·as testPd for immu n ity by 
t he injection of 2 c.c. B.T.V. s u bcutan eously. Seven days later t he temp0ratur e 
rose to 105.4°, r emaining at 105 d uring the following day, but fall ing the day 
after below 104°. Two flu ctuations to 105° OC'Cu n ed o n t he J2th and 20th day, 
p.i. but t hey lasted only half a cla.v each. The temperature r eaction follow ing 
upon t he immuni ty test inj ection 11·ns Yery \I"E:ak , la~ting c nly H clays, wit h a 
max imum of not even 106° 

Sub inoculation.-On 7th J an uary a sheep, 31696, was subinoculatcd s ub
cu taneously with l c.c. blood from the preceding sheep taken two days 
prev iously . No typ ical febrile reaction followed this injection. Twi ce only, 
viz. , 4 and 11 days p.i. , short r ises of temperature to 106 and 105 .2° respec
tively, occurred. Five \Yeeks after t he su binoculation of blood , i.e. on lOt h 
February, 1 c .c. U.T.V. was injected. This was follov>ecl by a marked tempera
t ure reaction lasting 8-9 clays 11·ith a maximum of 106.6° . 

Another sheep, 32299, was subi noculated with l c .c. of the same material 
as sheep 31696, on 14th Janua ry. No temperature reaction r esulted with t he 
exception of a fe"· slight fluctuations up to 104°. On 11t h April, t welve 
weeks after t his subinoculation , l c.c. B.'l'.V. was injected, whieh r esulted in a 
pronounced temperature reaction lasting 4 days with 108.8° as maximum. 

T ogether with t he above sheep a t hird , viz. 31683, "·as subinocul ated with 
t he same material. This sheep ha d been used in a negatiYe exper iment (see 
experiment 9, A . linrato,,ennis) . Aga in no typical reaction en.~ued. 16 da~·s, 
p.i. a short rise in temperat ure to J05° took place. On lOth February t his 
sheep was inoculated "·ith 1 c.c. B.T.V. , which 11·as follo"·ed h~· a typical 
rPaction of 5} days' duration , sho"·ing a maximum tempe ratur e of 106.4°. 

On 27th April we injected ~-et a nother sheep, No . 34690, ll"i t h tlw same 
preserved material as in the preeeding cases. In this case, however, ] 0 c.c. 
wa injected intra jugularly. For 21 clays the temper ature remained normnl 
(not exceeding 104°). Then a m ild r eaction followt>d , t l1e 19t h 1015.6, t l1e 20th 
103.8 and 104.8, a nd the 21st 103.4 and 104. being r ecorded . whereafter t he 
t emper ature dropped to normal agai n . On 28th Ma~· the sheep was tested 
for immunity by inject ion of l c.c. B.T.V. After an incubation peri od of ';" 
days a clear r eaction , lasting 6 cla~·s, with 107.4 as a max imum, followed. 

The Tes1tlt of this experiment has to be regarded ns dott.bf/u.l. Fonr days 
after the injection of the mosquitoes a distinct temperatur e r eaction lasting 
3 clays with 107° as m aximum of tempe ratur e appea red , foll owed b~· slight 
clinical symptoms. Except for t he short incubation period, t he reaction 
resembled a typical bluetongue reaction. B esides, t he temperature reaction 
following upon t he immunity test was very weak, lasting only 1! days. Blood 
taken during the end of t he febrile reaction failed, h o,YeYer , to t r ansm it t he 
disease to 4 susceptible sheep. 
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D. R ESULTS oF THE INJECTION OF MosQUITOES FED oN A DouBTFUL 
CASE PRODUCED BY B. T.v. \\'RI CH HAD BEEN SUBJECTED TO 

PASSAGE THROUGH MosQUITOES. 

On a sheep showing a mild bluetongue-like reaction which had 
been produced by 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. dentahts, A . hirwttts and A . vittatus . 'rhese 
were injected into susceptible sheep at intervals of from 5 to 20 days 
following the feed. 

The results of these experiments were as follows:-

Injection of 9 A. dentatvs 5-G days after feeding (experiment 13) 
was followed 13 days later by a temperature r eaction lasting 2 days 
with 10G0 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 " ·as looked upon as 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°. 1'his sheep was found to be still normally 
susceptible almost 4 months later. A sheep subinoculatecl with 1 c.c. 
blood from this case showed an extremely irregular temperature, 
which rose as high as 106·7°, from the 4th to the 12th clay following 
injection. The immunity test, conducted one month later, was 
followed by a very mild reaction of only 2! days' duration. This case 
must also be regarded as som ewhat doubtful. 

Another lot of A. hi1·svtus, consisting of G specimens, was 
injected after a period of lG days (experiment 15) . 12 Days later a 
temperature reaction commenced closely resembling a mild blue
tongue reaction, 10G0 being the maximum temperature recorded. 
Three months later, however, this sheep was found to be normally 
susceptible. A sheep, injected with 1 c.c. blood taken during the 
course of this reaction fai lecl to react, 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 ancl this also failed 
to show any typical fever reaction. 'rhis experiment also appears to 
be doubtful. 

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

8 A. 1:ittatus of the same group were injected into another sheep 
after a longer interval, viz .. 20 days (experiment 17) . A very distinct 
temperature reaction combined with slight clinical symptoms made 
its appearance 4 dayil later , lasting 4-5 clays and shO\Ying a maximum 
temperature of 107° . This reaction very cl-osel:v resembled that of a 
typical bluetongue reaction. The immunity test injection produced 
a very weak reaction persisting for only 2 clays, the maximum tem
perature not exceec1ing 105.4°. An immunity appears to have been 
developed, not sufficient, however, to completely prevent a reaction, 
but nevertheless sufficient ly strong to considerably modify it. 1'hree 
sheep were injected with 1 c.c. blood each, from this sheep taken 
during the febrile reaction. None of t h ese 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 10 c.c. 
blood intrajugularly and still no typical temperature reaction ensued. 
From the results obtained by the injection of mosquitoes in the first 
instance, we must regard this experiment as doubtful. 

'l'he 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 feel from this sheep, 
marked reactions resulted, some of which were indistinguishable 
from true vaccine strain bluetongue react ions. These, however, were 
not followed by immuity or at any rate the immuity conferred was 
extremely weak. Subinoculations of blood from these cases into sus
ceptible sheep did not succeed at all, or, where slight febrile reactions 
resulted, no immunity was acquired. 

The temperature reactions noted may not 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. Furthermore, 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. Harl we 
regarded them as positive, A. hirsutus and A. vittatus would 
naturally be incriminated as transmitters, which, with the results so 
far obtained, cannot be assumed. 

V. EXPERIMENTS WITH VACCINE VIRUS AFTER ONE 
DEFINITE PASSACE THROUCH MOSQUITOES. 

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 after the infective 
meal. This case was verified by subinoculations of blood from it 
into two susceptible sheep 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 A . 
caballus and a fair number of A . lineatopennis were available from 
one or other of our experimental breeding places. A. h·irsutus 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 clays 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 remammg mosquitoes would be 
injected. 

In all, 9 experiments were conducted in which 93 mosquitoes fed 
on susceptible sheep after intervals of 14 to 20 clays and 11 specimem; 
were injected 22 to 3G days following the original feed on the reacting 
sheep. 

A. Vmus SnEEP. 

The mosquitoes were fed <Jn the following three sheep: 
Virus sheep 8=sheep 31703 from experiment 10 (into which A. lineatopennis 

were injected 17 to 18 days after feeding). 
Resnlt.-'l'emperature 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; lOth 104.5 and 104.6° and 11th March 
103.2 and 103.5°. It is rather difficult to estimate in this case where the 
actual hi uetongue reaction commenced, 3rd or 7th March may either be looked 
upon as the commencement. 

Virus sheep 9=sheep 31556 from experiment 10 (injected on lOth 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 103o ; 17th 104.8 and 106"; 18th 105.3 and 
105°; 19th 105 and 103.80; 20th (a.m.) 103.8° ; 21st 104.3 ancl105.1°; 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 lOth April revealed 
the presence of complete immunity. ln thi' case 15th March or perhaps 17th 
March may be r egarded as the commencement of the reaction. 

Virus sheep lO=sheep 32269 from expet·iment 10 (injected together with 
preceding sheep with blood from Yirus sheep 8). 

Re.mlt .-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 2bt 105.8 and 1050. From the 22nd 
om\·ards the temperature remained normal except for two short elevations on 
the 24th and from the 26th to the 27th. When tested on lOth April this sheep 
showed complete immunity. The commencement of the reaction may, in this 
case, be regarded as 15th or 16th March. 

B. ExrEmMBNTS 'YITH Aedes caballus. 
A large number of A. caballu.~ were fed on the three virus sheep, of which 

36 engorged t hemselves from the original sheep and 410 from the two sub
inoculated cases. This number was very considerably reduced within the first 
week after feed ing, the high mortality r esulting from the deposition of large 
numbers of eggs. 

ln two experiments we succeeded in feeding 41 specimens on susceptible 
sheep after an inten·al of 14 to 15 da~·s, 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 
ease, and experiments 19 to 21 with those infected on the two subinoculated 
sheep. 

Virus sheep 8 to 10 and mosqutto groups: 
GTOttp 16.-Fed on virus sheep 8 during the night of 9th to lOth March . 

Seventh (or third) clay of feyer. Temperature 105.2 and 104.5°. 36 specimen s 
(caught as adults) engorged. Used for experiment 18. 

GTottp 17.-Fed on virus sheep 10 during the night of 17th to 18th :\'larch. 
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. 

G1·oup 18.-Fed at the same t ime as group 17 on virus sheep 9. Third 
(or first to second) day of fever. Temperature 106 a nd 105.3°. 186 specimens 
{caught as adults or reared from larvae) engorged. Used for ·experiments 19-21. 
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GT01tp 20.- .J<'ed on Yirus sheep JO on night of 18th to 19th ~iarc·h. Fourth 
(or third) day of fever. Temperature 105.1 and 104.2°. lJ 2 specimens (caught 
as adults or r ear ed from larvae) engorged. Used for experiments 19-21 . 

ExPEHIMENT 18 (B. 'L'. 15). 16 Aedes cabaUus. 
Feeding. I nte1·val 14-15 days. Sheep 32326. 

On the night of 23rd to 24th March .4 .. caballus group 16 " ·as allowed to 
feed on this shee p a nd 12 engorged specimens were obtained. On the 24th the 
remainder wer e again placed on t his sheep, of which 4 engorged t hemseh·es, 
making a total of 16 engorged specimens . These mosquitoes had fed 14 to 15 
days preYious ly on sheep 31703 from experiment 10 during; the seYenth or third 
day of the r eaction (the actual commencement of the reaction is difficult to 
ascertain), t his sheep having been injected wit h rl. lineatopen11 is. 

Reacfion.- No typical febrile reaction followed t he feeding of the mos
quitoes, the temperature r emaining normal except for 26th a nd 27th Ma r ch , 
and 9th and 18th Apr il, when it rose to 104°, and on one occasion to 105.2° . 

On 19th April the irnnmnity test was applied, 1 c.c. B.T.V. being injected . 
A marked reaction followed on the 4th day, which lasted 6 days and showed a 
maximum of 107 .10. 

Result.-'L'his experiment \Yas therefore negative as no typical reaction 
followed the feeding of the mosquitoes, whereas the sheep proYed to be normnUy 
susceptible . 

ExPERiliiENT 19 (B.T. 18). 25 Aedes mballus. 
F eeding. lnteTval 14-15 days. Sheep 33528. 

On 1st April a cage C'ontaining d. caballus, groups 17, 18 and 20 combined , 
was placed on the abm·e sheep and during; the night 25 specimens engorged 
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 cla ~·s after the feeding of the mosquitoes, t he 
temperature rose to 106.2°, remained at 105.4 to 106.2° during the foll owing 
day, and was still 106° the next morning. It then dropped back to normal , 
where it remained for 9 days. On 19th April a second rise took place, 105.8 
and 103.20 being r ecorded on t hat day and 106 and 105° on the 20th with 
103.6 and 104.80 on the clay following. This was followed up to 3rd May by 
another period of normal temperatures, when 106.5 and 1()5.5° were registered. 
These t€mperatures were maintained , however , for only the one day. During 
the next 5 days t he temp1>r2ture was again normal. 

Subinoc·itlations.-On 8th April , during the first r ise of temperatur~>, sheep 
34660 was subinoculatecl " ·ith 2 c.c. blood a nti en 21st April <luring the second 
temperature rise, once more 1rit h 2 c.c. blood taken on that date. 'l'he sheep 
was kept under observation up to 8th May, 31 days after t he first and 18 
days after the second inoculation . A tempe m ture of 104° was only su rpassed 
on t he day of the first injection, on the 2 following days and on t he 8th day, 
104.70 being the highest temperature register ed. Apart from t his t he tempera
ture r emained normal. On 9th May the immunity of the sheep was tested by 
the injection of l c.c. B .T.Y. On 15th May, 6 days later, the temperat ure began 
to rise to 105.6°. l t then dropped and 4 days later was norm al again. The 
result of this subinoculation t herefor e was negative, no r eaction occurring, the 
animal being susceptible. 

W"ith the same material as t hat used in the preceding t:ase another a nimal, 
sheep 34663, was injected on 8th and 21st April. This sheep 11·a s kept under 
observation up to 12t h May, 34 days after t he first and 21 after the secon d 
inoculation . Only once, 7 days after the fi r st injection , 1n1s a tempe1·ature 
higher than 104 (104.2°) register ed for t clay, otherwise the temperature was 
normal throughout the obseiTation period. On 12th May 1 c.c. B.T.V. was 
injected in order to test the immunity. After an unmaintainecl rise of tempera
ture (104.60) on 17th May, an abrupt rise up to 107° occurred on 19th May. 
The t emperature rem a in eel at" 107° for another t day, t hen for 3 days at 105° 
and from 25th May onwards was normal again. This sheep was, therefore, 
fully susceptible, and no r eaction having followed the subinoculations, t his 
experiment must also be regarded as negative . 
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Immunity test.-On 9th May, 38 days after the feeding of th<3 mosquitoes, 
and 29 days after the first temperature reaction, t he original sheep of the 
main experiment was tested for immunity by injection of 1 c.c. B.T.V. On 
15th May t he 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. 

BesuU.-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 expected. Ten clays later another reaction appeared during which 
temperatures above 104 and 106° as maximum \\·ere noticed on 5 clays. Sub
inoculations of blood taken during these exacerbations failed to produce a 
reaction in susceptible sheep. Furthermore, after the immunity test the sheep 
reacted, although not absolutely typical, at any rate clearly enough . The 
reaction after the feeding of the mosquitoes and that which followed the 
immunity test '"ere of equal intensity. The experiment cannot be regarded as 
positive nor with certainty as negati,,e, and we prefer therefore to regard 
it as dollbthtl. 

EXPERBIE:-<T 20 (B.T. 21). Aedes coballus. 
Feeding. lnteT'Wl 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 feel on sheep 33544 and 10 specimens 
engorged themselves during the night. In this case 18 to 19 clays had elapsed 
since the inital feed on the virus sheep 9 and 10. 

neaction.- The temperature of this sheep remained norma l for 11 clays. 
On 18th April it rose from 102.6° to 105°, remained at 104.6° and 105,4° during 
the following clay and fell back from 105 to 103.6° on the third clay. There
after it remained normal except for a short rise to 104.8° on 25th A,Pril. 

Subinocnlations.-2 c.c. blood were injected into sheep 31841 on 20th April, 
the last clay 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.'l' .V. Seven clays later the temperature began to rise and reached _108.2° on 
20th May. The reaction was very marked, the temperature r emaining above 
105° for 6 consecutive days. As no reaction had followed the original injection 
the subinoculation " ·as negative. 

Together with this animal sheep 34422 was inj ected with the same material. 
On the 2nd and 3rd day after the inoculation the temperature was somewhat 
elevated (104 and 105°), but thereafter normal up to 12th May, "·hen the sheep 
\Yas te-sted for immunity by injection of 1 c.c. B .T.V. Ten days later the sheep 
reacted, the fe,·er lasting 6-7 da~'S, and 107° being the highest temperature 
noticed. This subinoculation was- a[so negative. 

lmmun·ity test .-On 9th May, 34 days after the feeding of the mosquitoes 
and 19 days after the fever reaction the immunit~· of sheep 33544 of the main 
exper iment 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° lt 
remained in the Yicinity of 106 for one more day, commenced falling the next 
day, at first slightly , and regained normal on 22nd May. 

RP.~nlt.-This experiment is still more difficult to interpret t han the 
preceding. Eight days after the f<:Jeding of the mosquitoes a fever r eaction 
<·ommenf'ed , s hO\\·ing its maximum 3 days later. It was not very severe, but 
was quite typical, occurring in a sheep with normally regular temperatures and 
at the t ime when a reaction from the feeding of the mosquitoes could be 
expected . A sub inoculation of the blood, taken during the feYer reaction, into 
two susceptible sheep failed to produce any result and furthermore, the 
immunity test of the original sheep was quite marked. vVe therefore pr<:Jfer 
to regard this experiment as doubtful as well. 

ExrEnnrE.:-;T 21 (B.T. 24). A edes caballus. 
lnject·ion. lnteTval 35-36 da.ys. Sheep 34615. 

Of t he combined mosquito groups 17, 18 and 20, '"hich had been used in 
experiments 19 and 20, only one specimen remained one month after the initial 
feed. 'Ve could not induce this specimen to feed again on another sheep, and 

531 



INVESTIGATIONS IKTO THE TTIANS::\llSSlOK OF BLUETOKGUE TN SHEEP. 

on 22nd April it was, ther~fore, injected after an interval of 35 to 36 days 
into sheep 34615. 

Beaction.-The sheep was kept under obsenation for 20 days . During this 
period no r eaction occurred, 103.4° being the highest temperature r egistered. 

1'he im11mnity t est was applied on 12th May through injection of 1 c.c. 
B.'r.V. Five days later a t emperature reaction began to appear which, hmY
ever, was not typical and not very marked. It lasted about 6 days with 
temperatures varying between 103 and 105.2°. 

Res11lt.-VIe regard this experiment also as neg(~tive, as no reaction follmYed 
the injection of the mosquito. The fever following the subsequent virus injec
tion was not marked and perhaps the sheep was slightly immune. " Te do not 
~hink, however, that through this the result of our experiment ''"as largely 
mfl uenced. 

C. ExPERIMENTS \YITH Aedes l-ineatopennis. 

On virus sheep No. 8, i.e. the original case, 44 A. lineafopennis were fed, 
and 92 specimens on the two suhinoculated animals together. These constituted 
practically the end of our supply of this species as the season \HlS almost over 
and A. linea fop e111tis was becoming comparatively rare. The mortality amongst 
this species, although considerable, was noticeably less than amongst 
A. cabaUus 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 da~'s and 16 after 18 to 26 days_ 
In a fourth experiment 10 specimens " ·ere 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 t he subinoculated sheep . 

Virus sheep: 8 to 10 and mosquito groups: 
GTonp ll.-Fed on virus sheep 8 during the night of 9th to lOth Marc·h. 

Second (or third) day of fever. Temperature 105.2 and 104.5°. 44 speci mens 
(caught as adults) engorged. Used for experiments 22 and 23. 

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

GrolllJ 13.-Fed at the same 
(or first to second) day of fever. 
(caught a s adults or reared from 
and 25. 

time as group 12 on virus sheep 9. Third 
Temperature 106 and 105.3°. 11 specimens 
larvae) engorged . Used for experiments 24 

G1·onp 14.-Fed on th.!) same virus sheep the following night. Fourth (or 
second to third) day of fever. Temperature 105 and 10.3°. 15 specimens 
(caught a s adults or reared from larvae) engorged. Used for experiments 24 
and 25. 

GTOvp 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 from larvae) engorged. Used for experiments 24 and 25. 

ExPEJUMF:NT 22 (B.T. 16). 8 Aecles lineafopenn is. 
Feedina. Interval 14-20 clays. Sheep 31694. 

On 23rd March, A. lineatopennis (group ll) " ·ere placed on this sheep, 
two specimens feeding during the night. The following day the remainder were 
put on to this sheep, four more engorg'ld specimens being obtained. On 29th 
March all the r'lmaining 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 inten-al 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 clays of a febri le 
reaction. 

Hen ction.- Sheep 31694 was kept under observation for 28 d ays (21 days 
a fter the last mosquitoes had fed) during which period the temperature 
remained normal , the highest point reached being 103.4°. 
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lmnmnity test.-On 20th April the immunitv was tested by the injection 
of 1 c.c. B .T.V. On the 6th da~· p.i. the tempera"ture rose to 105, fell to 103.1° 
that afternoon, registered 102.6° and 107° the following cla~·, then 105.2 and 
106.4° and on the 9th day p.i. 103.8 and 104.9°. From the lOth dav onwards it 
remained normal. Although a maximum temperature of 107o was l·ecorded the 
reaction was not very markerl, being of a remittant nature and remaining 
above 104° for a period of less t han 48 hours. 

Result.-Not\\·ithstanding the somewhat atypieal nature of the immunity 
test this experiment must he regarded as negoti''C. 

Ji:xPERBIENT 23 (B.T. 17). 10 .4edes lin eatopenni.s. 
injection. Jntercol 22 da.ys. Sheep 31777. 

On 31st March, 10 specimens (the t·emainder of .4. lineatopennis group 11), 
which had heen used in the preceding experime nt, were injected into sheep 
31777. The interval between the feeding of the mosquitoes on the Yirus sheep 
and their injection was 22 days. 

Heaction.-Except for a slight rise the day after iniection, the temperature 
of this sheep remained normal for 12 days. A very slight temperature reaction 
then commenced which lasted for two days, t he temperature recorded on the 
afternoon of the 13th day being 102.4 and 104.60 and the following morning 
103.4 and 104.5°. Throughout the foll.owing week t he temperature, although 
fluctuating remained normal. 

lmmtmity test.- On 21st April, 3 weeks after the injection of mosquitoes, 
the immunity was tested, 1 c.c. B.T.V. being injected. T he reaction that 
follo\\·ed was not typical. Seven days, p.i. the temperature rose to 105.6°, 
remained at 104.4 for 48 hours and thereafter returned to normal for 2 days, 
\Yhen another rise up to 104.8° lasting ! day, followed. During the following 
week the temperature was again normal. 

Result.-lt is not possible to express a definite opinion as to the result of 
this experiment and we have to regard it as dotLutjnl. The injection of the 
mosquitoBs was not followed by a definite fever reaction, but on the othe r 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 number of 
other sheep . The sheep may possibly haYe acqu ired an itnmunit:y prio:.· to 
the commencement of this experiment. 

ExPEltUIENT 24 (B.T. 19). 15 .4edes l·i1'eutO]Jennis. 
Feeding. lnten,al 14-15 days. Sheep 32076. 

On lst April, 1932, the combined groups 12 to 15 of A.linecdopennis were 
place on sheep 32076, and during the night 15 out of the 21 ~pecimens fed. 
These mosquitoes had fed between 17th and 19th March on virus sheep 9 a nd 
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 104.20 were recorded; the 14th 105.9 and 104.80 and on the 15th 
104 and 103.4°. This concluded the fever reaction, hut i.he temperature there
after remained somewhat higher than during the incubation period, often 
reaching or su rpassing 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 clay. 

The first sheep did not show a typical reaction . In t he course of an 
observation period of 25 days, the highest temperature recorded was 104.6°, 
104° being reached or surpassed on thB 2nd, 6th to 8th and ] 4th 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 reached 106.2°, but fell the next day to 103.6°. The following 
morning another rise made its appeara nee, the temperature remaining at 106° 
for 24 hours and then falling back to normal. This s ubinccu lat ion was there
fore negative. 

The second sheep, however, showed a very m a rked reaction after an incu
bation period of 5 flays, which lasted for 7 days, the maximum temperature 
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attained being 106.6°. For 4 consecutive clays the temperature varied between 
1.04.8 and 106.6°, during which time it fell below 1.05° for only half a clay (for 
full references of the temperature see under virus sh~ep 1.3). Slight but typical 
clinical symptoms were shown, discharges from the nostrils, slight stomatitis 
and warm feet being evident. Dullness with a general sick appearance was 
apparent for a number of days. From 26th April onwards the temperature was 
normal. On 12th May, 28 clays after the injection of blood and 1~ dRys 
after the end of the febrile reaction the sheep was tested for munumty by 
injection of 1 c.c. n.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 "·as therefore positiYe. 

Immunity test.-On 3rd May, 32 days after feeding the mosquitoes and 18 
days after the fe,·~r 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 106°, 
107.60 being registered as maximum. On the third day (12th Ma~·) 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 slight fe,·er reac-tion "·ith a ma}("imum tempera
ture of 105.9° occurred. It may have been a slight attack of bluetongue fever 
and therefore 2 other animals were suhinoculated 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 shO\Y an~' 
readion of importance and later also proved to be susceptible. In the second 
sheep, however, the inoculation was follmYed by a typical and marked reaction 
with slight, but typical clinical s~·mptoms, and when tested for immunity 17 
days after the reaction it proved to be totally immune. "\Ve maintain that 
this experiment must be regarded as po.~itive, on account of the definite result 
in one of the subinoculation experiments, notwithstanding 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 praYed 
clearly, it was not strong enough to give the sheep an immunity sufficient to 
resist a subsequent inoculation of bluetongue virus. 

ExPEmMENT 25 (B.T. 22). 16 Aedes lineatopennis. 
li'eeiling. InteT'L·al 18-26 days. Sheep 33554. 

On 5th April, 1932, the remainder of the d. li.neatopennis (combined) 
groups 12-15, used in the preceding experiment, were allowed to feed on sheep 
:~3554, 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 Yirus sheep 9-10, the interval 
in the case of the 14 specimens hnving been 18-19 days and in the remaining 
t"·o 25 to 26 days. 

Reaction.-The tempentture of the sheep remail"ed normal for the first 
8 days, disregarding the second feeding of the mosquitoes. Then on 14th April 
it rose from 103.4 to 104.8°, the next day registering 104.20. One 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 
clays a slightly ele,·ated temperature was noted (maximum 103.9°) and there
after it returned to normal and shmYed a regular course, remaining for 17 days 
below 104° except for one sudden rise up to 105°, lasting, howeY~r, only ! day. 

Snbinowlation.-On 18th April , the second day of the fe,·er reaction, 2 c.c. 
blood taken on this clay were injected into sheep 32302, which was kept under 
observation for 21 days. During this period only once, 9 clays after the injec
tion was a temperature above 1.04 (104.4°) registered for ! da~· . On 9th :\1ay 
1 c.c. B.T.V. was injected for testing the immunity . On 16th May, 7 clays 
later, the temperature reached 107.1° and 107.60. lt began to drop the next 
day, but an ele,·ated temperature \\·as maintained for the follo"·ing 6-7 clays. 
The sheep was fully susceptible and the subinoculation negative. 
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Together " ·ith the preceding animal another sheep, 32317, " ·as injected with 
the same material. It was also kept under observation for 21 days. Except 
for some fluctuations, up to 107° on 21st April, to 104.5° on the 25th and to 
105° on the 27th, which however were maintained in each case for only ! day , 
the temperature r emained normal. On 9th May the sheep was tested for 
immunity by the injectiou of l c.c. B.T.V. This injection wa s also follo"·ed 
by a marked r eaction. The temperature hegan to rise on lilth )fay, reached 
107.4° on t he 17th and remained between 104 and 106° for 4 more days. This 
snbinoculation was, therefore, also negative. 

Immtmity t est.-On 9th )1a,,-, 34 days after the feeding of the mosquitoes 
and 20 days after the second and more marke'cl reaction, the original sheep 
was injected with l c.c. B.'l'.Y. A typical react.ion followed. Six days lat(>r 
the temperature began to rise, 106.8°, the maximum , being reached the next 
day. A more or less elevated temperature (l03-l06.2°) was maintained for 
6 more clays. 

The 1·c.sult of this experiment must he regarded as doubtful for the same 
rea~ons as some of the previous ones. Eight days after the feeding of the 
inosquitoes quite a typical fe,·er reaction with temperatures up to 106° 
appeared. However, the same sheep tested for immunity 20 days later pro,·ed 
to be normally susceptible. Two other susceptible animals injected with blood 
of this sheep taken towards the epd of the fever period, did not show any 
reaetion after the injection. 

D. ExPEllDIENTS WITH AedPs hir.wf?t.s. 

Only one experiment "·ith three speci mens could be conducted with 
;1. ltirsutus. 

Virus sheep 9. 
Mosqnitu y?·oup 5.-Fed on nrus sheep 9 durin!! the night of 18th to 19th 

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

ExP•~HBIEJS'T 26 (B.T. 20). 3 Aedes hiTsutus. 

Feeding. Interra1 17 days . Sh ee]J 33533. 

On 4th April, 1932, A hinutus group .5 was feel on the abO\·e sheep and 
3 specimens e ngorged themselves. These mosquitoes had fed 17 days preYiously 
on an infected sheep . 

Ueaction.-Throughout the observation period of 21 clays the temperature 
remainder normal, 103.4° being t he. maximum ret'orclecl. 

On 26th April the im.m1vnity test was applied, l c.c. B.T.V. being injected. 
The temperature rose 3 days later up to 107°. " ·hercas the next day 105.2 and 
104.6° were registered. Two da.vs of norma l temperature followed. On the 
7th clay the temperature rose again to 105.7 and 105°. After 2 further clays of 
normal temperature 105 and 105.4° were r el'orcled on the lOth clay and 104.8 
and 105° on t he llth , after which the temperature returned to normal, where 
it remained. In this case temperature readions \\'ere noticed on the 3rd and 
4th, the 7th and the lOth to 11th days. The first elen1tion of tem!Jeratur(> 
was too early for a bluetongue reaction; the two others \Yere not typical and 
very weak. 

Result.-The feeding of mosquitoes "·as no followed by an~· temperature 
reaction at all, but notwithstand ing that the experiment has to be regarded 
as donbtful, as the reaetion following the immunity test •n1s, if it is to be 
rega rdecl as a r eaction at all, very weak. 

E. DISCUSSION Qlo' THE RESULTS OBTAINED \\'ITH THE YACCINE STJtAIK 

OF VIRUS Al'TER ONE DEFINITE PASSAGE THROL"GH ~!OSQUITOES . 

In Marc-h, 1932, a positive ('ase of bluetongue wa;; obtained by 
ihe injection of 60 A!edes hneatopt>'nn is, whil'h hacl feel on au 
infected sheep 17 -] 9 days previous ( r·ide Exveriment 10 of the :first 
chapter). Blood of the mosquito-infeetecl sheep was subinoculated 
in two ot.her animals, and these also showed typical reactions. On 
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these three sheep 592 mosquitoes were feel. 446 A. caball1ts, 136 
A. line(dozJenn/8 and 10 A. hits1d1ts. At the time of the reactions 
of these sheep, about the micldle of March, A. mball1ts were 
numerous, a fair number of A. linneatopennis coulcl be obtained, 
\Yhereas only a few specimens of A. hitS1lhts "·ere bred. 

The mosquitoes were used in this series of experiments mainly 
for feeding experiments. After their feeding on one of the Yirus 
sheep the mosquitoes were kept on sugar water in cages or jars in 
our warm room. They were then first fed on ;.;usceptible sheep after 
an interval of 14 clays, allowing- thus sufficient time for a develop
ment of the virus in these inseets. Part of the mosquitoes were later 
fed onee again on other susceptible sheep and some were emulsifiecl 
and injected Rubcutaneously into sheep. vVhen fe,·er l'eaetion::; 
followed the feeding or injection of mosquitoes, bloo<l " ·as subinocu
lated into other ;,heep. All the sheep u.-ed were te::;ted for immunity 
afte1· a sufficient time had elapsed by subinoculation of 1 c.c. of 
the normal vaceine virus. 

In all, 9 experiments were carried out, the re;.;ults of which \Ye 
will briefly summarize. 

Aedes ('({Uall1tS, experiment 18, 
interval of 14-15 d:ws. No reaction. 
Hesult negative. " 

fed 16 spel'imens after an 
Sheep nonna lly susceptible . 

A. cnballvs, experiment 19, fed 25 speeimens after an interval 
of 14-15 clays. Short reaction after G clays anfl 10 days later. 
Immunity test applied 29 clays aftel' the fin;t reaction gaYe a some
'"hat a typical reaction of Himilar intensity. Subinoculations int·o 
2 susceptible ~heep were negntiTe. llesult of the experiment drmldful. 

A. cal)(lll?ts , experiment 20, fefl 10 specimens (the same 
mosquitoes as in experiment 19) after an interYal of ] 9 days. A 
fai1·ly t,Ypical reaction of medium intensity ocr·urrecl 11 clays latel'. 
The immu nity test .applied 19 clays after this reaction gave a markefl 
reaction. 8uhinoculations into 2 susceptible sheep failed to produce 
any reaction. 'fhe result o-f the experiment \Y:l S i4mtbt.fv7. 

A . caba.ll1ts, experiment 21, 1 specimen, which had been used 
in the t"~>o preceding experiments, was injected after 35-36 days 
into a sheep. No reaction. Sheep normally susceptible. Result 
negative. 

A . •lineatope11 nt:.s, experiment 22, fed 8 specnnens after an 
i nte1'Val of 14-20 clays . No reaction. Sheep susceptible, reaction 
of the immunity test, ho,YeYer, somewhat atypical. Result ne.gati'Ue. 

A . llneatopennis, experiment 23, 10 specimens, the remainder 
o{ the preceding experiment, injected after 22 da:vs. K o definite 
1·eaeti.on. R.eadion of the immunity test not typica l. Result 
rlmtlJfj1tl. 

experiment 24, 15 spel'imens fed after an 
After 12. days a tempernture reaction, how
occurred. vVhen tested 18 clays later for 

A . hneatopenn'is, 
interval of 14-EJ clays. 
eYer, not very marked, 
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immunity the sheep "·as normally susceptible. During the short 
febrile reaction blood was subinoculated into 2 sheep. One animal 
remained normal, the other however developed a typical and 
marked fever reaction accompanied by slight but typical clinical 
symptoms after an incubation period of 5 clays. 'fhere 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 days. Eight days later a fairly typical temperature 
reaction appeared. However, 20 days later the sheep proved to be 
norlllally 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 "·as 
doubtf~tl. 

A. hirs1ttus, experiment 26, fed 3 specimens after an interval -of 
17 days. No reaCtion. Immunity test very doubtful. Result of 
the experiment therefore do1tbtjul. 

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 inten-al of 14-15 days on a shee}). 
In this experiment one of the subinoculated animals, sheep 34531, 
showed a bluetongue reaction, which allowed no doubt as to its 
nature, a marked and typical temperature reaction, slight but 
typical clinical symptoms (the vaccine strain used never shows 
marked symptoms under experimental eonditions) and a total 
immunity after the end of the reaction. 'fhe original sheep, ho"·
ever, showed only a short and mild reaction ''"hich 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 m the experiments with 
A. caball~ts. 

In experiment 19 after feeding a batch of mosquitoes which had 
been infected 14-15 days previously, 5 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, feel on another sheep 4 days later ( experi
ment 20), gave once more the same result, quite a good febrile 
reaction 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 use and those with somewhat irregular 
temperatures were discharged. 'l'he reactions therefore certainly 
IYere 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 clays (experiment 21), and 
8 A. lineatopennis fed after 14-20 days (experiment 22) were 
negative. Experiments IYith 10 A. lineatopennis (Xo. 23) injected 
after 22 days and with 3 A. hi·rs'utus (experiment 26) after 17 dayt> 
IYere doubtful, although in all probability also negatiYe. These 
negative or doubtful 1·esults were all obtained with mosquitoes fed 
on virus sheep 8 (infected by injection of mosquitoes), "·hereas the 
mosquitoes giving a positive or doubtful, but quite t:ypical reactions, 
had infeded themseh-es on virus sheep 9 and 10 (infected by sub
inoculation of blood from Yints sheep 8). 

It is, therefore, not impossible that part of our failures in 
these experiments was clue to a slig-ht degree of Yirulence of the 
virus. It is a known 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 
dinical cases into sheep in the laboratory, the eourse of the disease 
being mild and closely simulating- that produced by the Yaccine 
strain. 'l'hi:< appears to be mainly dee to the better <"Onditions under 
whieh sheep are kept in stables than is the cuRe under field 
conditions. 

'l'he small amount of virus injected into a sheep by an infectec1 
nwsquito may just have been sufficient to produce a fever reaction, 
but it "·as insufficient to produce an immunity capable of resisting
the comparatiYely 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 tD 
produce infection~ by subinoculahon for only a relatively short time. 
Once present in ~>ufficient amount in the blood, the virus would 
pror1uce normal immunity as in sheep 34531 (cf. also the results of 
mosquito feerling on Yirus sheep 8, infected through mosquito inje<"
tion and on virus sheep 9-10, infected through subinoculations) . 

'l'hese are certainly possibilities whereby our results could be 
explained but they do not entirely satisfy us. 

Concludinp; this discussion we believe that "·e llln·e S11cceeded 
in tr·ansm.itt·ing a bluetong11e infe('tion by means of allou·,:ng in
fected specimens of Aedes lineotopennis to feed on svsceptible sheep. 
The e.vperim.ents, hmcet·er, wer·e not sufficiently clear c11t and they 
do not permit of any defi.ude conclnsion abo11t the natm·nl trans
mission of bl1wtong11e to be an·i'vecl at. 

On the other hand, the experiments certainly do not exclude 
A. lineatozJennis and A. caballus as possible vectors. 
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VI. EXPERIMENTS WITH THE VACCINE VIRUS AFTER 
TWO (TRUE OR SUPPOSED) PASSAGES TH ROUCH 
MOSQUITOES. 

In the preceding chapter we have described some experiments 
with a strain of the ordinary vaccine virus after a survival of 17-19 
clays in mosquitoes . After feeding the mosquitoes iufectecl with this 
strain more or less marked fever readions appeared in some cases, 
which, however, " ·ere not followed by immunity. Only in the eatle 
of one sheep infected by suhinoculation of blood was a complete 
immunity aequired. On three of these sheep, mosquitoes "·ere fed 
during the fever reaetiou and after an interval of at least 14 days, 
these were again fed on susceptible animals. 

During the interval these mosquitoes "·ere kept on sugar water 
m our warm room, whieh was only heated at night at that time 
as the day temperature was sufficiently high for virus development. 

At the time of t hese experiments, viz., tovYards 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 . l·ineatopennis was also present, but 'Ye lost 
the group of this species later through an unfortunate accident. 

A. VIRUS SHEEP. 

T he follo"·ing three sheep, infected in experiments described in the pre
ceding chapter, were used for infecting mosquitoes. The reactions shown by 
t hese animals "·ere of a true bluetongue nature en· at any rate practieally 
indistinguishable from such reactions. · 

Virus sheep ll=sheep 33528 from experiment 19, reacting after feeding of 
ANles caball1ls. 

Besnlt .- This sheep showed a series of febri le reactions. ·we are here 
concerned with only t he first of t hem. The temperatu re on 7th April, 6 days 
after the feeding of t he mosquitoes, was 102.6-106.2°, t he 8th 105.4 and 106°, 
the 9th 106 and 103.2° and the l Oth (a.m.) 104.6°. Tested later h~· injection of 
B.T.V. this sheep was susceptible. 

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

Besult.-The mosquitoes were fed on 5th April, and 12 da~·s 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 
011 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, t he 21st 105.6 and 105.7°, the 22nd 104.8 and 
106.6°, t he 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 vi rus sheep one group of A. caballt~s was fed. In 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 d ied en masse during the period of ovipos
tion 4 days after they fed . The other two groups retained their vitality much 
longer. 
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With these mosquitoes 5 experiments (Nos. 27-31) were carried out apd 
136 specimens were feel again on susceptible sheep after an interval of 14-21 
clays. 

Experiment 27 was carri ed out 1nth mosquitoes feel on ,·irus sheep 11; 
experiments 28 and 29 with specimens from v1rus sheep 12 and expenments 30 
and 31 from virus sheep 13. 

Virus sheep 11-13 nncl mosquito groups: 
(houp 21.-Fecl during the night of 7th to 8th April, 1932, on Yirus sheep 

11. First day of fever. Temperature 106.2-105.4°. 118 specimens (caught as 
adults) engorged. Used for experiment 27. 

01'01tp 28.-Fed during the night of 18th to 19th April on Yirus sheep 12. 
Se<:ond to third day of fever. Temperature 105.6-104.2°. 118 spePimens (reined 
from larvae) engorged. Used for experiments 28 and 29. 
. G1·m~p 34.-Fed during the night of 22nd to 23rd April on virus sheep 13. 
Fourth d~ty of feYer. Temperature 106.6-105.5°. 121 specimens (reared from 
larvae) e ngorged. Used for experiments 30 and 31. 

ExPERDIE:s--r 27 (B.T. 25). 2 A_edes coballus. 
Feedi1l(J. Internll 15 days_ Sheep 34084. 

During the n\ght 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 vrrus sheep 11 (of experiment l U) during the first day of a febrile reaction. 

_ Heaction.-The sheep was kept under observation fo r 21 days. During this 
perwd no r eact1on occurred, no temperature aho1·e 104° being recorded. 

Immunity test.-On Hth May the sheep \\'as inoculated with l c.c. B.T.Y. 
On 19th .Vlay a short rise to 106° OC'eurred, the temperature dropping to normal, 
holl'ever , the same day. On 21st May another, and this time marked, reaction 
began lasting 4-5 days with 107° as maximum. 

Hes'lllt.-This experiment was negative. After the feeding of 2 specimens 
no temperature reaction follo\\·ed, "·hereas the sheep \1'<1S normally susceptible. 

EXPERD!E:o-;T 28 (B .T. 33). 41 .-ledes caballus. 
Feeclinu. lnten;al 15 duys. Sheep 345.50. 

On 3rd May, 1932, .1. caballus group 28 was put on sheep 34550 and 41 
(out of 77) specimens engorged t hemselves during the night. These had fed 
15 days before on virus sheep 12 (of experiment 25) during the second to third 
cla~· of feYer. 

Heaction.-Up to 15th April, i .e. 12 days folloll'ing t he feed the temperature 
remained normal. A short rise to 105.6° lasting, ho\1-eYer, less than 24 hours, 
then appeared. Thereafter another week of normal temperature followed . On 
24th May, 104.6° was recorded, the temperature remained between 103.8 and 
104.6° for 3 dnys and then ch·oppcd to normal. 

lnwmnity test .- On 28th Ma,,-, 2.5 da~·s after t he feeding of the mosquitoes 
the sheep ''"as injected '"ith 1 c.c. B.T.V. The following day the temperature 
started to rise again, 105.4 being recorded on 30th May. The temperature 
dropped one day later, but directly c-ommenced rising again and fluctuated 
hetll'een 103.4 and 105.4° from 31st May to 4th June. On 6th May it was 
normal again hnt the following clay a more typic-al reaetion set in. lasting 
5 days with 107° as the highest point of the reaction. On 17th June the sheep 
ll'as clisclJarged from obser vation. 

B e.wlt .- lt is difficult to form a definite opinion about the result of this 
exper iment, and we have to regard it as do1~btjul. Twenty days after the 
feeding Df 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 C(>mmencing on 24th May, 
prior to the immunit~' test, being connected with one another presents itself. 
Furthermore, the inoculation period of what is considered to be t hat of the 
normal bluetongue reaction of the immunity test was longer than normal, v iz ., 
10 days. 
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ExPElUMRNT 29 (B.'f . 40). 36 .4.edes ca,balltls. 
Feeding. Tntenwl 21 days. Sheep 34409. 

During the night of 9th to lOth May the same mosquitoes as used in the 
preceding experiment were put on to sheep 34409. 49 Epecimens still remaineu 
and of these 36 engorged themselves. The interval was no"· 21 days. 

l:euction.- - On 17th May a sJ, ort ri~e of temperature up to 104.8°, lasting, 
however, only ! day, occurred. 10 days of normal tempt:rature followed. 'l'he 
temperature then became somew!Jat irregular, varymg between 102.8 and 104.6° 

Immunity test.-On lOth June, a month after the feeding of the mosquitoes, 
1 c.c. B.T.V. was injected. Directly after t his injection the temperature rose 
to 107°, but had regained normal by the next morning. After 8 days a marked 
reaction set in lasting about 6 days with temperatures of up to 106.8° and 
remissions of 102° _ 

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

ExPERIMExT 30 (13.'1' . 37). 40 A edes caballus. 

Feeding. lnten;al 14 days . Sheep 34175. 

On 6th May, d. cabal/us (group 34) was put on to this sheep, and during 
tl1e following night 40 (out of 61) specimens engorged themseh·es . These 
mosquitoes had fed 14 da_,·s before on ,-irus sheep 13 (sheep 34531 from experi
m e nt 2.3) during the 4th day of fever. 

ll,eaction.--Du ring the first 12 day,; a n::>rmal and regular tPmperatu re \\·as 
maintained (102.4-103.8°). Jt then began to rist>, and 011 22nd June 105 and 
105.4° were reached. 23rcl June 105.4 and 102.1° \\·ere recorded, the 24th (a.m.) 
104.8°, the 25th 10-!.6 and 1050, the 26th 104.2 and 1050, the 27th 10.'5 and 
104.3° and the 28th (a.m.) 105.20. 

lmnwnity tesf.-The same clay, 28th May, the sheep was injected subcu
taneously with 1 c.c. B.T.Y. That afternoon the temperature rose to 106.4, a 
temperature whi.ch was maintained until the following morning. It then 
dropped to normal and began to rise again on 5th June, 8 days after the 
injection , r eaching 106.8°, the highest point, on 9th June. Four days later 
the r eaction came to an encl. 

The rewlt of the experiment is to be regarded as donbf/td. 13-16 days 
afte r the feeding of 40 infected mosquitoes a marked fever reaction set in. At 
its highest point, mYing to an unfortunate error, the sheep was tested for 
1mnumity and 8-9 days later a similar r eaction occurred. It is possible in any 
case, that the first reaction was due to a bluetongue infection transm itted by 
the mosquitoes which , howeYer, did not confer or had not then conferred to the 
s heep a sufficient degree of immunit_,. to r esist without any r eaction the 
subsequent Yirus injection. 

ExrEniMExT 31 (B.T. 41). 17 A.edes calwllvs. 

F eeding. Int erval 20 days. Sheep 34423. 

On 12th May the remaining specimens of A. caballus (group 34), which had 
.already been used in the preceding experiment , were put on to sheep 34423 allcl 
-during the night 17 (out of 25) specime11s feeL 

B eaction.-On 14th May, t wo clays after tl1e feeding, a temperature of 
106.2° was recorded, but the following clAy it commencPd to drop, and n~mained 
normal for 9 da~·s, after which a somewhat irregular course was noticeu, 
temperatures of 104-104.8° being noticed on 24th, 29th , 31st .Yiay, bt and 4th 
June. 

Inwwnity test.-On 8th June, 27 days after the feeding of the mosquitoes, 
the s heep "·as injected subcutaneously with 1 c.c. B.T.Y. 15th June, 7 clays 
later, the temperature began to rise. The reaction which was of medium 
intensity, lasted 3-4 days, the highest temperature recorded being 106.4°. 

The Tesl~lt of this experiment was negative. After the feeding of the 
mosquitoes no typicul reaction occurred, whereas the sh eep proved to be 
susceptible. 
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C. Exl'J<.:HDIENTS "'ITII Aedes lineatopennis. 

'When these experiments were undertaken in April Aedes lineatopennis was 
very difficult to obtain. Only one group could be fed on one of the Yirus sheep 
and this was again fed 15 days later on a susceptible sheep. Shortlv after-
lnuds this group was accidently lost. · 

Virus sheep 11 was used and mosquito (]1'01.~]) 16.-Fed during the night 
of 7th to 8th April on virus sheep 11. First day of fever. Temperature 106.2-
105.40. 75 specimens (caught as adults) engorged. Used for experiment 32. 

ExPERDIE~T 32 (B.T. 26). i!edes lineatopenni~. 
Feedina. InteTval 15 days. Sheep 34797. 

On 22nd April, 1932, .4 .. lineatopennis group 16 was put on to sheep 34797 
nnd during t he night 10 (out of 20) specimens fed. The~· had their initial 
feed 15 clays pre\'iously on sheep 33528 during the first day of a febrile reaction. 

No real ·reaction followed the feed ing of these mosquitoes during an obsen·a
tion period of 23 days. Only once, 4 days after the infecting feed of the 
mosquitoes, was a temperature in excess of 104° noticed (104.4°). This, how
el·er , was maintained for less than 24 hours. 

Immt~nity t est.-On 16th Ma~· the sheep was injected subcutaneously with 
1 c.c. B.T.V. 24th May, 8 days later, the temperature began to rise, reaching 
106.6°, the maximum of the reaction, 2 days later. The reaction lasted 8-4 
days, and although not very marked, was quite typical. 

The 1·esult of this experiment 11·as neaati-ve, no typica l reaction following 
the feeding of the mosquitoes on a sheep which, '"hen tested for immunity, 
proved to be susceptible. 

D. RESULTS OF ExPERUIENTS \YITH THE VAccrKE YrRus Al'TER 
T\YO (SUPPOSED) PASSAGES THRO"GGH ~fOSQUTOES. 

In April, 1932, we obtained fever reactions in sheep after 
the feeding of mosquitoes which hacl infected themselves on a sheep 
showing a bluetongue reaction after the injection of mosquitoes or 
on two other animals injeeted 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 
\Yith bloocl taken from one of these animals during the fever period, 
showed a typical reaction cornbined 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 caballvs and 75 A. linneatopenru·s 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. lineatopenn'is. In the experiments with A. caballus all 
three virus sheep \Yere used; in the case of the latter species only 
one sheep, viz., one of the 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 negat1've results. 

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

A. caballus, experimeut 29, waR r·arried out with the same 
mosquito group, of which 06 specimens feel for the second time after 
au interval of 21 clays. In this case, however, the result was with
out doubt negative; no reaction followed the feeding of the 
mosquitoes, "·hereas the sheep was normally susceptible. 

A. caball1ts, experiment 30, was made with mosquitoes which 
had fed on the subinoculated sheep showing a true bluetongue 
reaction follmYecl by complete immunity. 40 specimens feel after 
an inten-al of 14 clays. 13-16 days later a marked reaction set in. 
Befme this reaction was closed unfortunately the immunity test 
was applied and this showed the normal course. 'fhe result there
fore was do1tbtj1ll. 

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

A. limiNdozJennis, experiment 32, with 10 specimens after an 
interval of 15 days. Hesult negative. 

In all these exper iments i) susceptible sheep were bitten 139 
times by infected A. cahallus after intervals ranging between 14 
and 21 days and hy 10 A. lineatopennis after 15 clays. Four of 
these experiments \Yere certainly negative, whereas in two the results 
were doubtful. Especially in one of these cases (experiment 30), in 
which 40 A. caballus were fed after 14 clays, there is a definite possi
bility that the experiment was really positiYe. 

It must be remembered that these mosquitoes "·ere 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. EXPERIMENTS WITH A STRAIN FROM IXOPO. 

At the beginning of April, 1932, through the courtesy of the 
Government Veterinary Officer, we received a quan tity of preserved 
blood hom a natural case of bluetonge from Ixopo (Natal). Our 
hope that with this material clinical cases of bluetongue c·oulcl be 
produeecl aucl that in future we would not have to rely a ny more 
on only more or less typical temperature reactions as produced by 
the vae('ine Btrain of bluetongue " ·as, however, not realized. 'l'wo 
sheep were injected with this material, but both showed only very 
slight reactions lasting less than 48 hours in each case and showing 
no elini('al symptoms. The vi rulence, therefore, was less than that 
of the ordinary vaccine strain. ~iosquitoes were fed on these two 
sheep but thereafter the strain was a bancloned. 

At the time of the short febrile reaction in these sheep Aedes 
ralwll1Js was the onl:v 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 diminished rapidly mYing to an extraordinary high 
mortality amongst them. 

Apart from this species a few A. lineatopennis were feel and 
also some A. dru1'hanensis, which appeared during that time in one 
of our experimental breeding places. 

T_he experiments were conducte<l in the usual manner, the 
infected mosquitos being refed on susceptible sheep after an interval 
of at least 14 days. 

A. VIRUS SHEEP. 

The follo"·ing t'ro sheep ''"ere injected with the Ixopo strain: 

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

Besult.-The temperature remained normal or nearly normal up to lOth 
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. 

Besult.- The temperature remained normal up to lOth 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 c:}ay onwards normal temperatures 
were maintained, ranging between 102 and 104.6°. In this case as well the 
reaction, although definite, was ,-ery short, less than 48 hours. 

B. ExPERIMENTS WITH Aedes caballus . 

On both virus sheep a batch of A. cabalhts 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 feel , of which 17 suniYecl at the 
end of 15 clays. Of 252 feel during the second night 23 survived. 24 clays 
later only 6 out of the four batches were left. The mortality was extremely 
high in this case. 

'l'he mosquitoes were fed on three susceptible sheep; the two batches feel 
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 t he second sheep and the remaining specimens of the lots together 
were feel on the last animal at the end of 24 days. After 45-46 clays 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: 

GTo11p 22.-Fecl 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. 

G1·oup 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. · 

G'1·oup 24.-Fed on the same virus sheep during the follo"·ing night. First 
day after the end of the febrile reaction . Temperature 104-104.2°. 150 
specimens (reared from larvae) engorged. Used for experiments 34-36. 

G1"0UJJ25.-Fed on virus sheep 15 during the same night. First clay after 
the end of the .febrile reaction. Temperature 103.4-102.6° . 142 specimens 
(reared fr01'n larvae) engorged. Used foi· experi_ments 34-36. 
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ExPEHIMENT 33 (B.T. 28). 13 Aedes raballus. 
Feeding. lnte1·val 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) specime ns eng-orged 
themselves during the ensuing night. These mosquitoes had fed .on an infected 
sheep 15 days previously at the peak of a short febrile reaction. 

lfeaction.-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, how~n·er, a temperature of 103.4° was noticed, the following 
morning 103.8° was recorded and for the following 5 day~ temperatures higher 
than 103° were frequently seen. Thereafter the temperature became s-omewhat 
irregular with unmaintained rises t.o 104.2 and 104.4° on 19th and 27th l\Iay, 
the day before the application of the immunity test. 

lnwmnity test .- On 28th May, 32 day~ after the feeding of the mosquitoe~ , 
1 c.c. blood of virus sheep 14, taken on 12th April, was injected subcutaneously. 
The temperature commenced rising immediately either o11·ing to 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° occurred 
on this date, but on the 31st the temperature commenced rising again and the 
reaction continued, reaching 105.6, its highe~t point, on 4th June. The reaction 
came to an e nd shortly after this. 

1-lesu./.t.-,Ve regard this experiment. as negative, notwithstanding the fa ct 
that something like a febrile reaction commenced just before the application 
of the immunity test. The reaction following the immunit~· test was of medium 
intensity, but a more marked fever could not be expected with this strain 
owing to its low virulence. 

Exl'ERDIE:'\T 34 (B.T. 30). 14 Aedes caballus. 
F eeding. Inte1·val 15 days. Sheep 34606. 

On 27t h Apri), 1932, the surviving specimens of A. cabanus group 24 and 25 
11·ere put on to sheep 34606 and duri11g the following night 14 (out of 23) 
specimens engorged themselves. These mosquit-oes had fed 15 days pre,·iously on 
the day following the febrile reactions of the two sheep infected with the Ixopo 
strain. 

Ueaction.- During the first 8 days the t emperature remained normal (102-
103.40). On 6th May, it rose to 104.8°, returned to normal the next day, but 
showed a further slight elevation (104 and 104.20) on the following two days. 
Thereafter it remained practically n-ormal up to 27th May, showing only two 
slight elevations (104 and 103.8°), lasting in each case t day. 

I'mmunity test .-On 28th May the sheep was injected subcutaneously with 
1 c .c. blood of sheep 31553, one of our virus sheep. Four days later, on 1st 
June, a sudden rise to 105.6° occurred, which lasted, howeyer , for only t 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 r emained more elevated 
than usual (104-105.4°) for the next ten days. 

'fhe re.s11lt of this experiment was negative. The reaction occurring 9 days 
after the feeding of the mosquitoes was :not sufficiently definite to be of any 
importance. The immunity test was of medium intensity but clear enough. 

ExPERIMENT 35 (B.T. 35). 4 Aedes caliallns. 
F eeding. Interval 23-24 clays. Sheep 34390. 

On 6th May, 1932, the remaining mosquitoes of the two preceding experi
ments were used again and 4 out of 6 specimens engorged themselves. They 
had fed 23-24 clays 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 104.60 then occurred, whereafter another 
period of normal temperatures followed. 

Immunity t est.-On 28th May, 22 days after the feeding of the mosquitoes, 
the sheep was injected with 1 c.c. blood of sheep 31538, the same material 
as used in the preceding tests. Five days later a definite rise in temperature 
occurred, 106.80 being reached 2 days later . The fever period lasted 4-5 days, 
the reaction being typical and quite marked. 
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The Tesult of this experiment was negati·ue, No reaction followed the 
feeding of the mosquitoes, and the sheep was normally susceptible, 

ExPERIMENT 36 (B,T, 40), 2 Aedes caballus, 
Injection, Interval 45-46 clays, Sheep 34360, 

On 27th May 2 specimens of the combined groups 22-25 were still alive and 
they were injected into sheep 34360 on that day, 1'hey had had their original 
feed on a virus 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,nL) 1060, 
but from the day thereafter it was normal again, 

Irn1'fl:wrvity test,-On 20th June, 24 days after the injection of the mosquitoes, 
the sheep was subcutaneously injected with 1 c,c, blood from sheep 31570, A 
short, but quite typical reaction commenced to appear 7 days later, lasting 
about 3 clays, with 107AO as maximum, 

Be.wU,-The experiment has to be regarded as neaatiue. The short 
reaction following the injection of mosquitoes cannot be considered as a blue
tongue reaction and the sheep proved to be susceptible later when tested for 
immunity, 

C, ExPERIMENTS WIHT Aedes lineatopennis, 

At the time that these experiments were carried out A, lineatopennis was 
ver:v difficult to obtain and 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 clays and longer. After 45 days 2 
specimens were still alive and they '"ere injected into a sheep. 

Virus sheep 14 and 15 were used and mosquito groups: 
G1·o 1~p 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. 

Gmu.p 18.-Fed on virus ~heep 14 during the same night, First clay of 
fever. Temperature 107.8°. 3 specimens (reared from larvae) engorged , 
Used for experiment 37, 

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

ExPERIMENT 37 (B.T, 27), Aedes lineatopennis. 
Feedina, InteTval 15-29 days. Sheep 34053, 

During the night of 26th to 27th April the combined groups 17 and 18 
were put on to this sheep, but only 1 (out of 3) specimens fed, 'l'he 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 lOth to 11th Ma~· 
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 t hese 
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. 

Immunity test.-On 8th June, 43 clays after the first, and 29 days after 
the last, feeding of the mosquitoes the sheep was injected subcutaneously 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, 106A0 the following, and 107° 
the clay thereafter. however, with daily remissions to 104°. On 12th June, 
the reaction came to an end, 

The 1·esult 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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ExPERUIENT 38 (B.T. 41). 2 cl erles lineatopenni-1. 
Injection. Interval 45 days. Sheep 34410. 

On 27th May, 2 .4. lincat opennis from group 2 "''"re sti ll aliYe a11d they wer e 
injected on that day together wit h 1 sp e<.; imen infected with the Kameelfontein 
strain into sheep 34410. 

B ear:tion.-No fever r eaction followo?d the injection of the mosquitoes. The 
highest temperature being register ed during the period of 23 days was 104.2° . 

In111wnity test.- On 20th June, the sheep was injected subcutaneously " ·ith 
l c.c. blood from sheep 31570 (virus sheep 15). Ko reaction, however, followed 
during the next 20 days, the temperature not exceeding 104° . On 11th Jnly 
the sheep was injected with 1 c.c. of the same material and this time, after 5 
days, a t~·pical r eaction commenced, lasting 3-4 days, with 106.5° as maximum. 

R esult.- Th e experiment has to be r egarded as neacdi~:e. The result of 
the immunity test " ·as, hO\Yever , ver y remarkable. The first injection "·as 
absolutely negati,·e, whereas a subsequent injection " ·ith t he same material 
" ·as followed b_v a typical r eaction. 

D. ExPERIMENT WITH APdes durbanensis. 

·with this re latively rare species only a single experiment with 1 specimen 
could be carried out. 

Virus sheep 14 was u sed and mosquito group: 
GTau,p 2.-Fed on virus sheep 14- during the night of 12 to 13th ApriL 

First day after the end of the febrile r eaction. 'J'emperat ure 104-104.2° 2 
specimens (reared from lan·ae) engorged. Used for experiment 39. 

ExPERIMENT 39 (B.'l'. 29). Aedes duTbanensis. 
F eeding. Int erval 16 days. Sheep 34567. 

During the night of 27th to 28th April the 2- .4 .. dm·ban ensis, which had 
feel 16 clays previously, were put on to sheep 34567 and one specimen fed. 

B eaction.-'l'he sheep was kept under observation for 31 clays, bnt no 
temperature r eaction occurred, 104° being exceeded only once for ~ da)'. 

Immunity test.- On 28th May, the sheep was injected subcutaneously with 
1 c.c. blood of virus sheep 14. After 7 clays the temperature began to rise, 
reaching 107.2°, its highest point, on 5th June. Then it began to drop, but 
was followed by clinical symptoms, r eel coronets, mucous dischar ges from the 
mouth, and excoriations of the gums. 

The 1·esult of this experiment is clearly negati ve . No reaction follm,·ed 
the mosquito feeding, wher eas t he immunity test showed a m arked reaction 
with clinical symptoms. The appearance nf t hese symptoms was quite un
expected , as the original sheep , from which t he virus was derived , showed on!~' 
a sltght r eaction and other immunity tests carried out with t he same material 
gave only r eactions of medium intensity . 

E. RESULTS oF ExPERIMENTS \YITH THE IxoPo STRAIN 

o:F' BLUETOKGUE. 

At the beginning of April, material from a natural case of 
bluetongue was ·obtained from Ixopo. When injected into two 
sheep only very slight reactions, less than those with the ordinary 
vaccine virus, were obtained and therefore only a limited number 
of experiments '"ere carried out. 

In all, 413 Aedes caballus, 10 A. linneatopennis and 2 
A. durbanensis engorged themselves either during or directly after 
the short febrile reaction shown in the virus sheep. After this feed 
the mosquitoes were kept in our warm room on sugar water in cages 
or jars following the usual method. They were refed after an 
interval of at least 15 days on susceptible sheep, and after H months 
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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 clays 
13 specimens fe<l. Result negati~·e. 

A. caball1ts, experiment 34. After the same interval 14 speci
mens fed. 'l'he result was alao negative. 

A. caball11S, experiment 35, was carried out with the remaining 
mosquitoes of the two preceding experiments. 4 specimens fed after 
an intenal of 23-24 days. Result negative . 

. 4. caball?tS, experiment 36, 2 specimens injected after an 
interval of 45-46 days. Hesult negati'ce. 

A. lineatopermis, 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 
interval of 16 days. Result negati~·e. 

In these 7 experiments 27 A .. caball11s fed after a perio<l of 15 
days, and 4 after 23-24 days, 3 A. lineatopenn'is after 15, 2 ( ?) 
after 27, and 1 after 29 days, and 1 A . rlurbanensis after 16 days , 
2 A. caballtts and 2 A. hneatopennis " ·ere injected after 45-46 days. 
All experiments were negative. The virus sheep on " ·hich these 
mosquitoes had taken their original feed, showed, however, only an 
<:Jxtremely mild and short reaction, and part of the mosquitoes had 
actually fed when the reae~im1 had already (earlier than could have 
been expected) eome to an end. The conditions \\·ere, therefOl'e, 
very unfavourable for conducting transmission experiments ancl may 
have influeneed their results. 

In one of the experiments the injediou of virus failed to giYe 
an infection, whereas a subsequent injeetion of the same material 
gave a typieal renetion. 

VIII. EXPERIMENTS WITH A STRAIN FROM 
KAM EEL FONTE IN. 

At the beginning of April, 1932, nearly at the same time as the 
Ixopo strain, material from another natural case of bluetongue, 
which had occurred in lambs on the farm Kameelf.ontein was 
obtained through the courtesy of the Extension Officer of the 
Pretoria District. The blood was injected into several sheep and 
infections of medium and mnrke<l intensity were prorluced, 
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 dear (·ut 1·eactions and 
regularly slight clinical symptoms at least, was not fulfilled. 

As in the case "·ith the Ixopo strain Aedes cnball1ts 'vas the 
only species an1ilable in larger numbers at the iime we obtained 
the Kameelfoutein strain. In all, 402 specimens engorged themselves 
on the virus sheep. Thereafter they were kept in the usual way 
in eageR in our \\·arm room, t~p they were refed on suseeptible sheep. 
The mortality amongst the mosquitoes during the period between 
these two feeds was very eonsiclera ble. 

Only a few specimens of A. l'inneatopenn is were at our rlisposal, 
a11<l of these 12 could be incluced to feed. 

The experiments 'vere eonclucted iu the ordinary manner. The 
mosquitoes were refecl on suseeptihle sheep after .ai1 interYal of at 
least 14 day" ancl aftenYanls the immunity of the sheep was tested 
by injection of the same strain of Yirus. 

A . Vmc:s SnEEP. 

In all, 5 sheep \\·ere injected with the Kameelfontein strain , and of thes<a 
the following 3 were used for feeding mosquitoes on. 

Virus sheep 16 = sheep 31717. lnjeeted on 5th April, 193:2, subcutaneous]~· 
wit h 2 c.c. preserved blood from the original case at Kameelfontein. 

B esult.- 'file temperature r emained normal up to 11th ApriL On the 12th 
it was 106 and 105.2°, the 13th 106.2 and 105°, the 14th 105.8 and 105°, the 
15th 106 and 105°, the 16th 105.2 and 10-5.2°, and the 17th (a.m.) 104.8° . From 
the next day onwards norma l temperatures were maintained. The r eact ion 
lasting 6 days was marked. 

Virus sheep 17 =sheep :32345 "·as injected together " ·it h the preceding 
animal wit h the same material. 

H esult .- Th e temperature r emained norm a l or nearly norma l (not exceed
ing 104.5°) up to 15th ApriL On the 16th it was 103.7 and 105 .JO , 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 temperitture was regained. Notwith
standing a maximum of 108.20, the reaction W9S only of m<ed ium intensit:v. 
The incubat ion period, lasting 11 days, was longer than usual. 

Yirus sheep 18=sheep 34498 was injected on 13t h April subcutaneously \vith 
1 e.c. blood, ta ken from virns sheep 34498 during the fever r eaction. 

Hesttlt .- A normal temperature was maintained up to 17th April. On tl1e 
18th it was 103.8 :mel 105.1°, the 19th 105.4 and106.7°, the 20th 105.8 a nd 107°, 
the 21st 107 and 108 .2°, the 22ncl 107 and 104.5°, t he 23rcl 104.1 and 104.2°, the 
24th (a .m.) 104.7°, the 25th 10-5 a nd 105°, the 26th 10;3.4 and 10;3.;3°, and the 
27th 105° , when the animal was killed. ' l'his sheep showed quite a severe 
reaction accompanied by clinical symptoms, r eel coronets and discharges from 
the nostrils . During the last days it shO\Yecl n markedly ill appearance. 

n. ExPERIMENTS WITH Aedes cabanus. 

On all three virus sheep batches of Jl. caballus were fed, in all 402 
spec1mens . One batch from each sheep was used lor the experiments, of which 
5 wer e carried out. The mosqu itoes wer e refed on the suscep t ibl<a sheep fo r the 
first time after 15 clays and part of t he m fur a &ec-ond time 5-10 cla~·s later. 

Experim<ants 40 and 41 were carried out with mosquitoes infected on virus 
sheep 16, experiments 42-43, with specimens from sheep 17 and t he last 
experiment with mosquitoes fed on virus sheep 18. 

The following mosquito groups wer e used: -
(h'oup 26.-Fecl on virus sheep 16 during the night of 14th to 15th April. 

Third to fourth da~· of fever. ' l'emperature 105-106°. 45 spec imens engorged 
(reared from larvae). Used for experiments 40 and 41. 
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GToup 27.-Fed on v i rus sheep 17 during the 
Third day of feYer. Temperature 108.2-106.8°. 
larvae) engorged. Used for experiments 42-43. 

GToup 33.-Fed on virus sheep 18 during the 
Fourth day of fever. Temperature 108.2-107.3°. 
larvae) engorged. Used for experiment 47. 

night of 18th to 19th April. 
89 specimens (reared from 

night of 21st to 22nd April. 
30 specimens (reared from 

ExPEitiMENT 40 (B.T. 31). 15 Aedes caball1tS. 
Feeding. lnteTva~ 15 clays. Sheep 34587. 

On 29th Apri l, .J. 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. 

Beaction.-During an observation period of 28 days no reaction follm,·ecl, 
the highest temperature registered being 103.8°. 

Immunity test.-On 28th May, the sheep was injected subcutaneously with 
l 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 1·esu~t of this experiment was clearly negative. l\ o reaction follOII'ed 
the feeding of the mosquitoes, and the sheep afterwards p t'OI'ed to be normally 
susceptible. 

Exp~;mMEKT 41 (B.T. 38) . 4 Aedes ca/wll'tts. 
Feeding. lnte1·va~ 25 days. Sheep 34100. 

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

Beaction.-A normal temperature 11·as 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 mainta ined for more than one clay. 

lmnmnity test.-On lOth June the sheep IYas injected with l c.c. blood from 
sheep 34498 (virus sheep 18). ll clays of normal temperature followed. On 
22ncl June a sudden rise up to 105° occurred, lasting, howe1·er, only t 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. 

Besnlt.-The experiment has to be regarded as n egati re, as only a few 
short and unma intained rises of temperature occurred after the feeding of 
the mosquitoes. The reaction of the immunity test was somewhat atypical 
through the exceptionally long incubation period. 

"i];xPERIMEr\T 42 (B.T. 32). 31 Aedes wballus. 
Ji'eeding. lnteTva~ 15 clays. Sheep 34464. 

On 3rd May A. caball1bS group 27 was feel on sheep 34464 and the following 
night 31 (out of 36) specimens engorged themselves. These mosquitoes had fed 
on v irus sheep 17 durinz the third clay of the bluetongue reaction. 

No reaction at all followed the feeding of the mosquitoes during an observa
tion period of 24 clays, 1040 being the highest temperature registered. 

lmm1mity test .-On 28th May 1 c.c. blood from sheep 34498 was injected 
subcutaneously and 5 clays later a typical bluetongue reaction followed, lasting 
5 days with 107.8° as maximum. 

The ?"esult of this experiment was clearly negative. 

ExPERH1ENT 43 (B.T. 39). 9 Aedes caballus. 
Feeding. lnteTva~ 21 clays. Sheep 34184. 

On 5th May, the remaining specimens of the same batch of A. caballus 
used in the preceding experiment were put on Rheep 34184 and 9 (out of 12) 
specimens feel. These mosquitoes ·had taken their initial feed 21 clays previously 

No Teaction followed the feeding of the mosquitoes, 104° being the highest 
temperature registered during an observation period of 29 clays. 
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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 with 108° as maximum 
occurred after a prolonged incubation period of 9 or 12 days. 

The 1·esttlt of this experiment was also negative. 

ExrEIUMENT 44 (B.T. 36). 4 Aed1!S caballus. 
Feeding. Interval 15-20 days. Sheep 34045. 

On 6th May A. caballtiS group 33 was put on sheep 34045 and 3 (out of 12) 
specimens fed during the following night. The remainder of the same batch 
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 clays. The mosquitoes had had their original feed on virus sheep 18 
during the fourth clay of fever. 

No 1·eaction followed during an observation period of 37 cla:vs after the 
first feeding -of the mosquitoes. A temperature of 104° was reached or sltghtly 
exceeded on seYeral occasions, however, only for short periods, the sheep 
generally running an eleYatecl temperature. 

lmmunit11 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 1070 as maximum. 

TIJP result was negative, as in the preceding experiments. 

C. ExPERL\IENTS "'ITH Aedes 7-ineatopennis. 

'Vith this species, ''"h tch had become rare during the time of these experi
ments, only two experiments could be carried out, one "·ith feedmg after an 
mterval of 14-21 clays, and the other b:v injection of 1 specimen being left after 
38 clays. 

Virus sheep 18 '"as used and the mosquito group: 

GTOli]J 20.- Fed on Yirus sheep 18 during the night of 19th to 20th April. 
Second day of fever. Temperature 106.7-105.80. 12. specimens engorged (reared 
from larvae). Used for experiments 45 and 46. 

ExPF:HIME:\'T 45 (B.T. 34). 6 Aede.~ lineatopennis. 
Feeding. InteTval 14-21 days. Sheep 34329. 

During the night of 3rcl 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 refecl 7 days later, lOth to 11th Ma~·, and l 
specimen took up blood. The first fiye specimens had fed 14 clays and the last 
specimen 21 da,,·s after the initial feed on virus sheep 18. 

1/eaction.- A normal · temperature was maintained for 22 days after the 
first feeding of mosquitoes. Then a short rise to 105° occurred, lasting only 
t clay, whereafter the temperature remained somewhat elevated, exceeding 
104", howe,·er, onl~· once for t day. 

Immtmity test.-On lOth June, 38 days after the first feeding of the 
mosquitoes, the sheep was injected subeutaneousl~· with 1 c.e. blood from sheep 
34498 (virus sheep 18). Ten clays JatPr a marked reaction appeared, lasting 
5 days with 107° as maximum. 

The result of this experiment was negative. The slight t emperature 
reaction noticed was not typical at all and the sheep proved afterwards to be 
normally susceptible. 

KxPERIMENT 46 (B.T. 41). 1 Aedes lineatopennis. 
ln;jection. Intervol 38 days. Sheep 34410. 

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

The 1·e.wlt of the experiment wa~ 11 l'(}oti·ue. The reaction and the immunity 
test have been described already under experiment 38. 
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D. RESULTS oF THE ExPERIMENTS WITH THE KAMEELFONTElN 

STRAINS OF BLUETONG17E. 

At the beginning of April, material from a case of bluetong-ue, 
which had occurred in a lamb at Kameelfontein ('rransvaal) was 
obtained. It promised to be a suitable strain for our purposes, as 
at least in one of the injected animals slight clinical symptmus 
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. Besides this svecies 
only a very limited nmnber of A. lineatopennis could be obtained. 

In all, 402 A. caballus and 12 A. lineatopennis were feel 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 feel on susceptible sheep and part of them refecl after a 
longer period. One specimen of A. lineatopenn is 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. 16 specimens fed after 15 days. 
Result negative. 

Aedes caballus, experiment 41. After 25 clays 4 specimens 
belonging to the same batch as those m 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 ~~ 
specimens and after 20 days 1 specimen belonging to the same group 
fed. Result negative. 

A. lineatopenru:s, expenment 45. After 14 days 5 specimens 
and after 21 days 1 specimen fed. Result negati~·e. 

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

In these 7 experiments 49 A. caball1ts fed after 15 clays, 10 
after 20-21, and 4 after 25 days, 5 A. lineatopennis after 14 and 
~ .after 21 days, whereas one specimen of the latter species was 
lllJected after 38 days. All e.1:pen'ments wm'e ne,qati1;e. 

The experiments with Aedes caballus were carried out with 
suffici.ently 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 THE RESULTS OBTAINED IN BLUETONGUE 
EXPERIMENTS. 

During the summer 1931 f 32 a number of experiments with 
bluetongue in sheep "·as carried out at Onderstepoort together with 
work on horsesickness. 

The epizootological evidem:e at hand pointed out that the 
transmission of both diseases must be very similar and that most 
likely mosquitoes were involved in the transmission. 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 r-ases, the protection afforded by stables at night
are somewhat meagre, fitting well, lJO\Yever, with the assumption 
of mosquitoes being the carriers. 

During the same time a mosquito survey was carried out at 
Onderstepoort, the results of which have been described in the first 
paper of this series. It "·as 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. hi1·sutus, 
were regarded as the most suitable transmitters , A. vittatus, A. 
dentatus and some other species as possible transmitters of secondary 
importance. 

No transmission experiments have been undertaken before with 
this disease. 

STRAINS OF 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 natural case in 
February, 1927, and had passed in the meantime through 48 
generations. In 86 per cent. of the sheep temperature reactions 
\Yere 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 tt number of experiments no definite opinio11 as to 
the result could be reaehed. 

At the beginning of April, 1932, material from two natural 
cases of bluetongue \Yas received, one from Ixopo, 1\ a tal, 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 spontaneous cases earlier in the season 
had failed. 
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Through injeetion of the Ixopo strain in the first generation 
only mild 1·eactions were obtained, whereas the Kameelfontein 
material gave infections of medium to marked intensity, and in 
one of the further subinoculations even slight clinical symptoms. 

ExrEIUMENTA L AKIMALS. 

The sheep used for these experiments came from a known 
bluetongue-free area of the Cape Provinee. It is very exceptional 
to find an immune animal amongst these sheep. To he as safe as 
possible, hmYever, all sheep were tested for immunity after the 
experiment had been finished with the same strain as was used 
for infecting the respectiYe mosquitoes . 

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

'l'hey were fed on the infected and later on the susceptible 
sheep in small cages covered with mosquito-netting. These cages 
were fixed on clipped areas ·of the skin by pieces of tape, attached 
to the surr·ounding wool. They were covered with a piece of wet 
cotton wool to ensure a suffieient degree of humidity inside the 
eages. 

'rhe mosquitoes were kept bet"·een the feedings in a warm room 
on sugar water in jars or eages. In order to ensure that a sufficient 
degree of humidity was obtained, the jars "·ere placed in larger jars 
containing rlamp cotton wool and the cages were surrounded ·with 
damp hessian. 

A full description of the teehnique has hen giYen in the second 
paper of this series. 

In all, 2,892 specimens of G different species of mo;;quitoes were 
fed on the infected sheep, viz ., 2,124 A. caballus, 609 A. lineato
pennis, 52 d. liitsutus, 50 A. rittatvs, 24 A. rlentohts, 3 A. pu.nrto
tlunacis an<l 2 A. rlurbanensis. }fore than double the number of 
specimens had to be caught and handled to obtain these results. 

ScnE)fE OF ExPEUDIENTS. 

The clean mosquitoes were fed on sheep experimentally infected 
\Yith bluetongue virus during the aetual 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 
m the a:fte1·noon and taken off again the follo"·ing morning. 

These infected mosquitoes were injected into susceptible sheep 
in the form of an emulsion in Herum, or refecl on ~:msceptible sheep 
after an interval of at least 14 clays, to allow for a certain develop
ment Qr multiplieation of the virus to take place in the mosquito. 
Some of the mosquitoes "·ere refed again after longer intervals. 

. . The injedi?ns of erushed mosquitoes were mainly made as pre
liminary ex penmen ts to a;.;certain the presen<:e or absence of the 
virus in some part of the body of the mosquito. To prove that a 
certain species is a transmitter, feeding experiments are naturally 
necessary. The exclusion of a speeieB from the list of probable 
transmitters is more easily done by injection experiments. 

554 



0. NIESCHULZ, G. A. H. BEDFORD, Al'ID R. i\I. DU TOIT. 

\Vhen the experiment was conduded, 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 
infedion 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. 

FrRST SERIES OF ExPERIMENTS. 

We started our experiments "-ith the ordinary vacmne strain 
of blttetong1te vints. At first, in order to ascertain the presence of 
virus, the mosquitoes were injected into susceptible sheep after periods 
ranging between -!z and 19 days. In all , the follmving 12 experiments 
were made, in which about 250 mosquitoes, 124 Aedes caballus, 3 
A. dentatus, 2 A. hirs'tltus, 112 A. lineatopenn'is, 1 A. ]JUnctotho
mcis and 9 A. vittattts "-ere injected into 10 sheep. 

Exp. l. 
Exp. 2. 
Exp. 3. 
Exp. 4. 
Exp. 5. 
Exp. 6. 
Exp. 7. 
Exp. 8. 
Exp. 9. 
Exp. 10. 
Exp. 11. 

Exp. 12 

5 A. caballus injected after t day. Result positive. 
20 A. caballus injected after 5 days. Result doubtful. 
30 A. cnbaUtts injected after 5 days . Result negative . 
40 A. cabalhts injected after 7 d ays. Result negative. 
14 1!. caballus injected after 7 days. Result negative . 
15 A. caballtLS injected after 16-17 days. Result negative. 
20 A . linecdopennis injected after 5 days. Result negative. 
30 .4. linrwtopennis injected after 7 days. Result negative. 

2 A. lineatopennis injected after 16 days. Result negative. 
60 A. lineatopennis injected after 17-19 days. Result positive. 
6 A. vittatus injected after 5 days. Result negative. 

{

3 A. J:ittaftts injected after 7 Jays. } 
3 A. d entat tts injected after 7 days. Result negative. 
2 A . h·inutu.s injected after J days. 
1 .4. pnnctothomcis 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 efficient. 

Negative results " ·ere obtained by injecting 99 A. cabaZZ,us 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 clays, 
2 A. h·irs1tt11s after 7 days, and 1 A. p1mctothomcis 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 wh,ich 60 specimens we1'e injected after 
17-19 days was clearly posit'i'ce, showing a typical fever reaction, 
complete _immunity and clearly positive results "-ith immunity in 
tw-o subinoculations (experiment 10). 

. From these experiments we can conclude that the bluetongue 
'C t rus is capable of penisting in Aedes lineatopennis in a fully 
m:1·ulent form, for periods of at least 17 days. This , however, 1cas 
n?t regularly the case . In 52 specimens of the same species no 
vuus was present after 5-16 clays. 
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SECOND SERIES o :F ExPERBIEKTS. 

In one of the experiments of the first series a doubtful reaction 
IYUS obtained after an injection of A. caballu.~, the temperature 
suggesting a mild infection with bluetongue, which, however, 
showed no immunity ,,·hen tested later. On this case a number of 
A. dentatus, A. hirsutus and A. 1·tHat1tS were fed and the following 
5 experiments carried out: -

Exp. 13. 9 fl. dentatus injected after 5-6 days. Result doubtful. 
Exp. 14. 20 d. hirs1dus injected after 5-6 clays. Result clou btfu I. 
Exp. 15. 6 d. hi rsufus injected after 16 clays. Result negati,·e. 
Exp. 16. 14 A. v ittatus injected after 5 clays. Result negative . 
Exp. 17. 8 A. rittatus i njectecl nfte r 20 cla~·s. Result doubtful. 

Two of these experiments (15 and 16) with G d. hi1·s1dtts injected 
after 16 and 14 A. vittatvs .after 5 days were certainly negative. 

In the 3 other experiments (1J, 14, 17) with Sl)ecimens of A. 
denat1ts, A. hirsutus and A. vittatus injected after 5-20 clays 
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 \Yas very weak. 
Subinoculations into 8 susceptible sheep failed. 

In the last experiment (17) , in which 8 A. 'L·itiatus were injected 
after an interval of 20 days the reaction that followed \Yas , except 
for the short incubation pe1:iod ( 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 Ol' ExrERDIEXTS. 

Besides the doubtful case used for the second series a true case 
of bluetongue had been obtained in the first series of experiments 
by means of injections o£ 60 A. lin entopennis 17-19 clays after their 
feeding. 1'he virus had therefore undergone one passage th1·ough 
mosquitoes. On this sheep and two subinoeulated animals 446 Aedes 
caballus, 13G A. lineatozJCnn·is and 10 A. hir.whu were fed, and with 
this material the following 9 experiments ''"ere canied out, in which 
this time the mosquitoes were 1·efed on susceptible sheep after a 
period of at least 14-15 days had elapsed. Some of the mosquitoes 
were feel again after a longer interval or injected bter into sheep 
as an emulsion. 

Exp. 18. 16 A. wballus feel after 14-15 days. Result negative. 
Exp. 19. 25 A. cab all us feel after 14-]5 clays. Result doubtful. 
Exp. 20. 10 A .. ntballus fed after 18-19 clays. Result doubtful. 
Exp. 21. l A. caball11s injected after 35-36 clays. Result negative. 
Exp. 22. 8 A. lineatopenn is feel after 14-20 clays. Result negative. 
F:xp. 23. 10 A .. lineatopennis injected after 22 clays. Result doubtful. 
Exp. 24. 15 A. lineatopenn is feel after 14-15 clays. Result positive. 
Exp . 25. 16 A. lineatopennis feel after 18-26 days. Result doubtful. 
Exp. 26. 3 A. hirsut1ts feel after 17 clays. ResuliJ doubtful. 
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One of the experiments (K o. 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 >ery marked, occurred. 
\Vhen tested 18 days later for immunity, the animal proved to be 
normally susceptible. Blood taken during the short febrile 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 "·ere obtained in only :3 experiments, 
in which 1G A. cabnll~ts were feel after 14-15 days, 8 A. lineatopennis 
after 14-20 days, and in which 1 A. caball1ts wail injected after 
35-36 days. 

In the remaining 5 experiments the results were doubtful. In 
these experiments 35 A. r-aball11S had been feel after 14-19, 16 A. 
lineatopenm·s after 18-26, and 3 A. ltirsvt1ts after 17 days, whereas 
10 A. lineatopennis were injected after 22 days. In one of the 
experiments with A. cabalhts a short reaction ocrm-recl 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 immunity to the sheep . In both cases sub
inoculations into susceptible sheep failed to gi.-e a positive result. 
In the experiment in which 10 A. lineatopenm:s were injected , no 
definite reaction followed the injection, hut the result of the 
immunity test was not reliable. In the other experiment in which 
specimens of the same species were fed after 16-18 days, quite a 
typical temperature reaction occurred, hut it was not followed by 
in1munity and subinoculations of blood into susceptible sheep were 
negative. In the experiment with A. hirs1ttus the result of the 
immunity test was very doubtful. The animals used in these 
experiments normally showed a regular temperature. 

FouRTH SERIES OF ExPERDfENTS. 

Three of the sheep of the preceding- series of exp~riments were 
used for feeding further mosquitoes. Two of them hacl shown tem
peratures more or less closely resembling bluetongue reactions, but 
not followed by immunity after the feeding of A. cnball1ts or A. 
lineatopemu·s, and the third animal had had a hue bl11-etongue 
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. liueatopennis 
were feel ancl they "·ere refed in the following 6 experiments after 
intervals ranging between 14 and 20 clays. 

Exp. 27. 
Exp. 28. 
Exp. 29. 
Exp. 30. 
Exp. 31. 
Exp. 32. 

2 A. caballus fed after 15 days. Result negative. 
41 A. caball-us fed after 15 clays. Result doubtful. 
36 A . caballus fed after 21 days. Result negative. 
40 A. caball-us fed after 14 days. Result doubtful. 
17 A . caballus fed after 20 clays. Result negative. 
10 A. lineatopennis fed after 15 days. Hesult negative. 
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None of these experiments "·ere positive. 

Clearly negative results were obtained in 3 experiments, in 
which 55 A. cab11llus fed after 15-21 days, and 10 A. lin eatopermis 
after 15 days. 

Doubtful results 'were obtained in 2 ,experiments, in which 
respectively 41 and 40 A. caballt1s fed after 15 and 14 days. In 
one of these experiments a temperature reaction set in just prior 
to the immunity test and continuing through its incubation period, 
"·hereas in the other experiment ju;;t before the application of the 
immunity test, which was positive, another reaction of equal 
strength had occurred. 

FIFTH SERIES OF ExPERIMENTS. 

At the beginning of April, 1932, material from a natural case 
of bluetongue was received from I xopo. Blood from this case m
jectecl at Onclerstepoort into 2 sheep gave only weak reactions. On 
these sheep 413 A. cab all us, 10 A. lineatopennis and a fe"· A. 
dw·banensis were fed. At that time of the year A. caball1ts was the 
only species obtainable in fair numbers. The mosquitoes were refed 
in the follmYing experiments after intervals ranging £r,om 15 to 29 
clays and those remaining alive after 1~ months were injected into 
sheep. 

Exp. 33. 13 A. caballus fed after 15 days. Result negative. 
Exp. 34. 14 A. caballus fed after 15 days. Result negative. 
Exp. 35. 4 A. cabalhts fed after 23-24 days. Result negative . 
Exp. 36. 2 .4. wballtts injected after 45-46 days. Result negative. 
Exp. 37. 6 A . . lineatopennis fed after 15-29 days. Result negative. 
Exp. 38. 2 .4 . lineatopennis injected after 45 days. Result negative. 
Exp. 39. 1 A. durlwnensis fed after 16 days. Result negative. 

In all, 31 A. caballus \Yere fed after 15-24 clays and 2 were 
injected after 45-46 clays, 6 A. lineatopenm:s (of which 2 were 
doubtful) fed after 15-29 days, 2 were injected after 45 days and 
1 A. durbanenxis fed after 16 days. All the experiments were 
negative, ,,-hereas the sheep used proved to be normally susceptible. 

SIXTH SERIES OF ExPERIMENTS. 

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

On three virus sheep 402 A. caballu.~ and 12 A. lineatozJenm·s 
eould be fed ancl they were refed in the following experiments after 
intervals lasting at least 14 days. 

Exp. 40. 15 A. cabo/Ius fed after 15 days. Result negative. 
Exp. 41. 4 A. wballttS fed after 25 day~. Result negative. 
Exp. 42. 31 .4. caba.llus fed after 15 days. Result negative. 
Exp. 43. 9 A. caballus fed after 21 days. Result negative. 
Exp. 44. 4 A. caballtts fed after 15-20 days. Result negatiYe. 
Exp. 45. 6 A . lineatOJJMmis fed after 14-21 days. Result negative. 
Exp. 46. 1 A. lineatopennis injected after 38 days. Result negative. 
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In t h ese 7 experiments G:3 cl. cabal/us "·ere refed on sheep after 
inten-als ranging- bebYeen 1:) and 21 cbys, whereas finally 1 A. 
lin eatopennis " 'tHl injected after 38 cla~·s. All the experiments ,,·ere 
neg-atiYe and the 7 sh eep usrd pHJYecl la ter to be normally suscep
tible to the Kam eelfontein strain. 

GENEltAL lhscrssJON oF THE R ESULTS. 

In all , 4G experiments \Yere made with thr ee different ;;(rain s 
of bluetongue, a vaccine strain and bYo others de1·ived hom fresh 
spontaneous rases . 

In these experimen ts >124 sp ecimen :< " ·ere inje(·(t>d after periods 
ranging between } and 40 rl a~·;; ancl i11feded mosquitoes were refed 
;j.,l(j hme~ after 14-29 clays, Yiz.: -

c1. r-a ha llu s, 127 inj edecl , 281 refed. 
A. lineatopcnnis, 12:) injectecl , G1 refed. 
A. 'rittat1ts, :n injected. 
A . hits1thts, 28 injeeted, 0 refed. 
cl. d entatvs, 12 inj ected. 
~1. puncfothotacis, 1 iujecteLl. 
A. d.w ·ba nensis, 1 r efecl. 

Three positiYe r esults " ·ere obtained. In t h e fir;;t case some 
Aedes mbnlltts were injected the clay after their fee(ling and thu s 
the result h as no relation to the actual capacity for transmission. 
In the second experiruent a positiYe infec-tion was obtained by th e 
injection of GO Aedes lineatopen nis 17-1 9 <l ays after their feecl i ng 
on a Yirus ~heep and this infection (·Cnild be transmitted further 
through suhinoculations. ThE> third case "'as not absolu tely dear 
cut . 15 A. lineatopennis h ad ferl 14-1 !) clays after their original 
infection. the fee<ling- being follo"·ecl h,v a slight temperature re
action, but not by innnunity. Through subinoC'ulations, however, 
the presence of Yinls could be definitely traced clming t h e febri le 
1·eaetion. 

'l'he resu lts were <louhtful in 10 experiment~ in whic·h 30 
A . raballus, 10 A. linentopennis, 20 A. hir.mhts, S A. 1·ittahts and 
9. A . rlentrdus were injedecl after 5-22 cl ays a nd 11 6 A. raball1ts 
feel aHE>r 14-26 clays . In these experime nts temper uture reactions, 
not followecl by immunity ancl n ot confirmecl by ,;ubinoculations, 
" ·ere observed, or 01 e result of the immunity te~>t wa~ open to (loubt. 

:)2 Experiment;; \Yer e ne~·atiYe, the Yast majorit.v, in which 182 
mosquitoes were i.njeete(l a nd ] 99 s pecimen s refed. 92 A . ral)((llvs, 
:):) A . lin eafOj)PillllS, 23 d. rit fahts, 8 d. hirS1tlus. a A. dentatus and 
1 A. rmnctotlwwzcis " ·ere injected after intervals of 5-4G da:vs, 
whereas 166 A. ca bnll1ts , 30 A . lin eatopennis, 3 A. lu·,,.s,uhts and 1 
A. dwbanensis '"ere refed after 14-29 clays. In 0 of th ese experi
ments, in which 14 A. n"ttnhts and G A. h i1·s1tfvs wer e injected and 
38 A . cahal11ts and 10 A. lincatopcnnis r efecl, the mosquitoes had 
been originall~· ferl on cases in which there coulrl be some cloubt as to 
the true nature of the temperature r eartion. 
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As negatin experiments, of which there is no doubt, there 
remain 27, in which 162 specimens, 92 A. caballus, 55 A. lineato
pennis, 9 A. "'·ittatus, 2 A. dentatus, 2 A. hi1·sutus and 1 A. puncto
tlwracis were injected and 151 specimens, 127 A. caballus, 20 A. 
lineatopennis were refed after the same intervals as stated above. 

Only with A. caballtts and A. lineatopennis could experiments 
\Yith large numbers be made. 

Both positive experiments were obtained with Aedes lineato
pennis. Against one positive case obtained 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 obtainetl 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 clone, 
IYas not a very suitable <me. 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 it is possible that at the same 
time its rlevelopmental capacity in insects had also been changed, 
Yiz., reel uced. 'I' he Ixopo >;train, though l'etentl:y isola ted 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 certain period 
in the duration of the febrile reaction is suitable for the infection 
of the insects. 

In the interpretation of the results we were as C'areful ,as 
possible, and some of those regarded as doubtful may actually h~ve 
been positiYe. 

Arriving at the final conclusions we may say:-

Aedes lineatopennis seems to be a natural transmitter o.f blue
tongue. Our results do not allow us to state w·hether this species 
is an important transmitter or only a more or less accidental 
carrier, as the number of positive results was too small. 

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

From an epizootological pomt of view, Aedes lineatopennis 
would be a very suitable transmitter. Breeding only in temporary 
water, it 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 in the Yeld, provided thay are covered "·ith gra,;,;. After the 
mosquitoes have hatched out, the adults remaiu for ,;ome time at 
or near the breeding places, which usually lie in Yleis. 'l'he breedinn· 
habits and behaYi.our of the adults is just "·hat oue woul(l expeLi· 
of an effic-ient tmnsmi tter. 

dedes caballus does nut seem tu be a tuwsmitter at all. 'l'he 
number of negative experiments ·1Yns s ufficient to \Yannnt this 
conclusion. 

The material useLl of other :;pec.ieo; is too :;mall to allo"· of any 
clefin ite eonr hu-;ion. Jio,Yever, acconl.iug- to t he negn ti ve results, 
although small i.n numbers, it i:; imp1ohable that they are Yery 
imvortant canier:;. 

In fuhne work the real importance of A. linealopen nis will 
first of all haYe to be decided, and i.f this shoulrl happen not to 
be in favour of this species, more work with the Stegomyia group 
and \Yith Anopheli.nec; will haYe to be carried out. 'Th e po;-;;;i hility 
sti.ll remains that Arthropo(la other than mosquitoes may be involve(] 
in the trans!lli.ssiou of tbi,; disease. 

SUMMARY. 

During the summer 1981 j 32 ha nsmission experiments \Yith 
bluetono·ue in sheep n·ere carried out at Onderstepoort. O"·ing to 
lack of rain, the ,;eason was very unfavourable for our work. 

The result of a mosquito survey had pointed to A edes species 
as being very suitable transmitters from an epizootological point 
of vie"·, and some species of this genus were used f01· our experi.
Juents. 

Three strains of Yirus were used, the yaccine strain of the 
labomtory and 2 strains from natural cases, obtained to,vards the 
end of the season. 

Nearly 3,000 clean mosquitoes were fed on 18 infected sheep, 
the majority belonging to dedes caballus and d. lineatopennis, and 
only relatively small numbers of 5 other Rperies including
A. hirS11t11.S, A. yiftcLtvs and A. clentatus. 

In 22 experiments, 324 ,;perimens " ·ere injected into sheep aftE>r 
periods ranging behYeen ~ a11cl 45 clnys, 127 A. raballtts, 125 A. 
lineatopennis, the remainder belonging- to d. rittatus, d. h'i1'sutus, 
A. dentat11s anrl A. p'unr-tothornris. 

Infected mosquitoes were refer :i46 times after 14-29 days on 
susceptible sheep at periocb nuyiug beh·een 14 and 29 days, Yiz. , 
281 A. caballus, 61 d. lineatopeunis and 4 d. lLi1·sutus and 
A. clurbanensis. 

'l'luee po,;itiYe results \\-ere obtained . In the first rase 5 mos
quitoes were injedecl short ly after their infection, showing only that 
sufficient virus "·as taken up. In the second rase 60 d . lin eatopennio 
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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 subinoculahon. 

All t he other experiments were either negative or the results 
doubtful. 

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

Aedes caballus does not seem eapable of transmitting the disease. 

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