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Tae natural transmission of horsesickness, an extremely important
disease of equines in South Africa, is not known up to the present,
although more than 30 years have elapsed since the first experiments
were commenced. Although the horse has to a great extent been
superseded by mechanical transport to-day, the practical importance
of the disease has not been greatly diminished since those early days.

During the summer of 1931-1932 we started a new line of
research into this problem, which had held the interest of the
Onderstepoort Laboratories for more than 15 years.

There were only a few facts, representing general opinions about
horsesickness, at our disposal which could serve as a guide for these
investigations, viz., horsesickness is not contagious; the disease does
not spread by close contact in stables; its occurrence under natural
conditions 1s restricted normally to the summer months and the
severity of the outbreaks depends mainly on the amount of rain, in
dry seasons few cases occur, whereas in wet seasons the incidence of
infection is very high; infection seems to occur mainly at night,
round about sunset or sunrise; stabling of animals itself affords
fairly good protection and, furthermore, the tops of hills may be
regarded as fairly safe; after the first good frost the disease dis-
appears suddenly and no new cases make their appearance.

This information is naturally very meagre wherewith to locate
the natural transmitter of the disease. It serves to indicate to a
great extent, however, that mosquitoes are the most probable trans-
mitters, and with this theory a satisfactory explanation of all the
facts known up to the present could be advanced. Whatever the
actual vector may prove to be, any work on the transmission of
horsesickness has to begin, in our opinion, with mosquitoes.
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For the carrying out of this work we had at our disposal, to
start with, only one summer, viz., that of 1931-1932. Six months,
even under the most favourable conditions, is a very short period for
work of this nature, and we could consequently not expect to finish
in the time. A mosquito survey, the result of which has been
described in the first paper of this series, had to be conducted in
order to obtain some indication as to the most probable vectors, as
it was obviously impossible to experiment with every species of
mosquito known to occur in South Africa.

Suitable methods for feeding the mosquitoes on horses and also
for keeping them alive for a sufficiently long time had to be
devised, the former work in this direction having failed mainly on
account of technical difficulties. The actual experiments had then
to be carried out in which, apart from the vector being unknown,
the length of the incubation period of the virus in the insect host,
the range of temperature in which its development could take place,
and the suitable time f~ feeding the probable transmitters on the
infected animals, were : o all unknown.

The strain of virus we had to do most of our experiments with
was an old laboratory strain, and only towards the end of our work
did we succeed in obtaining material from some natural cases.

Furthermore, the climatic conditions were so adverse that our
difficulties were still further increased. It was very often impossible
to obtain the material we wanted.

We were not successful in finding the actual transmitter of
horsesickness. We bhelieve, however, that the negative results are
also of some value, and we wish, therefore, to give a detailed account
of our experiments and observations as this work will serve as the
basis for future work on the same lines, and may be of value to other
workers interested in the same problems.

. GENERAL OPINIO 3} CONCEF ING T PIL C
OF HORSESICKNESS. REVIEW OF .RA

The main epidemiological facts known up to the present which
can be of some assistance in trying to trace the transmitter of horse-
sickness, have already been mentioned briefly. They were regarded
as all pointing to some species of mosquitoes as the most probable
carriers.

The 1insect transmission theory does not find much support
amongst the farming community mainly on account of the lack of
knowledge on the biology of insects and the part played by them
in the transmission of other diseases. The farmers’ observations
are, however, often remarkably accurate, and theories of particular
interest formulated by them may be encountered. These theories
all correlate to a greater or lesser extent the disease in question with
climatic and telluric factors as may be seen from the following
examples.
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Tue Dew Turory.

Observations on the actual time at which infection is most likely
to occur has revealed the fact that early morning or late evening
must be regarded as particularly dangerous. At this time the grass
is generally covered with dew during the horsesickness and blue-
tongue season, and many fariners have come to the conclusion that
it 1s actually this dew which 1s responsible. This to some extent
supports our present knowledge of the habits of the particular
varieties of mosquitoes under suspicion which are largely confined to
moist localities such as those afforded by dewy grass and which,
furthermore, are most aggressive under these conditions coupled as
they generally are with the absence of wind, which greatly facili-
tates matters for the mosquito who is not a strong flier.

Toxin 18 Vier (Grass.

It has been mnoted that horsesickness and bluetongue are
generally confined to low lyving and marshy ground and that animals
pastured on elevated ground are much less liable to infection. This
has led to formulation of the theory that some toxin is developed in
grasses in these low-lying areas under certain conditions ~f soil and
climate, which is capable of setting up the diseases. s again
bears out the mosquito sory, as these insects are to a very great
extent confined to such localities as will be shown later.

WATER.

‘Water has {requently been .blamed, vague referenes to con-
tamination, presumably of animal or mineral origin, being
advanced as the cause. Here again a comparison similar to the
preceding can be drawn.

Mozr~NinGg axp Evenine Mists.

This 1is an extremely old conception, the cause of human
malaria having been ascribed to such mists. Nevertheless, it still
persists in the minds of many even to-day. Under such an environ-
ment again mosquitoes find particularly suitable conditions.

A complete review of these epidemiological facts has heen given
by Knuth and du Toit in their textbook on tropical seases of
animals, where further details may be found. These authors came
to the conclusion as well that mosquitoes are the most probable trans-
mitters.

As far as we are able to ascertain the only aetual transmission
experiments with mosquitoes were carried out some 30 years ago by
Pitchford (1902) in Natal. He claims to have obtained six positive
results with unidentified Anophelines. He placed an infected horse
together with a number of Anopheles in an ‘‘ infection box ’. After
its death it was replaced by a normal horse. The resulting infection
did not kill the horse but resembled a mild attack of horsesickness.
Tt is not possible to obtain a very accurate idea of his experiments,
as no satisfactory records are given. Only in one case is a tempera-
ture chart added. This horse had remained in contact with mos-
quitoes for 4 days, and 12 days later the temperature commenced to
rise. Blood was subinoculated into amother horse and three days
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later the reaction appeared and the horse died on the 17th day, p.i.
In another case the mosquitoes had been infected less than 48 hours
previous to their feeding on this animal. This would suggest a
mechanical {ransmission.

By some authors outside the Union arthropoda other than mios-
quitoes have been suggested as possible transmitters. No actual
experiments have been carried out with them however, TVilliams
(1913), Leger and Teppas (1922) and Monfrais )23) regard
Lyperosia species as probable transmitters, van Saceghem (1918)
Culicoides and Tabanus species. The pomlblhty of Culicoides acting
as carriers is also discussed by Patton (1920). Furthermore, Rock-
wmann (1911) and Reinicke (1912) for epidemiological reasons, regard
ticks as the most probable transmitters, a theory which, however,
does not agree well with those epidemiological facts mentioned in
this paper and accepted for the time being as correct.

§C :ME OF E PER ! TS.

For reasons already stated in full, mosquitoes were regarded as
the most probable transmitters of horsesickness and the mosquito
survey carried out at Onderstepoort concurrently with the actual
experiments, had pointed out that, disdegarding Anophelines owing
to lack of information, species of Aédes tulfilled most accurately the
requirements of the known epidemiological factors. Representatives
of this genus were, therefore, mainly used in the following experi-
ments. The followi ing were 1e0*arded as the most promising species;
Aédes caballus, A. Zweatopemz,z,s, A. hirsutus and to a somewhat
lesser extent A. wittatus and A. dentatus.

When the experiments were commenced in the later part of the
winter of 1931, Aédes species were not yet available and Culex
thetler: was the ouly mosquito obtainable in fair numbers. With
this species a number of experiments were carried out, mainly to
elaborate the experimental technique as far as possible before the
actual season commenced. Furthermore, 1t seemed worth while
experimentally to exclude this most common mosquito species from
the list of possible transmitters. The transmission of horsesickness
by insects might be direct, mechanical or indirect, requiring a
certain multiplication or development of the virus in the insect’s
body.

That the direct or mechanical transmission is possible has been
proved by Schuberg and Vuhn (1912), whe succeeded in transmit-
ting the disease in this way by Stomoxzys caleitrans. Although
mechanical infections may occur in nature, it is very unlikely that
this is the ordinary way; e.g. daylight biting insects, especially
tabanids and Stomoays seem to be the most capable mechanical trans-
mitters according to our knowledge of other diseases. Horsesickness
18, however, normally not transmitted during day-time, as we have
seen before

Assuming the necessity for a multiplication or an actual develop-
ment of the virus, a certain period will elapse before the insect is
capable of transmitting an infection. 1In Yellow Fever, a human
disease transmitted chiefly by Aédes species, which closely resembles
horsesickness in many respects, this period is at least 8 days and on
an average about 12 days.
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In our experiments the mosquitoes were injected into susceptible
horses five days and longer after their infective feed on a virus
horse, or fed after a period of at least 14 days. During the interval
they were fed on sugar water in the laboratory.

A positive result after injection of mosquitoes would merely
show the presence of virus in some part of the insect’s body, but does
not reveal anylhing about its capacity for transmitting the disease
actually. This can only be proved by feeding experiments. On the
other hand, a negative result obtained by injection is more definite
than 1s the case in a feeding experiment, especially if the latter is
carried out with a limited number of specimens.

The injection experiments therefore give quite a lot of useful
preliminary information about the suitability of a species for trans-
mission. A negative result obtained with mosquitoes 5-7 days after
their feeding on a virus horse, 1s a strong indication that the species
used is not a transmitter, whereas a positive result, although requir-
ing confirmation by feeding experiments, may be regarded only as
promising. The one method therefore lends a sense of completeness
to the other.

In the feeding experiments a period of 14 days, after feeding
on a virus horse, was regarded as sufficient to allow for the necessary
development or multiplication of the virus in the mosquito.

It was not possible in our work to adhere to a programme planned
beforehand, as we were not sure about the suitability of the strains
of horsesickness at our disposal for this work, and as we depended
to a great extent 1n the choice of our material upon the climatic
conditions.

1il. STRAINS OF VIRUS AND / MALS USED THE
EXPERIME!}?

In all, the following four strains of horsesickness virus were
used in our experiments.

(a) O-virus.—The strain of virus used in the first series of our
experiments consisted of the laboratory vaccine strain kmown as O-
virus. This strain had originally been isolated from a case of horse-
sickness by Sir Arnold Theiler in the year 1901 and was subsequently
chosen by him as the strain most switable for immunization purposes.

In August, 1901, the first injection was made into horse No. 96,
blood from this horse constituting the first generation of the virus.
By repeated subinoculations into susceptible horses the strain was
preserved and is to-day used in the preparation of the horsesickness
vaccine being now in 1ts 22Hth generation. The virus has proved to
be of a very high grade of virulence, resulting almost invariably in
fatal cases of horsesickmness upon inoculation. From a perusal of
the temperature charts of the horses used in its maintenance it
appears that slight though definite alterations in its potency have
taken place. The incubation period of the reactions produced by it
have shortened somewhat, viz., from 4 to.6 days to the usual 2 to
3 days, as is the case to-day. The duration of the disease itself,
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which was originally in the neighbourhood of 6 to even 10 days has
been reduced to an average of 3 davs and in some cases even less.
Tt would appear, therefore, that some alteration in the virus itself
has taken place, and coupled with the fact that this virus has had
no opportunity of developing outside the body of horses throughout
the 31 years from its recovery from a natural case of horsesickness.
it seems (uite reasonable to assume that some biological change has
taken place which may have affected its propensity for developing in
the bodx of the supposed invertebrate host.

(b) Losperfontein Virus.—This virus was obtained on 3rd
March, 1932, on the (overnment Irrigation Settlement at Losper-
fontein, approximately 40 miles west of Pretoria, from a fatal case
of horsesickness in a mule. Owing {o some confusion in the records
of the settlement office, a certain amount of doubt exists as to the
accurate history of this case. So far as can be ascertained the mule
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ftig. lL.—Comparison between horsesickness reactions produced by
O-virus: 8th and 224th generations.

was lmmunized against horsesickuess during the month of December,
1931, by the Onderstepoort method of hyperimmune serum and
virus, one of the viruses used being the O-strain. The possibility
therefore exists that we were dealing with a case of relapse after «
period of three months, and had recoveved the O-strain virus where-
with the mule had been immunized in cember, 1t must be
pointed out, however, that had this mule not acquired immunity or
not been immunized in the first instance, the latter also belng
possible on account of the confusion amongst the records, chances
for matural infection on losperfontein were excelle A perusal
of the meteorological records revealed the fact that fairty good rvains
had fallen early in February, i.e. about one month previously. The
mules had been ruuning in a paddock containing a stream where the
chances for mosquitoes breeding out were very good indeed. WNatural
infection can, therefore, not be lost sight of and is in fact extremely
likely. However, the possibility does exist that a relapse might have
occurred, m which case O-virus would have been recovered, and its
difficult propagation in our experimental mosquitoes would then
nf‘[ b? surprising assuming that O-virus has become biologically
altered.
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(¢) Eshowe wvirus.—This strain of virus was obtained by the
Government Veterinary Officer of Eshowe, Natal, from a mule suffer-
ing from horsesickness which ended in recovery. 'T'his mule had
been immunized against horsesickness on the 25th August, 1931, by
the serum-virus method.

In this case again the possibility of a relapse exists, after an
interval of 6 months. 1e fact that this mule recovered seems to
point to some other virus strain being responsible for setting up the
infection, as O-virus is almost invariably fatal. This does not,
however, constitute sufficient evidence to exclude the relapse
possibility as cases of recovery from O-virus are known and further
the mule may have had some natural immunity.

(d) Kaalplaas virus.—The Kaalplaas virus used in our experi-
ments was obtained from a horse No. 20031 owned by the laboratory
which had been running on the laboratory farm Kaalplaas, about 9
r 2s from Ondermtepoort This horse had hbeen hyperimmunized
ag winst horsesickness, O-virus strain, 225th generation, in September,
1931, receiving 10,000 c.c. virulent blood from the donor, horse
No. 20154. The animal was then sent to Kaalplaas where it was
exposed to natural infection from 6th Oectober, 1931, to 13th April,
1¢ 2, and contracted horsesickness on the latter date. It was
re 1rned to Onderstepoort, where a typical case of Dikkop horse-
si mness, which ended fatally, was noted. Considering that this was
tl  only case of horsesickness amongst a large number of immunized
horses with which this animal was running, itself hyperimmunized
against the disease, it appears extremely likely that we were dealing
with a case of relapse to O-virus.

It will be realized from the above that in the case of the three
vi ses collected from the field for experimental purposes, viz.,
L_.perfontein, Eshowe and Kaalplaas, a history of immunization
ag Lnst horsesickness accompanies each case so that the possibility
of ur having dealt with O-virus throughout our experiments can,
th efore, not be ignored.

(e) Faperimental Animals.—The horses used in our experiments
cc_sisted of old cast animals of little commercial value bought by
the labhoratory for experimental purposes and for the productlon of
horsesickness vaccine. The animals are recruited principally from
the large towns, viz., Johannesburg and Pretoria, where thev had
be- used for various purposes, e.g. hauling commercial vehicles,
et  No guarantee of any sort can be obtained as to their suscepti-
biiivy or resistance to horsesickness nor is anything of their past
hi ories known. The fact that the greater number of these animals
he > spent their lives in towns indicates that they have probably
not been exposed to infection and from past experience it 1s known
that only very occasionally is an immune horse encountered.

1V. EXPE IMENT/ ECHP JE.

The technique used for feeding monsquitoes on horse and keeping
them alive in the laboratory for the periods required by the experi-
ments, have been described in the second paper of this series, and
we, therefore, refer the reader to it for full particulars.
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Trom this paper it will be seen that the technique was gradually
altered and improved. Different methods were therefore used in the
different sections of this work. In the introduction to each section
we will briefly refer to the methods actually applied in that
particular part.

V. EXPERIMENTS WITH VIE 8.

We commenced our experiments with the O-virus laboratory
strain, which was isolated, as previously stated, more than 30 years
ago, and had been transmiitted through about 200 generations by
1nt1‘13u0“111a1 injection from horse to horse.

As mentioned previously, this strain has changed during these
30 years, especially the incubation period, which has considerably
shortened, being at present only 2-3 days. The strain has virtually
acquired the character of a virus fixe, and 1t 1s, therefore, not
unreasonable to suspect a change in other biological respects as well.

From the commencement we had some doubt about the suite-
bility of the strain for transmission experiments. It seemed possi
that the exceptionally long divect transmission of the strain from
horse to horse could have affected the developmental capacity of the
virus in 1ts natural insect host.

In the literature no reference is given to similar biological
alterations in respect of other virus diseases of man or animals trans-
mitted by insects, but no other virus, to our knowledge, has ever
been hansmltted through a series of direct transmissions by means
of the syringe only. We know, however, thai in trypanosomiasis
the developmental capacity of the parasites in tsetse flies 1s very
quickly reduced and lost through direct transmission. On the other
hand, the human malaria parasite is not affected by such a pro-
cedure.

In connection with the theory of a reduced developmental
capacity of the virus in its invertebrate host, a recent outbreak of
horsesickness at Wellington, Cape Province, may serve to throw
some light upon the subject. For a number of years this area was
regarded as free from horsesickness. On 3rd March, 1931, some
horses were immunized against horsesickness with the Onderstepoort
strain. On 29th March one of the non-immunized contact horses
died from horsesickness and shortly afterwards several others
followed.

These cases seemed to indicate that the virus was still capable
of being transmitted in the natural way as we are forced to exclude
the possibility of natural horsesickness in this area. The whole
outbreak was considered by the veterinary authorities to be some-
thing very exceptional, as they had never previously observed similar
cases. There 1s the possibility, of course, of the disease not having
been transmitted in the supposedly normal manner, 1i.e. by
mosquitoes, in which case our contention of a possible biological
alteration in the virus is supported. The time between the inocula-
tion of the horses for immunization and the first death of one of the
contact horses was 27 days. If we allow a period of three days for
the appearance of the virus in the blood of the inoculated horses,
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and a further period of 10 days for the interval between the infection
of the contact horses by insects and their death, then there would
remain a maximum of 14 days for the incubation period of the virus
in the insect. This must be regarded, under our climatic conditions,
with calm cool nights, as a relatively short incubation period in
comparison with what we know about Yellow Fever and Dengue,
i.e. 1f we accept at all the necessity for a certain period of develop-
ment of the virus to rvender the insect infectious. The conditions
for an Insect transmission in this case must, therefore have been
absolutely optimal. As an entomological survey was not successful,
we do not know if this was the case. The transmission might
possibly have been effected mechanically, but in any case the con-
ditions under which the infection spread were apparently not normal,
and 1t is, therefore, difficult to arrive at any definite conclusion as to
the capacity of the strain developing normally in the insect host.

Our experiments were commenced in September, 1931. At that
time we had only the O-virus strain at our disposal. We had hoped
to obtain a normal field strain early in the season, but unfortunately
one was not obtainable until towards the end of February, 1932.

In conducting the experiments discussed here it was our inten-
tion, firstly, to ascertain 1e most suitable tinte for feeding mosquitoes
on infected horses. Secondly, to carry out some experiments in
September or October with mosquitoes common in winter, i.e. before
the commencement of the horsesickness season and the appearance
of Aédes species, and thirdly, to start preliminary experiments in
November, when the first Aédes mosquitoes generally appear, using
those species most likely to be the natural vectors.

For these tests we used relatively small numbers of mosquitoes,
having in mind the high infection index encountered in the Yellow
Fever and Dengue work. Moreover, a positive result with a few
specimens of a certaln species would have been a more valuable
indication than one with large numbers, as the method of injecting
crushed mosquitoes was used. This method appeared to us to be the
most suitable for preliminary work, for the reason that the virus
being present in some part of the body in a virulent form, its
presence would be revealed by injection of the whole mosquito even
1f 1t had not reached the salivary glands. The earliest interval
chosen for injection was 5 days. The digestion of the blood in the
intestines of the mosquitoes was usually completed after three days
at the temperature we kept them, and there remained, therefore, no
undigested blood to harbour the virus after five days. While blood
was present in the intestines the presence of virus in emulsified mos-
quitoes would have been of no significance.

‘When all the above-mentioned experiments proved to be negative
a further experiment was undertaken, using a large number of
mosquitoes siinultaneously. This concluded this series of tests.

A. ExreriveEntar, TECHNIQUE.

The mosquitoes used in these experiments were as a rule fed in
the small cages described in the second paper, whicll were fastened
to the skin of the horse with strips of plaster. Only in the last test

283



TRANSMISSION OF HORSESICKNESS AT ONDERSTEPOORT DURING 1931-32.

were they liberated in a mosquito-proof tent containing the infected
horse. KExcept in the last experiment, the mosquitoes were fed
during the night on horses kept in one of the ordinary stables.

During September and October, when working with Culer, the
percentage of engorged specimens was reasonably high (up to 90 per
cent.), without making any arrangements for increasing the
humidity.  Unsatisfactory results were only obtained with horses
that were very sensitive to the mosquito bites. The feeding results
with the Aédes species were, on the whole satisfactory during
November and December. 1In some cases, however, the percentage
of engorged specimens was markedly less than in the experiments
with Culexz. Moreover a greater mortality was observed in the
cages. Later it was found that the humidity was at fault, not being
sufficiently high. The experiments with free mosquitoes in the fly-
proof tent in the field, also yielded good results, without any pre-
cautions being taken. However, the night in question happened to
be wet.

After feeding, the mosquitoes were kept in jam jars standing on
wet cotton wool in larger glass jars, as has been described in the
general section on techmque They were fed on 10 per cent. sugar
water. This method proved satisfactory, although in some cases
there was a considerable mortality.

In these experiments all mosquitoes were injected into normal
horses not fed on them. They were first stunned by nocking the
test tube containing them against the palm of the hand, after which
they were crushed in normal horse serum in all cases, and injected
subcutaneously into the neck of the horse. To commence with, ether
was used to tender them inert, and thus facilitate (ru%hlng, but
its use was soon discontinued.

B. MosqQUITOES.

- In this group of experiments 807 infected mosquitoes were
injected into susceptible horses. These mosquitoes included the
following species:—

Culex thetleri ... ... ... ... ... 254 specumens.
Anopheles squamosus ... ... ... H specimens.
Aédes caballus ... ... ... ... ... 200 specimens.
Aédes dentatus ... ... ... ... ... 18 specimens.
Aédes hirsutus ... ... ... ... ... 145 specimens.
Aédes lLineatopennis ... ... ... 127 specimens.
Aédes vittatus ... ... ... ... ... H2 specimens.

‘Whenever possible mo%qultoes reared from larvae in the labora-
tory were used, and only when larvae were unobtainable had we to
make use of adult specimens caught either in the field or in traps.
The larvae of Culex theileri were very numerous in September aud
October, and could be caught in sufficient numbers amongst reeds
growing near the banks of the Aapies River where e water was
sluggish. Adults were very common during this period in the
mosquito traps. Adults of Anopheles squamosus were only occasion-
ally caught in the traps, and their larvae were rarely found in the
Aapies River. The above-mentioned five species of Aédes commenced
to appear in November. At frst they were relatively common, but
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later on more difficult to find, and during the first half of January
became comparatively rare. As there was very little hope of the
climatic conditions improving, we artificially flooded the breeding
places of A. hirsutus, A. caballus and A. lineatopennis, and were
then able to catch these species in large numbers. The breeding
place of A. wittatus had regularly been infested with dragon-fly
larvae since January, and did not yield any further mosquitoes.
Catching the dragon-fly larvae was not atfended with success, as
fresh eggs were continually being deposite In the case of A.
hirsutus and A. vittatus only specimens reared from larvae and pupae
were used, whereas with A. caballus and A. lineatopennis adults
caught on their breeding grounds or in the mosquito traps were also
used in addition to bred specimens.

C. VirUS ORSES.

For this series of experiments we used a total of nine virus
horses. By the term virus horse must be understood those infected
horses used for feeding mosquitoes on. For simplifying Ilater
references, a short description of the course of the infection in each
case will be given below, with an enumeration of the groups of
mosquitoes fed on the respective horses.

Virus Horse 1 (No. 20181).—Injected on 7th September, 1931, intrajugularly
with 5 c.c. O-virus (224th generation of 8th August, 1931)

Result : On 10th September p.m. first rise of temprature* up to 104°. The
horse died 2% days later. Ted (. theileri, group 1

Virus Horse 2 (No. 20125).—Horse of experiment 1 (Culex tlheileri injection
after § day). Fed C. theileri, group 2. For temperature see experiment 1.

Virus Horse 8 (No. 20183).—Injected intrajugularly on 2Ist September,
1931, with 5 c.c. O-virus (224th generation of 12th August, 1931).

Lesult: Temperature up to 23rd September a.m. normal, p.m. 102-5°;
on 24th, 101-0° and 104-5°; on 25th, 103-4° and 105-0°; on 26th, 104-4° and
104-7°; and on 27th a.m., 105-0°. The horse died on the 27th p.m. Fed
. theileri, group 3.

Virus Horse 4 (No. 20261).—Injected on October 10th, with the same
virus as the previous horse.

Result: Temperature normal up to 12th October a.m., p.m. 103-1°; on
13th, 103-3° and 106-1°; on 14th, 104-© and 106-1°; on 15th, 104-0° and
106-0°.  The horse died during the following night., Fed (. theileri, groups
4 and 5, and 4. squamosus, group 1

Virus Horse 5 (No. 20196).—This horse had been used for experiment 3
(O, theileri injection after 16 days). It had also bheen infected some months
earlier for other reasons with the Tzaneen strain of horsesickness. On 2nd

November 5 c.c. O-virus (191st generation of 27th September, 1931) were
injected intrajugularly.

Result : Temperature normal up to 9th November a.m., p.m. first rise up
to 103-3°. Temperature on 10th, 102-4° and 104:0°; on 1lth, 102-0° and
103:2°; on 12th, 102:0° and 103:9°; on 13th, 101-2° and 102-5°; on 14th,
101-3° and 102-0°. Thereafter the temperature was normal. The course of
the disease was somewhat attenuated, and it is very likely that there was a
certain amount of immunity agamst O-virus present, due to the earlier
injections with T-virus. On this horse were fed Aédes caballus, group 1;
dentatus, group 1; and Anopheles squamosus, group 2.

Virus Horse 6 (No. 20184).—Used before in a negative experiment (experi-

ment 2, C. theileri, 5 days). Injected 13th November with the same material
of O-virus as virus horse 1.

) * The temperatures of all experimental animals were taken twice daily;
in the morning between 6.30 and 7, and in the afternoon between 3.30 and 4
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Result: Temperature normal up to 16th November a.m., p.m. rise to
104-4°. Temperature on 17th; 103-4° and 106-0°; on 18th a.m., 102:6°. The
horse died the same afternoon. Fed Aédes caballus, group 2-3, and A.
lineatopennis, group 1.

Virus Horse 7 (No. 20268).—Used for subinoculation in experiment 5
(Culex theileri, direct transmission). Injected on 23rd November with the
same virus as the previous horse.

Lesult: Temperature normal up to 25th November a.m., p.m. 103-4°; on
26th, 102-8° and 106-0°; on 27th, 105-4° and 107-0°; and on 28th a.m.,
106-5°. The horse died the same day. Fed Adédes caballus, groups 4-6; 4.
dentatus, group 3; A. hirsufus, groups 2-3; and A. lineatopenmis, group 2.

Virus Horse 8 (No. 20287).—Injected 5th December, 1931, with 5 c.c.
O-virus (191st generation of 27th September).

Result: Temperature normal up to 7th December a.m., p.m. 103-6°; on
8th, 104-0° and 104-2° on 9th, 105-0° and 106-4°; and on 10th, 105-4° and
106-4°, The horse died during the following night. Ted Adédes caballus,
groups 7-10; A. dentatus, groups 4-5; A. hirsutus, group 4; A. linealo-
pennis, groups 4-7; and A. wvittatus, group 1-2.

Virus Horse 9 (No. 20269).-—Used previously for experiment 7 (Aédes
caballus injection after 5 days). Injected on 29th January intrajugularly with
5 c.c. O-virus (225th generation of 11th September, 1931).

Result: The temperature on 3lst January a.m. was 102-0°; on 1st I'ehb-
ruary, 103-4° and 106-1°; on 2nd February a.m., 105-1°. The same day the
horse was killed for other purposes. Fed Aédes caballus, group 11; A.
hirsutus, group 5; and A. lineatopennis, group 8.

All these 9 cases developed the typical Dunkop form of horse-
sickness. Dikkop or mixed infections did not ocecur.

D. Iixverivexts wita Culex theilers.

To obtain an approximate idea of the amount of virus present in
an infected horse during the fever reaction in connection with our
mosquito work, we fed, as a preliminary experiment, a few specimens
of Culex theiler: (at that time other species were not at our disposal)
on an infected horse shortly after the first rise of temperature. They
were injected shortly afterwards (the following iorning) into a
normal horse. A series of experiments with several lots of mosquitoes
fed at different times of the horsesickness reaction would certainly
have been highly interesting, but on account of the expense we
limited ourselves to this one test. With the same species four further
experiments were made, using a total of 249 specimens. The interval
varied between one minute and 25 days.

Virus: O-virus 192nd and 225th generations. Virus horses 1-4 and
mosquito groups:-—

Group 1.—Fed on virus horse 1 from 1lth p.m. to 12th a.m. Second day
of fever. Temperature 104-0°. 46 Specimens engorged (reared from Ilarvae).
Used for experiments 1-4.

Group 2.—Fed on virus horse 2 on 16th September p.m. Second day of
fever. Temperature 105-4°. 18 Specimens engorged (reared from larvae).
Used for experiments 3 and 4.

Group 3.—Fed on virus horse 3 from 25th September p.m. to the follow-
ing morming. Second to third day of fever. Temperature 105-0°. About 100
specimens engorged (reared from larvae) used for experiments 2-4.

Group 4.—Some specimens fed on virus horse 4 on 13th and 14th October.
First and second day of fever. Temperature 103-3° and 106-1°. Mosquitoes
reared or caught. Used for experiment 5.

Group 5.—Fed on same horse from 13th October p.m. till the following
morning. Second day of fever. Temperature 106-1°-104°. 135 Specimens
engorged (reared from larvae). TUsed for experiments 2 and 4.
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Bxperiment 1 (H.S. 1). 5 Culex theileri. Injection. Interval § day.
Horse 20175,

On 12th September, 1931, 5 (/. theileri, group 1, which had fed the night
before on an infected horse, were injected subcutaneously.

Reaction: The temperature of the experimental horse on '™h September
was 101:4° and 103-8°; the following day: 103-4° and 105-4°. e horse was
very wild, and it was difficult to take the temperature regulariy. The horse
died on the night of 17th-18th September. The post-mortem showed typical
horsesickness, dunkop.

The result of the experiment was thus positive.

Experiment 2 (H.S. 2). 50 Culex theileri. Injection. Inter 5 days.
Horse 20184.

This horse was injected with 50 specimens of (/. theieri, which had fed
5 days previously on an infected horse, viz.,, on 17th September with 10
specimens of group 1, on 1st October with 15 specimens of group 3, and on
19th October with 25 specimens of group 5. All the mosquitoes had fed on
infected horses during the first or second day of fever.

Reaction: The temperature of horse 20184 remained normal, between 99°

and 101°, up to 13th November, 25 days after the injection of the last batch
of mosquitoes. Once the temperature rose to 102° but only for half a day.

Immunity Test: The horse was subinoculate? on 13th vember with
O-virus (224th generation of 17th August, 1931). showed a typical horse-

sickness reaction and died 5 days after injection (viae virus horse ).
The result of this experiment was thus negatfive.

KExperiment 3 (H.S. 3). 50 Culex theileri. Injection. Interval 16 days.
Horse 20196.

Into this horse 50 mosquitoes were injected which had been fed 16 days
previously on an infected animal. On 28th September, 1931, 10 specimens of
group 1 were injected, on 3vd October 15 of group 2. and on 12th October
25 specimens of group 3. These mosquitoes were fed on the infected horse
during the sccond day of fever.

Reaction: The temperature of horse 20196 remained normal up to 2nd
November, three wecks after the injection of the last group of mosquitoes,
and during this time did not exceed 101-40°,

Immunity Test: On 2nd November the horse was injected intrajugularly
with 5 c.c. of O-virus (191st generation of 27th September, 1931). Seven days
later the temperature rose up to 103-3° F. and remained ahove 102-0° (after-
noon temperatures) for five days. Thercafter it returned to normal. Tt was
thus only a mild attack of horsesickness. The horse had been injected some
time previous to this e riment with T-strain of horsesickness and had
probably acquired a eertw.a amount of immunity against O-virus. This 1s,
however, rather exceptional.

Result: As there was no temperature rcaction at all after the injection
of the mosquitoes, we do not think that the result of the experiment is doubt-
ful owing to the partial resistance of the animal against horsesickness. We
consider we are Justified, therefore, in regarding this experiment as negative.

Experiment 4 (H.S. 4). 140 Culex theileri. Injection. Interval 25 days.
Horse 20259.

Tn this experiment 140 mosquitoes which had fed on infected horses 25
days before were used. On 7th October 14 specimens ol group 1 were injected,
on the 12th 2 of group 2, on the 21st 51 of group 3, and on 9th Novembher
73 specimens of group 5. All these mosquitoes had been fed on virus horses
during the first and second day of {ever.

Reaction: The temperature of the horse did mot exceed 101:2° up to
S8th Decemhber, one month after the last injection of mosquitoes. It thus
remained ahsolutely normal.

Immunity Test: On 15th February, 1932, the horse, whose temperature
still remained normal, was injected with 5 c.c. blood of he 20289 from
experiment 16 (O-virus, Ist passage through mosquitoes). The tever reaction
commenced the following day and the animal died 4 days later.
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Result: Horse 20259 was thus susceptible and the experiment therefore -
negative,

FExperiment 5 (H.S. 5). 9 Culex theileri. Direct transmission.
Horse 20277.

On 13th October, 1931, 6 Culex theileri (group 4) were fed on virus
horse 4. After they had taken up about half the normal amount of blood, the
feeding was interrupted and the mosquitoes were immediately transferred to
horse 20277 to complete their feeding on that animal. The interval was 85,
35, 40, 40, 60, and 50 seconds. The following day three more (. theileri of the
same group were fed on both horses in the same manner. The interval was
95, 30, and 90 seconds.

Reaction: The temperature of the horse was normal for about three weeks,
up to 5th November, when it rose to 102-5°, The maximum temperatures for
the following days were: 101-2°, 101-0°, 101-9°, 99-3°, 101-6°, 104-1°, and
101-2°.,  During this period the horse showed muco-catarrhal discharges from
lsoth nostrils and an infection of one of the hind legs. The general appearance
was very bad and it was killed on 12th November. The post-mortem was
doubtful so far as horsesickness was concerned.

Subinoculation: 5 c.c. blood of this horse, taken on 7th November, was
injected into horse 20268 on 11th November. The temperature of this second
horse remained normal up to 23rd November; the maximum was 101-6°.
On this day horse 20268 was injected with 5 c.c. O-virus (224th generation of
17th August, 1930). Two days later the temperature began to rise and the
horse died 5 days later (vide virus horse 7).

Result: The observation period of the subinoculated horse, via., 12 days,
was certainly very short, and it is therefore not possible to give a definite
statement about the result of this experiment. On the other hand, there is
a strong indication that this experiment was also negative.

E. ExperivENTs witH Anopheles squamosus.

We were only able to make one test with a few specimens of
Anopheles squamosus, a species which was exceptionally rare this
season at Onderstepoort.

Virus: O-virus, 192nd and 225th generation. Virus horse 4 and 5 and
mosquito groups:—

Group 1.—Fed on virus horse 4 on 15th October, third day of fever.
Temperature 104-0°-106-0°. Three specimens engorged (caught as adults).

Group 2.—O0n 11th November two specimens (caught as adults) fed on virus
horse 5. Third day of fever. Temperature 102-0°-103-20°.

BExperiment 6 (H.S. 6). 5 Anopheles squamosus. Injection.
Interval 5 days. Horse 20262.

) On 20th October three specimens of A. squamosus, group 1, were injected
into horse 20262, and on 17th November the two specimens of group 2. These
mosquitoes had fed 5 days before the injection on 1nfected horses.

RReaction: The temperature of the horse up to 17th December, one month
after the injection of the last mosquitoes, varied between 98-5° and 101°, and
was thus normal.

Immunity Test: On 4th March the horse was injected with blood from a
natural case of horsesickness and died nine days later (vide virus horse 10,
Losperfontein virus).

Result: The horse was thus susceptible and the experiment proved to be
negative,

F. Exrermve~xts wite Aédes caballus.

Aédes caballus, as we have stated before, is one of the common
species of Aédes round Onderstepoort, and in the later stages of the
work 1t was quite regularly obtained for experiments.
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m . . g :
Two experiments were undertaken. using a total of 122 specimens
at mtervals of H and 15-16 davs,
Vores: O-viens, 1920d and 225th generation. Virus horses 5. 6. 7, and 8
and mosquito groups:——

(froup L—Fed on virus horse 5 on 11th November p.m. till the following
morning.  Third dax of fever. Temperature 103-2°-102-. Twenty specimens
cngorged (hatched from pupae). Used for experiment 7.

Growp 2.—Foed on virus horse 6 during the night. 17th-18th November.
mecond  day of fever.,  Temperature 106-00-102-G6°. & specimens engorged
(reaved trom larvae). TUsed for experiment 7.

(rroup 3—Ied on the same virus horse on 13th November a.m. Second day
of fever. Temperature 102:6° One specimen engorged (reared from larva).
Used for experiment 7.

tiroup 4—Fed on virus horse 7 on 27th November p.m. First to second
day of fever. Temperature 102:8°-106-0°, Eighty specimens engorged (hatched
from pupae and caught as adults). TUsed for experiments 7 and 8.

(lrowp 5. -Fed on the same virns horse during the following night. Second
day of fever. Temperature 106-0°-105-4°, Twenty-eight specunens engorged
(hatched from pupae and cancght ax adults). Used tor experiment 8.

Froup 6.—1¢d on the same virus horse on 27th November. Third day of
fever.  Temperature 10519 and 107-00.  Thirty specimens engorged (caught
as adults). Used for experiment R,

(roup T.—Fed on virus horse 2 on 7th December pom. First day ol fever.
Temperature 103-6°. Twelve specimens engorged (caught as adults). TUsed tor
experiment 7.

(rroup S.—LFed on the same virus horse on Rth December pom. Second day
of fever, Temperature 104220 Twenty specimens engorged (eaught as adults).
Used for experiment 7.

Group 10.—Iled on the same virus horse one day later. Third day of
fever. Temperature 105-00-106-1°. Twentiy-five specimens engorged (caught
as adults). Used for experimen

Foreperiment T (IL.N. Ty 91 = coballus,  Injection, Twtereal 5 deys.
Tose 20269.

in this experiment ninet speci ~of 7 caballus, which had fed
about five days previously on . nent.... infec | horses, were injected in
all. On 17th November ten specimens of group 1 were injected, on the 23rd
six of group 2 and one of group 3, on lst December thiviy-three of group 4,
on the 12th ten of group 7. on the 1dth cleven of group 8 and twenty-three of
oroup 10. The mosquitoes had fed on the virus horses during the first to third
daxs of fever, except group 1. which had fed on the first or second dax.

Reaction: The temperaturve showed a few shight rises after the injection
of the mosquitoes, but otherwise remained within the normal limits during
an observation period of 1% months.

After the first immjection, a slight rise up to 101:6° on the fourth day
ocewrred. The second injection was followed by a vise up to 101-3° one day

tater.  After the third injection of thirty-three specimens the temperature
went up to 104-0° on the day of injection. but tell the next 7~v down to
101-0°, and did not exceed 101-2° during the following ten days. e last two

injections of 44 specimens followed one another directly. The temperature rose
up to 102:0° a few days later, remained on the same level the next dayv, and
then dropped again to normal. Fxcept for these fluctuations, the temperature
remained between 99-3° and 101:2° up to 28th January, 1932,

Tmuniunity Test: On 29th January. 1932, the horse was injected with 5 c.c.
G-virus (225th generation of 11th September. 1930), The first signs of fever
hegan to develop two days later. The horse was killed four days p.i. and the
post-mortem showed typical signs of the dunkop form of horsesickness (vride
virus horse .

Result: The norse was thus susceptible to horsesickness and the experi-
ment has to be looked unon as negatire. The temperature reactions were not
high enough to indicate even a very milk attack of horsesickness.
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Exzperiment 8 (II.8. 13). Aédes caballus. Injection. Interval 15-16 days.
Horse 20291.

This horse was injected with twenty-eight specimens of 4. caballus which
had fed 15 ov 16 days before on an infected horse. On 12th December, 1931,
ten specimens of group 4, five of group 3, and thirteen of group 6 werc injected.
These mosquitoes had fed on a virus horse during the end of the first until
the beginning of the third day of fever.

Result: The temperature of the horse remained normal, varying during
the first month following the injection hetween 98-4° and 101.-4°. The animal
was kept under ohservation for a further 70 days. Between 26th January
and 10th March, the temperature was somewhat irregular, rising on six days
ta above 1029, with 104-8° as maximum. On one occasion only did the tem-
perature remain ahove 102° for two consecutive days, otherwise elevated
temperatures were not maintained for longer than half a day at a time. On
23rd March, 1932, the horse was used in experiment 32 (Eshowe virus, 4.
dentatus, fed, 15 days and longer). No definite febrile reaction resulted.

Immunity Test: On 3rd June, 1 c.c. Eshowe virus was injected subcuta-
neously into this horse. The temperature commenced rising five days later
and the horse died from dunkop four days later.

Result: The immunity test showed that the horse was normally susceptible
to Eshowe virus. There is every reason to believe that it would have been
susceptible to O-virus, as well as have been all horses tested from the same lot.
As no typical fever reaction followed the iujection of mosquitoes, the experi-
ment has to be regarded as negative.

G. Exrerivents witk dédes lineatopennis.

Two experiments, using 33 specimens, were carried out with
this species.

Virus: O-virus (192nd and 225th generations). Virus horses 6, 7, and 8,
and mosquito groups:—

Group 1.—Five specimens (reared from larvae) fed on virus horse 6 on
17th November, 1931. Seccond day of fever. Temperature 106°-102.6°. Used
for experiment 9.

Froup 2.—Thirteen specimens (reared from larvae) fed on virus horse 7
on 26th November. Second day of fever. Temperature 106°-105-4°. Used for
experiment 10.

Group 3.—Thirty-three specimens (caught as adults) fed on virus horse 7
on 27th November. Third day of fever. Temperature 105-4°-107°. Used for
experiment 10.

Group 4.—Three specimens (caught as adulis) fed on virus horse 8 on 7th
December. First day of fever. Temperature 103-6°. TUsed for experiment 10.

Group 5.—Five specimens (caught as adults) fed on virus horse 8 on
8th December. Second day of fever. Temperature 104-2°, TUsed for experi-
ment 10.

Group 7.—Ome specimen (caught as adult) fed on same virus horse on
9th December. Third day of fever. Temperature 105°-106-4°. Used for experi-
ment 10.

Fxperviment 9 (H.S. 8). 5 Aédes lineatopennis. Injection. Interval 5 days.
Horse 20270.

This horse wag injected on 23rd November, 1931, with 5 Aédes lineatopennis
(group 1), which had fed ahout 5 days previously on an infected horse during
the second day of fever.

Result: The temperature of the horse remained normal (98-4°-101-4°) up
to Ist December, when it was injected with A. hirsutus (fed on a horse,
O-virus, 5 days previously, experiment 11:; result: negative). On 20th Feb-
ruary, 1932, the animal was injected with Aédes spp. (which had fed on a
horse, O-virus after mosquito passage, 7-9 days previously, experiment 11;
result : negative).

Immunif’]/ Test: On 19th March the horse was injected with Eshowe virus
(1st generation), and died of horsesickness 5-6 days later.

Result: The esperiment was therefore negative, as the horse proved to be
susceptible.
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Expertment 10 ([1.8. 12). 28 Aédes lineatapennis.  Injection.
Interval 5 days. Horse 20288.

Twenty A. lineutopennis (eleven of group 2 and unine of group 3) were
injected into the horse on 12th December, and two days later three of group 4,

four of group 5, and one of group 7.

Reartion: The temperature of the horse remained normal (99°-101°) for
rearly three months, except for short rises directly after the injections of the
mosquitoes, when the temperature reached 102:-1° one atternoon.

On 9th March the horse was used for experiment 24, and was injected with
A, eaballus and A. lineatopennis which had fed on a horse (Eshowe virus)
7 days previously. This experiment was positive and proved that the horse
was susceptible to horsesickness.

Result: The cexperiment was therefore negative,

H. ExprriMenTs witn dédes hirsutus.

Tt was only possible to carry out one test, using 30 specimens,
with this species.

Virus: O-virus (192nd and 225th generations). Virus horses 7 and 8, and
mosquite groups:-—

Group 2. —Seventeen specimens (reared from larvae) fed on virus horse 7
on 26th Novemher, 1931, p.m. Tirst and sccond day of fever. Temperature
12-8-106°. TUsed for experiment 11,

Group 3.—Ten specimens (reared from larvae) fed on the same virus horse
from 26th November p.m. until the following morning. Second day of fever.
Temperature 106°-105-4°. TUsed for experiment 11.

Group 4 —Fifteen spccimens (reared from larvae) fed on virus horse 8

on December 9th. Third day of fever. Temperature 105°-106-4°%. TUsed for
experiment 11.

Experiment 11 (H.S5. 10). 30 Adédes hirsutus, Injection,
Interval 5 days. Horse 20270.

Fifteen specimens (group 2) were injected into the horse on Ist December,
1931, five of group 3 the following dayv. and ten (group 4) on 14th December.
They had fed on the virus horses during the first to third days of fever.

Reaction: The temperature varied hetween 97-4° and 101-6° up to 19th
February, more than a month after the last injection. It thus remained normal.
On 20th Febr uary, 1932, the horse was injected, in experiment 17, with 17
Aédes spp. which had fed on a horse (O-virus after mosquito passage) 7-8 days
previously. There was no marked temperature reaction during that month.

Tmmunity Test: On 19th March the horse was injected intrajugularly with
E-virus (Ist generation). Three davs later the temperature hegan to rise, and
the horse died of horsesickness 5-6 days later.

Result: The horse thus proved to be susceptible, and the experiment must
be regarded as negative.

I. Exrrrimests wirr Aédes dentatus.

Two experiments, using I8 specimens, were carried out with
this species.

Vires: O-virus (192nd and 225th generation). Virus horse 7 and %, and
NoSQUITO Eroups : —

(rowp 3.—Thirteen specimens (caught as adults) fed on virus horse 7 on
26th November p.m. TFirst to second day of fever. Temperature 102-8°-106°.
TUsed [or experimoent 12,

(iroup 4. —Three speciiuens (reaved from larvae) fed on virus horse = on
7th December pm.  First day of fever. Temperature 103-6°. Used for
experiment 1:5.

(iroup 5.—Twelve specimens (reared from larvae) fed on virus horse 8 on
9th December. Third day of fever. Temperature 1059-106-4°.  Used for experi-
ment 13.

291



TRANSMISSION OF HORSESICKNESS AT ONDERSTEPOORT DURING 1931-32.

Ceperiment 12 (FI.N. 11). 6 Aédes dentatus, Tnjection. Intercal 5 days.
Horse 20271,
This horse was injected on 2nd December, 1931, with 6 4. dentatus (group
3) which had fed 5 days previously on an infected horse.

Reaction: The temperature of the horse remained normal during the first
11 days p.i., showing a maximum of 101-4°. On 14th December the tempera-
ture rose to 103° and on the follow mg seven days was: 100-4° and 102-3°,

101-3° (a.m.), 101 and 1020 102° (a.ni.), 93 (a.m.), 080 /e m N and "7 (a.m.).
During this reaction the horse showed dischavges fro Is auna swelling
of the (!lands due to an attack of rhinitis. On 23rd ne tempera’
was again normal and remained below 1019 for mor months, 1.e

to 26th February, 1932,

On 27th February the horse was injected with .1édes spp. which had fed
on a horse (O-virus after mosquito passage) 2-9 davs previously (experiment
18). During an ohservation period of 4 days no reaction resulted. On 8th
April the horse was used as a control in experiment 31 (Fshowe virng, 4.
Iirsutus, teeding). No temperature reaction occurred during a period more
than a month.

The result of this experiment must be regarded as nogative. We did not
censider it necessary to test this animal for immunity, as all animals from
the same source, so lar as they were tested, proved to he susceptible.

Erperiment 13 (.S, 9). 12 Aédes dentatus. Anjection. Intcrral 16 days.
Torse 20280,

Three specimens (group 4) were injected into this horse on 23rd December,
1931, and 9 (group 5) on the following day. The mosquitoes had fed about 16
duys previously on an infected horse during the first and third days of the
fever reaction.

Reaction: The horse did not show auny fever reaction during the month
following the last iujection of the mosquitoes, The temperature remained
below 101°, except on a few separate days. The highest temperature registered
was 101:8°, The horse was kept under observation for a further 14 davs up
to 8th March. Three times during this period the temperature surpassed 1020,
but only half a day in each case. The maximum temperature was 102:5°. On
Oth March the horse was used for experiment 30 (Eshowe virus, 1. hirsutus,
injection). No temperature reaction occurred in this experiment either.

Immunity Test: The horse was injected with Eshowe virus on 27th May.
Four days later the temperature commenced rising, and on the 8th dav p.i.
the horse died from dunkop horsesickness.

Result: The horse did not show any temperature after the injection of
mosquitoes, but later proved to be susceptible to another strain of horsesick-
ness. For reasons already stated in other experiments, we may regard the
horse as susceptible to O-virus, and the experiment was therefore negafive.

Exrrrivexts wirn Adédes vittatus.

Two experiments, using H2 specimens, were carried out with
this s} ‘es.

Mirus: O-virus (1920d generation). Virus horse 8, and mosquito groups:—

Group 1.—Thirty-one specimens (reared from larvae) fed on virus horse 8
on 7th December, 1931, First day of fever. Temperature 103-6° used fov
experiments 14 and 15.

Group 2—Forty specimens (reared from larvae) fed on the same horse on
9th December. Third day ol fever. Temperature 1059-106-4°, Used for experi-
ments 4 and 15,

Frperiment 14 (II. 14). 20 Yédes vittatus. Injection. Interval 5 days.

Horse 20289,
Ten specimens (group 1) were injected into the horse on 2nd  ecember,

and two davs later ten more of group 2. The mosquitoes had ied on an
infecied horse during the first and third days of fever.
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Reaction: The temperature remained normal (98-2°9-101-6°) up to 8th
February, 1932, nearly two months after the last injection of the mosquitoes,
except on one occasion, about a month after the injections, when it rose to
103-4°, but dropped agaln the mext day to 99-3°.

Tmanunity Test: On 8th Februar;, 1932, the horse was used for experi-
ment 16,, and was injected with a large number of Aédes spp., 6 days after
they had fed on an infected horse., This experiment was p051t1Ve and proved
the susceptibility of the horse for horsesickness.

Result: The experiment must, therefore, be regarded as negative.

Experiment 15 (H.8. 15). 32 Adédes vittatus. Injection. Interval 15 days.
Horse 20297.

Iifteen specimens (group 1) were injected into the horse on 23rd Decem-
ber and 17 (group 2) on the following day. These mosquitoes had fed on a
virus horse approximately 15 days before during the firvst aud second days of
tever.

Reaction: The temperature of the horse remained normal, the highest
temperature registered during the first month after the injection being 101°.
The horse was kept under observation for almost a [urther two months, and
during this period the temperature only reached 102° for half a day.

On 23rd March the horse was used for experiment 19 (Losperfontein virus,
A. eaballus, feeding). In this experiment also no fever reaction occurred.

Immunity Test: On 11th May, 1932, the horse was injected with 5 c.c.
Losperfontein virus (from original Lﬂ,SP) "After an incubation period of 7 days
the temperature commenced to rise. The horse died 4 days later, the maximum
temperature being 105°.

Result: The horse was thus susceptible to the Losperfontein strain of
hcrsesickness and would very likely have reacted equally well to O-virus. The
experiment has therefore to be regarded as megative.

K. EXPERIMENTS WITH LARGER N CMBERS OF DIFFERENT Aédes
SPRCIES.

In the last experiment of this series we injected a larger number
of specimens of the three most important species of mosquitoes,
Aédes caballus, A. hirsutus and A. lineatopennis simultaneously,
hoping to obtain a positive result in this manner. The mosquitoes
were injected one week after their having fed on the infected horse,

thus giving the virus a certain time in which to multiply or dev elop

Virus: 225th generation of O-virus. Virus horse 8, and mosquitoes: —

Aédes caballus, group 11. On lst February a large number of newly
hatched mosquitoes were brought into contact with virus horse 9 in a mosquito-
proof tent, standing in the veld near the laboratories. Second to third day
of fever. Temperature 106-1°-105-1°. The engorged mosquitoes were caught the
following morning and kept in the warm room.

A. lineatopennis, group 6. Mosquitoes from the same source as A. caballus,
group 11, and treated in the same manner.

A. hirsufus, group 5. A large number of hatched adults fed on the same
virus horse at the same time as the other two groups.

Experiment 16 (H.S. 16). 294 Aédes spp. Injection. Interval 6 days.
Horse 20289,

The horse in this e*{periment had been used previously in experiment 14
Aédes vittatus, injection after 5 days), but it had not shown any temperature
reaction during an observation perlod of 56 days. It was in poor condition
and showed filhing of the hind legs.

On 8th February, 1932, the horse was injected subcutaneously with 294
mosquitoes. 85 Aédes caballus (group 11), 115 A. hirsutus (group 5), and 94
A. lineatopennis (group 8). These mosquitoes had fed on the night of I1st
to 2nd February, thus about 6% days previously, during the first to third
day of fever. The injections were made on both sides of the neck, and
marked swellings developed at the sites of injection, no doubt due to the very
large number of mosquitoes used, which naturally were mot sterile.
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Reaction (see fig. 2): The temperature during the week preceding the
injection was 99-09-101-4°; on the day of imjection 99° and 100-6°. The
following day the temperature rose to 104-0° in the morning, in the aftermoon
to 104-4° and cn 10th February, the second day after injection, 102-0° and
103-0°, and on the 11th (third day a.m.) 101-6° was registered. The swellings
at the sites of injection were still more marked the day after the injection,
but a slight reduction was noticeable on the second day, followed, however,
by further enlargement on the third day. The high rise of temperature shortly
after the injections was undoubtedly due to a local reaction set up by the
injected mosquitoes. When the swellings decreased the temperature also went
down.

On 11th February p.m. (third day) the temperature rose from 101-6° up to
104-0°, reaching, on the 12th (fourth day) 105-4° and 105-8°, and on the 13th
a.m. (fiftth day) 105-3°. During the afternocon of the same day the tempera-
ture came down to 102-5°, and the horse died during the following night. The
post-mortem was unfortunately not altogether clear cut as to the cause of
death, owing to the advanced state of decomposition of the carcass.

85. A. caballus.
r “UUS'A birsutus. 1
Fod. 94.A. lineatop. Injectod

Inierval of 6 days. \

Fahrenheit

102

Scc. O.virus, 2254h pen

T
H
Contigrade

100}

a
HORSE 20269, t0209,

PP L [ T

January

Fig. 2.

According to the course the reaction took, the indications pointed strongly
to horsesickness being the cause of death. In order to establish this fact,
another animal was subinoculated with blood from this horse.

Subinoculation: On 15th February horse 20259 was injected intrajugularly
with 5 c.c. blood of horse 20289, bled on 12th February.

This new horse had been used before in experiment 4 (Culex theileri,
injection after 25 days). During an observation period of more than 3 months
it had not shown any significant rise in temperature. The temperature during
the last week before the injection was 98-8° to 101-1°,

On the day after injection, 16th February, the temperature was 100-0°
in the morning, but rose in the afternoon up to 104-5°. On the second day it
was 105-0° and 105-4°, on the third day 105-7° and 106-6°, and on the fourth
day 106-3° and 105-4°. The horse died during the night. The post-mortem
showed the typical lesions of the dunkop form of horses:ckuess.

The very short incubation perviod of only 1% days in this case was remark-
able.

The result of the main experiment was thus positive as confirmed by sub-
inoculation of blood.

L. Resurrs or tae ExpErivENTs Wit Prre O-vIrTs.

In the first preliminary experiment a positive result was
obtained by the injection of five mosquitoes which had fed the night
before on an infected horse 24 hours after the first rise of tempera-
ture, during a horsesickness reaction. At thai time, therefore, the
concentration of virus was so high, that it must have been taken up
by at least one of the five mosquitoes. To determine exactly the
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optimum range for transmission experiments wore tests of this kind
would have been of value, but (hev seemed to us not to be absolutely
justified considering the costs involved. We considered ourselves as
safe, by analogy with the vesults obtained in the Yellow TFever and
Den(me work, by commencing the experiments after the firsi r1se of
temperature above 102-5° and finis! 1ing them after the third day of

fever.

In these experiments, as in all the others of this series, the
mosquitoes were erushed and injected subcutancously into susceptible
horses, not fed on them. We thought that this method would give
better and quicker results in o preliminury investigation into the
actual transmitters. A negative result would indicate that there
was no virus present in any part of the insect’s body, bul a positive
test naturally would need confirmation through feeding experiments.

As a rale we began with the injection of the mosquitoes H days
after their feeding on an infected horse. Normally all the blood in
the intestines of a fully engorged mosquito was digested aftev 2-3
days at the temperature they were kept at in the warm roomn.

The experinents with Culex theileri, which were carried out in
September and October, when no other mosquitoes could he obtuined,
were planned mainly to develop the experimert=l techuique. This
species s as conumon in winter as in summer, ar does not depend on
rain as it breeds In permanent water. Trom an epidemiological
point of view, therefore, it does not fit in with the iransmission at all.

All experiments with (. theideri were negative. The number of
specimens used was certainly sufficient. After five days 50 specimens
were injected, after 16 days 50 and after 25 dayvs 140, altogether 240
specimens.  We therefore considered that (. theilers could be
excluded from the experimential point of view as a {ransmitier of
horsesickness.  lHowever, as will be seen later, this conclusion is not
absolutely justified.

In the further experiments 5 species of Adédes were used, viz.,
A. ecaballus, A. dentatus, A. hersutus, A. lneatopennis and A.
vittatus.  The entomological survey. undertaken under adverse
climatic conditions, had indicated that these species had to be
regarded as potentnl transmitters.

The results of the first set of experiments were certainly
unexpected, all of them, as it happened, being negative. We used
the following numbers of mosquitoes:—

A. caballus interval, 5 days, 94 specintens; 15 days, 28
specimens.

A. dentatus, 1interval 5 dayvs, 6 specimens:; 15 days, 12
specimens.

A. hirsutus, interval 5 days, 30 specimens.

A. lineatopennis, interval 5 days, 33 specimens.

A. wvittatus, interval 5 days, 20 specimens; 15 days, 32
specimens.
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Of these 5 species, 183 specimens were injected after 5 days
and 72 after 15 days. This number is certainly not insignificant
when we compare it with the high percentage of infections in Yellow
Fever and Dengue.

What were the reasons for the negative results? Naturally, the
first possibility to be considered is that the specles used were not the
natural transmitters. We have already laid stress upon the fact that
the entomological survey pointed clearly to these species as the
potential transmitters. Iurther, almost daily observations in the
field after these unexpected results could not give us any other
indication of importance.

Another possibility, already mentioned above was, that either
the virus had lost its developmental capacity in mosquitoes, or that
this was at least reduced to a certain extent. We used the 192nd
and 22H6th generations of the O-virus strain which had heen isolated
more than 30 years previously from a nafural case of orsesickness.
It was, therefore, reasonable to suppose that the strain, never having
been in contact with mosquitoes for such a long time, wor 1 have
lost its normal capacity of developing in mosquitoes.

In considering the following facts the results are doubly strange.
In contrast to the virus of yellow fever and dengue, the horsesickness
virus, in vitro, is very resistant. It remains virulent in blood at
ordinary room temperature for years and even in a putrefactive state
its virulence is not easily reduced. In the mosquitoes, however, its
virulence was completely destroyed after 5 days. If we had any
reason to doubf the results of our entomological survey, we would
have given up the further work with these Aédes species, regarding
them either as non-transmitters or in any case not as transmitters ot
importance.

Undoubtedly the best thing we could do was to abandon the
O-virus and take another strain derived from a fresh case of horse-
sickness. KEvery possible effort was, however, made in this direction
for more than a month, without success. The result was merely a
loss of valuable time.

We decided thereupon to make at least one more effort with the
()-virus strain, this time injecting simultaneously a large number of
mosquitoes into one horse after an interval of 6-7 days. Supposing
that the normal devel: mental capacity of the virus in the mosquitoes
was diminished, there would be a befter chance of getting positive
results when using a large number of insects. In fact, this experi-
ment proved positive without any marked lengthening of the incuba-
tion period. We injected 85 A. caballus, 1156 A. hirsutus and 94
A. lineatopennis, altogether 294 specimens, or nearly 40 specimens
more than in all the previous experiments together. It was thus
possible to keep the virus virulent in the bodies of mosquitoes for at
least G-7 days. We had hoped that this short passage of the strain
would enable us to carry on with the work. In the following chapter
the results of the further experiments with this sirain will be

described.
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VIi. EXPERIMENTS WITH O0-VIRU AF ONE A
1 JUGH MOSQUITOE

In the preceding chapter we have recorded one positive experi-
ment obtained hy the injeciion of about 300 mosquitoes belonging {o
three different speciex (experiment 16). The virus had remained in
the mosquitoes for about 6-7 days. We hoped that this would con-
stitute a beginning for the adaptation of the virus {o live in the
mosyuilo transmitters, and that by a series of similar short passages
through mosquitoes the virus would regain its normal developmental
capacity 1n these insects. We still believed that we were right in our
choice of the natural invertebrate host of the virus.

As the results were not satisfactory, we conducted two experi-
nients.

A. Mosaqurrors : ExperiMENTAL Trcuxtour axp Virus Ilorses.

Mosquitoes.—For these experiments we chose mainly three
species of Aédes, viz., A. caballus, A. hirsutus and A. lineatopennis.
These we regarded as the most probable transmitlers of horsesickness,
on grounds stated in detail in one of the preceding chapiers.

Iu the two expertments together we 1injected the following
mosquitoes : —

Aédes caballus, 185 specimens: A. lineatopennis, 121 specimens.

AL dentatus, 11 specimens; Aédes spp., 3 specimens.

A, hirsutus, 37 specimens.

Most of these mosquitoes were reared from larvae; only a small
percentage (31 specimens) werve caught as adults.

Faeperimental Tochnique.~In the first experiment 2 Mos-
quitoes were brought into contact with the infected horse in the same
mosquito-proof tent we used in experiment 16 of 1he preceding
chapter.  Certainly, more than 1,000 specimens were liberated in
this tent, but only 95 engorged themselves on the horse. A very large
number died without taking any food. It was a dry day aud night.
and we are convinced that the low humidity was the veason for the
bad results. We therefore never used this tent again.

I7or the next experiment we built another tent (deseribed in the
paper on technique) near one of the buildings of the laboratory, and
during the feeding of the moxquitoes we had water running down
from the root to keep the air inside the tent sufficiently moist. The
mosquitoes were again liberated in the tent, and the result wax much
better. Nearly 350 mosquitoes engorged themselves on the horse.

The engorged mosquitoes of the first experiment were kept in
the warm room in small jars, those of the second partly in jars and
partly in special cages suwrrounded by wet hessian.  As virus horses
we used horse 20289 from experiment 16 and horse 20259 which had
been injected with blood of the preceding horse.

B. ExpErIMENTS.
Erpeviment 17 (H.S. 17). 57 Aédes spp.  Injection. Intercal 7-8 days.
Horse 20270,

The mosquitoes used in thisx experiment were fed on horse 20289 of experi-

ment 16, which had reacted after an injection of crushed mosquitoes belonging
to three different Aédes spp.
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Mosquitoes: A. caballus, group 12. Fed on horse 20289 on h  shruary.
Five specimens engorged. First to second day of fever. Temperature 105-4°-
105-8°. Mosquitoes caught as adults.

A. caballus, group 13. Fed on the same horse between 12th  sbruary
p.m. and the next morning. Twenty-sev specimens engorged. Second day
of fever. Temperature 105-8°-105-3°. Mosquitoes reared from larvae.

A. lineatopennis, group 9. IFed oun the same horse during the night of
11th to 12th February. First day of fever. Temperature 104°-105-4°. Forty-
one specimens engorged., Mosquito caught as adults.

A. hirsutus, group 6. Fed on the horse, together with A. caballus, group
13. Two specimens, reared from larvae, engorged.

The horse in this experiment had been before in experiment 11
(Aédes hirsutus, injected after 5 days). During more than two months after
the last injection of mosquitoes the temperature of the horse had rr~ained
normal (between 97-4° and 101:6°), and the result of the test h: been
negative.

On 20th February, 1932, the horse was injected with 4 A. caballus, group
1Z, twenty-four of group 13, with 2 A. lirsutus of group 6, and 27 A. lineato-
pennts of group 9, altogether with fifty-seven specimens. The mosquitoes had
fed 7-8 days before on the infected horse during the first and second day of
fever. There was a swelling at the site of injection, which decreased after a
few days and disappeared totally later on.

Ileaction: The day after the injection the temperature rose up to 1 69,
but fell the following morning to 99-6° and did net surpass 101:7° quring
the next 5 days. The horse was kept under observation for 28 days. During
this period the temperature was never higher than 101-5°, ordinarily remaining
below 100-5°. There was therefore no temperature reaction.

Immunity Test: On 19th March the horse was injected intrajugularly with
5 c.c. E-virus, 2nd generation (see virus horse 12). Three days later the
temperature began to rise and ailter two more days the horse died.

Result: The horse died of horsesickness, and the experiment proved to be
negative. The immunity test was actually made with another strain of virus,
but nevertheless the horse may be regarded as having been susceptible te
O-virus also, as all immunity tests carried out on other horses of the same
lot of animals were successful.

Experiment 18 (H.S. 18). 300 Aédes spp. Ingection. Interval 8-9 days.
Horse 20271.

The virus horse used for feeding the mosquitces on was horse 20259 of
experiment 16. Tt was inoculated with blood from horse 20289, which reacted
after an injection of mearly 300 mosquitoes previously fed on a horse infected
with O-virus.

The mosquitoes fed on this horse belonged to six different species, 4.
caballus, A. dentatus, A. hirsutus, A. lineatopennis, the common mosquitoes
used regularly in these experiments, and A. cumminsi and A. punctothoracis,
two species which are usually rare at Onderstepoort.

Mosquitoes: A. caballus, group 14. Fed on horse 20259 between 17th Feb-
ruary and the next morning. Second day of fever. Temperature 105-4°-105-7°.
Forty-three specimens (reared from larvae) engorged.

A. caballus, group 15. Fed on the same horse the following might. wird
day of fever. Temperature 106-6°-106-3°. 133 Specimens (reared from larvae)
engorged.

A. cumminsi, group 1. Ted on the same horse, together with A. caballus,
group 14. One specimen engorged (reared from larva).

A. dentatus, group 7. Fed on the same horse, together with A. caballus,
group 14. Eleven specimens engorged (reared from larvae).

A. hirsutus, group 7. Fed on the same horse, together with A. caballus,
group 14. Seventeen specimens engorged (reared from larvae).
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A. hirsutus, group 8. Fed on the same horse, together with A. caballus,
group 15. Nineteen specimens engorged (reared from larvae).

A. lineatopennis, group 11. Fed on the same horse, together with 4.
caballus, group 14. Twenty-seven specimens engorged (reared from larvae).

A. lineatopennis, group 12. TFed on horse, together with 4. caballus,
group 15. Ninety-one specimens engorged (reared from larvae).

4. punctothoracis, groups 1 and 2. Group 1 fed with 4. caballus, group 14;
group 2 with 15. Two specimens engorged (reared in the laboratory).

The horse for this test had been used before in experiment 12 (A#des
dentatus, injection after 5 days). 12-19 days after the injection of the mosquito
it had shown an irregular temperature reaction accompanied by discharges
from the nostrils, due very probably to an ordinary rhinitis. It was kept
under observation for mnearly 3 months (87 days). The temperature only
passed the 101° limit for one afternoon. The experiment had, therefore, to be
regarded as negative,

On 27th February, 1932, the horse was injected subcutaneously with the
following 300 mosquitoes : —

157 A. caballus: 31 of group 14, 126 of group 15.
1 A. cumminsi.

11 A. dentatws, group 7.

35 A. hirsutus: 16 of group 7, 19 of group 8.

94 A. lineatopennis: 22 of group 11, 72 of group 12.
2 A. punctothoracis: 1 of group 1, 1 of group 2.

These mosquitoes had fed on the infected horse 20259 on the second and
third day of fever between 17th February p.m. and 19th a.m., thus 8-9 days
previously.

Reaction: The day after the injection of the mosquitoes the temperature
rose up to 103-2° in the morning, but fell to 101-2° in the afternoon. Tt was
101° the next morning, and rose again in the afternoon to 102-8°. The follow-
ing day the temperature was nearly normal (100°-100-8°). The horse was
kept under observation for 40 days, but no fever reaction followed, tho
temperature remaining between 98-3° and 101-8°, exceeding 101° only once
for half a day.

On 8th April the horse was used for experiment 31 (FKshowe-virus, Aédes
hirsutus, feeding, subinoculation). During an observation period of more than
one month 101° was the highest temperature recorded.

Result: As no fever reaction resulted after the injection of tlie mosquitoes,
the experiment has to be regarded as negative. An immunity test was not
carried out on this horse. It could be omitted, as quite a nuimmber of horses
of the same origin always proved to be susceptible when tested.

C. Resvrrs oF EXPERIMENTS.

In the experiments described in the foregoing section we had
our positive result after injection of a large number of mosquitoes
belonging to different species of Aédes which had been injected about
6 days after their having fed on a horse experimentally infected with
O-virus. On thig horse and on other animals which had been injected
with blood of the previous horse, we fed a large number of Aédes
mosquitoes.

In two experiments these mosquitoes were injected after an
interval of 7-8 and 8-9 days into two susceptible horses. Altogether
we used 357 specimens, viz., 185 A. caballus, 121 A. lineatopennaus,
37 A. hursutus, 11 A. dentatus, 2 A. punctothoracis and 1 A. cum-
minsi.  According to our mosquito survey the first three species had
to be regarded as very promising possible transmitters. Both experi-
ments were negative, proving that after a maximum interval of 9
days there was no virulent virus left in any of the mosquitoes.
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Our hope, that through a relatively short <ojourn in mosnuitoes,
the virus would regain at least part of its normal develr mental
capacity, was not fulfilled, Tt is possible that, if still larger wambers
of mosquitoes were used, positive results could he r)btmned but the
chances of modifying the virus successfully by this method do not
seem to be very great. We therefore ended these attempts, us we
had obtained two new strains of horsesickness in the meantime which
seemed to be suitable for our experiments.

VIilI. EXPERIME TS

At the commencement of March, 1932, we obtained fresh
material from u case of horvsesickness which had occurred n o mule
at Losperfontein, near Brits (Transvaal), it being a typlcal case of
the < Dikkop 7 form of the dizcase. We were unable to trace the
history of this case with certainty, but it was ascertained that most
or all of the mules at Losperfontein, which iz a Government brriga-
tion  Settlement, had Dheen 1mmunized against hirsesickness in
December, 1931, by nieans ot the ()11(191'.\%(\])001‘1 O-virus strain. A
certain number of deaths had occurred following upon the immuniza-
tion and throughout February, 1932, a few further horsesickuess
deaths were encountered, of which the above-mentioned mule formed
one, from which our material had been obtained.  As ecertain mdica-
tions pointed to this being a naturally contracted case of horsesick-
ness, we injected one of cur horses with this material and used it for
feeding mosquitoes on. Except for a somewhat longer ineubation

eriod the course of the disease cloxely resembled a typical O-virus
infection.

Iror reasons outlined below, we did not regard (his strain as very
suttable for our purpose aud, therefore, injected only one horse with
1t.

A, Vires IRSE.

The following horse was injected with this strain for the purpose
J
of feeding 111<)sqult(>e~,:—

Virus horse 10 (- horse 20262). Injected on J4tli March, 1932, intrajugnlarly
with 5 c.c. blood tllwn the previous day from a mnle al L()\pu!nnt(wn showing
typical symptoms of dikkop.

LThis virus horse had heen usea in October, 1931, for experiment 6 (O-virus,
Anopheles squamosus, injection);, but had not shown any fever reaction.]

After injection the temperature remained mnormal for the four davs up
to 8th March. On 9th March the temperature was 100-2° (aan.) and 103-7°
(p.m.), the 10th 102-5° and 103-0°, the 11ih 104-6° and 106-3° the 12th
105-3° and 106-6°, and on the 13th 106-0° (a.m.).  The same day the horse
died, the post-moriem showing typical syviaptoms of dunkop.

B. Mosqurrors aND EXPERIMENTAL  ECIINIQUK,

Mosquitoes.—At the beginning of March, 1932, when the experi-
ments with the LOspelh)n’rmn strain were l\e]no condreted, Aédes
caballus was present in large numbers. They were hat ng out in
the laboratory from larvae caught in the fi 1 and were so prosent
as adults in their breeding grounds. Adédes lineatopennis cot | he
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obtained from the same source bui were not present in such large
numbers. Besides ihese {wo species, A. dentatus and A. wittatus,
hatched from captured larvae, were available, the former species in
sufficiently large numbers but the latter being represented by only
a few specimens.

We were able to feed the fo Hwing mosquitoes on the virus
horse : —

Aédes caballus ... .. ... ... ... 816 specimens.
dédes liveatopennis ... ... ... 151 specimens.
Aédes dentatus .0 ... ... ... Gl specimens.
A Fabus... 0 . . T oapeciniens.
From th niological point of view the former two species
had to be re as the more probable natural transmitters.

Eaperimentat 1 echnique.—During the course of {hese experi-
ments the finally adopted technique was already being emploved as
far as possible. The mosquitoes were fed on the virus horse in the
mosquito tent, which was kept wet by two showers running all night
throug® ut the duration of the experiments. The special stable was
still u.._.2r construction at that time, but the saddle for keeping the
small mosquito cages in position, described elsewhere, had already
been completed.

When the time arrived for the mosquitoes to be fed on the
susceptible horses the special stable had been completed and we used
it 1n preference to the mosquito tent.

A, caballus was, as a rule, difficult to keep alive in the labora-
tory for long periods; especially was this the case with the fertilized
specimens caught as adults, large numbers of which died after
oviposition.  We were, furthermore, exceptionally wunlucky at this
time on account of our losing hundreds of specimens as a result of
an unforeseen invasion of ants into the cages. Of more than 300
spectinens only 100 were left after two weeks, and at the end of the
following week this number had bheen reduced to not more than

aboui 10.

In the case of Aédes lineatopennis the results were much better.
Of 151 specimens which had fed on the virus horse, 71 or neavly 50
per cent, were alive after 19-21 dayvs, 38 specimens after sligh -
more than a month (33-35 days). and 11 specimens were still present
after as long an interval as 60-6G2 davs. This mayv certainly be
regarded as satisfactory.

The original material of .. dentatus consisted of 61 specimens, of
which 22 specimens survived after 25-27 days, and 6 after 35-37 dayvs.

Only 7 specimens of A. riftatus had fed on the virus horse and
these proved to be very reststant to the experimental conditions,

Only in the case of . caballus were the feeding results not very
satisfactory and this could be attributed to the horse, which was in
rather poor condition, having an extremely hollow back, aich
resulted 11 the under surface of the cages not coming into proper
contact with skin and, therefore, not allowing of the wmosquitoes
getting at the animal properly.
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In the experiments with A. léneatopennix, for example. H1 out
»f 71 fed after an interval of 19-21 dave, 33 out of 42 affer 25-27
davs, 33 out of 38 after 33-35 days, and ) out of 11 specitnens after
60-62 davs. In the case of . dentatus 20 out of 22 specimens fed
after 25-27 days.

(. Exrverivmests witt dédes caballus.

We succeeded in feeding more than 300 spectmens of .1
caballus on the virus horse but, owing to a large mortality already
referred to above, only 100 specimens remained at the end of a
fortnight, of which about 70 could be induced to feed again on our
experimental horse.  The results must, therefore, be regarded as
fairly satisfactovy.

Virus horse 10 was used, and mosquito groups:—-

Group 20.—Fed on virus horse 10 during the night of 9th to 10th March,
1932. TFirst day of fever. Temperature 103-7°-102:59. 18] spechnens engorged
(reared from larvae). Used for experiment 19.

Group 21.—Fed together with group 20. 26 specimens engorged (caught as
adults). Used for experiment 19.

(froup 22.—Xed on the same virus horse during the following night (10th-
11th March). Second day of fever. Temperature 103-0°-104-6°. 156 specimens
engorged (reared from larvae). Used for experiment 19.

Group 23.—Ied together with group 22. 242 specimens engorged (caught
as adults). Tsed for experiment 19.

Group 25.—Fed on the same virus horse one night later (11th to 12th
March). Third day of fever. Temperature 106-3°-105-3°. 211 specimens
engorged (caught as adults). Used for experiment 19,

Haperiment 19 (H.N. 24).  dédes caballus. Feeding. Interval 14-20 days.
Horse 297.

This horse had been used about 4 months previously in experiment &
(U-virus, Aédes vittatws, 1mjection, mterval 15 days), but had shown no
temperature reaction following the injection of mosquitoes.

On 23rd March, 1932, the combined groups 20 and 21 of A. caballus were
put on to the horse, and during the night 33 (out of 414) specimens engorged
themselves. The next day the unfed mosquitoes of these groups were allowed
to feed again during the daytime and five more specimens took up blood.
During the following night (24th to 25th March) groups 22 and 23 were
allowed to feed, and 27 (out of 42) specimens cngorged themselves. On 26th
March six (out of 19) specimens of group 25 fed. On the night of 29th to 30th
March the remainder of group 20 and 21 were put on to the horse again and
SIX (out of 10) specimens fed.

In all; the horse was hittenn 77 times by mosquitoex as follows:—

33 specimens (group 20 and 21) after an interval of 14 davs.
5 specimens (group 20 and 21) after an interval of 15 days.
7 ospecimens (group 22 and 23) after an interval of T4 days.
6 specimens (group 25) after an interval of T4 davs.

6 specimens (group 20 and 21) after an interval of 20 days.

9

Or. in other words, 71 specimens after 14-15 days and by six after 20 days.
These mosquitoes had fed on the virus horse during the first to third day of
the fever reaction.

Reaction: The horse was kept under observation until 10th  Hril, ie. 42
days after the last group of mosquitoes hiad fed. Tt showed no i1ever reaction
whatsoever the hichest temperature recorded during this period being 1010,

302



0. NIESCHULZ, G. A. H. BEDFORD AND R. M. DU TOIT,

Immunity Test: On 11th April the horse was injected intrajugularly with
5 c.c. blood of the original Losperfontein virus. The temperature remained
normal for 5 days, up to 16th April, when it was followed on the ensuing
day by a slight rise up to 101°. Only the day after did the definite fever
reaction commence, temperatures of 100-6° and 103-8° being recorded on 18th
April and 103-2° and 104:2° on the 19th. The following night, 8-9 days p.i.,
tiie horse died.

Result: This experiment must be regarded as negative. No temperature
reaction followed the feeding by the mosquitoes, but after the intrajugular
injection of the same strain of virus the horse succumbed to horsesickness
within 9 days. The incubation period of € days in this case was relatively
long, especially when compared with that following an injection of the O-virus
strain, but this prolongatic~ cannot be regarded as an indication of a slight
immunity, as we experiencc a similar long incubation period (5 days) in the
case of the virus horse injected with the same material.

D. Exrverivmunts wita Aédes lineatopennis.

Of A. lineatopennis a smaller number than was the case with
A. caballus s available for feeding on the virus horse, viz., only
about 150 sy . imens. On the other hand, we were more successful 1n
keeping them alive as, after 20 days T1 specimens survived and after
more than two months 11 specimens were still living.

Virus horse 10 was used, and the following mosquito groups:—

Group 17.—Fed on virus horse 10 during the night of 9th-10th March,
1932, First day of fever. Temperature 103-7° and 102-5°. 26 specimens
engorged (reared from larvae). Used for experiments 20 and 21.

Group 18.—Fed together with group 17. 69 specimens (caught as adults)
engorged. Used for e‘(penments 20 and 21.

Group 19.—ked on the same virus horse during the following night (10th-
11th). Second day of fever. Temperature 103-0°-104-6°. 22 specimens engorged
(reared from larvae). Used for experiments 20 and 21.

Group 20.—Fed on the same virus horse one night later (11th-12th March).
Third day of fever. Temperature 106-3° and 105-3°. 10 specimens engorged
(caught as adults). Used for experiments 20 and 21.

Group 21.—Fed together with group 20. 11 Specimens engorged (reared
from larvae). Used for experiments 20 and 21.

FEaperiment 20 (H.S. 22). Aédes lineatopennis. Feeding., Interval 13-62
days. Horse 20276.

On 22nd March, 1932, the mosquitoes of group 18 were put on to this
horse for teeding and 35 /ou’c of 55) specimens engorged themselves during the
night. The unfed specimeuns of this group were allowed to feed again on 26th
1\L11ch during the day and 3 (out of 8) specimens cngorged themsclves. On
30th March the remaining mosquitoes of the combined groups 17 to 21 were
put on to the horse and during the night, of the 71 specimens, 50 fed. The
same mosquitoes were fed again during the night of 6th to 7th April and 33
(out of 42) took up blood. Kight days later, on 13th April, the 38 mosquitoes
still alive were fed and once more 33 speumenq engorged themselves during
the ensuing night. Almost one month later we still had 11 specimens, and of
these, 10 fod for the last time during the night of 10th to 11th May.

In all, this horse was bitten 165 times hy the mosquitoes as follows: —
35 specimens (group 18) after an interval of 13 days;
3 specimens (group 18) after an interval of 17 days;
51 specimens {group 17-21) after an interval of 19-21 davs
33 specimens (gr()hp 17-21) after an interval of 25-27 days
33 specimens {group 17-21) after an interval of 33-35 days;
10 specimens (group 17-21) after an interval of 60-62 davs

or in other words by 38 specimens after 13-17 days, 51 after 19- 21 days, 66
after 25-35 days, and by 10 after 60-62 days. These mosgquitoes had all fed
on the virus horse during the first to the third day of fever.
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Reaction: After the first feed of the mosquitoes on 22nd March the tem-
perature, to start with, remained norma! for 22 days, up to 13th April, the
maximum being 101°. On 14th April the temperature rose suddenly from 99°
in the morning to 103-2° in the afternocon. The following day, however, it
returned to normal, where it remained for the succeeding 2 days. During ‘the
next 4 days irregular tempelatules were recorded, viz., on the 18th, 98 and
101°, the 19th, 98-4 and 100-5°, the 20th, 986 and 1020 and on the 2lst,
98-4 and 101-6°. Thereafter the tempelature remained normal (below 100- ao)
for 42 days, up to 3rd June, 23 days after the feeding of the last group of
mosquitoes.

Immunity test: On 3rd June the horse veceived 1 c.c. blood of the
original Losperfontein case subcutaneously. TUp to 17th June, 14 days after the

injection, no fever reaction occurred, the hi 3st temperatule recorded
being 100-8°,

On 17th June the horse received a further injection of the same material,
but this time 2 c.c. intrajugularly. The temperature remained normal for 6
days following the second injection (maximum 100°). On the 7Tth dav, 24th
June, temperatures of 99 and 101° were recorded, the 25th 101 and ZO, the
thh (a.m.) 103-6°, and the 27th 104-4 and 104- 20. The horse was then tlans-

ferred to another experiment wherein it received an intravenous injection of
mercurochrome. [t died the following day with typical symptoms of dunkop.

Result: There seems little doubt but that this experiment must be rve-
garded as negative, Notwithstanding the fact that this horse was bitten 165
times by mosquitoes of different groups, no definite fever reaction occurred.
Except for the one brief rise to 103-20 the temperature was slightly higher
than normal only between 18th and 21st April (maximum 102°) and this was
not sufficient to justify its being regarded as a weak reaction. The result of
the immunity test was undoubtediy unusual. The first injection of 1 c.c. of
infected blood, performed subcutaneously, oduced no result, at any rate
during the observation period of 14 days, v ch was perhaps somewhat short.
The following injection of 2 c.c. of blood iuwrajugularly was followed by the
death of the horse, the incubation period of the disease of 7-8 days being
relatively long. It is not impossible that the horse possessed a slight natural
mnunity or an immunity acquired following the mosquito bites and that this
1nnnumt§ was sufficient to protect it against a subcutaneous injection of 1 c. c
of virus, but was subsequently broken down by the intravenous injection of 2
c.e. of kus only the lengthened incubation period being indicative of thls
initial 1n1munltv However, the observation period follo“mg the subcutaneous
injection was unfortundtelv snmewhat short and, moreover, there max he other
explanations, e.g. failure of the injection with stored blood to set up the
disease which is occasionally met sh, to account for the apparent failure of
this initial injection, so that we, t'helefme prefer, as already stated, to regard
this experiment as negative,

Ewxperiment 21 (H.S. 36). 6 Aédes lineatopennis. Injection. Interval
63-65 days. Horse 20236.

In the preceeding experiment it was noted that of the combined groups
1721 of dédes lineatopennis 11 specimens were still alive more than two
months after their original feed on an infected virus horse. Of these mos-
quitoes 10 specimens fed for the last time during the night of 10th to 11th May.

On 13th May, 1932, there were still 6 specimens of these groups alive. 1ese
were emulsified in normal horse serum and injected into horse 20236. Gu the
date of injection 63 to 65 days had elapsed since these mosquitoes had had
their initial feed on the infected virus horse.

Reaction: The morning following the injection the temperature rose to
102° but regained normal the next day. The horse was kept under observation
for 31 days, up to 13th June, but no tx pical fever reaction resulte” *hroughout
this period. On twn occasions only did the temperature exceed I but these
fluctuations were ; maintained for more than 24 hours in each case.

Result: The experiment must be regarded as negative as the injection of
the mosquit 5 v not followed by a temperature reaction. The immunity
test of this rse v injection was not considered to be necessary.
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K. Exrveriaesys wrrn dédes dentatus.

In addition to the Aédes caballus and A. lnecalopennis, men-
tioned above, 61 specimens of 4. dentatus were fed on the virus horse
infected with the Losperfoniein strain virus and used in the previous
experiments. The mortality amongst these mosguitoes was not too
high, one third of the original number surviving after 25-27 davs.
Ifor this experiment the same virus horse was used, vizg.:—

Virus horse 10 and mosquito groups:—

Group 11.—Fed on virug horse 10 during the night of 9th to 10th Mavch,

1932, First day of fever. Temperature 103°7-102-59. 21 speciniens en(rowe(l
(reared from larvac). Used for experiment 22.

Group 12.—Fed on the same virus horse during the following night
(10th-11th March). Second day of fever. Temperature 7103-0-104-6°. 98 speci-
mens engorged (reared from larvae). Used for experiment 22,

Giroup 13.—NEed on the same virus horse one night later (11th-12th March).

Third day of fever. Temperature 106-3-105-3°. 12 specimens engovged (reared
from larvae). Used for experiment 22,

Foeperiment 22 (IT.S. 28).  dédes dentatus,  Feeding., Interval 25-37 days.
Horse 20314,
On Sth April; 1932, the combined groups 11 to 13 of Aédes dentatus were
put on to the horse, and during the following night 20 (out of 22) specimens
engorged themselves. The remaining mosquitoes of the same groups were fed

again on the same horse 10 days later, during the night of 15th-16th April,
and 6 specimens took up blood.

The horse was therefore bitten 26 times by the mosquitoes as follows:—
20 specimens (group 11-LI3) after an interval of 25-27 days.
6 specimens (group 11-13) atfer an interval of 35-37 days.
These mosquitoes had had their initial feed on a virus horse during the
first to third day of fever.

Reaction: The horse was kept under observation up to 16th May, i.e. one
month after the last feeding of the mosquitoes. The temperature exceeded 101°
on o(l(h of the two days on which the mosquitoes fed, viz., on 9th and 19th,
April, but was not maintained for longer than halt a day in Teach case, and the
hmlwst temperature registered was only 101-4°. A]nut from these small
fluctuations the telnpmature remained hetween 98 and 101°.

Result : The experiment has to be regarded as negutive, as no temperature
reaction of any consequence followed the feeding of the mosquitoes during an
observation period of one month, In this case as well, the horse was not
tested for immunity.

I Exveromses wiri Aédes vittatus.
AL vittatus was only oblainable by us 1m very small numbers at
the {ime of these experiments. Not more than 7 specimens fed on

the virus horse but the mortality amongst them was low and 4
mosquitoes were stitl alive at the end of one month.

[n this experiment we used virus horse 10 and mosquito group :--

Growp 3.—1Ied on virus horse 10 during the night of Oth-10th ireh, 1932,
Tirst day of tever. Temperature 103-7-102-59. 7 speciinens engorged (reared
from larvae). TUsed for experiment 23.

Eeperiment 23 (H.S. 26). Aédes vittatus, Feeding. Interval 23-37 days.
Horse 20208,

On 1st A})ul 1932, Aides vittatus gronp 3 was put on to the horse of this
experiment, 5 specimens taking a blood feed during *“e night. The same
mosquitoes were fed again on this horse during the n ; of 15th-16th April;
when 4 specimens engorged themselves.

The horse was bhitten therefore 9 times, viz.. hy 5 specimens after an
interval of 23 days, 4 specimens after an interval of 37 days. The mosquitoes
had fed on the virus horse during the first 7 of its fever reaction.
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Reaction: The horse was kept under observation until 16th May, i.e. one
month after the feeding of the last mosquitoes. During this period only once,
viz., on the day following the second feed of the mosquitoes, was there a rise
in temperature exceeding 101°, when 101:5° was recorded, but this was not
maintained for longer than halt a day. With the exception of this insignifi-
cant elevation the temperature varied between 98-4 and 100-9°.

Result: As no fever reaction whatsoever followed the feeding of the
mosquitoes, the experiment must be regarded as megative. The immunity fest
was omitted in this case, as in the preceding experiment.

G. Discussion o¥ T RESULTS OBTAINED WITH LOSP.  TONTLIN
Virus.

On a horse infected by means of a blood inoculation from a mule
at Losperfontein showing typical symptoms of dikkop, ¢ 3 Adédes
caballus, 151 A. lineatopennis, 61 A. dentatus and 7 A. vittatus were
fed. These mosquitoes were kept in a room during the experiment in
which the temperature varied hetween 20 and 30° C. with a probable
mean of 24° C. They were fed on susceptible horses commencing at
13-14 days after their initial feed and this feeding was continued
at intervals, in some cases up to more than two months. Injection
of emulsified mosquitoes was only exceptionally employed in this
series of experiments.

The results of these experiments were as follows:—

Aédes caballus {experiment 19). Interval 14-15 days: 71 speci-
mens. Interval 20 days: ( specimens. Result negative.
Aédes linealopennis (experiment 20) :
Interval 13-17 days: 38 specimens.
Interval 19-21 days: 51 specimens.
Interval 25-27 days: 33 specimens,
Interval 33-35 days: 33 specimens.
Interval 60-62 days: 10 specimens.
ToraL, 165 specimeuns.
Result: Negative.
Aédes lineatopennis (experiment 21) injection.
Interval 63-65 davs: 6 specimens.
Result: Negative,
Aédes dentatus (experiment 22).
Interval 25-27 days: 20 specimens.
Interval 35-37 days: ( specimens.
Result : Negative.
Aédes vittatus (experiment 23).
Interval 23 days: 5 specimens.
Interval 37 days: 4 specimens.
Result : Negative.
The four horses together were bitten 277 times by the four Aédes
species after the following intervals:—

Interval 13-17 days: 109 specimens.
Tnterval 19-21 days: 57 specimens.
Interval 23-27 days: 58 specimens.
Interval 33-37 days: 43 specimens.
Interval 60- days:
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In none of these experiments were positive results o1 fever
reactions, which might be suspected of Deing possible reactions,
obtained. 1In the first two experiments the horses were {ested for
immunity by injection of the same strain.  In the first case the
imjection was performed ntrajugularly and followed in almost the
normal time by the death of the horse with typical symptoms. In
the second case a subcutaneous injection of 1 c.e. of blood contain-
ing virus was apparvently a failure, but a second, and in this case
intrajugular injection, produced a fatal infection after a somewhat
prolouged ncubation period. However, we regard this horse also as
being normally susceptible, the reasons for which were given under
the discussion of the results of the experiment in question.  he other
three horses were not tested for immunity, this not being regarded as
absolutely necessary in view of the fact thai the other horses from
the same lot tested 1n various experiments proved to be susceptible.

What was the cause of the failure of these experimenis?  here
1s first of all natwrally the possibility that mone of the mosquito
species used was the actual transmitter. > have already, on
several occasions stated why these species were chosen for our
experiments.

The mumbers of mosquitoes used may have been insuflicient.
This, however, does not appear to be the case when the da‘~ of our
experiments is taken into consideration, and it is fur ermore
improbable that the natural transmitter would have a very low
mfection index,

The time allowed for the extrinsic incubation period may have
been insufficient, but, in our experiments, in the case of quite a
number of mosquitoes used for feeding at any rate, it was certainly
more than sufficient as the horses were bitten more than 100 times
by mosquitoes which had fed more than three weeks previously, and
10 times where the interval exceeded two months.

The temperature at which the mosquitoes were kept is also con-
sidered to have been high enough for a normal development of the
virus in the mosquitoes.  Neither in other questions of minor impor-
tance could a reason for the failure of these experiments be found.
One important possibility, however, still remuains, as already pointed
out in the introductory chapter, viz., that the Losperfontein virus,
derived from a mule previously immunized with the O-virus strain,
was nothing else than O-virus. We will leave the question of the
possibility of a relapse in horsesickness out of the discussion at this
stage and only lay stress on the fact that there existed a very striking
resemblance between the fever reactions set up by our Losperfontein
strain and the O-virus used in the immunization of the mules. The
strain was obtained in a place where quite a large number of animals
had been injected previously with O-virus and should the two strains
be identical the objections against the use of O-virus for {ransmission
experiments, discussed fullv in one of the previous chapters, would
apply equally well in the case of Losperfontein virus.
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Vili. EXPERIMENTS

Towards the end of February, 1932, almost at the same time
that the Losperfontein strain was obtained, My, Ifranz, the Govern-
ment Veterinary Officer of Eshowe, Zululand <ent usz blood from a
mule, which had died from horsesickness. e are very much in-
debted to Mr. Franz for the trouble he took in forwarding us a fresh
strain from his area.

The mule from which the strain was derived, referred {o here as
the Ioxhowe strain, suffered from a tyvpical attack of ** dikkop 77,
followed by recovery. It had been immunized in August, 1931, that
is aboul 6 months previously, with the O-virus strain always used
for this purpose.

The first horse (20302) injected with {his strain showed a course
of infection somewhatl different from that of the ordinary O-virus
tvpe; a longer incubation period and a fever more of the remittent
tyvpe. By the injection of mosquitoes fed on this animal into a
susceplible horse (20238) an infection was produced which, except
for a longer incubation period. to he expected, resembled more closely
the O-virus course. DBesides these {wo h()]beb 9 more were 111,0(‘(9(1
with the Hshowe-virus, 3 as virus horses, H for testing the immunity,
and 1 for a reason outside our work.

In the case of the three virus horses, viz., 20270, 20299 and
20310, the first showed an acute infection commencing two days after
injection with death on the fifth day, of mixed horsesickness.  In the
second case a reaction set in on the second day after injection with
death on the afternoon of the seventh dav of mixed hmse,ﬂ(l\neaa.
The third ammal commenced reacting on the afternoon of the fifth
day after 1njection with death on the tenth day, again in  is case
of mixed horsesickness. The 5 horses of which the immunity was
tested by means of injections of Mshowe-virus all reacted positively
and died of acute horsesickness. These horses were: 20300, 20315,
20201, 20280, 20130, The incubation periods varied hetween 4 and
5 days, and the dwration of the reactions hetween 3 and  days, ihree
of the horses dying from the = dikkop *" and 2 from the ** dunkop
formn of the disease. The clinical picture of the reactions in the
above 8 horses 15 undoubtedly somewhat different from whai is
experienced 1n the case of O-virus where after an incubation period
of 2 to 3 days and a duration of an additional 2 davs horses almost
mvariably suceumb to the ©° dunkop ”” form of the discase. [lowever,
in comparing these reactions with those =zet up by most ** field”’
viruses distinet differences are noticeable. hereas the incubation
period of the ““ field ”” virus varies as a rule belween 6 to 8 davs and
the peak peviod of the reaction 1s reachied in 3 to 4 davs by a series
of remissions, the above rveactions apart from a slightly increased
incubation penod incline more closely to the O-virus type of reaciion
with a rapid rise to the height of fhe veaction followed by virtual
collapse. This strain was not what we really wanted as it was derived
from an animal previously immunized, ax was also the case with the
Losperfontein strain. We (herefore still had {o wait for = genuine
natural strain which, however, was not obtained until v, when
there was scarcely any opportunity lIefl of conducting any more
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experiments. In the meantime 2 completed as many experiments
as possible with the Eshowe-str 1 which we regarded as the best
strain we had at our disposal, as it showed at any rate some fference
from the O-virus.

In all, Y experiments were made, in which Aédes caballus, A.
lineatopennis, A. hirsutus and A. dentatus were used. 280 specimens
were injected after an interval of 7-30 days and 379 mosquitoes
induced to feed after an interval of 15-22 days on the susceptible
horses.

A. Vrirvs ITorses.
In the experiments with the Eshowe straim 4 horses were vsed
for feeding mosquitoes on: one injected with the original material,
2 with the first and one with the second laboraiory generation.

Virus lorse 11 (horse 20302).—Injected on 25th  February, 1932, intra-
jugularly with 5 c.c. blood of a natural case of horse<ickness in an 1mmunized
mule at Eshowe.

Result: Temperature normal up to 29th February p.m. Temperacure on
1t Marvceh, 101-2 and 103-0°: the 2nd, 102-0 and 104-2°9: the 3rd, 103-2 and
105-5%; the 4th, 103-9 and 103-3°: and the 5th (a.m.), 99:2°. The horse died
during the same day. TPost-mortem diagnosis: Horsesickness, dunkop. 1t was
an acute infection with a relatively long incubation period of 5 days.

Virus lorse 12 thorse 20288).—Tufected in experiment 24 by injection of
mosquitoes (for temperature see under experiment 2.4).

~ Virus Forse 13 (horse 202705, —Injected on 19th March, 1932, intrajugularly
with 5 c.c. blood of virus horse 11.

Horse 13 had been used one month hefore in experiment 17 (O-virus,
Aédes spp.. injection, interval 7-8 dayvs), with vegative results

Result : Temperature normal up to 21st March p.m. Temperature on 22nd
March, 100-6 and 103-19: the 23vd, 995 and 104-39; and the 24th, 103-0°
(a.m.). The horse died during the following night. Post-mortem diagnosis:
Horsesickness, mixed. The course of the disease was very acute, resulting in
death within 5 days p.i.. with the temperature relatively low. The incubation
period was only 2 days in this casc. ‘

Virvs horse 14 (lorse 20299).—Injected on 16th April intrajugularly with
5 c.c. blood of virus horse 11.

Result: Temperature normal for two days p.i.: on 19th April, 100 and
103-29; the 20th, 101-0 and 102-0°; the 21st, 102-0 and 101-49; the 22ud,
101-7 and 103-4°: the 23vd, 103-0 and 104-6°. The horse died during the
following mnight, Post-mortem diagnosis: Hoi osickness, mixed. The case was
acute with an incubation period of 3 days.

Virus horse 15 (horse 20310).—Injected on 18th April with 10 c.c. serum
of virus horse 12, which had heen cataphorized hy the passage of an electrical
current of 9 milliamperes at 250 volts for 4 hours,

Result: Temperature rose to 1049 on ithe day of injection, but returned
to normal the next day. Ouv 23rd April, 101-2° was vegistered. This was
maintained on the 24th. The 25th, 102:6 and 104° were recorvded: the 26th.
104-6 and 105°; the 27th, 104 and 106°. On the 23th the temperature dropped
to 103° and the horse died during the dayv, the post-mortem findings revealing
the mixed form of horsesickness. Acute horsesickness with an incubation period
of 6 days had resulted. Tt 1s doubtful whether the passage of the electrical
current had any cffect upon the potency of the virus and the somewhat length-
ened incubation period is therefore somewhat difficult to account tor.

B. Mosqurrors axn KxPrRIMENTAL TECHINIQUE.

Mosquitves.—Irom the beginning of March, when these experi-
ments were commenced. till the end of April, notwithstanding the
dry season, Aédes caballus could be obtained in quite large n1 hers,
either as larvae or adults, by artificial flooding of their breeding
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places. Aédes lineatopennis, the speciles we were most anxious to test
thoroughly, was still present in sufficient numbers at the beginning
of March. They then, however, became more rare, being outnumbered
in their breeding places by 4. caballus. By the end of March our
supply was practically exhausted. During the first experiment with
this strain Aédes hirsutus was fortunately hatching out in large
numbers from one of the breeding places, but thereafter this species
also became too scarce for experimental purposes. Aédes dentatus
was never really common during the period we were work 7 with
this strain, but a fairly regular supply could at any rate always
be obtained.

On the virug horse the following mosquitoes were fed : —

Aédes caballus ... ... ... ... 1,068 specimens.
Aédes lineatopennis ... ... ... 272 specimens.
dédes hirsutus ... ... ... ... 211 specimens.
Aédes dentatus ... ... ... ... 129 specimens.

In our opinion, as arrived at during the mosquito survey, the
probable transmitters of horsesickness had to be looked for amo t
the three first-named species.

Faperimental Technique.—The te nique described 1in the
second paper as that finally adopted, was already in use as far as
possible from the commencement of these experiments,

The fresh miosquitoes were fed on virus horses 11, 13 and 15 in
the mosquito tent, the provisional arrarcement for feeding mosqui-
toes, whereas in the case of virus horses 2 and 14 the specially con-
structed stable was used.

For feeding the mosquitoes on -usceptible horses our special
stable was used for preference and e tent only resorted to v 2=n
the stable was already in use for another experiment,

After their blood-meal on one of the virus horses the mosquitoes
were kept 1n our warm room, 4. caballus, A. lineatopennis, and A
hirsutus in the larger cages covered with wet hessian, and
dentatus mainly in small jars.

Aédes caballus was again the most sensitive to experiniental
conditions, showing the highest mortality of all the species. Out of
132 specimens used for injection about 50 per cent. were alive one
week after the first feeding, and out of more than 900 specimens,
which were used in feeding experiments, only about ) per cent.
survived 15-21 days. The highest mortality occurred as usual at the
end of the first week after the initial feeding when eggs were
deposited, although on this occasion most of 1e groups consisted of
specimens reared from larvae, eggs were frequently laid. Females
and males had hatched out together in the large cages, and before
being used had remained there together for some time during which
copulation must have taken place.

The results with 4. lineatopennis after longer intervals were as
usual better than with the former species. Out of 163 specimens
used for injection 66 (or 10 per cent.) were alive after one week,
showing, therefore, a mortality slightly higher an in the case of
4. caballus. However, out of 109 engorged females from the feeding
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experiment 49 specimens, or nearly per cent., were alive 16 3
days after their initial feeding. This species does not seem to be
affected to the same extent by artificial conditions as . caballus.

Aédes hirsutus once more proved to be very rvesistanl to lhe
experimental conditions under which they were kept. In fact, it
was the eastest species to handle.  Out of a total of 311 speciniens
100 were mjected after 7 days. Of the remainimg 211 specimens
107 were alive at the end of 20-21 days, and 46 after 29-30 days,
thus giving results that may be looked upon as very satisfactory.
In this case copulation had not taken place.

With dédes dentatus the vesulls were (uite good, although not
as good as with A. Lirsutus.  Originally 129 specimens hod fed and
of these nearly 50 per cent. were still alive at the end of 1 21 days.

C. Exeerivest witk A, caballus axp . lincalopennis.

In the first experiment with the lishowe virus a number of
caballus and A. lincatopennis were injected together into the same
horse after an interval of 7 days. Another horse was injected under
the same conditions with A. Awrsutus.

At the time of these experiments no larvae of . caballus or
A. lineatopennis were at our disposal, and we had {o muake use of
specimens freshly caught in the field where they could be obtained
1 sufficient numbers.

Virus horse 11, injected with the original Ishowe material, was used for
feeding mosquitoes on, and mosquito groups:—

Ao caballus group 17.—Fed on virus horse 11 during the night of 1st to
2nd March. Kirst day of fever. Temperature 103-0-102-0°, 21 specimens
(caught as adults) engorged.  Used for experiment 21,

A. caballus group 13.—Fed on the same virus horse during the following
night. Second day of fever. Temperature 104-0-103-2°. 34 specimens engorged
(caught as adults). Used {for experinient 24.

A. caballus group 19.—Fed on the same virus horse one night later (3rd to
4tiv March). Third day of fever. Temperature 105-5-103-9°. 77 specimens
engorged (caught as adults). Used {or experiment 24.

A. lneatopennis group 12a.—Fed together with 1. calallus group 17. 35
specimens engorged {caught as adults). Used for experiment 24.

A, lineatopennis group 13.—Fed together with A. cuballus group 18. 57
specimens engorged (caught as adults).  Used for experiment 24,

A bineatopennis group 14.—Ied together with A, coballus group 19, 71
specimens engorged (caught as adults).  Used for experiment 24.

Lerperinient 24 (H.S. 200, 63 . caballus and 66 L. lineatopennis.  Injeclion.
Interral 7 days. HHorse 20288,

This horse was injected with 68 4. caballius and 66 .1, lineatopennis, alto-
gether 134 specimens. On 9th March, 1932, 14 d. caballus group 17 were
injected and 16 A. lincatopenniis group 12a; on 10th Marvch. 16 A. caballus
group 18 and 22 A, lineatopennis group 13: on 11th March, 3% A, caballus
group 19 and 28 4. lincatopennis group 14.  All these mosquitoes had fed on
an infected horse 7 days hefore, during the first to third days of its fever
reaction.
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Reaction (vide tig. 3): The temperature remained practically normal up
up I8th March, 9 dd\\ atter the injection of the first group of mosquitoes and
7 davs after the last. ()11 the following days the t()mpmatulo was: 19th
March, 101-0 and 101-7°: the 20th, 1020 and 103-5°: the 2Ist, 1040 and
103-6°: the 22nd. 103-6 an(l 106-2°; the 23rd. 104-5 and 106-5°: and the 24th
(a.m.), 105:5°.  During the afternoon of the same day the horse died. The
post-mortem diagnosis was: horsesickness. dunlop.

The resull of this experiment was positive.  Virulent virus was, thereifore,
present in one or more of 134 1, coballus and A. lineatopennis 7 days after their
having tfed on an infected horse.

D, FKxreernests witn dédes caballus.

The experimem\' with this species were caviied ount from ihe
latter purt of March until the middle of May, 1932, dédes caballus
could be obtained relatively easily, much more easily 1n any case
than the other species. Altogether more than 900 specimens were fed
on the virus horses. Owing to a considerable mortality following
upon oviposition, however, only 83 specimens fed for a second time
on the susceptible horses.

IPour experiments were made with thix spec ie\': experiment 2
with mosquitoes fed on virus horse 12, which had heen infected bV
the mjection of nmsqmmes aﬁm an interval of one week; experi-
ment 26, with specimens from virus horse T4: experiment 27, with
specintens from virus horse 15, and experiment 23, with 1110>q11i1()es
fed on horse 20300 from experiment 25, during a fever reaction
which might have been of the nature of horsesickuess fever.

The mosquitoes were :—

(iroup 25a.—Fed on virus horse 12 during the night of 21st to 22nd March
1932. Second day of fever. Temperature 1U3-6-103-65. 260 specimens engoroe(i
(caught as adults). TUsed for experiment 25.

Group 27. ~Fed on the same horse the following night., Third day of fever.
Temperature 106-2-104-5°, 192 specinens enomuod ((auvrht as adults).  Used
for experinient 25.

Group 31.—TFed during the night of 18th-19th April on horse 20300 of
experiment 25. Temperature 102:4-101-2°. 86 specimens engorged (reaved
from larvae). Used for experiment 28,

Group 32.—TFed on virus horse 14 during the night of 19th-20th April.
Iirst day of fever.  Tewmperature 103-2 and 101°. 104 specimens engorged
(reared trown larvae). Tsed tor experiment 26.

Group 33, -Fed during the night of 19th-20th wril on horse 20300 of
experimnent 25, Iempemtulo 103-6-101-4°. 130 spceeunens engorged (reared
from larvae).  Used for experiment 28,

Growp 35.—Fed on virus horse 14 during the night of 21st and 22nd April.
Third day of fever. Temperatuve 101-4-101-7°. 107 specimens engorged
(reared from larvae). Used for experiment 26.

Group 36.-—TFed oun virus horse 15 during the night of 26th-27th April.
Fourth day of fever. Temperature 104-106°. 57 specimens engorged {rearved
from larvae). Used for experiment 27.

Sepertment 25 (H.N. 30y, 10 Addes caballus,  Feeding, Interval 16-17 days.
Horse 20300,

On 7th April, 19320 1, colballys groups 252 and 27 were put an to this horse
and 10 specimens fed during the mnight. These mosquitoes Lad had their
initial feed 16-17 days previously, dulmff the second and third davs of fever,
on a horse infected bv the injection of nlosqmtues

Reaction: This horse normally showed a fairly high temperature, which
varied during the week preceding the application of the mosquitoes between
]00 and 10‘)0 averaging 101° for the period.
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The day after the feeding of the mosquitoes an attack of colic occurred
and the temperature rose to 104:6°, but dropped back to normal (100°) the
following day. It remained below 102° for three more days when a febrile
reaction commenced. The temiperature on 13th April was 101-2 a=1 102-4°;
the 14th, 100 and 102-0°; the 15th, 101-1 and 101-2°; the 16th, 12-4 and
104-3°; the 17th (a.m.) 102°; the 18th, 103 and 102-4°; the 19th, 1012 and
103-6°; the 20th 101-4 and 102-2°. From 21st April to 10th May the tem-
perature only once reached 102° for half a day, viz., on 7th May, for the rest
1t remained between 100 and 101-5¢,

Subinoculation: On 19th April, 1932, 5 c.c. blood of horse 20300, taken
the day before, during the slight febrile 1eact1on, was injected mtra]ugularly
into horse 20309. During an observation period of one month no febrile
reaction occurred, the highest temperature registered being 100-4°, excluding
the day of the injection and the day following thereupon. It was not thought
necessary to test the susceptibility of this horse by virus injection.

Testing by means of mosquito feeding: During the febrile reaction
groups of A. caballus were fed on the horse and about 20 davs after were agam
fed on a susceptible horse, but with negative results. A full account will be
given under experiment 28.

Immunity test: On 11th May, 33 days after the feeding of the mosquitoes
and 21 days after the end of the febrile reaction, the horse was injected
intrajugularly with 5 c.c. blood of horse 20288 (vuus horse 12). Five days
later, on 16th May, the temperature rose to 105-4° and remained he*2en
105 and 105-8° durmv the following 2 days. On the next morning, 19th ay,
the temperature was 102-20 and the horse died the same day.

Result: This experimment must also be regarded as negative. Kight days
after the feeding of the group of mosquitoes a fever reaction occurred which
might have been due to a slight attack of horsesickness fever., A subinoculation
of blood into a normal horse was negative, however, and 3 weeks after this
reaction the horse proved to he normally su%(’eptlble when injected intra-
jugularly with the same strain.

Ezpervment 26 (H.S. 34). Aédes caballus. Feeding. Interval 18-20 days.
Horse 20331.

On 9th May, 1932, 4. caballus groups 32 and 35 were put on to horse
20331 and durlng the ensulng night 14 specimens of group 32 and 4 of group
35 engorged themselves. In total, therefore, the horse was bitten by 18 speci-
mens, viz., by—

4 specimens {group 35) after an interval of 18 days;
14 specimens (group 32) after an interval of 20 days.

These mosquitoes had fed on the infected horse during the first and third
days of fever.

~ Reaction: The horse was kept under observation up to 12th . e, 35 days
after the feeding of the mosquitoes. Only once during this perivd did the
temperature reach 101-0°, and then only for half a day.

Result: As no temperature reaction whatsoever followed the biting of the
mosquitoes the experiment has to be regarded as negative. The test for
immunity was omitted in this case.

Eeperiment 27 (H.S. 35). Aédes eaballus. Feeding. Interval 15 days.
Horse 20333,

On 11th May, 1932, 4. caballus group 36 was put on to this horse, but oniy
three specimens took up blood. These mosquitoes had fed 15 days prevmusly
on virus horse 15, which had been infected with a strain of virus obtained from
virug horse 12. This virus prior to injection, had been subjected to cata-
phorisation by the passage of an electrical current of 9 milliamperes under a
pressure of 250 volts for 4 hours.

Reaction: The temperature of this horse remained mormal for 33 days,
after the feeding of the mosquitoes (up to 13th June), when the horse was
ﬂlbﬁhargded from observation Only once did the temperature exceed 101° for

alf a day.

The result of this experiment was negative, as no reaction at all occurred
after the feeding of the mosquitoes. A test of the susceptibility of the horse
was not thought necessary.
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Faepermient 28 (118, 33y, Xides caballus. Feedipg,  Toaforeal 20221 deys,
Horse 20235,

On 9th May, 1932, dédes cabullus groups 31 and 33 were put on to this
horse and during the following night 52 (out of 66) specimens encorged them-
selves.  These mosquitoes had fed 20-21 days previously on e 20300 of
experiment 25 during a fever reaction which, as tfar as one cowa see at the
time, might have been connected with horvsesickness fever.

Reaction: The temperature at first remained normal ftor 14 days. A
shight fever reaction then commenced.,  The tewmperature on 21th Mav s
101-4 and 101-6°; the 25th, 102 and 101°: the 26th, 103-4 and 103-6%; 2
27th, 102-8 and 102-4°. IFrom the 28th onwards the temiperature was normal
acain up to 13th June, when the horse was discharged from observation.

Result: We will regard this experiment also as wegnfice.  Abhout twao
wecks after the feeding of the mosquitoes a slight temperature reaction
occurred, but we cannot regard this as an attack of horsesickuess fever as tl
horse on which these mosquitoes had had their initial feed was not infecte
with horsesickness as shown by the humunity test iu experiment 25, For +he
satme  reasons o test of  the susceptibility of this horse was not tho
necessary.,

Lo Bxerriveste wrrir o des lneatopeniis.

Together with the first groups of dédes caballus reterred 1o in
the preceding section, 89 Adédes lineatopennis were fe  on virus
horse 12, which had been infected by the injection of mosquit 3
after un interval of vne week., On virus horse 13, 20 more specim 3
engorged themselves. The mozquitoes were caught partls a5 adults,
partly reared from larvae or pupae. ey survived hett an those
of A. caballus and after {wo weeks } specimens or n M) er
cent. were still alive, of which 34 fed again.

On the other virus horses which were used i the »eceding
experiments with 4. caballus, no lineatop /s eould > ted as
at that time no more specimens ot this species, ¢ Udts or larvae,
could be oblained.

Virus horses 12 and 13 were used and mosquito groups:—

Group 2la.—Ied on virus horse 12 during the night of 2Ist to 22nd ireh,
1932, Second day of fever, Temperature 103-6-103-6°. 24 specimens eugorged
{caught as adults), Used for experiment 29

Group 22.— Fed together with group L. 27 specimens cngorged (reared
from larvae). Used for experiment 29,

Grovp 23, —ed on the same virus horse during the following night. Third
day of fever. Temperature 106-2-104-5°0 3% specimens engorged (reared from
larvaey,  Used for experiment 29.

CGroup 24— IFed on vivus horse 13 during the night of 24th-25th March,
Third day of fever. 200 specimens engorged teanght as aduls). Used for
experiment 29,

Erperipient 29 (1FS. 20, 42 Aedes tineatopennis. Feeding,  Interral
16-22 days. Horse 20315,

On Gth April. 19320 L. lwealopennis caroups 214 and 22 were put on to
this horse and 22 specimens (out of 251 Jed during the following night.
Group 23 was fed on the same horse during the night of ®th o 9th April,
and 9 spectmens {out of 2D engorged themselves, Group 24 wae fed during
the night of 11th-12th April. and 3 specimens took up blood. nally, the
combined groups 2714-23 were again put on to the horse on the 2th, and 8
sprecimens fed during the night,

The horse was, therefore, hitten 12 times in all by i—

22 specimens (groups 214-22) after an interval of 16 dayvs.

O specimens (group Z3) atter an interval of 17 days.

3 specimens (group 24) after an interval of 1% dayvs.

3 specimens (groups 211-23) alter an iuterval ol 21-22 davs.
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These mosquitoes had fed on the infected horse during the second and
third days of fever.

Reaction: A brief elevation of the temperature up to 103° occurred on 9th
April, one day after the feeding of the second group of mosquitoes, but it
lasted only half a day. During an observation period of 48 days, up to 27th
May, no real temperature reaction occurred, only 6 times was 101° reached or
slightly exceeded, but on each oceasion for not Tonger than 12 or 24 hours.

Immunity test: On 27th May the horse was injected subcutaneously with
1 c.c. blood of horse 20302 (virus horse 11). Five days later the temperatule
began to rise. On 1st June it was 103-8 and 105°; the 2nd, 105 and 105°; and
the 3rd, 1036 and 100-4°. The following night the horse died, the post-
mortem showing typical signs of horsesickness.

Result: The experiment was negative, no temperature reaction occurring

after the feeding of the m~-~i*~o -=d the horse was normally susceptible to
the subcutaneous injection us blood.
F. Exvr 11H Aédes hirsutus.

At the commence ur experiments with the lishowe
stran had at ouwr d e a large supply of Aedes hirsutoe
from of our Tree i, We succeeded in feeding
speci on the i virus horse injected with the original material
nf th train.  The mortality amongst these mosqultoes was very

__ter a week 100 mosquitoes were injected and after 20-21
days there were still 107 of the remaining specimens alive.

Two experiments were made with these mrresquitoes. In the
first, experiment 30, 100 specimens were injecte after an interval
of one week. This experiment was run in conjunction with experi-
ment 24 in which combined groups of Aédes caballus and A. linecato-
pennis were iniected after the same interval. The two e eriments
were intended serve as controls to one emather. In 3 second
experiment, No. 31, the mosquitoes were fe  in the same manner
as in the experiments with A. caballus and A. lLineatopennis, on a
susceptible horse, and the remaining specimens were injected into
the horse of experiment 30 after an interval of nearly one month.

Only one virus horse, No. 11, was used, and mosquito groups: —

Group 10.—Fed on virus horse 11 during +“e night of Ist to 2nd March,
1932. First day of fever. Temperature 103-0 2-0°. 201 specimens engorged
(reared from larvae). TUsed for experiments Su and 31.

Group 11.—Fed on the same virus horse the following night. Second day
of fever. Temperature 104-8-103-2°. 110 specimens engorged (reared from
larvae). Used for experiments 30 and 31.

Experiment 30 (H.S. 19). 146 Aédes hirsutus. Injection. Interval 7-30
days. Horse 20280.

The horse of this experiment had previously been used in December,
1931, for experiment 13 (O-virus, 4. dentatus, injection interval 16 days), but
no reaction had followed the injection of these mosquitoes.

On 9th March, 1932, 50 Aédes hirsutus group 10 were injected and the
following day 50 specunens of group 11. After this the remaining specimens of
both groups were used in the following experiment for feeding. Of these, 46
specimens were still alive on 3Ist March and injected on that date into the
horse of this experinment

Altogether 146 specimens were injected into the horse:—

100 specimens after an interval of 7 ¥S.
46 specimens after an interval of 20-ou days.

These mosquitoes had fed on the virus horse during the fi and second
days of fever,
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ITteaction: Directly after the injection of the second lot of mosquitoes a
slight rise in temperature occurred (101-4°), and 10 days later another, up to
]OQO lasting, however, only half a day. After the third injection the tem-
pgmturc rose to 1()2o but by the next morning it had already commenced
falling again. The mosquito injections were, therefore, tolerated very well.
Up to 27th May, 57 days after the last and 79 days after the first injection of
mosquitoes, no fever reaction had occurred, the highest temperature recorded,
except for the days mentioned above, being 101°.

Immunity test: On 27th May, the horse was injected subcutaneously with
1 c.c. blood of horse 20302 (virus horse 11). Five days later, on 1lst June,
the temperature rose to 104-4 and 105°, remaining the following day at 1050°.
On 3rd June, it was 103-8 and 105°, and the following morning 104-2°. The
same day the horse died from horsesickness.

The result of the experiment was absolutely negative. After the injection
of 146 mosquitoes, fed 7-30 days hefore ou an infected horse, no temperar
reaction at all fallowed, wbereas the horse proved to be iully susceptible wueu
injected subcutaneously with 1 c.c. of the same strain. It may be remembered
that with Aédes caballus and A. lineatopennis under the same conditions a
positive result had been obtained.

Expervment 31 (H.S. 21). Adédes hirsutus. Feeding. Interval 1521 days.
Horse 20130.

During the night of 16th to 17th March, 1932, Aédes hirsutus group 10
was allowed to feed on this horse, and out of 114 specimens 72 took up blood.
During the following night group 11 was put on to the horse and 19 (out of
43) specimens engorged themselves. Both groups were put on to the same
horse again during the night of 22nd-23rd March, and 96 specimens (out of
107) fed. On 31st March, 9 days later, the remaining 46 specimens of these
two groups were injected into horse 20280, as deseribed 1n the preceding
experiment.

~ The horse of this experiment was bitten 187 times by the mosquitoes,
viz, 1 —

91 specimens after an interval of 15 days.
96 specimens after an interval of 20-21 days.

These mosquitoes had fed on the virus horse during the first and second
days of the fever.

Lieaction: The first afternoon, when the mosquitoes were put o~ to the
horse, the temperature rose to 101°. This was a frequent occurrence - 3n the
horses would not willingly enter our mosquito stables and force had to be
used. After this, the temperature remained between 98-8 and 100:7°, thus
normal up to 5th April, i.e. 20 days after the first and 14 days after the
last feeding of mosquitoes. A short fever reaction then set in, the following
temperatures being registered: 6th April, 99-4 and 101-9°: the 7th, 99 and
102-8°; the 8th, 99-2 and 103-8°; the 9th, 99-4 and 101-5°. After this the
temperature dropped to normal and remained so for a further observation
period of 18 days, during which period 100-4° was the highest temperature
noted.

Subinoculation: On 8th April, during the short febrile reaction, 5 c.c. blood
of horse 20130 was injected into horse 20271.

This horse had previously been used in December, 1931, in experiment
12 (O-virus, Aédes dentatus, injection, interval 5 days), and afterwards in
February, 1932 in experlment 18 (O-Vlrus after mosquito passage, Aédes spp.,
injection “after 8-9 days). In both experiments no reaction resembling horse-
sickness fever followed the injection of the mosquitoes.

The horse was kept under ohservation for 35 days, up to 13th April. The
day after the injection the temperature rose up to 101°, but returned to normal
the following day and remained so until the end of the experiment, 100-2°
being the highest temperature registered.

Immunity test: On 28th April, 42 days after the first, 37 days after the
last feeding of the mosquitoes, and 19 days after the end of the short febrile
reaction, the horse (20130) of the main experiment was injected subcutaneously
with 1 c.c. blood of horse 20302 (virus horse 11).
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The temperature remained normal for three days. On 2nd May, the fourth
day p.i., it was 100-5 and 103-6°; the 8rd, 101-4 and 105°; the 4th, 103-8
and 106°; the 5th (a.m.), 104-4; and the 6th (a.m.), 102°, During the same
day the horse died. The post-mortem confirmed the diagnosis of horsesickness.

Result: The original horse, on which the mosquitoes had fed, showed a
brief febrile reaction of a remittent char acter, lasting 4 days and showing
103-8° as maximum temperature. This reaction occurred 14- 20 days after the
feeding of the mosquitoes. Tested with the same virus 19 days ]atel the horse
proved to be normally susceptible. A subinoculation of blood taken duri ing the
fever period and injected into another horse, failed to give any reaction.
The febrile reaction in the first horse was, therefore, not due to horsesickness
fever, and the whole experiment has to be regarded as negative.

. ExrerIMENTS WITH Aédes dentatus.

Aédes dentatus were not present in large numbers am: st evr
material during these experiments, nor were they actually rare. In:
129 specimens could be fed on the five virus horses injected with the
Eshowe strain, 21 on virus horse 11, 73 on horse 12, 7 on horse 13, 9
on horse 14 and 18 on horse 15. Of these mosquitoes at Teast 52
specimens could be induced to feed 67 times on the suscepti : horse.
The result was, therefore, quite satisfactory.

The virus horses 11 to 15 were used and mosquito groups:—

Group 9.—TFed on virus horse 11 during the night of 2nd to 3rd  arch,
1932. Second day of fever. Temperature 103-0-102-0°. 18 specimens engorged
(reared from larvae). Used for experiment 32,

Group 10.-—~Ted on the same horse the following night, Third day of fever.
Temperature 105-5-103-9°. & specimens engorged (reared from larvae). Used
for experiment 32.

Group 14.—Fed on virus horse 12 during the night of 21st to 22nd March.
Second day of fever. Temperature 103-6-103-69. 6 specimens engorged (caught
as adults). Used for experiment 32.

Group 15.—Fed on the same horse together with group 14. 67 specimens
engorged (reared from larvae). Used, for experiment 32.

Group 16.—IFed on virus horse 13 during the night of 24th to 25th March.
Third day of fever. 7 specimens engorged (caught as adults). TUsed for
experiment 32.

Group 18 —~TFed on virus horse 14 during the night of 19th to 20th  Hril.
First day of fever. Temperature 103:2 and 101°, 9 specimens engorged
(reared from larvae). Used for experiment 32.

Group 19.—FKed on virus horse 15 during the night of 26th to 27th Apml.
Fourth day of fever. Temperature 104 and 106°. 18 specimens engorged
(reared from larvae). Used for experiment 32.

Keperiment 32 (H.S. 23). Aédes dentatus. Feeding, [Interval 15-22 deays.
Horse 20291.

~ This horse had been used before in December, 1931, in experiment 8 {(O-
virus, Aédes caballus, injection, interval 15-16 d(ns) No typical reaction had
followed the injection of the mosguitoes.

On 23rd March, 1932, the mosquito groups 9 and 10 were put on to this
horse and during the followi ing night 4 (out of 13) specimens cngorged them-
selves. During the night of 6th-7th April the groups 14 and 15 were allowed
to feed and 36 (out of 37) specimens took up blood. On 11th April group 16
was put on to the horse resulting in the feeding of 3 specimens duving the
ensulng night. Gloups 14 and 15 were again put on to the same horse during
the night of 12th-18th April and 15 specimens engorged themselves. During
the night of 10th- 11tl1 May 4 specimens of group 18 were fed and lastly, during
the tollo“lna night 5 of group 19.
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\ltogethm the horse was bitten 67 times by these mosquitoes, viz.:—
specimens (group 19) after an interval of 15 days.
specimens (group 14-15) after an interval of 16 days.
specimens (group 16) after an interval of 18 days.
specimens (group 9-10) after an interval of 20-21 days.
specimens (group 13) after an interval of 21 days,

15 specimens (group 14-15) after an interval of 22 dagys.

3

B e 20 GO I

These different mosquitoes had ted on tour different virus horses during the
first to third davs of fever.
On 28th April and 6th May dides dentatus mjected with the Kaalplaas
vitus were fed on the same horse. This will be referred to under experiment 35.
Reaction: The horse was kept under observation up to 3rd June, 72 days
after the feeding of the first hatch of mosquitoes and 23 days after the last

group. During this period no fever reaction occurred, the highest temperature
registered being 101-2°,

Toemunity test: On 3rd June the horse was injected with 1 c.c. hlood of
horse 20302 (virus horse 11) subcutancously.,  Five days later; on ~th June,
the temperature commenced rising and 1029 was recorded. Ow the 9th it was
102-4 and 104°: the 10th, uncertain (anus open, intravenous injection of -002
gm. Akiron per Ke., bodyv-weight); the 11th. 103 and 1049; and the 12th
(.., 104°, The same dav the animal died from horsesickness (dunkop).

Result : The experiment bas to be regarded as negative as no temperature
reaction was shown after the application of the mosquitoes, whereas the horse
proved to he normally susceptible when injected subcutaneously with material
of the same strain.

H. Drscrssrox oF taHE RESULTS witir Tk ESmows  IRUS.

A {fresh virus strain obtained from a mule previously immunived
against O-virus at Eshowe was designated Eshowe ~virus. 8
relationship to O-virus was thus the same as was the case with the
Losperfontein strain,” and it was, therefore, not the t; e of strain
we really wanted.

With the original material we injected one horse and with its
blood two other animals. Another horse was injected after the vivus
had been subjected to cataphorization by the passage of an electrical
current of 9 milliamperes at 250 volts for 4 hours, and a fourth by
the injection of mosquitoes. Mosquitoes were {fed on all these horses
for our experiments.

Altogether 1 ()‘50 mosquiioes were fed on the virus horses, 1,068
Aédes caballus, 272 A. lLineatopennis, 211 A. hirsutus and 129 A.
dentatus. The mosquitoes were caught partly as adults in the fields,
partly reared in the laboratory from larvae. Of A. fhirsutus only
speciinens reared in captivity were used. During the experiments
the mosquitoes were kept in jars or cages in the warm room of the
laboratory, in which the temperature “varied between 200, 300 C.
with a probable mean of 24°.  As a rule, during these expeviments,
the room was only heated during the dav-time, as there was no
automatic control. At night the room was actually warmer than
out of doors, whereas during the dav-tim~ *t was cooler. As usual,
between the two feedings on the infecte and mnormal horses, the
mosquitoes were fed on 10 per cent, sugar water, renewed every day
or every second day.

In this series of experiments the mosquitoes were partly injected
and partly fed on the susceptible horses. We will discuss first of all
the two experiments by means of mosquito injeciion.
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In the first experiment (No. 24) 68 Aédes caballus and 66 A.
lineatopennis, thus 134 specimens, were injected into a horse in the
form of an emulsion on three consecutive days. In this horse a fever
reaction 1 de its appearance 8 days after the last, and 10 days after
the first injection. Tour days later the animal died from horsesick-
ness. All these mosquitoes had fed on an experimentally infected
horse 7 days before being injected. In one or more specimens the
virus must, therefore, have been present after this lapse of time.

In the second experiment (No. 30), Aédes hirsutus were used,
They had fed together with A. caballus ar™ A. lineatopennis of e
preceding experiment. Seven days after  21r feed on an infected
horse 100 specimens were injected in the form of an emulsion on two
consecutive days, and 46 more specimens of the same groups after
an 1nterval of 29-30 days. No temperature reaction whatsoever
followed these injections however, and later the horse proved to be
normally susceptible when injected subcutaneously with material
from the same strain.

In these two experiments, therefore, virus could be demonstrated

by means of the injection of mosquitoes in a combined lot of 134

A. caballus and A. lineatopennis after an interval of 7 days, whereas

" 100 A. hirsutus after 7 days and in 46 after nearly a month no
us was present.

B sding the mosquitoes the fi owing experiments were
Tie —
s caballus (experiment 25). Interval 16-17 days: 10
specimens. Result, negative.

Aédes caballus (experiment 26). lInterval 18 days: 4 speci-
mens. Interval 20 days: 14 specimens. Total, speci-
mens,  Result, negative.

Aédes  hallus (experiment 27). Interval 15 days: 3 speci-

w . Result, negative.
Aédes lineatopennis (experiment 29). Interval 3 days:
34 specimens. Interval 21-22 days: 8 specin =, Total

42 specimens. Result, negative.

Aédes hirsutus (experiment 31). Tnterval 15 days: ¢ sp
mens. Interval 20-21 days: 96 specimens. Toual
specimens. Result, negative.

Aédes dentatus (experiment 32). TInterval 15-18 days: 44
specimens. Interval 20-22 days: 23 specimens. Total
67 specimens. Result, negative.

In these 6 experiments together the horses were bitten 327 times
by the four Aédes species after the following intervals: —

Interval 15 davs ... ... cee eee oo 99 specimens
Interval 16-18 days ... ... ... 87 specimens.
Interval 20-22 days ... ... ... 141 specimens.

none of these experiments in which mosquitoes were fed on a
_horse after an interval of 15 days or longer, did we succeed
. ...asmitting the infection. Four of the six normal horses were
tested for immunity after a sufficiently long incubation period, 3 by
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subcutaneous injection of 1 c.c. and the other by 5 c.c. virus intra-
jugularly and all reacted to horsesickness followed by death. There
1s every reason to believe that the other horses were normally sus-
ceptible as well.

The transmission experiments with this strain were, therefore,
also a complete failure.

As was the case with O-virus, this virus may be present in
mosquitoes after an interval of one week. In tha positive experiment
with O-virus 4. caballus, A. hirsutus and lineatopennis were
used, with the Eshowe strain A. caballus and A. lineatopennis;
these two species being common to both experiments. We are unable
to say, however, whether this survival of the virus in the mosquitoes
up to one week is normal or exceptional. Tt seems rather to be
somewhat exceptional. 1In any case, the results of the feeding
experiinents do not permit of our regarding it as the beginning of
an actual development of the virus in a suital : insect transmitter.

With regard to the possible reasons for the obvious failure of our
transmission experiments we may vefer to the discussion of the T.os-
perfontein strain in the preceding chapter. The choice of the
mosquito species may have been at fault or the strain of virus may
have been the old O-virus, which has perhaps lost its capacity for
developing in insects. Other factors, or faults in the experimental
technique, cannot have been, in our opinion, of any real importance.

IX. EXPERIMENTS W Pl

On 13th April, 1932, a horse « . 20031) showing typical and
very advanced symptoms of the dikkop form of horsesickness was
brought into the Onderstepoort aboratories from Xaalplaas a
farm belonging to Onderstepoort and almost contiguous with it. 118
animal had a temperature of 102-2° and died dvring the following
night. Tt had been hyperimmunized in Septen =r, 1931, of the
previous year against horsesickness by means of O-virus,

We were able to feed only one large batch of A. caballus ar a
few A. dentatus on this horse hefore it died. The experimental
technique was the same as that adopted in the preceding experiments
with the Iishowe strain.

A. ExpeEriMeENts withe Aédes caballus.

On account of our having succeeded in feeding a fair number of
A. caballus on this horse notwithstanding the short time at our
disposal between its receipt and death, we decided to pevform two
experiments by («) injecting a certain number of the mospuitoes after
an interval of one week, and () allowing the remainder to feed on a
second horse, commencing at an interval of 15 days.

Mosquito group 30.—Fed on virus horse 16 during the night of 13th-14th
April, 1932. Temperature 102:2°, (Day of (ommencement of fever reaction

unknown) 365 specimens engorged (reared from larvae). Used for experi-
ments 33 and 34.
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Fxperiment 33 (H.S. 31). 23 dides caballus, Tujection. Interval T days.
Horse 20318.

On 21st April, 1932, 25 1. caballus (group 25), which had fed 7 days hefore
on a horse suffering from horsesickness, which had contracted the disease
spontaneously on the tarm Kaalplaas and was then in a moribund condition,
were injected subcutaneously after thorough emulsification into horse No.
20318.

Reaction: The horse showed a somewhat irregular temperature, varying
normally between 99° and 101°. Eleven days after the injection the temperature
rose to 102-20, remaining elevated, however, for only balf a day. Nine days
of normal temperature followed, then a rise to 101-2° occurred, and two days
later (14th May) 103-4° was recorded, hoth these elevations, however, lasted
less than 24 hours. A further period of normal temperature tollowed but on
27th May some other mosguitoes were injected and this was followed by a
slight rise to just over 101° for a few davs. The horse was kept under
ohservation for a further 31 days, but no temperature above 101-2° was
registered.

Result : The experiment was negative as no tenmperature reaction of any
importance followed the injection of the mosquitoes during an observation
period of 67 davs. An immunity test was not considered necessary. Another
horse from the same lot was tested and found to he fully susceptible.

Eeperiment 34, Aédes caballus. Feeding., Toterval 1523 days. Horse 20323,

On 27th April, 1932, group 30 (lédes caballus) was put on to this horse
and during the following night 75 specimens engorged themselves. The reniain-
ing speciniens of this group were fed on the same horse on the night of 6th
to 7th May, and on this occasion 7 specimens took up blood.

The horse was therefore hitten 82 times by these mosquitoes, after an
interval of 15 davs by 75 specimens., and after an interval of 25 days hy 7
specimens. The mosquitoes had been fed on a spontanecus case of horsesickness
shortly hefore the death of the animal.

Reaction: No temperature reaction at all followed the feeding of the
mosquitoes. during an ohservation period of 36 days, the highest temperature
registered during this period being 100-8°.

Twimunity test: On 3vd June, 36 days after the first and 29 days after the
last feeding of the mosquitoes, the horse was injected subcutaneously with
1 c.c. preserved hlood of horse 20031, the virus horse used in these experiments.
On 8th June, 5 days after the injection. the temperature rose to 105-2° and
remained between 105 and 106° for three davs. The following morning it had
fallen to 100° and the horse died the same day. the post-mortem confirming the
diagnosis of horsesickness.

Result: This experimeut was clearly negative. No temperature reaction
had followed the feeding of 82 mosquitoes which had taken a feed of infected
hlood. The horse subsequently proved to he normally susceptible when injected
subcutaneously with 1 c.c. preserved blood of the same strain.

B. Exverisment wirm Aédes dentatus.

On the afternoon on which we received the infected horse from
Kaalplaas we had at our disposal only a few mosquitoes of this
species, of which 14 only could he induced to feed.

Mosquito group 17.—Fed on virus horse 16 during the night of  th-14th
April, 1932. Temperature 102-2°. Day of commencement of fever reaction

unknown. 14 specimens engorged (reaved from larvae). TUsed for experi-
ment 35.

Faperiment 35 (H.S. 23). Aédes dentatus, Feeding. Interval 15-23 days.
Horse 26291,
This horse had heen used previous™ in Decemher, 1931, in experiment 8
(O-virus, 4.caballus, injection, interval  -16 days), which had been negative.
Trom 23rd March, 1932, until the end of this experiment it was used
also for experiment 32 (Eshowe virus, 4. dentatus, feeding).
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On 28th Apvil, dédes dentatus group 17 was put on to this horse and

during the following night 5 (wut of 8) specimens engorged. The remaining
mosqultoes were fed on the same horse again during the night of 6th-7th May
and 1 (out of 6) specimens fed on thlS occasion.  The mosquitoes, therefore,
fed 9 times on this horse as follows:

5 gpecimens after an interval of 15 days.
4 specimens after an interval of 23 days.
LReaction: The horse was kept under ohservation up to 3rd June, without
any reaction being noticed.

) Immunity test: The horse was tested for immunity by the subcutaneous
mjection of Eshowe virus and died 9 days later from horsesickness (ride experi-
ment 32).

The result ot this experiment therefore was negative.

C. D1scUussioN oF TIIE RESULTS WITII THE  AALPLAAS VIRUS

About the middle of April, 1932, we received a horse previously
hyperimmunized against O-virus, which had contracted horsesickness
spontaneously at Kaalplaas. The horse was in a moribund condition
when received and had {o be made use of for our purpose that saumne
afternoon. One large batch of Adédes caballus and a few A. dentatus
were fed on this animal before it died. The mosquitoes were kept
in our warm room during the experiment under the same conditions
as was the case with those of the Kshowe strain.

Three experiments were conducted. In the first y. 33) 25
A. caballus were injected Into a horse afier an interval of 7 days
No {emperature reaction followed this injection so that no virulent
virus could have been present.

The remaining specimens of the same group were fed on a second
hovse (experiment 34), in which 75 specimens engorged themselves
after an intevval of 15 days and 7 specimens after 23 da} s. ) tem-
perature reaction followed, While the horse proved to be susceptible
when Inoculated later with the same strain. This experinient was
also negative.

Only one experiment was conducted with Adédes dentatus D
specimens fed after 15 and 4 after 23 days, without conveving
infection to a horse.

No positive results were, thevefore, oblained with the aalplaas
virus.  This strain was identical, in certain respects, with those
received from Kshowe and Losperfontein. All three werve derived
from animals previously immunized against horsesickness by O-
virus. The possible explanation of the failure {o transmit the disease,
already advanced in the case of the other two strains, may applv
equally well in this case and we therefore vefer here to these previous
discussions.

X. DISCUSSION OF T
TRANSMISSION XPERII

During the latter part of the winter of 1931 and the summer
1931-1932 experiments were carried out with the object of 1ding
the natural transmitter of horsesickness, a virus dis e of great
econontic importance in South Africa.
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Pitchford (1902) only has carried out actual iransmission experi-
ments, and he claims to have transmitted the disease by means of
Anophelines. From his account, however, 1t is not possible to obtain
a clear 1dea as to how his resulls were obtained and ihey cannot be
regarded as proof that Anophelines are the actual tran=mitters,

Taking into account the known epidemiological evidence
mosquitoes must be regarded as the most probable transmitiers. The
discase 1= caused by a virus not transmitted by ordinary contact. In
1ts appearance it is practically limited to the summer months, heavy

rainfall being followed by a high percentage of infection. In dry
seasons relatively few cases appear ordinarily.  The infection 1s

practically only transmitted during the night or near sunsel or sun-
rise, and stables afford a relativ ely m»ml protection. This evidence 1s
suflicient fo allow of horsesickness 1)9111,(,) regarded as an 1sect-borne
disease. However, it is in itself not sufficient to enable the potential
transmitiers to be narrowed down to a certain group of insects with
certainty, although, assuming the epidemiological facts as being
correct, mosquitoes must then be regarded as the most probable trans-
miiters. At any rate, none of the facts mentioned oppose the theory
of mosquitoes being the natural transmitters, and on this theory we
have based our work.

Together with these experiments a mosquito survey was carried
out at Onderstepoort, covering the latter part of the winter of 1931,
and the whole summer 1931-1932. Mosquitoes were caught i traps
containing horses as bait animals, and as thorough a search as
possible was made for breeding places. The season at our disposal
was very dry and all the information desived conld, 1herefore, not be
gained. A review of the results of this survey has alrveady been
given in the second paper of this seres in which we arrived at the
conclusion that certain clédes species accurately fulfilled the require-
ments of the potential carriers as laid down by the known epidemio-
logical evidence alveady mentioned. Amongst the species of this
genus, Aéddes caballus, A. lineatopennis, aml Ao hirsutus, and
M wecidus scatophagoides must be regarded as the most suitable trans-
mitters, with 4édes vittatus and A. dentatus as good potential trans-
witters, although probably of secondary importance. Owing to lack
of expellmentdl information, no definife conclusion could be arrived
at regarding the possible role of Anophelines.

Our experimental work was based mainly on these conclusions.
The majority of the experimeuts were arried out with the above-
mentioned Aédes species. Mucidus scatophagoides was discoverc  to
be a blood-sucking species (contrary to the statements in the litera-
ture) too late in the season 1o enable ux to carry oul experimental
work. During the commencement of the work, when no other species
were available, a number of expertiments were carried out with
Culex theileri, mainly to oblain technical experience.

Srrarxs or ITorsusioxzess VIRUs.,

Tor our experiments four different strains of virus were used.
Most of the experiments were carviad out with the Onderstepoort
vaceine strain known as O-virus. his strain had been isolated in
1901 from a spontaneous case of horsesickness. Irom that dale on
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it had been transmitted by direct inoculation repeatedly from horse
to horse, the 192nd and 225th generations being used in our experi-
ments.  Almost invariably the inoculation results in death the
incubation period being usually 2-3 days and the duration ¢ the
disease itself generally 3-4 days. For more than 30 years +his virus
had been transmitted without the normal passage throu; insects.
From the point of view of our work this strain was not very suitable,
as, on account of these long years of direct transmissions the devalop-
mental capacity of the virus in the insect might have been : ered
(reduced), thus affecting in particular the value of negative trans-
mission results.

In March, 1932, virus was obtained from a fatal case of horse-
sickness in a mule at Losperfontein (Transvaal), and from a mule at
Eshowe (Natal), both suffering from horsesickness which ended in
recovery, and 1n April from a horse which had contracted a fatal
infection at Kaalplaas (Pretoria district). In all these cases a
history of immunization against horsesickness with O virus existed
and the possibility cannot be excluded that we have de:  throughovt
our experiments with O-virus which had appeared wi  the secor
attack of horsesickness in the form of a relapse.

EXPERIMENTAL ANIMALS.

The horses used in our experiments were animals of little com-
mercial value, recruited principally from the larger towns in e
Transvaal. IT'rom the large number of experiments on other phares
of horsesickness conducted at Onderstepoort and embodying hundre
of horses it is known that only very exceptionally is an immune horse
encountered amongst them.

ExPrriMrENTAL TECHNIQUE.

The experimental technique employed in this work has been dis-
cussed in full in the second paper of this series.

The mosquitoes were generally fed on the infected and sus~optible
horses in small cages enclosed with mosquito netting. 1 the
technique finally adopted these cages were held in place on the backs
of the horses by means of a specially constructed saddle which pre-
vented any movement of them even on the more sensitive anim:
The mosquitoes were put on to the animals late in the afternoon and
removed again the next morning.

Special provision had to be made, at any rate during the summer
months, to ensure a sufficiently humid atmosphere for the mosquitoes
during their feeding on the horses. In dry surroundings the mortality
was extremely high. Very good results were obtained in the specially
constructed stable, which was surrounded on all sides by hessian kept
wet by a constant flow of water.

In the laboratory the mosquitoes were kept in small jars or 1
cages consisting of a wooden framework covered with mosquito
netting. In these cages a sufficient degree of humidity had also ~ be
provided for. The jars were placed on wet cotton wool in sliy tly
larger jars and the cages on shelves, surrounded on all sides hy wet
hessian. 109 Sugar solution on cotton wool s provided as food.
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The mosquitoes were kept in a room which could be heated elec-
trically. The heating apparatus had to be regulated by hand, how-
ever, and variations in the temperature could therefore mnot be
avoided. The average temperature was 24-26° (. but varied from
time to time between 20 and 30° C.

Experiments with O-virus.

With O-virus, a strain isolated about 30 years ago, 757 mosquitoes
were infected on 9 virus horses, 308 Culex theileri, b Anopheles
squamosus, 198 Aédes caballus, 62 4. lineatopennis, 43 A. Firsutus,
70 A. dentatus and 71 A. wvittatus. TFurthermore, between )0 and
500 mosquitoes were fed in one experiment in which the actual
number was not ascertained.

With Culex theileri the following five experiments were carried
out.

-

Experiment 1. 5 specimens injected after } day. Result positive.

Experiment 2. 50 specimerns injected after 5 days. Result negative.
Experiment 3. 50 specimens injected after 16 days. Result negative.
Experiment 4. 140 specimens injected after 25 days. Result negative.

Experiment ¢

T

9 specimens fed, direct transmission. Result negative.

The first experiment, in which b C. theileri were injected approxi-
mately 12 hours after their iniiial feed, was positive. Sufficient virus
was taken up, therefore, by 5 specimens to cause a mortal infection ot
horsesickness. No conclusions can be drawn from this result as to the
ability of C. theiler: acting as a transmitter, but it indicates that the
method of infecting mosquitoes was effective.

In the following three experiments 240 specimens were injected

after 5-25 days, H0 of them after 5 days, but in no case was a positive
result obtained.

One experiment, by direct transmission with 9 specimens, was
also apparently negative. A temperature reaction developed but it
could not be traced to horsesickness.

Anopheles squamosus was only used in one experiment.

-

Experiment 6. 5 specimens injected after 5 days. Result negative,

With Aédes caballus two experiments were carried out.

Experiment 7. 94 specimens injected after 5 days. Result negative.
Experiment 8. 28 specimens injected after 15-16 days. Result negative.

Both experiments, in which 122 specimens were injected, proved
to be negative.
Aédes lineatopennis was also used in two experiments.

Experiment 9. 5§ specimens injected after 5 days. Result negative.
Experiment 10. 25 gpecimens injected after 5 days. Result negative.

In 30 specimens no virus could be detected, therefore, after an
interval of 5 davs.

A édes hirsutus was only used in one experiment, which was nega-
tive.
Experiment 11. 30 specimens injected after 5 davs., Result negative.
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With A. dentatus two experiments were made.

Experiment 12. 6 specimens injected after 5 days. Result negative.

Experiment 13. 12 specimens injected after 16 dayvs. Result negative.

In 18 specimens no virus was present after 5-16 day=.

With A. vittatus two experiments were also carried out.

Experiment 14, 20 specimens injected alter 5 days. Result negative.

Experiment 15. 32 specimens injected after 15 days. Result negative.

Both experiments with 52 specinens were negative

Finally, an experiment was carried out in which a large number,
294 mosquitoes, consisting of 85 A. caballus, 115 A. lLirsutus, and
94 A lineatopennis were imjected together after an iuterval of 6 da\ 5.
This experiment was positive and the vesult could be confirmed hy
subinoculation.

With dédes species 10 experiments were carried out.  Only one
experiment was positive, in which almost 300 specimens belonging to
three different species were injected after an interval of 6 dayvs. In
the remaining 9 negative experiments 94 A. caballus were injected
after 9 days and 28 after 15 days, 6 4. T-utatus after 5 and 12 after
16 days, 30 A, Lirsutus atter 5 (hlvs, 30 lineatopennis atter H days
and 20 AL eittatus after b and 32 after 15 dayvs. Tn all, 180 specimens
were injected after H and T2 after 15 days.

FEoperiments with O-virus after one short passage through mosquitoes.
Tn the preceding series of experiments one positive result was
obtained by injecting almost 300 specimens of Aédes 6 days after their
havine fed on an infected horse. We hoped that the virus had
adapted itself to the development in mosquitoes and therefore used
this strain 1n the following two experiments.
Cxperiment 17. 28 A, caballus injected after 7-8 davs. Result necative.
2 AL forsutus imjected after 7-8 days. Result negative.
27 A, tineatopennis injected after 7-8 davs.  Result
negative.
Experiment 18. 157 .1 caballus injected after 8-9 davy.  Resnlt negative.
94 A, lineatopennis injected after 89 days. Result
negative,
35 AL firsutus injected after 829 days. Result negative.
11 4. dentatus injected after 8-9 days. Result negative.
2 4. punctothoraces injected after 2-9 davs. Result
negative,
1 .1 cumminst injected atter 83-9 dayvs.  Result negative.
Both experiments were negative. Aliogether 357 specimens had
been injected after an interval of 7-9 davs, 185 A, caballus, 121 A.
Lineatopennis, 37 A, hirsutus, 11 4. dentatus and three specimens of
two other species.
There was no sign that the developmental capacity of the virns
m the Aédes species used had increased by the <horl passage 1in
mosquitoes, and further work with this strain was abandoned.

Eaperiments aith Losperfontein Tirus,

With a strain of virus derived from a mule, which had heen
immunised with O-virus some months before, five experiments were
conducted.  One virus horse was used and on it 1,035 mosquitoes were
fed, 816 A. ecaballus, 151 Ad. linecatopennis, 61 A. dentatus and 7 A.
vittatus.
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With 4. caballus the following experiment was carried out

Experiment 19. 71 specimens fed after 14-15 days. Result negative.
6 specimens fed after 20 days. Result negative.

77 specimens, vefed after 14-20 days, failed to transmit the
disease.

A. lineatopennis was made use of in two experiments:—

Experiment 20. 38 specimens refed after 13-17 days. Result negative
51 specimens refed after 19-21 days. Result negative.
66 specimens refed after 33-35 days. Result negative.
10 specimens refed after 60-62 days. Resunlt negative.

Experiment 21. 6 specimens injected after 63-65 days. Result negative.

Both experiments were mnegative. In e first the horse was
bitten 165 times by batches of A. lineatopennis infected 13-62 days
previously. In the remaining six specimens of the same batches no
virus could be traced by injection afier 63-G5 days.

With A. dentatus the following experiment was made:—
Experiment 22. 20 specimens refed after 25-27 days. Result negative.
6 specimens refed after 35-37 days. Result negative.
A. vittatus was made use of in the last experiment:—
Experiment 23. 5 specimens refed after 23 days. Result negative.
4 specimens refed after 37 days. Result negative.

Altogether four horses were bitten 277 times by specimens of
4. caballus, A. lineatopennis, A. dentatus and A. wvittatus as
follows : After 13-17 days by 109 specimens, after 19-21 by 57, after
23-27 by 58, after 33-37 by 43 and after 60-62 by 10 specimens.
I"urthermore, six specimens were injected after 63-65 days. In none
of these experiments were positive results or reactions, which could
be suspected of being horsesickness fever, obtained.
Faperiments with Eshowe Virus.
Towards the end of February another strain was receive

isolated from a spontaneous case of horsesickness in a mule, whicn,
however, had also been immunised previously with O-virus.

In all, four virus horses were used in which 1,680 mosquitoes
were fed, 1,068 A. caballus, 272 A. lineatopennis, 211 A. hirsutus
and 129 A. dentatus.

In the first experiment a number of A. caballus and A.
lineatopennis were injected together a week after their having fed on
a virus horse.

Experiment 24. 68 A. caballus injected after 7 days. Result posi+ive.

66 4. lineatopennis injected after 7 days. esult
positive.

The temperature of the horse commenced to rise 9 davs after the
first and 7 days after the last injection. The disease itself, whi

ended in death, lasted 6 days, The diagnosis of hLorsesickness was
confirmed on post-mortem.

With 4. caballus alone three experiments were made:—

Experiment 25. 10 specimens refed after 16-17 days. Result negative.
Expermlent 26. 18 specimens refed after 18-20 days. Result negative.
Experiment 27. 3 specimens refed after 15 days. Result negative.
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In all, 31 specimens fed after 15-20 days without transmitting
the infection. ‘

A. lineatopennis was used in the following experiment, which
also was negative : —
HExperiment 29. 34 specimens refed after 16-18 days. Result negative.
8 specimens refed after 21-22 days. Result negative.
With A. hirsutus the following two experiments were carried
out:—
{xperiment 30. 100 specimens injected after 7 days. Result negative.
46 specimens injected after 29-30 days. Result negative.
Experiment 31. 91 specimens refed after 15 days. Result negative.
96 specimens refed after 20-21 davs. Result negative.
Both experiments were negative. ‘The mosquitoes from the
second experiment which were still alive after a month, were use
for the second injection in the first experiment. In the second
experinient a short febrile reaction appeared © 20 days after the
injection of the mosquitoes. The horse, however, later proved to be
normally susceptible and a subinoculation of blood, taken duving the
febrile reaction, failed to infect another horse.

In the last experiment A. dentatus was used, also with negative
results : —

Experiment 32. 44 specimens refed after 15-18 days. Result negative.

23 specimens refed after 20-22 days. Result negative.

The first experiment with this strain, in which a combined lot of
134 A. caballus and A. lLineatopennis was injected gave a positive
result. We were therefore quite hopeful as to the suitability of this
strain. All subsequent experiments were however, negative.

In these negative experiments 146 A. hirsutus were injecte after
7-30 days and 31 A. cabullus refed after 15-20 days, 42 A. lneato-
pennis after 16-22 days, 187 A. hirsutus after 15-21 days and 67 A.
dentatus after 15-22 days. Ir all the horses were bitten by 327
specimens of these four species after intervals ranging between 7 and
30 days.

Ezperiments with Kaalplaats Virus.

In April, 1932, a horse suffering from horsesickness which had
previously been hyperimmunised against O-virus, was received from
the farm Kaalplaats. It died the following morning, but in
interim between its receipt and death we succeeded in feeding svo
A. caballus and 14 A .dentatus on it.

With A. caballus two experiments were carried out, which
vielded negative results:—

Experiment 33. 25 specimens injected after 7 days. Result negative.

Experiment 34. 75 specimens refed after 15 days. Result negative.

7 specimens refed after 23 days. Result negative.

In the last experiment A. dentatus were fed, also without anv
result : —

Experiment 35. 5 specimens refed after 15 days. Result negative.

4 specimens refed after 23 days. Result negative.

In all, 25 A. caballus, which had fed on a spontaneous case of
horsesickness, were injected after 7 days, 82 specimens of the same
species tefed after 15-23 days and 9 A. dentatus refed after 15-23
days. In none of the experiments was a positive result obtained.
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(G ENkRAL DIscUSSION OF THE RESULLS.

On horses infected with four different strains of horsesickness,
the O-virus vaccine strain and one strain each from Losperfontein,
Eshowe and Kaalplaas, 4,254 mosquitoes werve fed, 308 Culea thedlers,
5 Anopheles squamosus, 2,655 Aédes caballus, 628 A. lineatopennis.
292 A. hirsutus, 285 A. dentatus, T8 A. wvittatus, 2 A. punctothoracts
and 1 A. cummainsi. Furthermore, in one experiment, in which the
actual number was not ascertained, at least 400-500 specimens had
fed. To obtain these results, several times this number of mosquitoes,
at a rough estimation, 10,000 specimens, had to be collected and

handled.

With these mosquitoes 34 experiments were carried out in all
(excluding experiment 28, in which the mosquitoes fed during a fever
reaction, which, at first, was regarded as horsesickness fever, a
diagnosis which, however, was not confirmed by the further experi-
ments). In these experiments 1,434 mosquitoes were injected after
§-65 days, viz.; 245 Culex theileri, 5 Anopheles squamosus, 435 Aédes
caballus, 287 A. lineatopennis, 328 A. hirsutus, 29 A dentatus, 52
4. mttatus 2 A. punctothoracis and 1 A. cumminsi. A rge number
of specimens was refed on susceptible horses at intervals varying
from about 1 minute to 62 days, 704 feedings actually taking place,
viz.: 9 feedings with Culex theileri, 190 with Aédes caballus, 207
with 4. lineatopennis, 187 with 4. hirsutus, 102 with 4. dentatus and
9 with A. wvitiatus.

Positive results were obfaired only by injections of mosquitees.
In the first case (experiment 1), five Culex theiler: were injected 2
moruning after having fed on an infected horse. This result onty
demonstrated, however, that sufficient virus to produce an infecti~rn
had been taken up by 5 mosquitoes. In the second experiment ).
16), 294 mosquitoes, 85 A. caballus, 115 A. hirsutus and 94 A. line-
ctopennis, which had fed (G days before on a horse infected with O-
virus, were injected. In the third positive case (experiment 24), 68
A. caballus and 66 A. lineatoperinis had been injected. These
mosquitoes had fed 7 days previously on a horse infected with Eshowe
Virus.

The horsesickness virus can therefore retain its full virulence in
Aédes species up to T days. This result was obtained w 1 two strains
of virus, and 4. (‘(17)(177ua, A. lineatopennis and A. hirsutus were the

specles Loncelned the former two species being common to both
experiments,

The remaining 31 experiments were negative. We will combine
the experiments made with the different virus strains according to
the species used.

With Culer theileri four experiments were carried out with O-
virus (Nos. 2-b). 240 specimens were injected after 5-25 days, viz. :
50 after 5, 50 after 16 and 140 after 25 days. Direct transmission was
also attempted by partially feeding 9 specimens on an infected horse
and immediately thereafter on a susceptible horse.

With Anopheles squamosus one experiment was conducted with
O-virns in which 5 specimens were injected after 5 days (experiment
).
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Aédes caballus was used in 10 experiments, four with O-viras
(experiments 7-8, 17-18), one with Losperfontein virus (experiment
19), three with Eshowe virus (experiments 25-27) and two with Kaal-
plaas virus (experiments 33-34). 332 specimens were injected after 5-
16 days, viz., 94 after 5, 210 after 7-9 and 28 after 15-16 days.
Mosquitoes were refed 190 times on susceptible horses after 14-23
days, viz., 169 after 14-17, 24 after 18-20 and 7 after 23 days.

Aédes lineatopennis was used in 7 experiments, four with O-virus
(experiments 9-10, 17-18), two with Losperfontein virus (experiments
20-21) and one with Eshowe virus (experiment 29). 157 speclinens
were injected after 5-65 days, viz., 30 after 5, 121 after 7-9 and 6
after 63-65 days. 207 specimens were refed on susceptil : horses as
follows : —72 after 13-18, 59 after 19-22, 66 after 33-35 and 10 after
60-62 days.

Aédes hirsutus were used In five experiments, three with O-virus
{experiments 11 and 17-18) and two with Eshowe virus (experiments
30-31). 213 specimens were injected after 5-30 days, viz., 30 after H,
137 after 7-9 and 46 after 29-30 days. 187 specimens refed after 15-21
days, viz. : 91 after 15 and 96 after 20-21 days.

Aédes dentatus was used in b experiments, three with O-virus
(experiments 12, 13 and 18), one with Losperfontein virus (experi-
ment 32) and one with Kaalplaas virus (experiment 35). 29 speciniens
were injected after 5-16 days, viz., 6 after 5, 11 after 8-9 and 12 after
15 days. 102 specimens refed after 15-37 days, viz.: 49 after 15-18,
2T after 20-23, 20 after 25-27 and 6 after 35-37 days.

Aédes vittatus was used in three experiments, two with O-virus
{experiments 14-15) and one with Losperfontein virus (experiment 23).
b3 specimens were injected after 5-13 days, viz.: 20 after 5 and 32
after 15 days. 9 specimens refed after 23-37 days, viz.: 5 after 23
and 4 after 37 days.

Aédes punctothoracis and A. cumminsi were used in the experi-
ment with O-virus (experiment 18) in which three specimens were
injected after 8-9 days.

Amongst the various Aédes species employed the following
number of specimens was used : —786 specimens were injected after
5-65 days, viz.: 18 after 5, 482 after 7-9, 72 after 15-16, 46 after 29-30
and 6 after 63-65 days. 695 mosquitoes refed on susceptible horses
after 13-62 days, viz.: 375 after 13-18 days, 214 after 9-23, 20 after
25-27 days, 76 after 33-b7 and 10 after 60-62 days.

Thuwty-one experiments, in which (apart from 240 Culex and 5
Anopheles), 786 specimens belonging to Aédes species were injected
after 5-65 days and 695 refed after 13-62 days, were thus negative.
We cannot but regard these negative resulls as significant, in fact
even more significant than the few positive results, the more so as
these positive results were only obtained by injections of mosquitoes
within a short period after their having fed.

Notwithstanding the, undoubtedly, sufficiently large amount of
material used, it is not possible to arrive at a definite conclusion as to
the results. On several occasions we have laid stress upon the fact
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that the strains of virus used in our experiments were not really
suitable. Most of the experiments were carried out with O-virus, the
laboratory vaccine strain which had been isolated more than 30 years
ago and had been transmitted about 200 times from horse to horse by
direct inoculation. It must be regarded as possible that this strain,
not having been in contact with its invertebrate host for such a long
time, has lost its developmental capacity in insects either totally or
partially.  Furthermore, in each of the strains derived from
spontaneous cases a history of immunization with O-virus existed.
We therefore might have been dealing throughout the whole course
of the experiments with O-virus and if this snmposed reduction in 1its
developmental capacity were an actual fact, 3 value of the negative
results would naturally also be reduced.

The best, and perhaps correct, reason for our negative results
might be the fact that we were not dealing with the real transmitters.
‘We had this possibility in mind throughout the wovk. 1e results of
the mosquito survey, based on epidemiological evidence, assumed to
be correct but being beyond our control, pointed clearly to certain
Aédes species as the most promising transmitters, and, almost daily
observations in the field, yielded no further information of
importance. Tt must be remembered, however, that the season at our
disposal was not a suitable horsesickness season.

There is, furthermore, the possibility that errors in our methods
were responsible for the failures. In the eve of the infection index
being low, a small number of specimens might be insufficient, but in
this case it cannot be an important factor, considering the amount of
material we used. The extrinsic incubation period allowed should
have been long enough and the temperature at which the mosquitoes
were kept was certainly high encugh to allow of a rapid development
or multiplication of the virus. So far as we can judge there do not
appear to exist other factors of any importance which could be
regarded as responsible for the failures. Turther strong evidence in
favour of the view that Aédes species are not the real transmitters
is contained in the fact that 662 “ infected >’ specimens belonging
fo this genus were injected without causing an infection. TIorse-
sickness virus is very resistant and retains its virulence for a number
of years at ordinary room temperature nor is it easily destroyed by
putrefaction. Yellow Fever virus, on the other hand, which bears a
close resemblance to horsesickness virus in many 1espegtb, loses 1its
virulence very rapidly at room temperature, yet it remains alive for a
considerable time in a large variety of mosquitoes more or lass related
to its natural transmitter. It appears strange, therefore, af horse-
sickness virus was so easily destroyed in all the species of mosquitoes
used.

Taking every argument into consideration, we must come to the
conclusion that Aédes species are in all probability not the trans-
matters of horsesickness. The nature of the strains used, however,
nakes a definite conclusion not possible.

In future work, experiments with spontaneous virus strains and
Aédes species will, first of all, have to be carried out to ascertain the
exact importance of these species, and should these fail, Anoplelines
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will then have fo be tested. Iurthermore, a thorough mosquito
survey, during a suitable season, is of the utmost lmportance in order
to obtain more comprehensive epidemiological data.

SuMMARY.

During the latter part of the summer of 1931-1932 and during
the winter of 1932 experiments in connection with the natural trans-
mission of horsesickness were curried out at Onderstepoori. The
season was unfavouwrable on account of a shortage of rain.

The result of a mosquito survey, carried out at the same time and
described in the first paper of this series, had pointed out that, taking
mto consideration the epidemiological evidence generally accepted us
correct, certuin Aédes species are the most promising transmiiters of
horsesickness amongst the flving insects.  On this assmmption mainly
was our work based.

Four strains of virus were used, O-virus, the laboratory vaccine
strain, and three strains derived from field cases of the disease.

The orvdinary experimental technique in mosquito transmission
work had fo be modified and adapled to the special requi~ments
(horses as experimental animals) and to the South African = matie
conditions.  The methods used were deseribed in the second puper of
this series.

Altogether over 4,500 eclean mosquitoes, belonging principally
to different species of the genus Aédes, were fed on experimentally
mfected horses.  Over 10,000 specimens had {o be caught or reared
and handled.

I all, 35 experiments were carried out, in which the mosquitoes
were either injected into susceptible horses or refed on them afler
different intervals.

1,434 specimens were injected 3-G5 days, 245 Culer theileri, 5
Anoplicles squamosus, 485 Adédes caballus, 287 A, Tineatopennis, 328
A hirsutus, 28 AL dentains, 52 . vittatus, 2 A puvctothoracis and
1 A, cumaminsi.

704 moscuitoes were refed ail from 1 minute {o 62 days after their
having fed on infected horvses, 9 Culew theders, 190 A, caballus, 207
A. lineatopennis, 187 A. hirsutus, 102 A dentatus and 9 A. vittatus.

Three experiments only were positive. 1 the first of these
experintents D Culewr thedleri were injected about 1 day after their
mitial feed, indicaling that sufficieni virus had been taken up by
this number of nmozquitoes. In the second positive experiment 85 .
caballus, 94 A. lineatopennis and 115 A. hirsutus were injected after
6 days, and in the third experiment 68 4. caballus and 66 1. line-
atopennis after 7 davs. TIn these mosquitoes 1t was therefore demon-

strated thal the virus might remain alive for periods of up to one
weelk.

The remaining experiments were all negative. 240 Culer
theiler? were injected ¢ ar H-25 days, b Anopheles squamosus after b
days, 332 Aédes caballus after H-16 days, 1567 A. lincatopennis after
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5-65 days, 213 A. hirsutus after 5-30 days, 29 A. dentatus after 5-16
days, 52 A. wvittatus after 5-15 days, 2 4. punctothoracis and 1 A.
cummnunst after 8-9 days.

190 A. caballus refed after 14-23 days, 207 A. Lineatopennis after
13-62 days, 187 A. hirsutus after 1521 days, 102 4. dentatus after
15-37 days and 9 A. vittatus after 23-37 days.

In all, 786 Aédes species were injected after 5-Gd days and Y5
Aédes species refed after 13-62 days.

By injections of mosquitoes at intervals of up to 9 days, two
positive results were obtained by using 428 specimens, wheveas with
662 further specimens only negative results wer~ procured.  he virus
is usually quickly destroyed, therefore, in the ‘des species, although
it 1s normally very resistant, often remaining virulent at ordinary
room temperature for a number of years.

The virus strains themselves were not very suitable for our work.
The O-virus strain, with which most of the experiments were carried
out, had been 1isolated about 30 years ago and transmitted through
almost 200 generafions from horse to horse without any passage
through the natural transmitters. e must take into account there-
fore, the possibility of the virus having lost at least part of its develop-
mental capacity in insects. In the other strains at our disposal,
derived from field cases, a history of immunisation with O-vi s
against horsesickness existed, and it is thus possible that : were
dealing throughout our work with O-virus,

From these experiments we arrive at the final conclusion, that
Aédes species are very probably not the transmitters of horsesickness.
It 1s, however, impossible to come to a definite conclusion owing to
the nature of the strains used.
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