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TJ-IE natural transmission of ho1sesickuess, 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 experimentr 
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superseded by mechanical transport to-day, the practical importance 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 pr oblem, which had held th e interest of the 
Onderstepoort Laboratories for more than 15 years. 

There were only a few facts, representing general opinions about 
horsesickness, at our disposal "·hich could serve as a guide for these 
investigations, viz ., horsesiclmess is not contagious; the disease does 
not spread by close contact in stables; its occurrence under natural 
conditions is 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, \V here as in \Yet 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 "·herewith 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 
horsesiclmess 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. 'l'he 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 for feeding the probable transmitters on the 
infected animals, were also 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 believe, 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 th e same problems. 

I. CENERAL OPINIONS CONCERNING THE EPIDEMIOLOCY 

OF HORSESICKNESS. REVIEW OF LITERATURE. 

The main epidemiological facts known up to t he present which 
can be of some assistance in trying to trace the transmitter of horse­
sickness, have already been mentioned briefly. 'fhey were regarded 
as ap pointing to some species of mosquitoes as the most probable 
earners. 

The insect 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 l esser extent the disease in question with 
climatic and telluric .factors as may be seen from the following 
examples . 
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'TIIE DEW 'l'HEORY. 

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 farmers have come to the conclusion that 
it is actually this clew which is 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 ''"ind, which gTeatly facili­
tates matters for the mosquito who is not a strong flier. 

'l'oxiN JN VLEI GRASS. 

It has been noted that horsesickness and bluetongue are 
generally confined to low lying 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 lo"·-lying areas under certain conditions of soil and 
climate, which is capable of setting up the diseases. This again 
bears out the mosquito theory, as these insects are to a very great 
extent confined to such localities as will be shown later. 

WATER. 

Water has frequently 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. 

MoRNING AND EvENING MisTs. 

This is 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-clay. U ncler such an environ­
ment again mosquitoes find particularly suitable conditions. 

A complete review of these epidemiological facts has been given 
by Knuth and du Toit in their textbook on tropical diseases 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 actual 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 horsesiclmess. 
It is not possible to obtain a very accurate iclea 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 commence1l i:o 
rise. Blood was subinoculated into another 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 infeeted less than 48 hours 
previous to their feeding on this animal. This would suggest a 
mechanical transmission. 

By some authors outside the Union arthropoda other than mos­
quitoes have been suggested as possible transmitters. No actual 
experiments have beeu carried out with them however. vVilliams 
(1913), Legel' and Teppas (1922) and Monfmis (1923) regard 
Lype1·osia species as probable transmitters, van Saceghmn (1918) 
Culicoides and Taba.nus species. The possibility of Cul·icoides acting 
as carriers is also discussed by Patton (1920). Furthermore, Rock­
mann (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. 

II. SCHEME OF EXPERIMENTS. 
For reasons already stated in full, mosquitoes "·ere regarded as 

the most probable transmitters of horsesickness and the mot>quito 
survey carried out at Onderstepoort concurrently with the actual 
experiments, had pointed out that, disdegarding Anophelines owing 
to lack of information, species of Aedes fulfilled most accurately the 
requiremenfs of the lmo"·n epidemiological factors. RepresentatiYes 
of this genus were, therefore, mainly used in the following experi­
ments. The following were regarded as the most promising species; 
Aedes caballus, A. lineatopennis, A. hi1·sutus and to a somewhat 
lesser extent A. ·vittatus and A. dentatt~s. 

When the experiments were commenced in the later part of the 
winter of 1931, Aedes species were not yet available and Cule,v 
theileti was the only mosquito obtainable in fair numbers. With 
this species a number of experiinents were carried out, mainly to 
elaborate the experimental technique as far as possible before the 
actual season commenced. Furthermore, it seemed worth \·,bile 
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, reqmnng 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 SchubCTg and Vuhn (1912), who succeeded in transmit­
ting the disease in this way by Stomo,vys calcitrans. 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 Stmno":ys seem to he the most capable mechanical trans­
mitters according to our knowledge of other diseases. Horsesiclmess 
is, however, normally not transmitted during day-time, as \Ye h ave 
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. In Yellow Fever, a human 
disease transmitted chiefly by Aedes 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 clays. 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 anything about its capacity for t ransmitting 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 is 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 negatiYe result obtained with mosquitoes 5-7 days after 
their feeding on a virus horse, is a strong indication that the species 
used is not a transmitter, ''"hereas 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 ''"ere not sure about the suitability of t he strains 
of horsesickness at our disposal for this work, and as ''"e depended 
to a great extent in the choice of our material upon the climatic 
conditions. 

Ill. STRAINS OF VIRUS AND ANIMALS USED IN THE 

EXPERIMENTS. 

In all, the following four strains of horsesiclmess vuus were 
used in our experiments. 

(a) 0-'virus.-The strain of vuus used i.n the first series of our 
experiments consisted of the laboratory vaccine strain known as 0-
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 suitable 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 its 225th generation. 'l'he virus has proYed to 
be of a very high grade of virulence, resulting almost invariably in 
fatal cases of horsesickness upon inoculation. From a perusal of 
the temperature charts of the horses used in it>J maintenance it 
appears that slight though definite alterations in its potency have 
taken place. 'l'he incubation period of the reactions produced by it 
have shortened somewhat, viz., from 4 to G 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 ''"a,; originally in the neig·hbourhood of G to eYen 10 days has 
been red need to an average of 3 clays and in some cases even less. 
It would appear, therefore, that some alteration in the Yirus itself 
has taken place, and coupled with the fact that this Yirus has had 
no opportunity of developing outside the body of horses throughout 
the 31 years from its recovery from a natural case of horse,· iclmess , 
it seems quite reasonable to assume that some biological change has 
taken place which may have affected its propensity fm· developing in 
the body of the supposed invertebrate host. 

( iJ) Losperfon tein Virus.-This virus was obtained on 3rd 
March, 1932, on the Government Irrigation Settlement at Losper­
fontein, approximately 40 miles west of Pretoria, from a fatal case 
of horsesickness in a mule. Owing to 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 

Fig. !.-Comparison between h orsesickness reactions produced by 
0-virus : 8th and 224th generations. 

was immunized against horsesickness during the month of December, 
1931, by the Onderstepoort method of hyperimmune serum and 
virus, one of the viruses used being the 0-strain . The possibility 
therefore exists that we were dealing with a case of relapse after a 
period of three months, and had recovered the 0-strai.n virus where­
with the mule had been immunized in December. It must be 
pointe<l out, howe\·er, that had this mule not acquired immunity or 
not been immunized in the first instance, the latter also being 
possible on account of the confusion amongst the reconls, chances 
for natural infection on Losperfontein were excellent. A perusal 
of the meteorological records revealed the fact that fairly good rains 
had fallen early in February, i.e. about one month previously. The 
mules had been running in a paddock containing a stream where the 
chances for mosquitoes breeding out 'A· ere very good indeed. Natural 
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, in which case 0-virus would have been recove1·ed, and its 
difficult propagation in our experimental mosquitoes would then 
not be surprising assuming that 0-virus has become biologically 
altered. 
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(c) Eshowe virus.-This strain of virus "·as obtainell by the 
Government Veterinary Officer of Eshowe, Natal, from a mule suffer­
ing from horsesiclmess which ended in recovery. 'l'his mule had 
been immunized against horsesickne;<s on the 25th August, 1931, by 
the serum-virus method. 

Iu this case again the possibility of a relapse exists, after an 
interval of 6 months. The fact that this mule recovered seems to 
point to some other virus strain being responsible for setting up the 
infection, as 0-virus is almost invariably fatal. This does not, 
however, constitute sufficient evidence to exclude the relapse 
possibility as cases of recovery from 0-virus are knmn1 and further 
the mule may have had some natural immunity. 

(d) K.aalplaas v'irus.-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 5 
miles from Onderstepoort. This horse had been hyperimmunized 
against horsesickness, 0-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 "·here it was 
exposed to natural infection from 6th October, 1931, to 13th April, 
1932, and contracted horsesiclmess on the latter date. It was 
returned to Onderstepoort, where a typical case of Dikkop horse­
sickness, which ended fatally, was noted. Consillering that this was 
the only case of horsesickness amongst a large number of immunized 
horses with which this animal "·as running, itself hyperimmunized 
against the dise:c1se, it appears extremely likely that we were dealing 
with a case of relapse to 0-virus. 

It will be realized from the above that in the case of the three 
viruses collected from the field for experimental purposes, viz., 
Losperfontein, Eshowe and Kaalplaas, a history of immunization 
against horsesiclmess accompanies each case so that the possibility 
of our having dealt with 0-virus throughout our experiments can, 
therefore, not be ignored. 

(e) E tcperimental An'imals.-'l'he horses used in our experiments 
consisted of old cast animals of little commercial value bought by 
the laborato_ry for experimental purposes and for the production of 
horsesiclmess vaccine. The animals are recruited principally from 
the large towns, viz., Johannesburg and Pretoria, where they had 
been used for various purposes, e.g. hauling commercial Yehicles, 
etc. No guarantee of any sort can be obtained as to their suscepti­
bility or resistance to horsesickness nor is anything of their past 
histories known. The fact that the greater number of these animals 
have spent their lives in towns indicates that they have probably 
not been exposed to infection and from past experience it is known 
that only very orcasionally is an immune horse encountered. 

IV. EXPERIMENTAL TECHNIQUE. 

The technique used for feeding mosquitoes 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 
''"e , therefore, refer the reader to it for full particulars. 
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From 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 0-VIRUS. 

We commenced our experiments "·ith the 0-virus laboratory 
strain, which was isolated , as previously stated, more than 30 years 
ago, and had been transmitted through about 200 generations by 
intrajugular injection from horse to horse. 

As mentioned previously, this strain has ch anged 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 it is, therefore, not 
unreasonable to suspect a change in other biological respects as well. 

From the commencement we had some doubt about the suita­
bility of the strain for transmission experiments. It seemed possible 
that the exceptionally long direct transmission of the strain from 
horse to horse could have affected the developmental capacity of the 
virus in its 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 transmitted through a series of direct transmissions by means 
of the syringe only. We know, however, that in trypanosomiasis 
the developmental capacity of the parasites in tsetse flies is 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 horsesiclmess with the Onderstepoort 
strain. On 29th March one of the non-immunized contact horses 
died from horsesickness and shortly afterwards several others 
follmYed. 

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 i s the possibility, of course, of the disease not having 
been transmitted in the supposedly normal manner, i.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 clays. I£ we allow a period of three clays for 
the appearance of t he .-irus 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 fleath, 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 
comp5trison with what we know about Yellow Fever and Dengue, 
i.e. if we accept at all the necessity for a certain period of develop­
ment of the virus to render 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, 
"·e do not know if this was the case. 'l'he transmission might 
possibly have been effected mechanically, but in any case the con­
ditions under which the infection spread were apparently not normal, 
and it is, therefore, difficult to arrive at any definite conclusion as to 
the capacity o£ the strain developing normally in the insect host. 

Our experiments were commenced in September, 1931. At that 
time we had only the 0-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 the most suitable time for feeding mosquitoes 
ou 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 Aedes species, and thirdly, to start preliminary experiments in 
November, when the first Aedes mosquitoes generally appear, using 
those species most likely to be the natural Yedors. 

For these tests we used relatively small numbers of mosquitoes, 
having in mind the high infection index encounterP.d in the Yellow 
Fever and Dengue work. Moreover, a positive result with a few 
specimens of a certain species would have been a more valuable 
indication than one with large numbers, as the method of injecting 
crushed mosquitoes was used. 'l'his 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 
if it had not reached the salivary glands. The earliest interYal 
chosen for injection \Yas G day8. The digestion of the blpod 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. 

\Vhen all the above-mentioned experiments proved to be negative 
a further experiment \Yas undertaken, using a large number of 
mosquitoes simultaneously. This concluded this series of tests. 

A. ExPF.RBIENTAL TECHNlQUE. 

The mosquitoes used in these experiments ~'ere as a rule fed in 
the small cages described in the second paper, which were fastened 
to the skin of the horse " ·ith strips of plaster. Only in the last test 
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were they liberated in a mosquito-proof tent containing the infected 
horse. Except 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 Culex, 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. 'l'he feeding results 
with the Aedes species were, on the whole satisfactory during 
November and December. In some cases, however, the percentage 
of engorged specimens was markedly less than in the experiments 
with Culex. 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 technique. 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 nQt fed on them. They were first stunned by knQcking 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 Qf the. horse. To commence with, ether 
was used to render them inert, and thus facilitate crushing, but 
its use was soon discontinued. 

B. MosQUITOES. 

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

Cule.v theilerri . . . . .. 
A ?fopheles squamosus 
Aedes caballus . . . 
Aedes dentatus ..... . 
Aedes hir.mtus . . . . .. 
Aedes lineatopennis ... 
Aedes v·ittatus . . . . . . . .. 

254 
5 

206 
18 

145 
127 
52 

spec~mens . 

speCimens. 
spec~mens. 
spec~mens. 

spec~mens. 

spec~mens. 

specimens. 
Whenever possible mosquitoes reared from larvae in the labora­

tory were used, and only when larvae were unobtainable h ad we to 
make use of adult specimens caught either in the field or in traps. 
The larvae of Cule,v theileri were very numerous in September and 
October, and could be caught in sufficient numbers amongst reeds 
growing near the banks of the Aapies River where the 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 Aedes commenced 
to appear in November. At 1rst 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. cab all us and A. lineatopennis, and were 
then able to catch these species in large numbers . The breeding 
place of A. vittatus had regularly been infested with dragon-fly 
larvae since January, and did not yield any further mosquitoes. 
Catching the drag-on-fly larvae was not attended with success, as 
fresh eggs were continually being deposited. 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. Vmus HoRSES. 

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 later 
references, a short descript ion 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. 0-virus (224th generation of 8th August, 1931). 

R esult: On lOth Septembe.- p.m. first rise of temprature* up to 104°. The 
horse died 2t days later. Fed C. theileri, group 1. 

Vi1·us Hone 2 (No. 20125).-Horse of experiment 1 (Oulex theileri. injection 
after ! day). Fed 0. theileri, group 2. For temperature see experiment 1. 

Virus Horse 3 (No. 20183).-Injected intra jugularly on 21st September, 
1931, with 5 c.c. 0-virus (224th generation of 12th August, 1931). 

R esult: 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 104·40 and 
104·7°;' and on 27th a .m. ; 105·0°. 'The horse died o~ the 27th p.m. Fed 
C. theileri, group 3. 

Virus Horse 4 (No. 20261).-Injected on October lOth, with the same 
virus as the previous horse. 

R esult : Temperature normal up to 12th October a.m., p.m. 103·1°; on 
13th 103·3° and 106·1°· on 14th 104·0 and 106·1°· on 15th 104 ·0° and 
106·0° . The horse died during th~ following night. Fed C. th~ileri, groups 
4 and 5, and A. squamosus, group 1. 

Virus H01·se 5 (No . 20196).- This horse had been used for experiment 3 
(C. theileri injection after 16 days). It had also been infected some months 
earlier for other reasons with the Tzaneen strain of horsesickness. On 2nd 
N ovemher 5 c.c. 0-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 lOth, 102·40 and 104· 0°; on 11th, 102·0° and 
103·2° ; on 12th, 102·00 and 103 ·9°; on 13th, 101·2o 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 against 0 -virus present, clue to the earlier 
injections with T-virus. On this horse were fed Aedes cabaU.us, group 1; A. 
dentatus, group 1; and Anopheles squarnosus, group 2. 

Virus Horse 6 (No. 20184) .-Used before in a negative experiment (experi­
ment 2, 0. theileri, 5 days). Injected 13th November with the same material 
of 0-virus as virus horse 1. 

*The temperatures of all experimental animals were taken twice daily; 
m the morning between 6.30 and 7, and in the afternoon between 3.30 and 4. 
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R esult : Temperature normal up to 16th November a.m., p.m. rise to 
104 ·4°. Temperature on 17th, 103·4o and 106-00; on 18th a.m., 102 :6° . The 
horse died the same afternoon. Fed A.edes cabaUus, group 2-3, and A. 
lineatopennis, group L 

ViTus Hone 7 (No. 20268).-Used for subinoculation in experiment 5 
(Culex theileTi, direct transmission). Injected on 23rd November with the 
same virus as the previous horse. 

Result: 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 Aedes cabaUus, groups 4-6; A. 
dcntatus, group 3; A. hinutus, groups 2-3; and A. lineatopennis, group 2. 

Vims Hone 8 (No. 20287).-Injected 5th December, 1931, with 5 c.c. 
0-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, 105-00 and 106·4°; and on lOth, 105·4° and 
106·4° . The horse died during the following night. Fed Aiide8 cabaUus, 
groups 7-10 ; A. dentahts, groups 4-5; A. hinuhts, group 4; A. lineato­
pennis, groups 4-7; and A. vittatus, group 1-2. 

Vints Hone 9 (No. 20269).-Used previously for experiment 7 (Aedes 
cabal/us injection after 5 days). Injected on 29th January intrajugularly with 
5 c.c. 0-virus (225th generation of .11th September, 1931). 

Result: The temperature on 31st January a.m. was 102 ·0°; on 1st Feb­
ruary, 103-40 and 106 ·1 o; on 2nd February a.m., 105·1 °. The same day the 
horse was killed for other purposes. F ed A eiles coliall;,s , group 11 ; .{. 
h·irsutus, group 5; and A. lineato1Jennis, group 8. 

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

D. ExPERL\IEXTS ""ITH Culex theileri. 

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 Cttlex theile1'i (at that time other species were not at our disposal) 
on an infected horse shortly after the first rise of temperature. 'fhey 
were injected shortly afterwards (the following morning) 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 " ·e 
limited ourselves to this one test. With the same species four further 
experiments were made, using a total of 249 specimens. 'l'he interval 
varied between one minute and 25 days. 

Virus: 0-virus 192nd and 225th generations. Yirus horses 1-4 and 
mosquito groups: -

Group 1.- Fed on virus horse 1 from 11th p.m. to 12th a.m. Second day 
of fever. Temperature 104·00. 46 Specimens engorged (reared from larvae). 
lJsed for experiments 1-4. 

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

Group 3.-Fed on virus hm·se 3 from 25th September p.m. to the follow­
ing morning. 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 103-30 and 106·1° . Mo:squitoes 
reat·ed or caught. Used for experiment 5. 

Group 5.-Fed on same horse from 13th October p.m. till the following 
morning. Second day of ferer. Temperature 106 ·1 °-104°. 135 Specimens 
engorgQd (reared from larvae). Used for experiments 2 and 4. 
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ExpeTiment 1 (H.S. 1). 5 Culex the'ileTi. I njection. Inten;al! day. 
Horse 20175. 

On 12th September, 1931, 5 C. theileri, group 1, which had fed the night 
before on an infected horse, were injected subcu taneously. 

lleaction: The temperature o·f the experimental horse on 15t h September 
was 101· 40 and 103 · 8°; the following day : 103 · 40 and 105 · 4°. The horse was 
very wild, and it was difficult to take the t emperature r egularly. The horse 
died ou the night of 17th-18th September. The post-mortem showed typical 
horsesickness, dunkop. 

The result of the experiment was thus positive. 

ExpeTiment 2 (H.S. 2) . 50 Culex theileri. I njection. InteTval 5 days . 
Horse 20184. 

This horse was injected with 50 sp ecimen s of C. theileri, which had fed 
5 clays previously on an infected horse, viz., on 17th September with 10 
specimens of g roup 1, on 1st October with 15 specimens of g roup 3, and on 
19th October with 25 specimens of group 5. All the mosquitoes had fed on 
infect ed horses during the first or seco·nd clay of fever. 

R eaction: 'fhe temperature of horse 20184 remained normal, between 99° 
a nd 101°, up to 13th Kovember, 25 days after the in jection of the last batch 
of mosq uitoes . Once the temperat ure l'OSC to 102°, but only for half a day. 

Imnmn'ity T est : The horse was subinoculated on 13th K ovember with 
0-virus (224th generation of 17th August, 1931). It showed a typical horse­
s icklies~ r eaction and died 5 days after injection (vide virus horse Q,). 

The Tesult of this ex periment \\·as th us nroatire. 

J~xperiment 3 (H. S. 3). 50 C1dex til eilrri. I niection. I nte1·val 16 days . 
Ilorse 20196. · 

lnto this horse 50 mosqui toes wer e injected which had been fed 16 days 
pre1•iously on an infected animal. On 28th September, 1931, 10 specimens of 
group 1 were injected, on :3rcl October 15 of group 2, and on 12th October 
25 specimens of group 3. These mosqui toes were fed on the infected horse 
during the second clay of feYer. 

Beaction: The temperature of horse 20196 remained normal up to 2nd 
Nove mbe r , t hree weeks after the inj ection of t he last g roup ol' mosquitoes, 
and during this time did not exceed 101·40. 

Imnmnity 'J'est: On 2nd November the horse was injected intrajugularly 
with 5 c.c. of 0-Yirus (191st generation of 27th Septt>mber, 1931). Se1·en days 
later t he t e mperature rose up to 103·30 F. and r emained above 102 ·0° (after­
noon temperatu res) for five clays. Tlw r cafte r i t returned to norm al. Tt 11·as 
thus only a mild attack of horsesickness. The horse had been injected some 
time previous to this experiment ''"itb '1'-strain of horsesickness and had 
probably acquired a certain amo unt of immunit~· against 0-,·irus. This is, 
l:owever, rather exceptional. 

Result: As t here was no tempemture r eaction at all a fte r the i 11jectiou 
of the mosquitoes, we do not think that t he result of the expe riment is doubt­
fu l owing to t he partial resistance of the animal aga inst horsesickness. \Ve 
consider we are justified, therefore, in r eg::u·ding this experimen t as 11eoative . 

Expe1·im ent 4 (H.S. 4). 140 C1dex tlieileri. Jnjrction. IntPrval 25 days . 
II one 202:'59. 

Jn t his experiment 14,0 mosquitoes which had fed on infected horses 25 
days befor e were u sed. On 7th October l<J specimens of g roup 1 were injected, 
on t he 12th 2 of group 2, on the 21st 51 of group 3, a nd on 9th XoYemher 
73 s pecimens of group 5. All these mosquitoes had been fed on Yirus horses 
during t he fi rst and second day of fever. 

BPodion: The temperature of the horse did n ot exceed 101· 2° up to 
8th De<"Pmher, one month a fter tlw last injection of mosquitoes. It thus 
remained absolutely normal. 

l mmnnity rl'~st: On 15th Febnwry; 1932, the horse, whose temperat11re 
&ti ll rema ined normal , \\·as injeeted WJth 5 c.c. blood of horse 20289 from 
experiment 16 (0-virus, 1st passnge t hrough mosq uitoes). Th e fe,·er rea<·tion 
comme nced the following day and t he an imal died 4 days late r . 
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Result: Horse 20259 was thus susceptible and the experiment therefore 
negative. 

Experiment 5 (H.S. 5). 9 Culex theileri. Direct transmission. 
llorse 20277. 

On 13th October, 1931, 6 Culex theileri (group 4) were fed on virus 
horse 4 . After they had taken up about half t he normal amount of blood, the 
feeding was interrupted and the mosquitces 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 C. theileri of the 
same group were fed on both horses in the same manner. The interval was 
!)5, 30, and 90 seconds. 

Reaction: The temperature of t he horse was normal for about three weeks, 
np to 5th November, when it rose to 102·5°. The maximum temperatures for 
the following days were: 101·20 101·0°, 101·9o, 99·3o, 101·6°, 104·10, and 
101 ·2°. During this period the i10rse showed muco-catarrhal discharges from 
Loth 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. 

Subinoct•lation: 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. 0-virus (224th generation of 
17th August, 1930). Two days later the t emperature began to rise and the 
horse died 5 days later (vide virus horse 7). 

Result: The observation period of the subinoculated horse, viz., 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. ExPERIMENTS WITH Anopheles squamostts . 

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. 

Vin•s: 0-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. 
'l'emperature 10-1·0°-106·0°. Three specimens engorged (caught as adults). 

Group 2.- 0n 11th November two specimens (caught as adults) fed on virus 
horse 5. Third day of fever. Temperature 102·00-103·2°. 

Experiment 6 (H.S. 6). 5 Anopheles sq1t.amosus. 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 infected horses. 

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

Imm1mity 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 v ir us). 

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

F. ExPERIMENTS WITH Aedes caballus. 

Aedes caballus, as we have stated before, is one of the oommon 
species of Aedes round Onderstepoort, and in the later stages of the 
work it was quite regularly obtained for experiments. 
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. Two experiments ''"ere mulertaken , u~ing a total of 122 specimens 
at lllterYals of 5 a nd 15-lG days . 

Fines: 0-rirus, l92nd and 22.Jth gene t·ation . Virus horses :3, G. 7, and 8, 
nml mosquito gro ups : -

()roup I. - F ed on rirus horse 5 on 11t h 1\o,·ember p .m. t ill the following 
morning . Third clay of feve r. Tem perature 103·2°-102·. TwPnt~· specime ns 
engo rged (hatched from pupae) . l'sed for expe riment 7. 

Group 2.- F ed on rirus horse 6 d uring t he night, 17th-18th Norember. 
SeC'ond day of feYer. Temperature ] 06 -Q0-102 · 6° . Six s pecimens engorged 
(reared from lanae). r sed for experimen t 7. 

Group 3.- F ec\ on the same rirus hor se on 18th Ko1·ember a.m. Second day 
of fever. Temperature 102·6° One specimen engorged (reared f rom larva) . 
r sed for experiment 7.-

G?'OtLll 4.-Fecl on virus horse 7 on 27th November p.m. \<'irst t o second 
da~· of fenr. Tem perature l02· 8°-l 06 ·0o. Eig hty specimens engorged (hatched 
from pupae and caught as adults) . 1..'secl for expe riments 7 and R. 

Group 5 .-FPd on the same 1· irus horse during the following nig ht. Second 
day of fever. Te mperat ure 106·0°-105 ·4° . Twe n ty-eight s pec1me ns engor ged 
(hatched from pupae and caught as adults) . r sed for exp erime nt R. 

G1·oup 6.- F ed on the same Yirus horse on 27th November. '1.' \t ircl clay of 
fe1·e r. Temperature 10-5·4° a nd 107 ·00 . Thirty specimens e ngorged (caught 
as adults). r secl fm expe rinwnt 8 . 

Group 7.- F ecl on virus horse 8 on 7th D l?cem iJer p .m. First cl ay of fe1·er . 
Temperat ure 10:3·6° . Twe lve specimens engorged (ca ught as adu lts). Used fo r 
experiment 7. 

(}roup 8 .- F ecl on the same Yirus horse on 8th December p.m. Second cla~· 
of fever. Temperature 104 ·2° T11·ent_,. specimens engorged (caug ht as adults). 
·used for expePiment 7. 

GTonp 10.- F ecl on the same Yirus horse one day later. Third clay of 
fe,·e r. T emperature 105·0°-106 ·-!0 Twenty-five specimens engorged (caug ht 
as adults) . r secl for experiment 7. 

EJ·penment 7 (H.8 . 7). 9-! Ai;d es caiJaUus . Injection. lnterrol .) days . 
H orse 20269. 

In this experiment ninety-four specimens of A. caballus, which had feel 
about five clays prev iously on experimentally infected horses, were injected in 
all. On 17th November ten specimens of group ] 11·ere injected, on t he 23rcl 
s ix of group 2 and one of group 3, on l st December t hirty-three of group 4, 
0 11 the 12th t e n of g roup 7, on t he 1-Hh e\e,·en of group 8 and t 11·ent y-t hree of 
g roup JO. The mosq uitoes had fed on t he v irus horses during the first to third 
da~·s of fe,·e r , excep t g roup 1, whi ch had feel on t he fi rst or second cla~·. 

B ead ion : 'J'hc tPm[HJrature showed a few slig ht rises afte r t he injection 
of t he mosquitoes, but otherwise re mained 11·it hin the norm nl l imits during 
an observation period of H: months. 

Afte r the first injection , a s light ri se up to 101·6° on the four th day 
occ uLTed. The seC'oncl injection 11·as followed by a rise up to 101·3° one clay 
lnter. After t he t hird injection of th irt~·-three specimens t he t emperature 
went up to 104-·0° on t he clny of injection , hut fell t he next clay down t o 
101·0°, a nd did not exceed 10 1 · 2° during t he following ten days. The lnst two 
injections of 44 specimens fo lloll·ed one another rlirect\~r. The temperature rose 
up to 102 ·0° a few days later, r e mained on t he sa me [e,·el t he next da.Y, and 
tlwn dropped again to normal. Except fo r t hese fluctuations, the temperature 
r<>mni ned between 99·30 and 101·2° up to 28th Januar~', 1932. 

Tmnmnity T est: On 29th January, 19:32, t he horse was injected IYith 5 c.c. 
0-1·irus (225th generati on of llth September , 19.'30) . '!.'he first signs of feyer 
began to develop two days later. The horse was killed four clays p.i. nncl the 
post-mortem showed t~'p ical sig ns of the dunkop form of horsesickness (vide 
,. i t·us horse 0). 

B esult: The 110rse was thus susceptibl e to horsesickness and t he experi­
ment h as to be looked UI'Oll as negatir e. The temperatu re reac-tions 11·er e n ot 
high enough to indicate er en a Ye ry milk attack of horsesickness . 
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RxpeTiment 8 (II.S. 13). Aedes rrtballus. I njection. I ntC?·val 15-16 days. 
Horse 20291. 

Thi~ horse was injected wit h t wenty-e ight specimens of .-! . calwlltts which 
had fed 15 or 16 days before on an infected horse. On 12th December, 1931, 
ten specimens of group 4, fh·e of group 5, and t hi rteen of group 6 were injected. 
These mosquitoes had fed on a Yirus horse du ring the end of the first unt il 
the beginning of the third day of fever. 

Result : The temperature of t he horse remain ed normal , varying during 
the first month following the injection beb,-een 98 ·4° a nd 101. ·4° . The animal 
was kept under observation for a further 70 clays. Between 26th January 
and lOth March, the temperature was somewhat irregular, rising on six days 
t.o above 1020, with 104·80 as maximum. On one occasion o·nly did the tem­
perature remain above 102° for t wo consecutive days, otherwise elevated 
temperatures were not m a intained for longer t h an half a clay at a time. On 
23rd March, 1932, the horse was used in experiment 32 (Eshowe virus, .4. 
dentatus, feel, 15 days and longer) . No definite febrile reaction resulted. 

Imrnunity 'l'est: On 3rd June, l c.c. Eshowe virus was injected subcuta­
neously into this horse . The temperature commenced rising five clays later 
and the horse died from dunkop four clays later. 

R esult: The immunity test showed that the horse " ·as normally susceptible 
to E showe virus. Ther e is every reason to believe that it would have been 
susceptible to 0-virus, as well as have been all h orses tested from the same lot. 
As no typical fever r eaction followed the injection of mosquitoes, the experi­
ment has to be r egarded as negative . 

G. ExPERIMENTS WITH Aedes linwtopennis. 
Two experiments, usmg 33 specimens, were carried out with 

this species. 
Vints : 0-virus (l92nd and 225th generations). \ ' irus horses 6. 7, and 8, 

and mosquito groups:-
Gronp 1.-Five specimens (reared from larvae) fed on virus horse 6 on 

17th November, 1931. Second clay of fever. Temperature 106°-102.6°. Used 
for experiment 9. 

Gro11p 2.- Thirteen specimens (rear ed from larvae) fed on virus horse 7 
on 26th November. Second day of fever. Temperature 1060-105·4°. Used for 
experiment 10. 

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

GToup 4.-Three specimens (caught as adults) fed on virus horse 8 on 7th 
December. First day of fever. Temperature 103·6°. Used for experiment 10. 

GToup 5.-Five specimens (caught as adults) fed on virus horse 8 on 
8th D ecember. Second clay of fever. T emperature 104·2°. Used for experi­
ment 10. 

G1·oup 7 .-One 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. 

ExpeTiment 9 (H.S. 8). 5 Aedes lineatopennis. Injection. InteTval 5 days. 
Horse 20270. 

'!'his horse was injected on 23rd November, 1931, with 5 Aedes lin eatopennis 
(group 1), which had fed about 5 clays previously on an infected horse during 
Lhe second cla.y of fever. 

R esnlt: The t emperature of the horse r emained normal (98·40-101 ·4°) up 
to l st D ecember, when it was injected with A. hirsntus (fed on a horse, 
0-virus. 5 clays previo-usly, experiment 11 ; res ult : negative) . On 20th Feb­
ruary, 1932, the animal was injected with Aedes spp. (which ha d fed on a 
horse, 0-v irus after mosquito passage, 7-9 days previously, experiment 11; 
result: negative). 

Imrnunity Test: On 19t h March the horse was injected with Eshowe virus 
(1st generation), and died of horsesickness 5-6 clays later. 

R esnlt: The experiment was therefore negative, as the horse proved to be 
susceptible. 
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Experiment 10 (li.S. 12). 28 Aedes lineatapennis. Injection . 
Int eTval 5 days. Hone 20288. 

Twent y A . linea top ennis (eleven of group 2 and nine of group 3) were 
iujected into the horse on 12th D ecember , a nd two days later three of group 4, 
four of g roup 5, and one of group 7. 

R eaction: The temperature of t he horse r emained normal (99°-101 °) for 
nearly three months, except for short rises directly after the injections of th'l 
mosquitoes, whe n the temperature r eached 102 ·1 ° one afternoon. 

On 9th March the h orse was used for exper iment 24, and was injected with 
:1. caballus and A . lineatopennis which had feel on a horse (Eshowe virus) 
7 days previously. Th is exper iment was positive and proved that t he horse 
·,ras susceptible to horsesickness . 

B estdt: The experiment was ther efore negative. 

H . ExPERIMENTS WITI-I A edes hi1·s1dus. 

It ''"as only possible to carry out one t est, using 30 specnnens, 
with this species. 

l'iTns: 0-virus (192nd and 225t h generations). Virus horses 7 and 8, and 
mosquito groups:-

GTOup 2.-Seventeen specimens (r ear ed from larvae) fed on vi r us horse 7 
on 26th Nm·embe r , 1931 , p.m. F i rst an d second day of fever. Temperat ure 
102·8-106°. Used for experiment 11. 

Group 3.- Ten specimens (reared from larvae) fed on the same virus horsP 
from 26th November p.m. until the following morning . Second day of fever. 
T emperature 106°-105·4°. Used for experimen t 11. 

G1·oup 4.- Fifteen specimens (rear ed from larvae) fed on virus horse 8 
on December 9th. Th ird day of fe,·er. Temper ature 105°-106 ·4° . Used for 
exper imen t 11. 

Exp•e1·i.ment 11 (H.S. 10) . 30 Aedes hirsutu s. Injection. 
Interred 5 days . Hone 20270, 

Fifteen specimens (group 2) were injected into the horse on l st D ecember , 
1931, five of group a the following day, and t en (gr oup 4) on 14th December. 
They had fed on the virus horses during the first to t hird clays of fever. 

R eaction: The temperatu re .-ar iecl between 97·40 and 101·6° up to 19th 
Febr uary, more t han a month after t he last injection. It t hus remained normal. 
On 20th February, 1932, t he horse was injected, in experiment 17, with 17 
A edes spp. which had feel on a horse (0-vi r us after mosquito passage) 7-8 days 
previously. There was no marked temper ature r eaction during that m onth . 

lmnw.nity T est: On 19th March the horse was injected intrajugularly with 
E -virus (1st generation). Three clays later the temperature began to rise, a nd 
the horse di ed of horsesickness 5-6 days later. 

R esult : The horse t hus proved to be susceptible, and t he experiment m ust 
be regarded as negative. 

I. ExPElUMEKTS \HTH Aedes dentatvs. 

T\\'o experiments, using· 18 specnnens, were nnried out with 
this species. 

Vir11s: 0-1·i rus (1D2nd and 225th gener at ion ) . Virus horse 7 and 8, and 
n'osq u ito gro ups : -

G7'0t<P 3.- Thirteen spec imens (caught as adults) fed on virus horse 7 on 
26th November p.m. First to second clay of fever . Temperature 102 ·8°-106°. 
l'>ed for experiment 12. 

G rol<P -!.-Thr ee specimens (r em·ed from la n ·ae) fed on virus horse 8 on 
7th December p.m. First cia~· of fever. Temperature 103·6° . rsecl for 
expe riment 13. 

Grot<p 5.-Twelve specimens (rear ed from larvae) feel on Yirus horse 8 on 
9th December. Third day of fever . Temperntme 105°-106 ·4°. Used for exper i­
men t 13. 
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Experiment 12 (H.S. 11). 6 .-ledes dentat!ls . Injection. lnterwl 5 doys . 
Horse 20271. 

This horse was injected on 2nd December, 1931, with 6 d. dentotus (group 
3) which had fed 5 days previously on an infected horse. 

Reac-tion: 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 fol lowing se,·en days was: 100·4° and 102·3°, 
101·3° (a.m.), 101 and 102o, 1020 (a.m.), 98 (a.m.), 980 (a.m.), and 103° (a.m.). 
During this reaction the horse showed discharges from the nostrils and swelling 
of the glands, due to an attack of rhinitis. On 23rd December the temperature 
was again normal and remained below 101° for more than two months, i.e. up 
to 26th February, 1932. 

On 27th February the horse ll"as injected ,,·ith .ledes spp. ll"hieh had feel 
011 a horse (0-,·irus after mosquito passage) 8-9 days preYiousl~· (experiment 
18). During au obsernttion period of 40 days no reaction result<?d. On 8th 
April the horse was used as a control in experiment 31 (Eshowe virus, A. 
hiTsuttts, feedi ng). Xo temperature reaction occurred during a period of more 
than a month. 

The result of this experiment must be regarded as negatiYe. \Ye did not 
consider it necessary to test this animal for immu nity, as all animals from 
the same sourc·e, so far as they were tested, proved to be susceptible. 

J!Jxperiment 13 (H.S. 9) . 12 :!edes dentuftiS. Injection. 7nten;al16 day8 . 
Horse 20280. 

'rhree specimens (group 4) were injected into this horse on 23rcl December, 
1931, and 9 (group 5) on the following cia.'· · The mosquitoes had fed about 16 
days preYiousl.v on an infected horse during the first and third clays of the 
fever reaction. 

Reaction: The horse did not show any fe,·er reaction during the month 
follm1·ing t he last injection of the mosquitoes. The temperature remained 
below 101°, except on a few separate days. The highest temperature registe red 
was 101·8°. The horse was kept under observation for a further 44 days up 
to 8th March. Three times during this period the temperature surpassed 102°, 
but only half a day in each case. The maximum temperature was 102·5°. On 
9th March the horse was used for experiment 30 (Eshowe virus, :!. hinutus, 
injection). No temperature reaction occurred in this experiment either. 

lmmwtity Test: The horse was injected with Eshowe virus on 27th May. 
Four days later the temperature commenced rising, and on the 8th day 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 0 -•iru , and the experiment was therefore neuative . 

.T. ExPJ::llDIENTS WJTH Aedes 1-·ittatus. 

Two experiments, using 52 specimens, "·ere carried out \Yith 
this species. 

ViTus : 0-Yirus (192nd generation). Virus horse 8, and mosquito groups:­
G1·oup 1.- Thirty-one specimens (reared from larvae) fed on virus horse 8 

on 7th December, 1931. F irst day of fever. T emperature 103·6° used for 
experiment· 14 and 15. 

Group 2.- Forty specimens (reared from lanae) fed on the same horse on 
9th December . Th ird clay of fever. Temperature 105°-106·40. Used for experi­
ments 1-! and 15. 

Experiment 14 (H.S. 14). 20 .Hdes rittotus. Injection. lntervol 5 doys. 
Hor-se 20289. 

Ten specimens (group 1) "·ere injected into the horse on 2nd December , 
aud two days later ten more of group 2. The mosquitoes had fed on an 
i.uf~~;ted horse during the first and third clays of fever. 
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Reaction: The temperature remained normal (98· 2°-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 
103·4o, but dropped again the next day to 99·3°. 

lmnmn-ity 'l'est: On 8th February, 1932, t he horse was used for experi­
ment 16, and \\·as injected with a large number of Aedes spp ., 6 days after 
they had feel on an infected horse. This experiment was positive and proved 
the susceptibility of the horse for horsesickness. 

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

Rxperirnent 15 (H.S. 15). 32 A edes vittatus. InJection. InteTval 15 days. 
Horse 20297. 

Fifteen 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 first and second days of 
fever. 

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 further 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, 
.ct. caballus, feeding). In this experiment also no fever reaction occurred. 

lrnnmnity 1'est : On 11th May, 1932, the horse was injected with 5 c.c. 
Losperfontein virus (from original case). After an incubation period of 7 days 
the temperature commenced to rise. The horse died 4 days later, the maximum 
temperature being 1050. 

Result: The horse was thus susceptible to the Losperfontei n strain of 
horsesickness and would very likely have reacted equally well to 0-virus. The 
experiment has therefore to be regarded as negative. 

K. ExPERDIENTS WITH LAIWEE NuMBERS OF DIFFERENT Aedes 
SPECIES. 

In the last experiment of this series we injectecl a larger number 
of specimens of the three most important species of mosquitoes, 
Aedes caballus, A. hirsutus and A. lineatopennis simultaneously, 
hoping to obtain a positive result in this manner. 'l'he mosquitoes 
were inj ectecl one week after their having feel on the infected horse, 
thus giving the virus a ce1-tain time in which to multiply or <levelop. 

Virus: 225th generation of 0-virus. Virus horse 8, and mosquitoes:­
:1edes caballus, group 11. On 1st 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 labor atories. Second to third day 
of fever. Temperature 106·1°-105·10. 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 t he same manner. 

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

ExpeTiment 16 (H.S. 16). 294 Aedes spp. ln.iection. Interval 6 days. 
Hone 20289. 

The horse in this experiment had been u sed previously in experiment 14 
Aedes vittatus, injection after 5 days), but it had not shown any temperature 
reaction during an observation period of 56 days. It was in poor condition 
and showed filling of the hind legs. 

On Sth F ebruary, 1932. the horse was injected subcutaneously with 294 
mosquitoes. 85 Aedes caball1ts (group 11), 11 5 A. hinutus (group 5), and 94 
A. lineatopennis (group 8). These mosquitoes had fed on the night of 1st 
to 2nd February, thus about 6t clays 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 t he very 
large number of mosquitoes used, which naturally were not sterile. 

293 



TRAKSMISSION OF HORSESICKNESS AT ONDERSTEPOORT DURIKG 1931-32 . 

.Reaction (see fig. 2): The temperature during the week preceding the 
:injection was 99·00-101 ·40; on the day of injection ggo and 100·6°. The 
f ollowing day the temperature rose to 104·0° in t he morning, in the afternoon 
t.o 104·4o, and en lOth F ebruary. the second day after injection , 102 ·0° and 
103·0°, and on the 11th (third day a .m.) 101·6° was registered. The swelliDgs 
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 t hird day. The high rise of temperature shor t ly 
after the injections was undoubtedly due to a local reaction set up by the 
injected mosquitoes. ·when t he swellings decreased the t emperature also went 
down. 

On 11th February p.m. (third day) the temperature rose from 101·6° up to 
104 ·oo, reaching, on the 12th (fourth day) 105 ·40 and l05·8o, and on the 13th 
a.m. (fifth day) 105 ·3°. During the afternoon of t he same day the tempera­
ture came down to 102·5°, and t he horse died during the following night. The 
post-mortem was unfortunately not a ltogether clear cut as to the cause of 
death, owing to the advanced state of decomposition of the carcass. 

~---- ,'ts.tc;,';:~,:. ----~ 
94. -A..lin .. lop. 

lai•n~l ol 6 d~J•· 

MottS£ aoae9. 

Fig. 2. 

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

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

This new horse had been used before in experiment 4 (Culex theileTi, 
injection after 25 days). During an observat ion period of more than 3 months 
it had not shown any significant rise in temper atu re. The temperature during 
the last week before t he injection WQS 98 · 8° to l 01 ·1 o. 

On t he day after injection , 16th F ebruary, the temperature was 100·0° 
in t he morning, but rose in the afternoon up to 104 ·5°. On the second clay it 
·was 105·00 and 105·4°, on t he th ird day 105·7° and l 06 ·6o, and on the fourth 
day 106· 3° and 105·4°. The horse died during the night. The pm;t-mortem 
showed t he typical lesions of the dunkop form of horsesickness. 

The very short incubation period of only H days in this rase was remark­
able. 

The rest~lt of the main experimen t was thus positive as confirmed by sub­
inoculation of blood. 

L. RESULTS OF THE ExPElnMENTS \YITII PrnE 0-vnws. 
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 that time, therefore, the 
concen tration 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 more tests of this kind 
would have been of value, but they seemed to us not to be absolutely 
justified considering the costs inYolved. \Ve considered ourselves as 
safe, by analogy with the results obtained in the Yellow Fever and 
Dengue work, by commencing the experiments after the first rise of 
temperature above 10:2 ·5° and finishing them after the third day of 
fever. 

In these experiments, as in all the others of this series, the 
mosquitoes were crushed and injected subcutaneously into susc·eptible 
horses, not fed on them. vVe th{)ught that this method 'Yould give 
better and quicker results in a preliminary investigation into the 
actual transmitters. A negatiYe result ''oulcl indicate that there 
was no virus present in any part of the insect's body, but a positive 
test natumlly would need confirmation through feeding experiments. 

As a rule we began with the inj ection of the mosquitoes 5 days 
after their feeding on an infected horse. Normally all the blood in 
the intestines of a fully engorged mosquito was digested after 2-3 
days at the temperature they were kept at in the warm room. 

'l'he experiments with Culex theileri, which were carried out in 
September and October, " ·hen no other mosquitoes could be obtained, 
were planned mainly to develop the experimental technique. This 
species is as cmnmon in " ·inter as in summer, and does not depenJ on 
rain as it breeds in permanent ''"ater. From an epidemiological 
point of view, therefore, it does not fit in with the transmission at all . 

All experiments with r. theileti "Were negative. The number of 
specimens used was certainly sufficient. After five days 50 specimens 
were injected, after 16 days 50 and after 25 days 140, altogether 240 
specimens. We therefore considered that C. theileri could be 
excludecl from the experimental point of view as a transmitter of 
horsesickness. However, as will be seen later, this conclusion is not 
absolutely justified. 

In the further expei·iments 5 species of A edes were used, viz., 
A. caballus, A. dentatus, A. hirstttus, A. lineatopennis and A . 
vittatus . The entomological survey, undertaken under adverse 
climatic conditions, had indicated that these species had to be 
regarded as potential transmitters. 

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

A. caballus inten-al, 5 days, 94 specimens; 15 days, 28 
speCimens. 

A. dentr:tus, interval 5 days, 6 specimens ; 15 days, 12 
specimens. 

A. hirsutus, interval 5 days, 30 specimens. 
A. lineatopennis, interval 5 days, 33 specimens. 
A. vitta.tus, 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 species 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. Further, almost daily observations in the 
field after these unexpected results coulcl 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 225th generations of the 0-virus strain which had been isolated 
more than 30 years previously from a natural case of horsesickness. 
It was, therefore, reasonable to suppose that the strain, never having 
been in contact with mosquitoes for such a long time, would 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 doubt the results of our entomological survey, we would 
have given up the further work with these Aedes species, regarding 
them either as non-transmitters or in any case not as transmitters of 
importance. 

Undoubtedly the best thing we could do was to abandon the 
0-virus and take another strain derived from a fresh case of horse­
sickness. Every 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 
0-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 developmental capacity of the virus in the mosquitoes 
was diminished, there would be a better 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, 115 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 follo,Ying chapter 
the results of the further experiments with this strain will be 
described. 
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VI. EXPERIMENTS WITH 0-VIRUS AFT ER ONE PASSAG E 
T HROUGH MOSQUITOES. 

In the preC'eding chapter "·e have tecorcled one positive experi­
ment obtained by the injection of about 300 mosquitoes belonging to 
three different :species (experiment 16). The Yirus had remained in 
the mosquitoes for about 6-7 days . We hoped that this would con­
stitute a beginning f01 the adaptation of the virus to live in the 
mosquito transmitters, and that by a series of similar short passages 
through mosqu itoes t he virus would regain its normal development al 
capacity in t hese insects. We still believed !hat we were right in om 
choice of the natural invertebrate host of the virus. 

As the results were not satisfactory, " ·e conducted t"·o experi­
ments. 

A. MosQUITOES : ExPERIMENTAL TEcr-r::-<IQUE AKD Vmus HoRSES. 

Mosquitoes. - For these experiments we chose mainly three 
species of Aedes, viz., A. caballus, A. hi1'sutus and A. lineatopennis. 
These we regarded as the most probable tramnnitters of horsesiclmess, 
on grounds stated in rl etail in one of the preceding chapters . 

In the bvo experiments together we inj ected the following 
mosquitoes : -

Aedes caballus, 185 specimens ; A. lineatopennis, 121 specimens. 
A. dentatus, 11 specimens; Aedes spp ., 3 specimens. 
A. h'i1·sutus, 37 specimens. 

:Jiost of these mosquitoes \\ere rea1·ed from lan-ae; only a small 
percentage (31 specimens) were caugh t as adults. 

E x pel'ime,ntal Technique.-In the first expe1·imen t the mos­
quitoes were brought into contact with the infecterl horse in the same 
mosq uito-proof tent we used in experiment 16 of the p1·eceding 
chapter. Certainly, more than 1,000 specimens "·ere liberated in 
this tent, but only 95 engorged themselves on the h01se. A Yery large 
number died without taking any food. It was a dry day and night, 
and " ·e are convinced that the low humidity was the reason for t he 
bad results. We therefore never used this tent again. 

For the next experiment " ·e built another tent (described in t he 
paper on tech nique) near one of t he buildings of the labor atory , and 
during the feeding of the mosquitoes "1\e h arl water running down 
from the roof to keep the air inside th e tent suffi('iently moist. The 
mosquitoes were again liberated in t h e tent, and the result was much 
better. Nearly 150 mosquitoes engorged themselves on the horse. 

The engorged mosquitoes of i.he firs t experiment "·ere kept in 
the " ·arm room in small jars, t hose of the second partly in jars anr1 
partly in special cages surrounded by \Yet 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 . ExPERBIENTS. 

PJ.rpe1·irnent 17 (H.S. 17). 57 A.edes spp. I njection . I ntPr1:al 7-8 days . 
Hone 20270. 

The mos~u itoes used in t h is experiment wer e feel on horse 20289 of exper i­
ment 16, '~hJCh had r eacted after an injection of crushed mosquitoes belonging 
to t hree differen t Aedes spp. 
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Mosquitoes: A. caballus, group 12. Fed on horse 20289 on 12th February. 
Pive specimens engorged. First to second day of fever. Temperature 105·40-
105 · 8°. Mosquitoes caught as adults. 

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

A . lineatopennis, group 9. Fed on the same horse during the night of 
11th to 12th February. First day of fever. Temperature 104°-105 ·4°. Forty­
one specimens engorged. M osqu ito caught as adults. 

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

The horse in this experiment h ad been used before in experiment 11 
(A edes hirsutus, injected after 5 da.ys) . During more than t;Yo months after 
the last injection of mosquitoes the temperature of the horse had remained 
normal (between 97 ·4° and 101·60), and the r esult of the test had been 
negative. 

On 20th February, 1932, t he horse was injected with 4 A. caballus, group 
12, twenty-four of group 13, with 2 A. h·iTSutus of group 6, and 27 A. linea to­
p ennis of group 9, altogether with fifty-seven specimens. The mosquitoes had 
fed 7-8 days before on the infected horse during t he 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. 

Reaction: The day after the injection the temperature rose up to 102·6°, 
but fell the following morning to 99·6° and did not surpass 101·7° during 
the next 5 days. The horse was kept under observation for 28 days. During 
this period the temperature was never higher than 101·50, ordinarily remaining 
below 100 ·5°. There was therefore no temperature reaction. 

Irnrnunit y Test: On 19th March th e horse was injected intrajugularly with 
5 c.c. E-virus, 2nd generation (see virus horse 12). Three days later the 
tninperature hogan to rise and after two more clays 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, 
hut nevertheless the horse may be regarded as having been susceptible to 
0-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 Aedes spp. Infectimv. Interval 8-9 days. 
H orse 20271. 

The virus horse used for feeding the mosquitoes on was horse 20259 of 
experiment 16. It was inoculated with blood from horse 20289, which reacted 
after an injection of nea rly 300 mosquitoes previously fed on a horse infected 
with 0-virns. 

The mosquitoes fed on this horse belonged to six different species, A. 
cabaLlus, A. dentatus, A. hi?·s·tdus, A. lineatopennis, the common mosquitoes 
used regularly in these· experiments, and A. cttmrni.?Vsi and A. punctothoracis, 
two species which are usually rare at Onderstepoort. 

Mosquitoes: A. caballus, group 14. Fed on h orse 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 followmg mght. Third 
day of fever. Temperature 106·6-0 -106·3° . 133 Specimens (reared from larvae) 
engorged. 

A. curnrninsi, group 1. Fed on the same horse, together with A. caballus, 
group 14. One speCimen engorged (reared from larva). 

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

A. hirs~Utus, group 7. F ed on the same horse together with A. caball'l.bs, 
group 14. Seventeen specimens engorged (reared from larvae) . 
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A . hinutus, group 8. F ed on t he same horse, together with A .. cabaUus, 
group 15. Nineteen sp ecimens engo-rged (reared from larvae) . 

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

A. li?Veatopewnis,, group 12. Fed on horse, together with A. caballus, 
group 15. Ninety-one sp ecimens engorged (reared from larvae). 

A. punctothO?'acis, groups 1 and 2. Group 1 fed with A. cabalh~s, group 14 ; 
group 2 with 15. Two specimens engorged (reared in t he laboratory) . 

'l' he horse for this test had been used before in experiment 12 (drdes 
dentatus, inject ion after 5 days). 12-19 days after the injection of the mosquito 
it h ad shown an irregular temperature reaction accompanied by discha rges 
from the nostril s, due very probably to an ordinary rhinitis. It was kept 
under observation for nearly 3 months (87 days). The t emperature only 
passed the 101° limit for one afternoon. ']'he 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. 

1'1 A. dem,tatus,, group 7. 
35 A . hirsru.tus: 16 of group 7, 19 of group El. 
94 A. line!Mtope1111Vis: 22 of group 11, 72 of group 12. 

2 A. puncto-thoracis': 1 of group 1, 1 of group 2. 

'l'hese mosquitoes h ad fed on the infected h orse 20259 on the second a,nd 
third day of fever between 17th February p.m. a nd 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· 2P in the aft ernoon . It was 
101° the next morning, and rose again in the afternoon to 102 · 8°. The follow­
ing day t he temperature was near ly 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 on ce 
for half a day. 

On 8th April the horse was u sed for experiment g1 (Eshowe-virus, Ai'des 
hirsutus, feeding, subinoculat ion). During an observation period of more than 
one month 101° 11·as the highest temperature recorded. 

R esult : As no fever reaction resulted after the injection of the mosquitoes, 
the experiment has to be regarded as neg>ative. An immunity test was not 
carried out on this horse. It could be omitted

1 
as quite a number of horses 

of the same origin always proved to be suscept1ble when tested. 

C. R ESULTS 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 Aedes which had been injected about 
6 days after their having fed on a horse experimentally infected with 
0-virus. On this horse and on other animals which had been injected 
''"ith blood of the previous horse, we fed a large number of Aedes 
mosquitoes . 

In two experiments t hese 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. cab all us, 121 A. lineatopenni:;, 
37 A. lvirsutus, 11 A. dentatus, 2 A. pt~rnctothoracis and 1 A. currn­
rninsi. According to our mosquito survey the fir st three species had 
to be regarded as very promising possible transmitters . Both experi­
ments were negative, proving that after a maximum interval of ~) 
days t here was no virulent virus left in any of the mosquitoes. 
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Our hope, that through a relatively short sojourn in mosquitoes, 
the virus would regain at least part of its norm al development al 
capacity, was not fulfillecl. It is possible that, if still larger numbers 
of mosquitoes wer e used, posit ive r esult::; could be obtained , but the 
chances of modifying th e virus su ccessfulb· by t h is method do not 
seem to be very great. vVe therefore ended th ese attempts, as we 
had obtained bYo new strains of horsesickness in th e meantime which 
seemed to be suitable for our experiments . 

VII. EXPERIMENTS WITH LOSPERFONTEIN VIRUS. 

At the commencement of )Ia1·ch , 19:32, \Ye obtained fresh 
llwterial from n (' ::tSe of hor,;esic kne~,; ·,Yhich had oceuned in a mul e 
at Losperfontein, near Brits (Transvaal), it being a typical case of 
the "Dikkop " form of the disease. \Ve \\·ere unable to trace t h e 
history of this case with certainty, but i t was ascertained that moFt 
or all of the mules at Lospedontein , which is a Government Irriga ­
tion Set tlement, had been immunized against hirsesickness in 
December , 1931, by means of t he Ondt>rstepoort 0 -virus strai11. A 
cel"tain number of deaths hacl oeeurred following upon the inununiza­
tion and t hroug hou t Febnwr;y, 1902, a few furt h er horsesickne'~ 
deaths. were encountered, of which the above-mentioned mule formed 
one, from which our material had been obtainecl . As certain in dica­
tions pointed to t hio; being a naturally ron t raded case of horsesi rk­
ness, we injected one of our horses ,,·ith this material and used it for 
feeding mosquitoes on. E xcept for a somewhat longer incubation 

eriocl t he course of the disease dosely re,;emblecl a typical 0 -vi rus 
infection . 

For reasons outlined below, \\·e did not reganl this Rtrain atl Yery 
suitable for our IJurpose and, therefore, inj ected only one horse wit h 
it. 

A. Vuw s HonsE . 

'l'he following horse " ·as inj ected >~·ith this stra i n for th e pu rpose 
of feeding mosquitoes : -

Virus hor se 10 ( = hor se 20262) . Injected on -lth :\'[a rch , 1932, intr ajugularlJ 
wit h 5 c.c. blood take n t he previous day from a mn le at L osperfontein , sh owing 
t ypica l symptoms of dikkop. 

L'l'his virus ho.r se had been usea in October , 1931, for e xperiment G (0-v iru, , 
An opheles squamosus, injection ), but had not shown a ny fever reaction .] 

After injection the temper ature r emained normal for t he fou r days u p 
t o 8th M ar ch. On 9th :\[a rch the tempe ratu re was 100· 2° (a .m .. ) and 103·7° 
(p.m.), t ho lOth 102 ·5° and 103 ·0° , t he 11t h l.0-1 ·6° an d 106·3° , the 12th 
105 ·3° and 106 ·6°, a nd on t he 13th 106 ·0° (a .m.) . The sa me day t he horse 
died, t he post-mortem showing typical symptom s of dunkop. 

B. MosQUITOBs AND ExPBRIM:ENTAL 'l' E CHNIQUE . 

Mosq1vitoes.-At the beginning of March , 1932, when the experi­
ments with the Losperfon tein strain 'Ter e being conducted, Aedes 
caballus was present in large number s. They were h atch ing out in 
the labora tory from larvae caugh t in the field and wer e also present 
as adults in their breeding grounds. A edes lineatopennis could be 
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obtained from the same source but were not present in such large 
numbers. Besides these two species, A. dentatus and A . vittat1~s, 
hatched from captured larvae, were available, the former species in 
sufficiently large numbers but the latter being represented by only 
a few specimens. 

vVe were able to feed the following mosquitoes on the virus 
horse:-

Aedes caball1lS . . . . . . 816 speCimens. 
A edes liueatopennis 151 specm1ens. 
A edes dentatus . . . . . . .. . 61 specunens. 
Aedes vittahls. . .. . . . . . . 7 spec1mens . 

From the epidemiological point of view the former two species 
had to be regarded as the more probable natural transmitters. 

Experim,ental Technique.- During the course of these experi­
ments the finally adopted technique was already being empl·oyed as 
far as possible. The mosquitoes were feel on the virus horse in the 
mosquito tent, which was kept wet by two showers running all night 
throughout the duration of the experiments . 'l'he special stable was 
still under construction at that time, but the saddle for keeping the 
small mosquito cages in position, described elsewhere, had already 
been completed. 

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

A. caballus was, as a nlle, 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. \Ve were, furthermore, exceptionally unlucky 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 800 
specimens only 100 were left after two weeks, and at the end of the 
following week this number had been reduced to not more than 
about 10. 

In the case of Aedes hneatopennis the r esults \Yere much better. 
Of 151 specimens which had feel on the virus horse, 71 or nearly 50 
per cent. were alive after 19-21 clays, 38 specimens after slightly 
more tl1an a month (33-35 days). and 11 specimens \\·ere still present 
after as long an interval as 60-62 days. This may certainly be 
regarded as satisfactory. 

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

Only 7 SlJecimens of A. vittatus hacl feel on the vin1::; horse and 
these proverl to be ve1-y resistant to the experimental conditions. 

Only in the case of fl. caliall1ts \\·ere the feeding results not very 
satisfactory and this could be attributed to the horse, "·hich was in 
rather poor condition, having an extremely hollo"· hack, which 
resulted in the under surface of the cages not coming into proper 
contact \Yith skin and, therefore, not allowing of the mosquitoes 
getting at the animal properly. 
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In the experiments with A .. lineatopenni:;, for example, 61 out 
2lf 71 feel after an intel'Yal of 19-21 clays, !1!1 out of 42 after 25-27 
days, 33 out of 38 after 3:.P\5 days, and 10 out of 11 speeimens after 
GO-G2 <lavs. In the case of :1. dentatus 20 out of 22 Rpec:imens fed 
after 25-'27 days. 

c. ExPERHIEKTS WITH Aedes cauallus . 

\V e succeeded in feeding more t han 800 specimens of A. 
caballus on the virus h orse but, o"·ing to a large mortality already 
referred to aboYe, only 100 specimens remained at i he euc1 of a 
fortnight, of '"hich about 70 could be induced to feed again on our 
experimental horse . The r esult s mu;;t, therefor e, hf' regardt'd as 
fairly sa tisfactory. 

V irus horse 10 was used , and mosquito g roups: -

Group 20.- F ecl on virus horse 10 during the night of 9th to lOth March, 
i932. First clay of fever. Temperature 103·7°-102·5°. 181 specimens engorged 
(reared from larvae). Used for experiment 19. 

G1·oup 21.-Fed togethe r with gr oup 20. 26 specimens e ngorged (caught as 
ad ults). Used for experiment 19. 

Group 22.-Fed on the same Yirus h orse during the following night (10th-
11th 1\Iarch). Second day of feYer. Temperatu re 103·0°-104·6°. ].'56 specimens 
engorged (reared fr om larvae). r sed for experiment 19. 

Grou p 23.- F ed together with group 22. 242 specimens engorged (c·aug ht 
as adults). l"sed for experiment 19. 

G1·oup 25.-Fed on t he same virus horse one night later (11th to 12th 
March). Third clay of fever. Temperature 106·3°-105 3°. 211 specimens 
engorged (caught as adults). Used for experiment 19 . 

.bJxperirnent 19 (H.S. 24) . Aedes cabaUus . Feeding. Int·eTval 14-20 dnys. 
II OTSe 20297. 

'L'his horse had been used abou t 4 months previously in experiment 5 
(0-\' irus, Aedes vittatus, injection. interval 15 days) , but had shown no 
temperature reaction following the injection of mosquitoes. 

On 23rd .March, 1932, t he combined groups 20 and 21 of A. cabalhts were 
put on to the horse, and during t he n ig ht 33 (out of 44) specimens engorged 
themselves. T he next clay t ho unfed mosquitoes of these groups were allowed 
t.o feed again during t he daytime and five more specime ns took u p blood. 
Dnring the fo llowing night (24th to 25th March) groups 22 and 23 were 
allowed to feed, and 27 (out of 42) specimens engorged themselves. On 2Gth 
March six (out of 19) specime ns of group 25 fed. On the night of 29th to 30th 
March the remainder of g roup 20 and 21 WE'rE' put on to t he horse again and 
six (o ut of 10) specimens feeL 

ln all , the horse was bitten 77 t imes by mosquitoes as follows:-

33 speci mens (group 20 and 21) afte r an interval of 14 clays. 
5 spec imens (group 20 and 21) after an interval of 15 clays. 

27 specimens (group 22 and 23) after an interval of 14 days. 
6 speci mens (group 25) after an inten-al of 14 days. 
6 s peci mens (group 20 anrl 21) after nn inten-al of 20 rlays. 

Or, in other words, 71 speci mens after 14-15 clays and by s ix after 20 daYS. 
These mosqmtoes had fed on the ,· irns horsE' during the first to third day· of 
thE' fever reaction. 

Reaction: ThE' horse was kept und er obsPrvation until l Oth April, i.E'. 42 
days after the last group of mosquitoes had fed. It showed no fever reaction 
whatsoever t he hi !!hest temperatu re recorded dur;ng this peri0f1 bPing 101o_ 
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Immunity Test: On 11th April the horse was il)jected intrajugularly with 
,3 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, t emperatures of 100·6° and 103·8° being recorded on 18th 
April and 103· 20 and 104 ·2° on the 19th. The following night, 8-9 days p.i., 
t he horse died. 

R estdt : This experiment must be regarded as negative. No temperature 
rE'action followed the feeding by the m nsquitoes, but after the intrajugular 
injection of the same strain of virus the horse succumbed to horsesickness 
within 9 clays. The incubation period of 6 clays in t his case was r elatively 
long, especially when compared with that following an injection of the 0-virus 
strain, but t his prolongation cannot be regarded as a n indication of a slight 
immunity, as we experienced a similar long incu bation period (5 days) in the 
case of t he virus horse injected wit h t he same material. 

D. ExPERIMENTS WITH Aedes lineatopen11is. 
Of A. lineatopennis a smaller number than was the case with 

A. caball~ts was available for feeding on the virus horse, viz., only 
about 150 specimens. On the other hand, we were more successful in 
keeping them alive as, after 20 days 71 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, 
1!:132. First day of fever. Temperature 103·7° and 102 ·5°. 26 specimens 
engorged (r eared from larvae). Used for experiments 20 and 21. 

(}rottp 18.-Fed together with group 17. 69 specimens (caught as adults) 
engorged. Used for experiments 20 and 21. 

Group 19.-Fecl on the same virus horse during the following night (10th-
11th). Second clay of fever. Temperature 103·0°-104·6°. 22 specimens engorged 
(rear ed from larvae). l:sed for experiments 20 and 21. 

Group 20.-Fed on t he same virus horse one night later (11t h-12th March). 
'l'hird day of fever. Temperat ure 106 · 30 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. 

Experiment 20 (II.S. 22). Aedes lineatopennis. Feeding. Inte1·val 13-62 
days. Ilo?·se 20276. 

On 22nd March, 1932, the mosquitoes of g r oup 18 wer e put on to t his 
horse for feeding and 35 (out of 55) specimens engor ged t hem selves during the 
night. 'J'he unfed specimens of t h is group were allowed to feed again on 26th 
March, during the day and 3 (out of 8) specimens engorged t hemselves. On 
30th March the r em aining mosquitoes of t he combined groups 17 to 21 wer e 
put on to the horse and during the night , of t he 71 specimens, 50 feel. The 
same mosqu itoes were feel again during t he night of 6th to 7th April and 33 
(out of 42) took up blood. Eight clays later, on 13th April, the 38 mosquitoes 
st.ill alive were fed and once more 33 specimens engorged themselves during 
t he ensuing night. Almost one m onth later we still had 11 sp-ecimens, and of 
these, 10 fed for the last t ime during the night of lOth to 11th May. 

In all, this horse was bitten 165 times by t he 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 a n interval of 19-21 clays ; 
33 specimens (group 17-21) after an interval of 25-27 clays; 
33 specimens (group 17 -21) after an interval of 33-35 clays ; 
10 specimens (group 17-21) after an interval of 60-62 clays ; 

or in other words by 38 specimens after 13-17 clays, 51 after 19-21 days, 66 
nfter 25-35 days, and by 10 after 60-62 clays. These mosquitoes had all fed 
on the virus horse during the first to the third clay of fever. 
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Reaction : After the first feed of the mosquitoes on 22nd .March the tem­
perature, to start with, remamed norma! foT 22 days, up to 13th AJ?ril, the 
maximum being 101° . On 14th April the temperat ure rose suddenly from 99° 
in the morning to 103 · 2° in the afternoon. The following day, 'however, it 
returned to normal, where it remained for the succeeding 2 days. During t he 
next 4 days irregular temperatures were recorded, viz., on the 18th, 98 and 
101°, the 19th, 98·4 and 100·5°, the 20th, 98·6 and 102°, and on the 21st, 
98 · 4 and 101· 6°. Thereafter the temperature r emamed normal (below 100 ·5°) 
for 42 days, up to 3rd June, 23 days after the feeding of the last group of 
mosquitoes. 

ln11nunity test: On 3rd June the 'horse received 1 c.c. blood of the 
original Losperfontein case subcutaneously. Up to 17th June, 14 days after the 
injection, no fever reaction occurred, the highest temperature recorded 
being 100·8°. 

On 17th June t he horse receir ed 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 7th clay, 24th 
June, temperatures of 99 and 101° were r ecorded, the 25t'h 101 and 102°, the 
~6th (a.m.) 103·6o, and the 27th 104· 4 and 104·20. 'l'he horse was then trans­
Ierred to another experiment wherein it received an intravenous injection of 
mercurochrome. It died the following day with typical symptoms of dunkop. 

R esuU: There seems little doubt but that this experiment must be re­
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 r ise to 103·2o t he temperature " ·as slightly higher 
than normal onl~· between 18th and 21st April (maximum 102°) and this was 
not sufficient to justify its being regarded as a weak reaction. 'fl1e result of 
the immunity test was undoubtedly unusual. The first injection of 1 c .c. of 
infected blood , performed subcutaneously, produced no result, at any rate 
during the observation period of 14 days, which was perhaps somew•hat short. 
The fo.Jlowing injection of 2 c.c. of blood intrajugular]y was followed b:v the 
death of the horse, the incubation period of the disease of 7-8 days being 
relatively long. It is not impossible that the hor se possessed a slight natural 
immunity or an immunity acquired fo!lo,~ing t he mosquito bites and that this 
immunity was sufficient to protect it against a subcutaneous injection of 1 c.c. 
of Yirus, but was subsequently broken clown by the intravenous injection of 2 
c.c. of virus, only the lengthened incubation period being indicative of this 
initial immunity . However, the observation period following the subcutaneous 
injection was unfortunately somewhat short and , moreover, t here ma~· be other 
explanations, e.g . failure of the injection with stored blood to set up the 
disease which is occasionally met with, to account for the apparent failure of 
this initial injel'tion, so that we, t'her efore, prefer, as already stated, to regard 
this experiment as negative. 

Experiment 21 (H .S. 36). 6 Aedes lineatopennis. Injection. lnten;al 
63-65 days. Horse 20236. 

In the preceecling experiment it was noted that of the combined groups 
17-21 of .'!i~des lineatopennis 11 sp ecimens were still alive more tha n two 
months after their original feed on an infected viru s horse. Of these mos­
quitoes 10 specimens feel for the last time during the night of lOth to 11th May. 

On 13th May, 1932, there were still 6 specimens of t'hese groups ali,·e. These 
were emulsified in normal horse serum and injected into horse 20236. On the 
date of injection 63 to 65 clays had elapsed since these mosquitoes had had 
their initial feed on the infected virus horse. 

Reaction: The morning following t he injection the temperature rose to 
102° but regained normal the next day. The horse was kept under observation 
for 31 clays, up to 13t'h June, but no t~·pica l fever reaction . resulted throughout 
this period. On two occasions only did the temperature exceed 101° but these 
fluctuations were not maintained for more than 24 hours in each case. 

R esult: ThP experiment must be regarded as negative as the injection of 
the mosquitoes was not followed by a temperature r eaction. The immunity 
test of this horse by virus injection was not considered to be necessary . 
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E. Exl'ERDlE~TS \\Tru Aedes d entatw;. 
In a ddi tion to the Aedes caballw; and A . lineatopennis, men­

tioned above, Gl specimens of c-1. deutatus were fed on the virus horse 
infected with the Losperfontein strain Yirus and used in th e previou s 
exp eriments. 'l' h e mortality amongst these mosquitoes was not too 
high, one third of the original number sm viving after 25-27 days . 
For this experiment the same Yirus horse \YQ S used, viz.:-

Virus horse 10 and mosqui to groups : -
Group ll.-Fecl on virus horse 10 during the night of 9th to l Oth March, 

1932. First clay of fm·er. Temperature 103·7-102·50. 21 specimens engorged 
(reared from larvae). Used for experiment 22. 

G1·oup 12.-F ecl on t he same v irus horse cluri ng t he following n ight 
(10th-11t h Ma rch). Second day of feYer. Temperature 103·0-104 ·6°. 28 speci­
mens engor ged (rea r ed from larvae) . Used for experiment 22. 

Group 13.-Fed on the same Yirus horse one nigh t later (11th-12th March). 
Third clay of fever. Temperature 106·3-105·3° . 12 specimens engorged (reared 
from la rvae). l.:sed for experiment 22. 

R xpe riment 22 (Il.S. 28) . A edes clentatu-s. F eeding . l nte1·val 25-:37 days . 
Horse 20314. 

On 5th April, 1932, t he combined g roups 11 to 13 of 1J.i'cles d entat11s wer e 
put on to the horse, a nd during t he fol lowi ng night 20 (out of 22) specimen s 
engor ged t hemseh·es. The r emaining mosqui toes of the same gr oups were fed 
again on the same horse 10 clays later , during the n ight of 15th-16th April, 
:1ncl 6 specime ns took up blood. 

The horse was t he refore bitten 26 t imes by the mosquitoes as follows:-
20 specimens (group 11-13) afte r a n interval of 25-27 clays. 
6 s pecimens (grou p 11-l.'l) afte r a n interval of 35-37 clays. 

These mosquitoes had had t heir initial feed on a virus horse during the 
first to t hird day of fever. 

R eaction: The hor~e was kept under obser vat ion up to 16th May, i.e. one 
month after the last feeding of the mosqu itoes. The temperatu re exceeded 101° 
on each of the two clays on which t he mosquitoes fed, viz., on 9th and 19th , 
April, but wa s n ot maint ain eel for longer t han half a clay in each case, and the 
highest temperature registered was only 101· 4° Apart from t hese small 
fluctuat ions the temperature remained between 98 and 101° . 

Result: The experiment has to be r·egarclecl as negative, as no temperature 
reaction of any consequence followed the feed ing of the mosquitoes during an 
ouservation peri od of one mont h. [n t his case as well , t he horse was not 
tested for immunit.Y. 

F. Exl'ERIMEXTS \\"ITH Aedes vittatus. 
A. vittat11s was only obtainable by U ti in very small numbers at 

the time of these experim ents. Not more than 7 specimens fed on 
the virus horse but the mortality amongst t hem was lo''" and 4 
mOR(]uitoes were still alive at th e end of one month. 

[n t his experiment we u sed vi rus horse 10 a nd mosquito g roup: -
GToup 3.- F ed on v irus horse 10 d uring t he night of 9th-10th March , 1932. 

First clay of fe ,·er. Temperature 103 ·7-1 02 ·5°. 7 specimens engorged (reared 
from larvae) . 1Tsed for ex periment 23. 

Nrperin~ent 23 (H.S. 26) . A edes ';ittotus . F eeding. I nteTval 23-87 clays. 
Horse 20298. 

On 1st April, 1932, A edes vittatns group 3 was put on to the horse of th i ~ 
ex periment, 5 s pecimens taking a blood feed during the night. The same 
mosquitoes we re feel again on this horse dur ing the night of 15th-16th Apnl, 
when 4 specime ns engorged t hemseh·es. 

The horse was bitten therefore 9 t imes, Yiz. , by 5 specimens after an 
inter val of 23 days, 4 specimens after an interval of 37 clays. The mosqu itoes 
had fed on the Yirns horse during the first day of its fever reactwn. 
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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 t he 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 t han half a clay. 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 negative. The immunity t est 
was omitted in this case, as in the preceding experiment. 

G. DISCUSSION OF THE RESULTS OBTAINED WITH LOSPERFONTEIN 
VIRUS. 

On a horse infeeted by means of a blood inoculation from a mule 
at Losperfontein showing typical symptoms of dikkop, 816 Aedes 
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 between 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 : -
Aedes caballus (experiment 19). Interval 14-15 days: 71 speci­

mens. Interval 20 days: G specimens. Result negative. 
Aedes lineatopennis (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. 

ToTAL, 165 specimens. 
Result: Negative. 
A edes lineatopennis (experiment 21) injection. 

Interval 63-65 days: 6 specimens. 
R esult: Negative. 
Aedes dentatus (experiment 22). 

Interval 25-27 days: 20 specimens. 
Interval ;15-37 days : 6 specimens. 

Result: Negative. 
Aedes 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 Aedes 

species after the following intervals :-
Interval 13-17 days: 109 specimens. 
Interval 19-21 clays : 57 specimens. 
Interval 23-27 clays: 58 specimens. 
Interval 33-37 clays : 43 specimens. 
Interval 60-62 days: 10 specimens. 
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In none of these experiments were positive results or fever 
reactions, which might be suspected of being possible reactions, 
obtained. In the first two experiments the horses were tested for 
immunity by injeetion of the same strain. In the first case the 
injection " ·as performed intrajugularly and follov>ed in almost t he 
normal time by the death of t he horse "·ith typical symptoms. In 
the second case a subcutaneous injection of 1 c .c. of blood contain­
ing Yirus was apparently a faihll'e, but a seconJ, and in this case 
intrajugular injection, produced a fatal infection after a somewhat 
prolonged incubation period . Ho,YeYer, "·e 1·eganl this horse also as 
being normally susceptible, t he reasons for which were given under 
the discussion of the results of the experiment in question. The other 
three horses \Yere not tested for immunity, this not being regarded as 
absolutely necessary in vie11· of the fact that the other horses hom 
the same lot tested in various experiments proved to be susceptible. 

What \vas the cause of the failure of these experiments? There 
is first of all natmally the possibility that none of the mosquito 
species used "·as the actual transmitter. We have already, ou 
several occasions stated why these species were chosen for our 
experiments. 

The numbers of mosquitoes used may have been insufficient. 
This, ho"·ever, does not appear to be the case when the data of our 
experiments is taken into consideration, and it is furthermore 
improbable that the natural transmitter would have a very low 
infection index. 

'l'he 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 "·hich had fed more than three weeks previously, and 
10 times where the interval exceeded t"·o months. 

'l'he temperature at which the mosquitoes were kept is also ('Oll­

sidered to have been high enough for a normal development of the 
virus in the mosquitoes. X either in other questions of minor impor­
tance could a reason for the failure of these experiments be found. 
One important possibility, however, still remains, as already pointed 
out in the introductory chapter, viz., that the Losperfontein virus, 
derived from a mule preYiously immunized " ·ith the 0-virus strain, 
was nothing else than 0-virus. vV e will leaYe the question of the 
possibility of a relapse in horsesic:kness out of t he discussion at this 
stage and only lay stress on the fact that there existed a very striking 
resemblance between the feYer reactions set up by our Losperfontein 
strain and the 0-virus usecl in the immunization of the mules. The 
strain was obtained in a place where quite a large number of animals 
had been injected previously '"ith 0-virus anrl should the two strains 
be identical t he objections against the use of 0-virus for transmission 
experiments, c1iseusseJ fully in one of the preYious ch apters, would 
apply equally well in the case of Losperfontein virus. 
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VIII. EXPERIMENTS WITH ESHOWE·VIRUS. 

'l'mYards the end of February, 193:2, almost at the same time 
that the Losperfontein strain was obtained, ~Ir. Franz, the Govern­
ment Yeterinary Officer of E showe, Zululand, sent us blood from a 
mule, which had died from horsesiekness . vVe are very much in­
debted to Mr. Franz fm the trouble he took in fonnuding us a fresh 
strain from his area. 

The mule from which the strain was derived, referred to here as 
the Eshowe strain, suffered from a typical attack of " diklwp ", 
followed by recovery. It had been immunized in August, 1931, that 
is about 6 months previously, with the 0 -virus strain always used 
for this purpose. 

The first horse (20;302) injected \Yith this strain shmved a course 
of infection somewhat different from that of the ordinary 0 -virus 
type; a longer incubation period and a fever more of the remittent 
type. By the inj ection of mosquitoes feel on thi~ animal into a 
susceptible horse (20288) an infection was produced \Yhie h, e.xeept 
for a longeJ" incubation period, to be expected, 1·esemblecl more closely 
the 0-virus course. Besides these bvo horses U mme "·ere injected 
with the Esho\ve-virus, 3 as nrus horses, 5 for testing the immunity, 
and 1 for a reason outsirle our \York. 

In the case of the thr ee virus horses, viz., 20270, 20299 and 
20310, the first shov.·ed an acute infection commencing two days after 
injection with death on the fifth clay, of mixed horsesickne.·s. In the 
second case a reac:tion set in on the second day after inj ection \Yith 
death on the afternoon of the seventh day of mixed horsesickness. 
The third animal commenced 1·eacti ng on the afternoon of the fifth 
clay after injection \Yith death on the tenth day , again in this case 
of mixed horsesickness. The 5 horses of which the immunity was 
tested by means of injections of Eshowe-virus all reacted positively 
and died of acute horsesickness. These horses were: 20300, 20315, 
20291, 20280, 20130. 'l'he incubation periocls varied between 4 and 
5 days, ancl the clmation of the r eaehons hebveen 3 aml 4 days, ihree 
of the horses dying from t he " dikkop " and 2 hom the " dunkop " 
form of the disease. Th e clinical picture of the reactions in the 
aboYe 8 horses is undoubtellly somewhat different from v.·hat is 
experienced in the case of 0-virns \Yhere after an incubation period 
of 2 to 3 days ancl a duration of an adrlihonal 2 Clays horses almost 
invariably succumb to the " dunkop " form of t he disease . However, 
in comparing these reactions ''"ith those set up by most " field" 
viruses distinct differences are noticeable. Whereas the incubation 
period of the " field " virus varies as a rule between 6 to 8 davs and 
the peak period of the reaction is r eached. in 3 to 4 clays by a· series 
of remissions, the aboYe reactions apart frmn a slightly increased 
incubation period incline more closely to the 0-virus type of 1·eaction 
with a rapicl rise to t he height of the readion followed. by virtual 
collapse. This strain was not v.·hat we really wanted as it was derived 
from an animal previously immunized, as was also the ease ''"ith the 
Losperfontein strain. We therefore still had to wait for a genuine 
natural strain which , however, was not obtained until May, when 
there was scarcely any opportunity left of conducting any more 
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experiments. In the meantime we completed as many experiments 
as possible "-ith the Eshowe-strain which we regarded as the best 
strain we had at our disposal, as it showed at any rate some difference 
from the 0 -virus. 

In all, 9 experiments were made, in which Aedes ca ballus, A. 
lineatopennis, A . h1"rsutus and A. dentat11s TI"ere used. 280 specimens 
were injected after an interval of 7-00 days and 079 moo;quitoes 
induced to feerl after an interval of 15-22 days on the susceptible 
horses. 

A . Vmus HoRSES. 

In the experiments with the E shoTI·e strai n 4 hon e,; \Yere u :-;ecl 
for feeding mosquitoes on; one injected with the original mate1ial, 
2 with the first ancl one with the second laboratory generation. 

ViTus h orse ll (h orse 20302).-Injected on 25th February, 1932, intra­
jugularly with 5 c.c. blood of a natural case of horsesickness in an immunized 
mule at Eshowe. 

RestLlt: Temperature normal up to 29th Februm·~· p.m. T emperat ure on 
1st. March, 101 ·2 a nd 103 ·0° : the 2nd, 102·0 and 104 ·8° : the 3rcl, 103 ·2 and 
105·5°; the 4th , 103·9 and 108·3°; and the 5t h (a.m.) , 99·2° . The horse died 
during the same da~· . Post-mortem diagnos is : Horsesickness, clunkop. It was 
an acute infection with a relatively long incubat ion period of 5 days. 

VinLS ho1·se 12 (hOJ"se 20288).-lnfected in ex peri meat 24 by injection of 
mosquitoes (for temperature see under experiment 24). 

VinLs hone 13 (ho?"Se 20270).-Injected on 19th March , 1932, intrajugularly 
with 5 c.c. blood of virus horse ll. 

Horse 13 had been used one month before in experiment 17 (0-virus, 
rl edes s pp., injection , intenal 7-8 cla:vs), with negati ve results. 

B estdt: Temperature normal up to 21st March p.m. 'l'empe rature on 22nd 
March, 100 ·6 and 103-JO: the 23rcl, 99·5 and 104·5° ; and the 24th, 103 ·0° 
(a.m.). The horse died during t he following m g h t . Post-mortem diagnosis : 
Horsesickness, mixed. The course of the disease was Yer:y acute, resulting in 
death w ithin 5 clays p.i. , with the temperature r elatively low. The incubation 
period was only 2 days in this case. · 

VinLs hoTse 14 (hone 20299).-lnjected on 16th April intrajugula rly with 
5 c.c. blood of virus horse 11. 

Be.ml£: Temperature normal for two days p.i.; on 19th April , 100 and 
103 ·2°; the 20th, 101·0 and 102·0°; the 21st, 102·0 and 101· 40; the 22nd, 
101·7 and 103·4°; the 23rcl , 103 ·0 and 104·6o. The horse died during t he 
following night. Po&t-mortem diagnosis: Hm ~sickness, mixed. The case was 
acute with an incubation pe riod of 3 days . 

ViTtLS hone 15 (hoTS e 20310).-lnjected on 18th April \l-ith 10 c.c. serum 
of virus horse 12, wl1ich had been cataphorized by the passage of an elect rical 
current of 9 milliamperes at 250 volts for 4 lwurs. 

Bestdt: Temperature rose to 104° on the cla~· of injection, but returned 
to normal t he next da_,-. On 23rd April, 101· 2° was registered . This was 
maintained on t he 24th. The 25th, 102·6 and 104° were recorded ; the 26th, 
Jl)4·6 and 105° ; the 27th , 104 and 106° . On the 28th the temperature dropped 
to 103° and the horse di ed during t he clay, the post-mortem findings reveal ing 
the mixed form of horsesiclmess . Acut e horsesickness wit h an incubation period 
of 6 clays had resulted. It is doubtful whetlwr the passage of t he electrical 
current had any effect upon t he potency of t he virus and t he somewhat length·· 
ened incubation period is therefore somewhat difficult to nccount fo r. 

B. :JiosQUITOES AKn ExrERDIENT:IL 'l'ECH N JQUE. 

Mosquitoes. - From. the beginning of Man;h, when these expen­
ments \Yere commenced, till the end of April , notwithstanding the 
dry season, Aedes caballus ooulcl be obtained in quite large numbers, 
either as larvae or adults, by artificial flooding of their breeding 
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places. Aedes lineatopennis , the species 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 A. caballus. By the end of li:Iarch our 
supply was practically exhausted. During the first experiment with 
this strain Aedes hirsut~ts was fortunately hatching out in large 
numbers from one of the breeding places, but thereafter t h is species 
also became too scarce for experimental purposes. Aedes dentat~ts 
was never really common during the period we were working with 
this strain, but a fairly regular supply could at any rate always 
be obtained. 

On the virus horse the following mosquitoes were feel:-
Aedes caballns . . . . . . . . . 1,068 spec~mens. 
Aedes lineatopennis . . . . . . 272 specimens. 
Aedes hi1·s1ttns . . . . . . . . . 211 spec~mens. 
Aedes dentattl~ . . . . . . . . . 129 specimens. 

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

Experimental Techniqne.-The technique described m the 
second paper as that finally adopted, was already in use as far as 
possible from the commencement of these experiments. 

The fresh mosquitoes were fed on virus horses 11, 13 and 15 in 
the mosquito tent, the provisional arrangement for feeding mosqui­
toes, whereas in the case of virus horses 12 and 14 the specially con­
structed stable was used. 

For feeding the mosquitoes on susceptible horses our special 
stable was used for preference and the tent only resorted to when 
the stable was aheacly in use for another experiment. 

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

Aedes caballus \Yas again the most sensitive to experimental 
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 10 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 the 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 A. lineatopennis after longer intenals >Yere as 
usual better than with the former species . Out of 163 specimens 
used for injection 6G (or 10 per cent.) were alive after one week, 
showing. therefore, a mortality slightly higher than in the case of 
A. caball11s. However, out of 109 engorged females from the feeding 
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experiment 49 specimens, or nearly 50 per cent., were alive 16-18 
days after their initial feeding. 'l'his species does not seem to be 
affected to the same extent by a1·tifieial conditions as A .. caballus. 

Aedes hirsutus onee more proved to be very resistant to the 
experimental conditions under which they were kept. In fact, it 
was the easiest species to handle. Out of a total of 311 specimens 
100 were injected afte1· 7 days. Of the remaining 211 specimens 
107 \\·ere aliYe at the end of 20-21 days, anJ 4() after 29-30 days, 
thus giving results that may be looked upon as very satisfactory. 
In this case copulation had not taken place. 

With A edes dentatns the results were quite gooJ, although not 
as good as with A. hirs-utus. Originally 129 specimens had fed and 
of these nearly 50 per cent. were still alive at the end of 14-21 days. 

C. Exr'ERUIEKT \YITH A. caballus AND A. lineatopennis. 

In the first experiment with the Eshowe virus a number of A. 
caballus and A. lineatopennis were injected together into the same 
horse after an interval of 7 clays. Another horse was injected under 
the same conditions with A. hi1'Sutus. 

At the time of these expel"iments no lal'Vae of A. caballus or 
A. lineatopennis were at our disposal, and " ·e had to make use of 
specimens freshly caught in the field where they could be obtained 
in sufficient numbers. 

Virus horse 11, injected with the original Eshowe material, was used for 
feeding mosqui toes on, and mosquito groups:-

~1. call((l/us group l7 .- Fed on virus horse 11 during the nigh t of lst to 
2nd March. First dav of fever. Temperature 103·0-102·0°. 21 specimens 
(caught as adults) eng~rgecl . Used for experiment 24. 

A. cauallus group 18.- Fed on the same virus horse during the followi ng 
night. Second clay of fever. Temperature 104· 0-103 · 2°. 34 specimens engorged 
(caught as adults). Used for experiment 24. 

A. caballus group 19.-Fed on the same virus horse one night later (3rd to 
4th March). Third clay of fever. Temperature 105-5-103·9°. 77 specimens 
engorged (caught as adults). Used for experunent 24. 

A. lineatopennis group l2a.-Fed together with A. caualltts group 17. 35 
specimens engorged (caught as adults). Used for experiment 24. 

A. lineatopennis group 13.-Fed together "·it h A. cauallus group 18. 57 
specimens engorged (caught as adults). Used for experiment 24. 

A. lineato1Jenn'is group 14.-Fed together with fl. caballus group 19. 7l 
specime ns engorged (caught as adults). U sed for experiment 24. 

l~ 'l:peTiment 24 (H.S. 20). 68 A. caballus and 66 A. lineatopennis. I njection . 
lnteTval 7 days. Ilorse 20288. 

This horse was injected with 68 A. wballt<s and 66 A. lineatopennis, alto­
gE'ther 134 specimens. On 9th :Jiarch, 1932, 14 .4 .. caballus group 17 were 
injected and 16 A. lineatopennis group l2a; on lOth March , 16 A. caballus 
group 18 and 22 A . lineatopennis group 13; on 11th March , 38 A. caballus 
group 19 and 28 A. lineatopenn is g roup 14. All these mosquitoes had fed on 
an infected horse 7 days before, during the first to t hird days of its fever 
rE'action. 

311 



TRANSMISSION OF HORSESICI(NESS AT ONDERSTEPOORT DulliNG 1931-32. 

~~~ ...... 
~ 

~H s 
<•< 

.:; 

! :::!: 

; 

.,; 

.:: ---..::~---

Fig. 3. 

312 



0. KIESCHr J"Z, G. .·1 . II. HEDYOlllJ .\);]) H. C.l. DC TOI'l'. 

H eaction (vide fig. ;J) : The temperature remained practically normal up 
up 18th :\larch, 9 days after the injection of the first group of mosquitoes and 
7 days after t he last. On the following days the temperature was: 19th 
l\larch , 101·0 and 101·7°; t'l1e 20th, 102·0 and 103 ·5°; th e 21st, 104 ·0 and 
103 ·6°; the 22nd, 103·6 and 106·2°; t he 23rd, 10-h5 and 106 ·5°; and the 24th 
(a.m. ), 105 ·5°. During the afternoon of the same day the horse died. The 
post-mortem diag nosis was: horsesickness, dunkop . 

The 1·esul t of this ex pe riment 11·as positive. Yirulent \·irus \Yas, therefore, 
present in one or more of 134 .I. cabcl/lus and .i .. lineotoprn nis 7 days after their 
ha,·ing fed on a n infec-ted horse. 

D. ExPERIMENTS >nTH Aedes caballus. 

'rhe experiment,; "·ith this species \Yere carriecl out hom the 
latter part of Man.:h unt il the miclclle of )fay, 19:3:2. Aedes caballus 
could be obtained r elatively easily, muc-h more easily in any case 
than the othe1· species. Altogeth er more t han 900 specimens wer e feel 
on the Yiru::; horses . Q,Ting to a comiclerable mortalit:v following 
upon oYiposition, ho\Yever, only 83 specimens fed for a se(;ond time 
on the susceptible horses . 

Four experiments "·ere made with this species; experiment 25, 
\\·i t.h mosquitoes feel on virus horse 12, which ha rl been in fectecl b:y 
the injection of mosquitoes afte1· an internll of one mc-e k; experi­
ment 2G, " ·ith specimens from Yirus horse 14; experiment 27, \Yith 
specimens from virus horse 15, and experiment 28. ''"ith mosquitoes 
fed on horse 20300 from experiment 25, during a £eYer reaction 
which might haYe been of the nature of horsesickness fever. 

The mosquitoes were : -
Uroup 25a.- Fed on virus ·horse 1:Z dur ing t he night of 21st to 22nd March 

1932. Second day of fever . Tem perature 103·6-103·6°. 260 specimens engorged 
(cau ght as adults) . Used for experiment 25. 

G1'01<P 27 .- F ed on the same ho1se t he follo,Ying night. Third day of fever. 
Temperature 106·2-104 ·5°. 192 specimens engorged (caught as adults) . Used 
fo r experimen t 25. 

Group 31.- F ed during t he night of 18th-19th April on horse 20300 of 
experiment 25 . Temperat ure 102·4-Hll · 2° . 86 specimens engorged (rear ed 
from larYae). Used for experiment 28. 

G1·oup 32.- Fed on virus horse 14 during the night of 19th-20th April. 
First day of fever. Temperature 103·2 and 101° 104 specimens engor ged 
(reared from larvae) . U sed fo r experimen t 26. 

G1·oup 33.- F ed during t'he nig ht of 19t h -20th April on horse 20300 of 
experiment 25. Temperature 103 ·6-101· 4° . 130 specimens e ngor ged (r ear ed 
from lan·ae). Used for experiment 28 . 

G1·oup 35.- Fed ou virus horse 14 during the night of 21st and 22nd April. 
Third day of fever. Temperature 101·4-101·7°. 107 specimens engorged 
(reared from larvae). Used for experiment 26. 

G1·oup 36.- F ed on ,·irus horse 15 during the night of 26th-27th .April. 
Fourth day of fenr. 'l'empe ra t ure 104-106°. 57 specimens engorged (r ear ed 
from lanae) . Used for exper iment 27. 

lCxpeTiment 25 (H .8. 30). JO A edes ra/,nllltS . Feeding . I nterval 16-17 days . 
H oTSe 20300. 

On 7th April , 1932, .4.. mlJrtlllls g roups 2.'Ja nncl 27 \rere put on to this horse 
and 10 specimen s fed during the ni ght. These mosquitoes had 'had t heir 
initial feed 16-17 days previously, during t he second and third days of fever, 
on a horse infected by the i uject.ion of mosquitoes. 

Reaction : This hor se normal!~' showed a fairly high temperature, which 
rar ied during t he week preceding the application of the mosqui toes het11·een 
100 and 102°, anraging 101° for t he 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 temperature on 13th April was 101 ·2 and 102·4°; 
the 14th, 100 and 102·0°; the 15th, 101·1 and 101·2°; the 16th, 102 ·4 and 
104·3°; the 17th (a.m.) 102°; the 18th, 103 and 102·40; the 19th, 101·2 and 
103·6°; the 20th 101·4 and 102·2° . From 21st April to lOth May the tem­
perature only once reached 102° for half a day, viz., on 7tfh May, for the rest 
it remained between 100 and 101·5°. 

Hubinoculation: On 19th April, 1932, 5 c.c. blood of horse 20300, taken 
the day before, during the slight febrile reaction, was injected intrajugularly 
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. 

rl'esting by means of mosqtbito feeding: During the febrile reaction two 
groups of A. caballtts "·er e fed on t he horse and about 20 days after were again 
fed on a susceptible horse, but with negative results. A full account will be 
given under experiment 28. 

Invmuni ty test: On 11th :May, 33 days after the feeding of the mosquitoes 
and 21 days after the end of t'he febrile reaction, the horse was injected 
intrajugularly with 5 c.c. blood of horse 20288 (virus horse 12). Five days 
later, on 16th May, the temperature rose to 105·4° and remained between 
105 and 105·8° during the following 2 days. On the next morning, 19th :May, 
the temperature was 102 · 2° and the horse died the same day. 

Result : This experiment must also be regarded as negative. Eight 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, ho,Yever, and 3 weeks after this 
reaction the horse proYed to be normally susceptible when injected intra­
jugularly with the same strain. 

Expe1'iment 26 (H.S. 34). A.edes caballus. Feeding. lnten;al 18-20 days. 
Ho?"Se 20331. 

On 9th May, 1932, d. caball1ts groups 32 and 35 wer e put on to horse 
20331 and during the ensuing night l4 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 12t'h June, 35 days 
after the feeding of the mosquitoes. Only once during this period 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. 

E x pe1·iment 27 (II.S. 35). A edes caballus. F_eeding . Int er'!Jnl 15 da ys. 
Horse 20333. 

On 11th May, 1932, .-1. caballus group 36 11·as put on to this horse, but onl~· 
three specimens took up blood. These mosquitoes had fed 15 days previously 
on virus horse 15. which had been infected with a strain of virus obtained from 
virus 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 normal for 33 days, 
after the feeding of the mosquitoes (up to 13th June) , when t he horse was 
discharged from observation Only once did the temperature exceed 101° for 
half a day. 

The r esult 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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l'JJ;JJ ennient 28 (Jl. 8 . :33) . :l i'de.s wbaUlls. F eedinq . ln tercul :20-:Zl doy.,. 
][ orsc 20235. 

On 9th .\[ay, 193:2, .cl. 1;<fe_, ralJitlllls groups :n and 33 "·ere put on to this 
hor,;e and d uring the following night 52 (ou t of 6G) specimens engor ged them­
selYes. These mosquitoes had fed :20-21 days previously on horse 20300 of 
experiment 25 during a fever readion " ·hieh , as far as one could see at t h e 
tillle, might ha1·e been co11nected "·ith bors('Sickness fe,·e r. 

Heaction : The t e mperature at first remai ned normal for 14 days. A 
sl ight fever rea"tion t i H~ n co1nnwnc-c•d. Th e tr•n1perat11J'<' 011 :21th }1:1-'· was 
101·4 and 10l·G0

; the 25th, 102 and J010; the 2Gth , l(lJ ·J ancl 103·6° ; t he 
27th , 102· 8 and 102·4° F rom the 28th on"·arcls t he tem pe1·ature was n ormal 
again up to 13th June, ,,-hen the horse " ·as discha rged from obsetTation . 

R esult : \\'e will reg,Hd this experiment also as /11'1 /llitl'l' . A hout t "·o 
weeks after the feed in g of t he mosqui toe,; a sligh t t<•mperature n •act ion 
occurred, but 1\'l' cannot n •g;Hd this as .: n atta"k ol' horsPsick ness fe1·er as t he 
horse on which t hese m osquitoes had had t he ir ini tial f<'cd was not in fected 
11·ith horsesickness us sh o" ·n by thP in1munity test in expe1·iment 25. For t he 
san1e reuso.11 s a test ol' t l1 e ,;usceptibility of t'his hor>e ll'aS not t houg ht 
necessary. 

} ; . };xr~-:u i ~Ib.\T WITH A.edes 1ineal op1'11111s. 

TogetlH'r 11·it h the fir~t g roups ·of di;des culwllus referred to m 
the pre1·eding sedion, ~9 <-l i;des 1/ne(/topennis 11·en• fed ou nru s 
horse l :G, whi~.:h h ad bt>en in feded h_v t he i njPdi.on of mosquitoes 
after an interval of une week . On ,·in.t c> hmse 1:1, 20 more s pecimens 
eug-org-e<l them seh es . The mosquitoes 11·er e !'aught partly as adults, 
partl:v I'E'a r ed hom larYae or pupae. TheY ~un·i,·ed bet-ter th~u1 t hose 
of A . calwllvs and after two " ·eeks 49 specimens or nearl~· ;)() per 
cent. IYere ,;till aliYe, of which !14 fed again . 

On the ot her Yirus hones ''"hich "·ere use1l m th1• p1 el·t•rii ng 
experiments w ith A . cal.JO.llus, JLO il. lin eatOJ!Cnn is coul<l he fe d as 
at that time no more specim em; of this species, adult ,; or larvae, 
could be obtained. 

Virus horses 1.2 and l:l 11·er e u sed a ncl mosquito g roups : -
GmuJ' 2la.- Fed on 1·irus horse 12 du ri ng the nigb t of 21st to 221Hl '\la rc·h. 

19:12. Sec·oncl cla.' ol fl' l'f'r. T e mperatu re lO:l -6-1 03·6°. 24 specimens engorged 
(caught ns aclnlts) . Usod fo r experiment 29. 

() 1'01<[) 22.- Fed togethe r 11·ith g roup 2la. 27 specimens l'ngorge•d (rea red 
from lunae). Used fo r ex pe riment 29 . 

UrOUJ! 2:3. - l•'ed ou L'ill' san1 e ,· irus l!orse during the follo"·ing ni o-ht 'l'hi rcl 
day of feYer. Tem 1w ratu r e 10G·2-l 0-l-·5° 38 specimens engorged (r~n r~d .from 
lan ae) Used fo1· l'xperimcnt 29. 

UrnU Ji 2,j_- - \•'ecl 011 v irns horse 1:1 durin g the night of 24tll -2,5th March . 
Thircl daY ol' fe ·1·er . :20 s pec· inwns <·ngorgC"d (<·aught ns adults). Used fo r 
ex pe r i 111e1·, t 29. 

l<:.rpei'iment 20 ( 7!.8. 20). 42 .4. etles lineutopenni s. /<'1·edi11rt. Ttti'P!'rul 
lG-2:2 <lu !!-' . II orse 2o:n5 . 

On Gth 1\ pril. 1982, .·1. lineat()pt•tuti.s g 1·oups 21..\ and 2:2 11·en• put ou to 
th is horw n nd :22 spoc im ons (ou t- of 2f5) feel dnring t he l'ollo"· ing night. 
Group :23 11·as h•cl on t he sam e• horse· clurin .u: t l1 e night of 8th to Dt h .\ pr il, 
and 9 specime ns (011t ol 2'1) l'ngorged tl1ernseln'S. Group 24 was fpd dnring 
t he ni g ht of l.Jlh-J2th April. and :1 ,pecimen~ tonk up blood . Finally, t he 
combim·cl gro11ps 21.1-2.1 were again put on to l he horse on the• 12th. and 8 
.Sj•ecimcns fed during t he night. 

The horse 11·as. therefore. bitten .\.2 
22 s pee·1 nw ns 

0 
3 
8 

sp(1('1111(' Jl S 

spec-ime ns 
s pecime ns 

(groups :21.\-:22 ) after 
(g roup :2:3) aftl'l' ;lJl 

(group 24) afte r an 
(groups :21.1-23) n fter 

times in a ll h\· :~~ 

an inten·al of 1.6 da1·s . 
i nten·a I of 17 <laYs: 
intl'rnd of 1" cb·,·s. 
;1n int<'tTal nf 21.-22 daYS. 



TRANSMISSION O:F HORSESICii:NESS AT ONDERSTEPOORT D"CRING 1931-32. 

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 t emperature reaction occurred, o-nly 6 times was 101° re_ached or 
slightly exceeded, but on each occasion for not longer 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 temperature 
began to rise. On 1st June it was 103·8 and 105°; the 2nd, 105 and 105°; and 
the 3rd, 103·6 and 100·4°. The foJlo.wing 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 mosquitoes, and the horse was normally susceptible to 
the subcutaneous injection of 1 c.c. virus blood. 

F. ExPERIMENTS "\YITH Aedes hirsutus. 

At the commencement of our experiments with the Eshowe 
strain we had at our disposal quite a large supply of Aedes hirsutus 
fr·om one of mu breeding places. vV e succeeded in feeding 311 
specimens on the first virus horse injected with the original material 
of this strain. The mortality amongst these mosquitoes was very 
low. After 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 mosquitoes. In the 
first, experiment 30, 100 specimens were injected after an interval 
of one week. This experiment was run in conjunction with experi­
ment 24 in \vhich combined groups of Aedes caballus and A. lineato­
pennis were injected after the same interval. The two experiments 
\Yere intended to serve as controls to one another. In the second 
experiment, No. 31, the mosquitoes were fed, in the same manner 
as in the experiments with A. caballus and A. lineatopennis, 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 Yirus horse 11 during the night of 1st to 2nd March, 

1932. First day of fever. Temperature 103 ·0-102 ·0° _ 201 specimens engorged 
(reared from larvae) . Used for experiments 30 and 31. 

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

Experi.ment 30 (H.S. 19). 146 Ai'des hi.rsutns. Injection. Inten;al 7-30 
days. Horse 20280. 

The horse of this experiment had previously been used in December, 
1931, for experiment 13 (0-virus, A. dentatus, injection interval 16 days), but 
no reaction had followed the injection of these mosquitoes. 

On 9th March, 1932, 50 Aedes hirsutus group 10 were inject ed and the 
following day 50 specimens 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 31st March and injected on that date into the 
horse of this experiment. 

Altogether 146 specimens were injected into the horse :-
100 specimens after an interval of 7 days. 

46 specimens after an interval of 20-30 days. 
These mosquitoes had fed on the virus horse during the first and second 

days of fever. 
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Reaction: D irectly after the injection of the second lot of mosquitoes a 
slight r ise in temperature occurred (101 ·4°), and 10 days later another, up to 
102°, lasting, however, only half a day. After the third injection the tem­
perature rose to 102°, but by the next morning it had already commenced 
falling again. The mosquito injections were, therefore, tolerated very well. 
rp 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 abo,ve, being 101°. 

Immunity test: On 27th May, the horse was injected subcutaneously with 
1 c.c. blood of horse 20302 (Yirus horse 11). Five days later, on 1st June, 
the temperature rose to 104·4 and 105°, remaining the following day at 1050. 
On 3rd J une, it was 103·8 and 105°, and the following morning 104 ·2°. The 
s3me day the horse died from horsesickness. 

The Tesult of the experiment was absolutely negative. After the injection 
of 146 mosquitoes, fed 7-30 days before on an infected horse, no temperature 
reactiov at a 11 f0llowfld. whereas tlw horse proved to be fully susceptible when 
injected subcutaneously with 1 c.c. of the same strain. It may be remembered 
that with Aedes caballtts and A .. lineatopennis under the same conditions a 
positive result had been obtained. 

Expe1'iment 31 (H.S. 21). ~ledes hiTSutus. Feeding. Inte1'val 15-21 da,ys. 
Ho1'se 20130. 

During the night of 16th to 17th March, 1932, Aedes lliTsuttts group 10 
was allowed to feed on this horse, and out of 114 specimens 72 took up blood. 
During the following n ight 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 hor se 20280, as described in the preceding 
experiment. 

The h orse of this experiment was b itten 187 times by the mosquitoes, 
VIZ.: -

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

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

Reaction: The first afternoon, when the mosquitoes were put on to the 
horse, t he temperature rose to 101°. This was a frequent occurrence when 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 fir.st 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°; t he 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. 

S1tbinoculat·w1o: 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 (0-virus, Aedes dentat·us, injection, interval 5 days), and afterwards in 
February, 1932, in exper iment 18 (0-virus after mosquito passage, Aedes spp., 
injection after 8-9 days). In both experiments no react.ion resembling horse­
sickness fever followed the injection of the mosquitoes. 

The horse was kept under observation for 35 days, up to 13th April. The 
clay after the injection t he temperature rose up to 101°, but returned to normal 
the following day and remained so until the end of the experiment, 100 ·2° 
being t he highest temper ature r egistered. 

Immunity test: On 28th Apr il, 42 days after the fir~t, 37 clays after the 
last feeding of the mosqu itoes, and 19 days after t he 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 3rd, 101·4 and 105°; the 4th, 103·8 
and 106°; t he 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 horsesiclmess. 

Result: The original horse, on which the mosquitoes had fed, showed a 
brief febrile reaction of a remittent character, 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 later, the horse 
proved to be normally susceptible. A subinoculation of blood taken during the 
fever period and injected into another horse, failed to give any r eaction. 
The febrile reaction in the first horse was, therefore, not due to horsesickness 
fever , and the whole experiment has to be regarded as negative. 

G. ExPERIMENTS WITH Aedes dentat'Us. 

Aedes dentat'Us were not present in large numbers amongst our 
material during these experiments, nor were they actually rare. In all, 
129 specimens could be fed on the five virus horses injected with the 
Eshowe strain, 21 on virus horse 11, 73 on horse 12, 1 on horse 13, 9 
on horse 14 and 18 on horse 15. Of these mosquitoes at least 52 
specimens could be induced to feed 67 times on the susceptible horse. 
The result was, therefore, quite satisfactory. 

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

G1·oup 9.-Fed on virus horse 11 during the night of 2nd to 3rd March, 
1932. Second day of fm·er. Temperature 103·0-102·0°. 13 specimens engorged 
(reared from larvae). Used for experiment 32. 

Group 10.-Fed on the same horse the following night. Third day of fever. 
Temperature 105·5-103·90. 8 specimens engorged (reared from larvae). Used 
for experiment 32. 

Grottp 14.-·Fed on virus horse 12 during the night of 21st to 22nd March . 
Second day of fever. Temperature 103·6-103·6° 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). Used1 for experiment 32. 

Gronp 16.-Fed on virus horse 13 during the night of 24t'h to 25th March. 
Third day of fever. 7 specimens engorged (caught as adults). Used for 
experiment 32. 

Group 18.-Fed on Yirus horse 14 during the night of 19th to 20th April. 
First day of fever. Temperature 103 ·2 and 101°. 9 specimens engorged 
(reared from larvae). Used for experiment 32. 

Group 19.- l<'ed on Yirus horse 15 during the night of 26th to 21th April. 
Fourth day of fever. Temperature 104 and 106° . 18 specimens engorged 
(reared from larvae). Used for experiment 32. 

Bxpe?·iment 32 (H.S. 23). A edes dentattts. Feeding . .lnfe1't'al15-22 days . 
Horse 20291. 

. '!'his 'horse had been used before in December, 1931, in experiment 8 (0-
Vlrus, Aedes ca.ballns, injection, interval 15-lG days). No typiPnl r eac-tion had 
followed the injection of the mosquitoes. 

On 23rd March , 1932, the mosquito groups 9 and 10 were put on to this 
horse and during the following night 4 (out of 15) specimens ongorged t hem­
selves. During the night of 6th-7th April the groups 14 and 15 "·ere allowed 
to feed and 36 (out of 37) specimens took up blood. On 11th April group 16 
was put on to the hor~e resulting in the feeding of 3 speeimens during tile 
ensuing night . Groups 14 and 15 were again put on to the same horse during 
the night of 12th-13th April and 15 specimens engorged themselves. During 
the night of 10th-11th May 4 specimens of group 18 "·ere fed and lastly, during 
the following night 5 of group 19. 
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Altogether t ile horse was bitten 67 times b.'" t'hese mosquitoes, viz.: ­
.) specimens (g roup 19) after a n internll of 15 days. 

:36 specimens (group 14-1-'5) after an interval of 16 days. 
3 specimens (group 16) after an intetTal of 18 days. 
-! spPC·imens (group 9-10) after an inten·a\ of 20-21 clays. 
4 sp<~c:imens (group 18) after an inten·al of 21 dn_,·s. 

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

These different mosquitoes had feel on four different Yirus horses during the 
first to third clays of fever. 

On 28th April and 6th ~Ia~- .-li'des drn tat11., infected with the K aalplnas 
virus were fed on the same 'horse. This will be r eferred to under experiment 35. 

lleaction : The horse IYas kept under obsen·ation up to 3rcl June, 72 clays 
after the feeding of the first hakh of mosquitoes and 23 clays after the last 
group. During this p eriod no fp,·er reaction occurrerl. the highest temperature 
r egister ed hoi ng l 01 · 2° . 

Jmnwnil'y fl'st: On 3rd June the horse 11·as injected with 1 c. c. blood of 
horse 20302 (1· irns horse 11) subcutaneously . FiYe cla~·s later , on ~til June, 
the tempernture commenced ri s ing and 102° was r ecorded . On t'he 9th it was 
102·4 and 104°: the lOth, uncert ain (anus open, intravenous injection of ·002 
gm. A kiron per Kg., body-weight); the 11th , 103 and 104°; and the 12th 
(a.m.). 104° Tile same clay th e animal died from horsesickness (dnnkop). 

ll e.s ult: The experiment has to be regarded as negative as no temperature 
r eaction was sho11·n after the application of the mosquitoes, whereas the 'ho rse 
pro1·ed to be normally susceptible 11·hen injected subcutaneously 11·ith material 
of the same strain. 

H. D1scussmx oF THE REsuLTs " 'ITI-I THE EsnO\YE VIRUS. 

A fresh virus strain obtained from a mule previously immuni?:ed 
against 0-virus at Eshowe "·as designated Eshowe Yirus. Its 
relationship to 0-virus was thus the same as "·as the case with the 
Losperfontein strain, ' and it was, therefore, not the type .a£ strain 
we really wanted. 

With the original material \Ye injected one horse and with its 
blood t"'·o other animals. Another horse was injected after the virus 
had been subjected to cataphorization by the passage of an electrical 
current of 9 milliamperes at 250 Yolts for 4 hours, and a fourth by 
the injection o£ mosquitoes. Mosquitoes \\·ere fed on all these horses 
for our experiments. 

Altogether 1,650 mosquitoes were fed on the virus horses, 1,068 
Aedes caballus, 272 A . lineatopennis, 211 A. hirs~dus and 129 A. 
dentattts. The mosquitoes were caught partly as adults in the fields, 
partly reared in the laboratory from larYae. Of A. hirsutus only 
specimens 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 20°, 30° C. 
with a probable mean of 24°. As a rule, during these experiments, 
the room \Yas only heated during the day-time, as there was no 
automatic controL At night the room was actually warmer than 
out of doors, "·hereas during the day-time it was cooler. As usual, 
between the two feedings on the infected and normal 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 horRes. vVe will discuss first of all 
the two experiments by means of mosquito injection. 
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In the first experiment (No. 24) 68 Aedes caball1ts and 66 A. 
lineatopennis, thus 134 specimens, were injected into a horse in the 
form of an emulsion on three consecutive clays. In this horse a £eYer 
reaction made its appearance 8 clays after the last, and 10 clays after 
the first injection. Four clays 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 (Ko. 30), Aedes hi1'S1d11s were used. 
They had fed together with A. wballus and A. lineatopennis of the 
preceding experiment. Seven days after their feed on an infected 
horse 100 specimens were injected in the form o£ an emulsion on two 
consecutive clays, and 46 more specimens of the same groups after 
an interval of 29-30 days. No temperature reaction "hatsoeYer 
followed these injections however, and later the horse proYed to be 
normally susceptible when injected subcutaneously 'Tith 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 clays, whereas 
in 100 A. hirsutus after 7 days and in 4G after nearly a month no 
Yirus was present. 

By feeding the mosquitoes the following experiments were 
carried out:-

Aedes caballus (experiment 25). Interval 16-17 days : 10 
specimens. Result, negative. 

Aedes caballus (experiment 26). Interval 18 days: 4 speci­
mens . Interval 20 days: 14 specimens . 'l'otal, 18 speci­
mens. Result, negative. 

Aedes caballus (experiment 27). Interval 15 days: 3 speCI­
mens. Result, negative. 

Aedes lineatopennis (experiment 29). Interval 16-18 days: 
34 specimens. Interval 21-22 days: 8 specimens. Total 
42 specimens. Result, negative. 

Aedes hirsutus (experiment 31). Interval 15 days: 91 speci­
mens. Interval 20-21 days: 96 specimens. Total 187 
specimens. Result, negative . 

Aedes dentahts (experiment 32). Interval 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 Aedes species after the following intervals : -

Interval 15 days . . . . . . . . . . . . . . . 99 specimens 
Interval 16-18 days .. . .. . .. . 87 specimens. 
Interval 20-22 days . . . .. . .. . 141 specimens. 

In none of these experiments in which mosquitoes were fed on a 
normal horse after an interval of 15 days or longer, did we succeed 
in transmitting the infection. Four of the six normal horses were 
testecl 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 horsesiclmess followed by death. There 
is 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 0-virus, this virus may be present in 
mosquitoes after an interval of one week. In the positive experiment 
with 0-virus A. caballus, A. hirsutus and A. lineatopennis were 
used, with the Eshowe strain A. caballus and A. lineatozJennis; 
these two species being common to both experiments. vVe are unable 
to say, however, whether this survival of the virus in the mosquitoes 
up to one week is normal or exceptional. It seems rather to be 
somewhat exceptional. In any case, the results of the feeding 
experiments do not permit of our regarding it as the beginning of 
an actual development of the virus in a suitable insect transmitter. 

With regard to the possible reasons for the obvious failure of our 
transmission experiments we may refer to the discussion of the Los­
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 0-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 WITH KAALPLAAS VIRUS. 

On 13th April, 1932, a horse (No. 20031) showing typical and 
very advanced symptoms of the dikkop form of horsesickness was 
brought into the Onderstepoort Laboratories from Kaalplaas, a 
farm belonging to Onderstepoort and almost contiguous with it. This 
animal had a temperature of 102 · 2° and died during the following 
night. It had been hyperimmunized in September, 1931, of the 
previous year against horsesiclmess by means of 0-virus. 

We were able to feed only one large batch of A. caballus and a 
few A. dentatus on this horse before it died. 'l'he experimental 
technique was the same as that adopted in the preceding experiments 
with the Eshowe strain. 

A. ExPERIMENTS WITH Aedes 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 perform two 
experiments by (a) injecting a certain number of the mospuitoes after 
an interval of one week, and (b) allowing the remainder to feed on a 
second horse, commencing at an interval of 15 days. 

Mosquito gTO!tp 30.-Fed on virus horse 16 during the night of 13th-14th 
April, 1932. Temperature 102·2°. (Day of commencement of fever reaction 
unknown.) 365 specimens engorged (reared from larvae). Used for experi­
ments 33 and 34. 
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ExpeTiment 33 (li. S. 31). 23 Aedes caballtls . l n_iection. Int erred 7 days . 
H OTSC 20318. 

On 21st April , 1932, 25 A. caballus (group 25), " ·hich had feel 7 days befor e 
on a hor se suffering from horsesickness, " "hJCh had contracted the disease 
spontaneously on the farm Kaalplaas and "·as then in a moribund condition, 
were injected subcutaneously after thorough emulsification into horse No. 
20318. 

Reaction: 'l'he hor se showed a somewhat irregular temperature, varying 
normally between 990 and 1010 . .i£1eren days after the injection the temperat ure 
rose to 102·2°, remaining elevated, howm·er, for only h alf a clay. N ine days 
of normal temperature followed , then a rise to 101· 2° occurred, and two clays 
later (14th May) 103·4° "·as recorded , bot'h these elerations, howerer, lasted 
less than 24 hours. A further per iod of normal temperature followed but on 
27th May some other mosquitoes wer e injected and t his was followed by a 
slight rise to just over 101° for a few days. The horse was k ept under 
observation for a further 31 cla~·s, but no temperature a bove 101·2° was 
registered. 

R esult: T'he exper iment was neoative as no temperature r eaction of any 
importance followed t he injection of the mosquitoes during an observation 
period of 67 clays. An immunity test was not considered necessary. Another 
horse from t he same lot was tested an d fou nd to be fully susceptible. 

Expe1·iment 3'L Ai!des caballus. Feedin(J. I nteTva t 15-2~l days. Ho rse 20323. 
On 27th April, 1932, gr oup 30 (A.ecies caballu.1) was pnt on to this horse 

and cluri ng t he fo llowing night 75 specimens engorged themselves. The remain­
ing s pecimens of this group were feel on t he same horse on the night of 6th 
to 7th May, and on t'h is occasion 7 specimens took up blood. 

The horse was therefore bitten 82 times by these mosqu itoes, after an 
interval of 15 clays by 75 specimens, and after an inten-al of 25 <Ll~'S by 7 
specimens. The mosquitoes had been fed on a spontaneous case of horsesickness 
shortly before t he death of the an imal. 

Reaction: No temperature reaction at all followed the feeding of the 
mosquitoes, during an observation period of 36 days, t he highest temperature 
registered during t'his period being 100 ·8°. 

I mmunity t est: On 3rcl June, 36 clays after the first a nd 29 days after the 
last feeding of t he mosquitoes, the horse was injected subcutaneously with 
1 c.c. presen·ed blood of horse 20031 , the virus horse used in these experiments. 
On 8th June, 5 clays a fter the injection , t he temperature rose to 105·2° and 
remained between 105 and 106° for thr ee days . The following morning it had 
fallen to l 00° and the 'horse died t he sam e clay , the post-mortem confirming the 
diagnosis of llorsesickness. 

lles!ilt: This experiment " ·as clearly negative . No temperature reaction 
had followed t he feeding of 82 mosquitoes which had taken a feed of infected 
blood. The horse subsequ ently proved to be normally susceptible when injected 
su bcu taneously with 1 c.c . presen-ecl blood of the same str a in. 

B. ExPERIMENT WITH Aedes dentatus. 

On the afternoon ·on wh ich "·e receiYed the infected horse from 
Kaalplaas we had at our disposal only a few mosquitoe;; of this 
species, o£ which 14 only could he induced to feed. 

Mosquito grOtlp 17.- Fecl on virus horse 16 during the night of 13th-14t'h 
April, 1932. Temperature 102 · 2°. Day of commencement of fever reaction 
unknown. 14 specimens engor ged (r eared from larvae). Used for experi­
ment 35. 

li::rperim ent 35 (H.S. 23). Ariles dentntu s. F erding. l nfPr'L·al 15-23 rlnys. 
Honr 20291. 

This horse had been used p r eviously. in December, 1931. in experiment 8 
(0-virus, A .cabaUus, injection, inten-al 15-lG days), which had been negative. 

From 23rcl March , 1932, until the end of this experiment it was used 
a lso for experiment 32 !Esh mn> ,-irus, A .. dPntlltus, feeding). 
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On :ZSth April, Aedes dentatt~s group 17 \nl.s put on to t hts horse an,] 
during t'he following night 5 (out of 8) specimens engorged. The remaining 
mosquitoes were fed on the same horse again during the night of 6th-7th May 
and 4 (out of 6) s pecimens fed on this occasion. The mosquitoes, therefore, 
fed 9 times on this horse as follows:-

5 specimens after an interval of 15 days. 
4 specimens after an intenal of 23 clays. 

B eaction : The horse was kept UJtder observation u p to 3rd June, without 
any reaction being noticed. 

lmmmtity test: The horse was tested for immunity by the subcutaneous 
injection of Es'howe virus and died 9 days later from horsesickness (vide experi­
ment 32). 

The result of this experiment therefore was negative. 

C. DiscussiON 01> THE REsuLTS WITH THE KAALPLAAS VIRuS. 

About the middle of April, 1932, we received a horse previously 
hyperimmunizecl against 0 -Yirus, which had contracted horsesickness 
spontaneously at Kaalplaas. The h orse was in a moribund condition 
when received and had to be made use of for our purpose that s::tme 
afternoon. One large batch {)f Aedes calmllus and a few A. de11,tatus 
were fed on this animal before it died. 'l'he mosquitoes were kept 
in our warm room during the experiment under the Fiame conditions 
as was the case with those of the Esho,ve strain. 

Three experiments \\ere conducted. In the first (No. 33) 25 
A. caballus were injected into a horse after an interval of 7 days. 
No temperature reaction follo"ed th is injection so that no virulent 
virus could have been present. 

The remaining specimens of t he same group were fed on a second 
horse (experiment 34), in "hich 75 specimens engorged themselves 
after an interval of 15 days and 7 specimens after 23 days. No tem­
perature reaction followed, while the horse praYed t<J be susceptible 
when inoculated later with the same strain. 'rhis experiment was 
also negative. 

Only one experiment \Yas conducted with Aedes clentatus 5 
specimens feel after 15 and 4 after 23 clays, without conveying 
inft>dion to a horse . 

No positive results were, therefore, obtained with the Kaalplaas 
Yirus. 'l'l1i:> strain >~·as identical, in certain respects, with those 
receiYecl from Eshowe and Losperfontein. All tlu·ee were derived 
from animals previously immunized against horsesickness u:v 0 -
virus. The possible explanation of the failure to transmit the disease, 
already advanced in the case of the other two strains, may apply 
eq uall:v well in this case and we therefore refer here to these prHious 
discussion~ . 

X. D ISCUSSION OF T HE RESULTS OBTAINED IN 
TRANSMISSION EXPERIME NTS WITH HORSESICKNESS. 

During the latter part of the winter of 1931 and the summer 
1931-1932 experiments were carried out with t he object of fincling 
the natural transmitter of horsesiclmess, a Yirus disease of great 
economic importance in South Afrif'a. 
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Pitchford (1902) only has carried out actual transmission experi­
ments, and h e claims to have transmitted the disease by means of 
Anophelines. From his account, hmYever, it is not possible to obtain 
a clear idea as to how his results were obtained and theY cannot be 
regarded as proof that Anophelines are the actual tr·an:m{itters. 

Taking into account the known epidemiological evidence 
mosquitoes must be regarded. as the most probable tran~mitters. The 
disease is caused by a virus not transmitted by ordinary c-ontact . In 
its appearan ce it is practically limited to the summer months, heavy 
rainfall being followed by a high percentage of infection. In dry 
seasons relatively few cases appeur ordinarily. The infection is 
practically only transmitted during the night or near sunset or sun­
rise , and stables afford a relatively good protection. This eYidence is 
sufficient to allow of horsesickness being reganlecl as an in sect-horne 
disease. HmYever, it is in itself not sufficient to enable the potential 
transmitters to be narrowed down to a certain group of insects with 
certainty, although, assuming the epidemiological facts as being 
correct, mosquitoes must then he regarded as the most probable trans­
mitters. At any rate, none of the facts mentioned oppose the theory 
of mosquitoes being the natural transmitters, and on this theor~· 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 '"er e caught in traps 
containing horses as bai t 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 desired could , therefore , not be 
gained. A review of the results of this suney has already been 
given in the second paper of thiR series in "·hich we arrived at the 
conclusion that certain A edes species accurately fulfilled the require­
ments of the potential carriers as laid clown by the known epidemio­
logical evidence already mentioned. Amongst the :;;pecies of this 
genus, Aedes caballus, A. hneatopennis, and A. hiTs1ttus, and 
Mncidus scatophagoides must he regarded as the most suitable han:;­
mitters, with Aedes vittatus and A. clentattts as good potential trr~ns­
tnitters, although probably of ser-onllary importance. Q,Ying to lack 
of experimental information , no definite conclusion could be arriYed 
at regarding the possible role of Anophelines. 

Our experimental work was based mainly on these conclusions. 
The majority of the experiments were carried out "·ith the aboYe­
mentioned Aedes species. Mucidus scatophagoides was discovered to 
be a blood-sucking species (contrar~, to the statements in the litera­
hue) too late in the season to enable u;,; to carry out experimental 
work. During the commencement of the ''"ork. vd1en no othe1· species 
were available, a number of experiments were carried out with 
Culex theile1vi, mainl~r to obtain technical experience. 

STRAINS OF HoRSESJCI(NESS VIRl:s. 

For our experiments four different strains of virus were used. 
Most of the experiments were carried out with the Omlerstepoort 
vaccine strain known as 0-virus. rrhis strain had been isolateCI in 
1901 from a spontaneous case of horsesickness . From that date on 
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it had been transmitted by direct inoculation repeatedly from horse 
to horse, the 192nd and 225th generations being u sed in our experi­
ments. Almost invariably the inoculation results in death, the 
incubation period being usually 2-3 days and the duration of the 
disease itself generally 3-4 clays. For more than 30 years this virus 
had been transmitted without the normal passage through 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 develop­
mental capacity of the virus in the insect might have been altered 
(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 horsesiclmess which ended in 
recovery, and in April from a horse which had contracted a fatal 
infection at Kaalplaas (Pretoria Jistrict) . In all these cases a 
history of immunization against horsesickness with 0-virus existed 
and the possibility cannot be excluded that we have dealt throughout 
our experiments with 0-virus which had appeared with the second 
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 the 
Transvaal. From the large number of experiments on other phases 
of horsesickness conducted at Onderstepoort and embodying hundreds 
of horses it is known that only very exceptionally is an immune horse 
encountered amongst them . 

ExPERIMENTAL TECHJ'\IQUE. 

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 susceptible 
horses in small cages enclosed " ·ith mosquito netting. In 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 animals. 
'l1he mosquitoes were put on to the animals lat e 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 th e 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 in 
cages consisting of a wooden framework covered with mosquito 
netting. In these cages a sufficient degree of humidity h ad also t.o be 
provided for. The jars were placed on wet cotton wnol in slightly 
larger jars and the cages on shelves, surrounded on all sides by wet 
hessian. 10% Sugar solution on cotton wnol was 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 oould therefore not be 
avoided. The average temperature was 24-26° C. but Yaried fr.om 
time to time between 20 and 30° C. 

E:epe1•irnen ts with 0-virus. 

vVith 0-virus, a strain isolated about 30. years ago, 757 mosquitoes 
were infected on 9 Yirus horses, 308 Cule<v theileri, 5 Anopheles 
squamosus, 198 Aedes ca.balltts, 62 A. lineatopenn£s, 43 A . h itsutus, 
70 A. dentatus and 71 A. vittatus . Furthermore, between 400 and 
500 mosquitoes were fed in one experiment in which the actual 
number was not ascertained. 

vVith CulP:e thwilen· the following five experiments were carried 
out. 

Experiment l. 
Experiment 2. 
Experiment 3. 
Experiment 4. 
Experiment 5. 

5 specimens injected after ! day. Result positive. 
5lJ specimens injected after 5 days. Result negative. 
50 specimens injected after 16 days. Result n f>gati Ye. 

140 specimens injected after 25 days. Result negat ive. 
9 specimens fed, direct transmission. Result negat ive. 

The first experiment, in which 5 G. theile1·i were injected approxi­
mately 12 hours after their initial feed, was positive. Sufficient virus 
was taken up, therefore, by 5 specimens to cause a mortal infecti·on of 
horsesickness. No conclusions can be drawn from this result as to the 
ability of C. theileri acting as a transmitter, but it indicates that the 
method of infecting mosquitoes was effective. 

In the foll.owing three experiments 240 specimens were injected 
after 5-25 days, 50 of them after 5 days, but in no case was a p·ositiYe 
result ·obtained. 

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

Anopheles sqtwrmostts was only used in one experiment. 
Experiment 6. 5 specimens injected after 5 days. R esult n egative. 

With Aedes caba.llns 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 injeeted, proved 
to be negative. 

Aedes lineatopennis was also used in two experiments. 
Experiment 9. 5 specimens injected after 5 days. Result negative. 
Experiment 10. 25 specimens injected after 5 da~'S . Result negative. 

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

Aedes h1.1'St1t11.S was only u sed in one experiment, which was nega­
tive. 

Experiment 11. 30 specimens injected after 5 days. Result negative. 
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vVith A. dentatus two experiments were made. 
Experiment 12. 6 specimens injected after 5 days. Result negatiYe. 
Experiment 13. 12 specimens injected after 16 da~·s. Result negatiYe. 

In 18 specimens no virus '"as present after 5-16 days. 
vVith A. vittatus bYO experiments \Y ere also carried out. 

Experiment 14. 20 specimens injected after 5 days. Result negatiYe. 
Experiment 15. 32 specimens injected after 15 days. Result negatiYe. 

Both experiments with 52 specimens were negative. 
Finally, an experiment was caiTiecl out in which a large number, 

294 mosquitoes, oonsisting .of 85 A. caballus, 115 A. lu. rsutus, and 
94 A. lineatopennis were injected together after an interval of G days. 
This experiment was pos1.ti1•e and the 1·esult could be confirmed by 
subino<.;ulation. 

\Yith Aedes species 10 experiments "·ere carried out. Only one 
experiment \Yas positive, in ' '"hich almost 300 specimens belong-ing to 
three different species were injected after an interval .of (i days. In 
the 1·emaining 9 negative experiments 94 A. cauallus were injecte(l 
after 5 days and 28 after 15 days, G A. dentatus after 5 and 12 after 
16 clays, 30 A. hi1'Sutvs after 5 days, 30 A. lineatoz7enn1;s after 5 clays 
and 20 A. rittatvs a£te1· 5 and 32 after 15 days. In all, 180 specime 11H 
were injected after 5 and 72 after 15 days. 

E,rpMiments with 0 - uirus after one sho1't passa,qe th1'ough mosquitoes. 
Iri the preceding series of experiments one positiYe result was 

obtained by injecting almost 300 specimens of Aedes 6 days after t heir 
haYing fed on an infected horse. \Ve hoped that the virus had 
adapted itself to the development in mosquitoes and therefore used 
this strain in the following two experiments. 

Experiment 17. 28 .-! . cabal/us injected after 7-8 days. Result negative. 
2 A .. hirsutns injected after 7-8 days. Result negative. 

27 A. li neutopennis injected a fter 7-8 days. Hesnlt 
negatiYe. 

Experiment 18. 157 A wballus inj ected after 8-9 days. H.esult negatiYe. 
94 A. linpatopem1is injecterl after 8-9 da~·s. Result 

negative. 
35 rl. hirsutns injected after 8-9 clays. H.esult negatin. 

11 !1. clenta.tns injected after 8-9 days. Result negative. 
2 fl. pu.nctotliO?·acis injected after 8-0 days . Result 

negative . 
1 rl. ctl-lillfl,insi injected after 8-9 days. R esult negati,·e . 

Both experiments were llegatiYe. A.Hogether 057 specimens h:1d 
been injected after an inten·al of 7-9 clays, 185 t-1. cauall~tS, 121 A .. 
i'ineatopennis, 37 A . hir.wtus, 11 A .. dentrd11s and tln·ee specimenfl of 
two other species. 

T'here was no sig-n that the deYelopmental rapacity of i·he Yirus 
in the Aedes species used h ad inrrea~ed b)· the short pa,;,;:u:?,'e in 
mosquitoes, and further wmk '"ith this ;:;train \Yas abandoned. 

E mperiments wdh Lospetfontein T'iru s. 

\Vith a strain of virus derived hom a mule, '"hich had been 
inununisecl with 0-virus some mouths before, :fiye experiment;:; were 
concluded. One virus horse " ·as used and on it 1,005 mosquitoes "·e1·e 
fed, 816 A. caball.ns, 151 d. hneatopennis, 61 A. dentaf1ts and 7 A. 
vittatvs. 
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With A. caballus the following experiment was carried out:­
J!:xperiment 19. 7l specimens fed after 14-15 days. Result negative. 

6 specimens fed after 20 days. Result negative. 

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

A. l·ineatopennis 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. 
lO specimens refed after 60-62 days. Itesult negative. 

Experiment 21. (:i specimens injected after 63-65 days. Result negative. 

Both experiments were lH~gative. In the first the horse was 
bitten 165 times by batches of d . lineatopennis infected 13-62 days 
previously. In the remaining six specimens of the same batches no 
virus could be traced by injection after G3-G5 days. 

\Vith A. dentatus the following experiment "·as made: ­
Experiment 22. 20 specimens refed after 25-27 days. Result negati,·e. 

6 specimens refed after 35-37 days. Result negative. 
d. 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 we2·e bitten 277 times by specimens of 
A. caballus , A . lineatopennis, A. dentatus and A. vittatus 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 G0-62 by 10 specimell&. 
Furthermore, six specimens were injected after G3-65 days. In none 
of these experiments "·ere positive results or reactions, which could 
be suspected of being horsesickness fever, obtained. 

Experiments with Eshowe 1/Lrus. 
T-owards the end of February another strain was received, 

isolated from a spontaneous caEe of horsesickness in a mule, which, 
however, had also been immunised previously with 0-virus. 

In all, four virus horses were used in which 1,680 mosquitoes 
were fed, 1,068 A. caballus, 272 A. l·ineatopennis, 211 A. hi1·sutus 
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. 
66 A . lineatopennis injected after 

positive. 

Result positive. 
7 days. Result 

'I he temperature of the horse commenced to rise 9 lla:ys after the 
first and 7 days after the last injection. The disease itself, which 
ended in death, lasted 6 days. The diagnosis of horsesickness was 
confirmed on post-mortem. 

With A .. caball~ts alone three experiments were made:-
Experiment 25. 
Experiment 26. 
Experiment 27. 

10 specimens refecl after 16-17 days. Result negative. 
18 specimens refed after 18-20 days. Result negatiY·~ . 
3 specimens refed after 1-5 days. Result negative. 
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In all, 31 specimens fed after 16-20 days without transmitting 
the infection. 

A. lineatopennis was used in the following experiment, which 
also was negative :-

~xperiment 29. 34 specimens refed after 16-18 days. Result negative. 
8 specimens refed after 21-22 clays. Result negative. 

\Yith A. hi1'Sutus the following two experiments were carried 
out:-

Experiment 30. 100 specimens injected a,fter 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 days. Result negative. 

Both experiments were negative. 'rhe mosquitoes from the 
second experiment which were still alive after a month, were used 
for the second injection in the first experiment. In the second 
experiment a short febrile reaction appeared 14-20 days after the 
injection of the mosquitoes. The horse, however, later proved to be 
normally susceptible and .a subinoculation of blood, taken during the 
febrile reaction, failed to infect another horse. 

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

Experiment 32. 44 specimens refecl after 15-18 clays. Result negative. 
23 specimens refecl after 20-22 clays. Result negative. 

The first experiment with this strain, in which a combined lot of 
134 A. caball1ts and A. lineatopennis 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 . hi1"s1ttus were injected after 
7-30 days and 31 A. cabullus refed after 16-20 days, 42 A. lineato­
pennis after 16-22 days, 187 A. hirstttus after 16-21 days and 67 A. 
dentatus after 16-22 days. In all the horses \Yere bitten by 327 
specimens of these four species after interYals ranging between 7 and 
30 days. 

Experiments with Kaalplarbts V i1·us. 
In April, 1932, a horse suffering from horsesirlmess which had 

previously been hyperimmunised against 0-virus, was received from 
the farm Kaalplaats. It died the following morning, but in the 
interim between its receipt and death we succeeded in feeding 365 
A. caballus and 14 A .dentatus on it. 

With A. caballus two experiments were carried out, which 
yielded negative results:-

Experiment 30. 25 specimens injected after 7 clays. Result negative. 
Experiment 34. 75 specimens refecl after 15 days. Result negative. 

7 specimens refecl a.fter 23 clays. Result negative. 

In the last experiment A. dentat·us were fed, aho without any 
result:-

Experiment 35. 5 specimens rAfecl after 15 da;vs. Result negative. 
4 specimens rPfecl after 23 days. Result negative. 

In all, 26 A. caballus, ·which had fed on a spontaneous case of 
horsesiclmess, were injected after 7 days, 82 specimens of the sa,ne 
species refed after 16-23 days and 9 A. dentattls ref eel after 16-23 
days. In none o£ the experiments \Yas a positive result obtained. 

329 



TRANSMISSION OF HORSESICKNESS AT ONDERSTEPOORT DURING 1931-32. 

GENERAL DISCUSSION OF THE RESULTS. 

On horses infected with four different strains of horsesiclmess, 
the 0-virus vaccine strain and one strain eaeh from Losperfontein, 
Eshowe and Kaalplaas, 4,264 mosquitoes were fed, 308 C·nlex theile1'i, 
5 Anopheles squamosus, 2,665 Aedes caballus, G28 A. lineatopennis. 
292 A. hi1·sutus, 285 A. dentatus, 78 A. vtftatus, 2 A .. punctothouwis 
and 1 A. mwwruins1:. Furthermore, in one experiment, in \Yhich the 
actual number was not ascertained, at least 400-500 specii).lens 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 earriecl 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 confinned by the further experi­
ments). In these experiments 1,434 mosquitoes were injected after 
1--G5 days, viz.; 245 Culex theilen:, 5 Anopheles squamosus, 485 Aedes 
caballus, 287 A. lineatopennis, 328 A.. hirsutus, 29 A.. dentatus, 52 
A. vittatus, 2 A. punctotho1'acis and 1 A. cn1mninsi . A large 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 Aedes caballus, 207 
with A. l1.neatopennis, 187 with A. hirsutus, 102 with A. clent.atus and 
9 with A. vittatus. 

Pusitive results were obtained only by injections of mosquitoes. 
In the first case (experiment 1), five Cule:v theileri were injected the 
morning after having fed on an infected horse. T'his result only 
demonstrated, ho·wever, that sufficient virus to produce an infection 
had been tak:en up by 5 n10squitoes. In the ;;econd experiment (No. 
1G), 294 mosquitoes, 85 A. wbaZlus, 115 A. hirsutus and 94 A. line­
ato·pennis, which had fed G days before on a horse infected with 0-
virus, were injected. In the third positive case (experiment 24), 68 
A. caballus and 66 A. lineatopennis had been injected. These 
mosquitoes had fed 7 days previously on a horse infected with E showe 
VirUS. 

The horsesiclcness •oi1·us can therejo1'e nta1·n its fdl 1;i!'ulence in 
A .edes szJeC?:es up to 7 days. This result \Yas obtained with two strains 
of virus, .and A .. cahallus, A. lineatopennis and A. hirsuttts were the 
species concerned, the former two species being common to both 
experiments. 

The remaining 31 experiments \Yere negative. V\T e will combine 
the experiments made with the different Yirus strains according to 
the species us eo. 

With C'11.le.v theileri four experiments were carried out with 0-
Yirus (Nos. 2-5). 240 specimens were injected after 5-25 days , viz. : 
60 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 immecliately thereafter on a susceptible horse. 

With Anopheles squamosus one experiment was conducted with 
0-virus in which 5 specimens were injected after 5 days (experiment 
fl). 
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Aedes caballus "~as used in 10 experiments, four with O-vi1·us 
(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., 159 after 14-17, 24 after 18-20 and 7 after 23 days. 

Aedes lineatopennis was used in 7 experiments, four with 0 -virus 
(experiments 9-10, 17-18), two with Losperfontein virus (experiments 
:20-:n) and one with Eshowe virus (experiment 29). 157 specimens 
were injected after 5-65 days, viz., 30 after 5, 121 after 7-9 and 6 
after 63-65 clays. 207 specimens were refed on susceptible horses as 
follows :-72 after 13-18, 59 after 19-22, 66 after 33-35 .and 10 after 
60-62 days. 

Aedes hi1·sutus were used in five experiments, three with 0-virus 
(experiments 11 and 17-18) and two with Esho"~e vuus (expernnents 
30-31) . 213 specimens were injected after 5-30 days, viz., 30 after 5, 
J 37 after 7-9 and 46 after 29-30 days. 187 specimens ref eel after 15-21 
days, viz. : 91 after 15 and 96 after 20-21 days. 

Aedes dentatus was used in 5 experiments, three with 0-virus 
(experiments 12, 13 and 18), one with Losperfontein virus (experi­
ment 32) and one with Kaalplaas virus (experiment 35). 29 specimens 
were injected after 5-16 clays, 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, 
27 after 20-23, 20 after 25-27 and 6 after 35-37 clays. 

Aedes vittatus was used in three experiments, two with 0-virus 
(experiments 14-15) and one with Losperfontein virus (experiment 23). 
53 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. 

Aedes ZJunctothomcis and A. cumminsi "~ere u sed in the experi­
ment with 0 -virus (experiment 18) in which three specimens were 
injected after 8-9 clays. 

Amongst the various Aedes 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 33-57 and 10 after 60-62 days. 

Thi1·ty-one experiments, in which (apm·t from 240 Culex and 5 
AnozJheles), 786 specimens belonging to Aedes szJecies were ·injected 
after 5-65 days and 695 re/ed after 13-62 days, 1cere thus negati1·e. 
We cannot bvt 1·egard these negative res1dts as significant, in .fact 
even more s·ign1:,(icant than the .few positive: ?'esults , the more so as 
these posit ive results were only obtained by injections of mosf]uitoes 
"~ithin a short period after their having fell. 

Notwithstanding the, undoubtedly, sufficiently large amount of 
material used, it is not possible to arrive .at a definite conclusion as to 
the results. On seYeral 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 0-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 
t ime, 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 0-virus existed. 
We therefore might have been dealing throughout the "·hole course 
of the experiments with 0-virus and if this supposed reduction in its 
developmental capacity were an actual fact, the 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 work. The results of 
the mosquito survey, based on epidemiological evidence, assumed to 
be correct but being beyond our control, pointed clearly to certain 
Aedes species as the most promising transmitters, and, almost daily 
observations in the field , yielded no further information of 
importance. It must be remembered, however, that the season at our 
disposal was ~1ot a suitable horsesickness season. 

'L'here is, furthermore, the possibility that errors in our methods 
were responsible for the failures . In the event 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 "·e used. The extrinsic incubation period allowed should 
have been long enough and the temperature at which the mosquitoes 
were kept was certainly high enough 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. Further strong evidence in 
favour of the view that Aedes species are not the refll transmitters 
is contained in the fact that 6G2 " infected " specimens belonging 
to this genus were injected without causing an infection. Horse­
Riclmess 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 respects, loses its 
virulence very rapidly at room temperature, yet it remains alive for a 
considerable time in a large variety of mosquitoes more or less related 
to its natural transmitter. It appears strange, therefore, that 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 Aedes species are in all probability not the trans­
mitters of hMsesiclwess. The natu1·e of the strains 11sed, howerer, 
rnalces a definite conclusion not possible. 

In future work, experiments with spontaneous virus strains and 
Aedes species will, first of all, have to be carried out to ascertain the 
exact importance of these species, and should these fail, AnoplzPlines 
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will then have to be tested. Furthermore, a thorough mosquito 
survey, during a suitable season, is of the utmost importan ce in order 
to obtain more comprehensiYe epidemiological data. 

SuMMARY. 

During the latter part of the summer of 1931-1982 and !luring 
the winter of 1932 experiments in connection with the n atural trans­
mission of horsesicknesr:, were carried out flt Understepoolt. 1'he 
season was unfayourable on account of a shortage of r ain. 

The result of a mosquito survey, carried out at the same time and 
clescribecl in the first paper of this seri es, had pointed out that, taking 
into consideration the epidemiological e...-idence generally accep ted as 
con ect, certain dede.s siJecies are the most promising tramnnitters of 
horsesickness amongst the flying insects. On this assumpt ion mainly 
\Tas om· work based. 

Four strains of virus " -ere used, 0-virus, t he laboratory Yaccine 
strain, and three strains derived from field cases of the disease. 

The or dinary experimental technique in mosquito transmission 
work had to be modified and adapted to the special 1·equiremen ts 
(horses as experimental animals) and to t h e South African climatic 
conditions. The methods used were described in the second paper of 
this series . 

Altogether over 4,500 clean mosquitoes, belonging principally 
Lo different species of the genus Ae<les, were fed on experimentally 
infected horses. Over 10,000 specimens had to be caugh t or reared 
and handled. 

In all, 35 experiments were carried out, in wh icll the mosquitoes 
were eith er injected into susceptible h orses or refed on them after 
cliffe1·ent intervals. 

1,4:l4 specimens were injected ~-G5 days, 245 Cule.1· the/len:, 5 
Anopheles squamosus , 485 APdes caballus, 287 A. lineatopennis, ~l28 
A. hirsvtus, 28 A. dentatns, 52 A . riltatvs, 2 A . punr:tothomcis an d 
1 A. cum111insi . 

704 mosquitoes were refed at from 1 minute to fl2 fl ays after t heir 
having fed on inferted horses, 9 Cule.1, th r ile1·i , 190 fl. caballus, 207 
c1. lineatopennis , 187 A. hiTS11t1f,S, 102 A. rlentat11s and 9 A. vittatus. 

'l'h ree experiments only were positi ve. In th e first of these 
experiments 5 Culex theileri were injected about ! day a fter their 
initial feed, indicating th at su ffi cient virus had been taken up by 
this number of mosquitoes. In the secm1d positiYe experiment 85 A . 
caballus, 94 A. lineatopennis and 115 A. hiTsutus 1Yere injected after 
6 days, and in the third experiment GS .4 . ca ball11S and G6 A. line­
atopennis after 7 days. In t hese mosquitoes it was t herefore demon­
strated th at the virus might remain alive for periocls of up to one 
week. 

The remaining experiments were all negatiYe. 240 Cule.x 
theileri were injected after 5-25 clays, 5 Anopheles squamosus after 5 
days, 332 Aedes caballvs after 5-16 days, 157 A. lineatopenm:s after 
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5-65 days, 213 A. hirsutus after 5-30 days, 29 A. dentatus after 5-1G 
days, 52 A. vittatus after 5-15 days, 2 A. p1mctothomc·is and 1 A. 
cwn?!linsi after 8-9 days. 

190 A. caballus refed after 14-23 days, 207 A. lineatozJennis after 
13-62 days, 187 A. hi1·sutus after 15-21 clays, 102 A. dentattlS after 
15-37 days and 9 A. vittatus after 23-37 days . 

ln all, 78G Aedes species " ·ere injected after 6-Go days and G95 
Aedes species refed after 13-62 clays. 

By injections of mosquitoes at intenals of up to 9 clays, two 
positive results were obtained by using 428 specimens, whereas with 
662 further specimens only negative results "·ere procured. The virus 
is usually quickly destroyed, therefore, in the Ae~les species, although 
it is nonnally 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 0-virus strain, with which most of the experiments were carried 
out, had been isolated about 30 years ago and transmitted through 
almost 200 generations from horse to horse withoui: any passage 
through the natural transmitters. We 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 0 -virus 
against horsesiclmess existed, and it is thus possible that "·e were 
dealing throughout our work with 0-virus. 

From these experiments we arrive at the final Qonclusion, that 
Aedes species are very p1·obably not the t1'G1Mmitters of horses1:ckness. 
It is, h oweYer, impossible to come to a definite conclusion owing to 
the nature of the strains used. 
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