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[. INTRODUCTION

Horsesickness is still one of the major infectious diseases with which the
stockowner has to contend in Africa. despite the decrease in economic importance
of horses and mules in recent years. Moreover. with the future development of
this continent it must continue to occupy, possibly to an increasing degree, the
attention of those concerned with the welfare of our livestock.

In the past, severe epizootics of the disecase have occurred in parts of Africa
and Asia outside the recognised areas of distribution and these occurrences sho
serve as a warning that, in the future, outbreaks may well occur in contine
hitherto free from the disease. In this connection the diagnosis of bluetongue 1n
sheep in the United States of America (Alexander, Haig, Kaschula pnd
Mclntosh, 1952; McKercher, McGowan, Howart and Saito, 1953) is an exam
of how infectious diseases may make their appearance in continents considered to
be free from infection.
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Horsesickness is a seasonal, insect-borne virus disease of solipeds and is
noted chiefly for the high mortality it ~2uses in horses. In this species the course
is usually acute and in fully susceptil : animals more than 90 per cent of those
affected may succumb. Clinically the disease is characterized by hyperthermia,
oedema of the lungs, pleura and subcutaneous tissues and haemorrhages in the
internal organs. During the febrile stage the blood contains virus in high concen-

ttion and the transmission of the disease to other susceptible horses by injection
or infected blood is accomplished with ease.

Mules are somewhat less susceptible than horses. In Southern Africa clinic
signs of infection are extremely rare in the donkey but during the epizootic in
1044 in the Middle East about 4 per cent of the donkeys died (Alexander, 1948).

ccording to Alexander the greater susceptibility of the Egyptian donkey (Equus
asinus africanum domesticus) is explained by the fact that this donkey is of a
different variety from the donkey (Equus asinus asinus) found in Southern Africa.

Outbreaks of horsesickness have been known to occur in dogs fed on the
fiesh or organs of diseased horses (Bevan, 1911; Piercy, 1951). Experimentally,
: dog has been shown to be susceptible and of 54 dogs infected parenterally
1eiler, 1906, 1910) 30 developed fever reactions, and nine died showing
pulmonary oedema.

Injection of virus into goats produces a febrile reaction but apparently the
virus cannot be passaged serially in this species (Theiler, 1930).

Horsesickness is commonly confined to the continent of Africa south of
latitude 10° N. except in the East where it extends into Abyssinia, Eritrea and the
iglo-Egyptian Sudan. It occurs rarely in northern West Africa, the Cameroons
and Nigeria (Knuth and du Toit, 1921; von Ostertag and Kulenkampf, 1941;
Cnrasson, 1942; Alexander, 1948; Henning, 1949). Within the Union of South
rica it is widespread although it occurs more frequently in the eastern portion
~+ +his country. It is rare in the western and southern parts of the Cape Province
 eiler, 1921). At infrequent intervals severe epizootics have occurred in Egypt,
e arpano, 1933) the Middle East (Alexander, 1948) aud Yemen along the southern
:d Sea coast of Arabia (Carpano, 1930). In these latter countries the disease has
foiled to establish itself and the epizootics, which have occurred at intervals of
out fifteen years are the result of infection having spread from the adjoining
enzootic areas (Alexander, 1948). In the same way, outbreaks of the disease in
tha south-western areas of the Cape are the result of infection introduced from
« zr parts of the Union (Theiler, 1921).

Within the recognised enzootic areas outbreaks may be expected annually in

the late summer; the severity of these outbreaks apparently is dependent upon

matic and probably other unknown factors related to the insect vector or

hypothetical virus reservoir.  Approximately ten days after the first frost the

disease disappears with dramatic suddenness. No further cases normally occur

»nti] the following summer, although isolated instances of infection during winter

r the occurrence of frosts have been reported (du Toit, 1940). As a general

the relatively lower-lying parts of a given area are most severely affected.

1 ate and heavy rains after periods of prolonged drought ~ »  the occurrence of
otics.
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In the eightcenth and nineteenth centuries it was observed that the severest
epizootics occurred at irregular intervals varying from ten to twenty years. Seven-
teen hundred horses died of horsesickness in 1769 in the Cape of Good Hope and

:avy losses in Southern Africa were reported in 1780, 1801, 1839, 1854, 1862 and
91. The worst outbreak on record was that in 1854 when some 70,000 horses
out of a poulation of 160.000 in the Cape were reported as having died from the
disease (Theiler, 1921). More recently, severe outbreaks occurred in 1914, 1918,
123 (Henning, 1948), in 1940 and 1946 (Alexander, 1954a) and also in 1953.

It would appear that the virus is maintained during the winter in some
reservoir host which is confined to the recognised arcas of distribution of the
disease. Past experience indicates that neither domestic solipeds, dogs, goats nor
Culicoides spp., which are now commonly accepted as the vectors (du Toit, 1944}
can be considered as reservoir hosts. If this were the case it would follow that
areas such as Egypt and the south-western Cape Province would be enzootic areas.
Once the disease had been introduced into these areas it would become established.
Horses from South Africa have been introduced into Madagascar and India
without the appearance of the disease in those countries which indicates that, since
Culicoides have a world-wide distribution, the reappearance of the disease in
enzootic areas during summer cannot be attributed to the recovered horse acting
as a reservoir of the virus. That horsesickness has been known to occur in horses
introduced into parts from which all horses, mules and donkeys had becn
excluded for many years would also point to the virus being maintained in some
non-equine host (Theiler, 1921). In a search for this host Theiler carried out
extensive transmission experiments from a variety of wild mammals, birds and
amphibians that were caught or shot at random in enzootic horsesickness area.
all with negative results. It appears that equidae are not essential for the mainte-
nance of the virus in nature and that infection of this species is a pur
fortuitous event. Once the first case occurs amongst these animals it may be
assumed, at least in a fully susceptible population, that a horse-to-horse trans-
mission by the vector will readily occur.

The identity of the virus reservotr is still unknown and while its discovery may
not simplify the control of the disease in domestic animals in the enzootic areas
this knowledge might be of extreme value in preventing the introduction of =2
disease into countries at present free.

By intracerebral injection mice are susceptible and with serial passage in
this species neurotropic adaptation of e virus occurs (Nieschulz, 1932 Alexander,
1933). Usually from the second passage the virus is 100 per cent fatal for mice
and, once adapted, infective mouse brain gives titres of 10-%% to 1085 w
titrated intracerebrally in mice. With early mouse passage virus guinea-pigs have
been shown to be susceptible by the intracerebral route and in this species also
the virus becomes neurotropic. However, the concentration of virus in brain
tissue of this host is considerably less than in mice (Alexander, 1933, 1935).
With neurotropic adaptation in mice and guinea-pigs horsesickness virus becomr~<
modified for the horse and by the 100th passage in mice and apparently mu
earlier in guinea-pigs it is attenuated, and may be injected into susceptible horses
with complete safety (Alexander, 1935).

The embryonated hen’s egg has been shown to be susceptible to both
neurotropic and viscerotropic virus (Alexander, 1938; McIntosh, 1954q) altho
a detailed investigation of the behaviour of the virus in this host remains to ve
completed.
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As might be expected no form of specific therapy has been successful in the

eatment of horsesickness, Some success in its prevention may be achieved by

methods based upon the elimination of insect attack (Theiler, 1921; Alexander,
)48).

II. ANTIGENIC PLURALITY OF HORSESICKNESS VIRUS STRAINS

It has long been known that antigenic heterogeneity exists amongst different
strains of horsesickness virus. Theiler (1908, 1915, 1921) working with viscero-
tropic strains in horses and mules showed by means of cross-immunity tests that
while the immunity resulting from infection was durable and solid to the same
virus strain a variable percentage of horses contracted the disease in a mild,
severe or cven fatal form when challenged with a different strain or subsequently
were exposed to natural infection. In the early days farmers had noticed that
horses may suffer several attacks of the disease and the subsequent infections
were spoken of as “ aanmanings ” or relapses. From cross-immunity tests Theiler
(1930) concluded that from; 26 per cent to 81 per cent of horses immune to one
strain are likely to react later to other strains. The wide variation apparently
was dependent upon both the virulence of the challenging strain and the antigenic
relationship between the strains. It was evident also from Theiler’s studies that
there exists a high degree of antigenic relationship between all strains of horse-
sickness virus. A groups of horses immnne to any one strain also possessed some
degree of immunity to all other ava ble strains. 1t was this factor which
enabled Theiler, using only two immumzing strains in the horse and one in the
mule, to produce a fairly successful vaccine with his serum-virus method of
immunization.

However, despite the success achieved by Theiler in selecting suitable and
ective strains for immunization based upon his conception of antigenic
neterogeneity it was evident, that due to the expense and the difficulty of obtaining
susceptible horses, no systematic immunological study of all strains would be
possible by cross-immunity tests in horses. The variation in susceptibility of
different horses to the same virus also served to confuse the position.

Not until it had been shown that the mouse is susceptible to the virus of
horsesickness was an antigenic study of all strains possible. Numerous strains
have been isolated and adapted to mice and it is possible that by suitable

‘hnique all strains might be so adapted. With these mouse-adapted strains
Alexander (1933, 1935, 1936) and Alexander and du Toit (1934) were able to
confirm the existence of antigenic multiplicity amongst horsesickness viruses.

rses immune to attenuated mouse-adapted viruses were shown to be solidly
immune to the homologous viscerotropic virus but on challenge with heterologous
ains sometimes developed a severe and fatal reaction. At the same time the
ucvelopment of the intracerebral neutralization test in mice (Alexander, 1935}
indicated that an economical and reliable method was available for the immuno-
cal differentiation of strains. An = 2nsive study by Alexander of numerous
ins isolated since 1933 made possipie the selection of antigenically different
ms | inc _  tionin a vaccine.
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The selection of these vaccine strains has been based on the result
intracerebral neutr. zation tests in mice with antisera prepared in known sus-
ceptible horses. For the production these antisera the procedure is to inject a
10 per cent suspension of infective mouse brain into a horse which is then bled

r serum three months later, by which time the neutralizing antibodies against the
izjected virus usually have reached the maximum titre. Cross neutralization tests
with these horse sera in some instances showed unilateral neutralization which
added to the difficulty of accurate antigenic grouping of strains. The antibody
titre against heterologous strains may be enhanced by repeated injections of the
same virus and this is illustrated by the results of neutralization tests with three
strains of virus reported by Alexander (1935).

Although the irregular results obtained in neutralization tests with ho
antisera made the classification of strains into immunological groups difficult 1t
was still possible, with some accuracy, to select suitable strains for incorporation
in a polyvalent vaccine.

Polson and Dent (1950) showed that some strains of neurotropic horse-
sickness virus are characterized by different rates of inactivation when exposed to
ultra-violet irradiation. Since strains of similar antigenic structure show closely
related rates of inactivation it appeared that strains with divergent antigenic
strucure could be differentiated by the significantly different rates of inactivanon.
However, no extensive use has been made of this phenomenon to classify virus
strains antigenically.

From the results of filtration and centrifugation experiments Polson (1941)
showed that the size of the horsesickness virus particle did not vary with the
antigenic structure. From these experiments a particle size of 40--60mp v
obtained.

[[I. THE HISTORY OF IMMUNIZATION

The absence of any knowledge as to the identity of the permanent or primary
virus reservoir, the lack of any detailed information on the breeding habits and
bionomics of the insect vector which nullifies all efforts aimed at its elimination
or control, and the continued failure of specific chemotherapy have meant th-t
the control of horsesickness has been based upon the application of a suita
method of immunization Early recognition of the durable immunity following
recovery from a natural attack encouraged research in this direction.

Several early methods of immunization now are of historical interest only, as
little of the methods used or the results obtained have been published (Edington,
1900; Koch, 1904; Bevan, 1918, cited by Theiler, 1930).

The first effective method of immunization was the serum-virus method
introduced in 1905 by Theiler (1908, 1909) devised in the first instance for the
immunization only of mules. It coosisted of the simultaneous injection of
virulent virus (Strain O) and 300 ml. of immune serum (Serum O) obtained from
horses by a process of hyperimmunization. Due to the relative resistance of
mule the losses as a result of this method of immunization based upon the use of
a virulent virus were not prohibitive, averaging | per cent. The immur
produced was fairly good. Failures in immunity as a result of exposure to
natural infection were approximately 2 per cent and the mortality was as low
G-4 per cent (Theiler, 1930). However, instances are known where severe
mortality was experienced. For instance a mortality of approximately 15 per cent
was reported in several hundred exposed, immunized mules at Losperfontein in
1932 (Neitz, 1954).
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In efforts to find a safer vaccine the possibility of using formalized virus was
investigated in Kenya (Whitworth, 1929; Walker, 1930, 1931) and at Onderstepo
(du Toit and Alexander, 1930; du Toit and Neitz, 1932; du Toit, Alexander and
Neitz, 1933q, b). These studies showed that although formalized infective horse
spleen was antigenic and gave a solid immunity to challenge with virulent
homologous virus the immunity was transient and the margin of safety was
small. For the production of a durable immunity an injection of virulent blood
had to be given after the vaccine. The keeping qualities of the vaccine were poor.
The safest method involved multiple injections of vaccine, inactivated by progres-
sively lower concentrations of formaldehyde, at intervals of 14 to 21 days. Thesc
injections were followed by an injection of virulent blood. The immunity producad
was fairly good in mules but poor in horses. No attempt was made to replace the
serum-virus method with formalized spleen virus.

Kind (1934) also carried out immunization experiments with formalized virus
but with inconclusive results.

Only after the adaptation and attenuation of horsesickness virus to mice was
it possible to produce a vaccine containing several antigenically different strains
which could be used for immunizing large numbers of animals. (Alexander and
van der Vyver, 1935: Alexander, Neitz and du Toit, 1936). Immunization with
neurotropic virus was introduced in 1934 and is being used extensively to-day.
Some 130,000 doses are issued annually from Onderstepoort and a few other
laboratories in Africa produce small quantities of vaccine. Initially four strains
were incorporated in the vaccine issued from Onderstepoort but at present as a
result of additions which have been made from time to time there are eight strains
in the vaccine. No change in the strains used has been made since 1949. -~
vaccine is entirely safe and a wide polyvalent immunity is obtained from a sir
injection.

It has been shown (Alexander, 1936q4) that after simultaneous injection
several antigenically different strains of neurotropic virus a horse responds wi
the production of antibody against each strain, although the degree of response or
individual horses varies and, in some cases antibody against one or more of the
injected strains may not be detectable by neutralization tests (Alexander and
Mason, 194]).

After injection of neurotropic virus the immunity produced is solid. This i
evidenced by the fact that in no single instance has the immunity bezn broken in
the laboratory when challenged with the homologous virulent virus (Alexander,
1936h, 1954h). The immunity is known to last for at least six years and is very
probably life-long (Alexander, 1949). However, annual immunization is recom-
mended so as to ensure the production of the widest possible polyvalent immunity.

The results obtained from the immunization of horses and mules with
neurotropic virus strains have been satisfactory and the use of this vaccine or =
large scale has revolutionized the control of horsesickness. It is extrem
difficult to obtain reliable figures but from various reports it is doubtful whether
the average annual mortality from natural infection in horses immunized with the
present vaccine exceeds one per cent although it is possible that in years when
severe epizootics occur this figure may be slightly higher. For instance, in the
annual returns of the Director of Veterinary Services for the Union of South
Africa it is reported that 741 immunized horses died from horsesickness in Natal
during the severe epizootic of 1953. This figure represents approximately 3 per
cent of the total number of horses which were reported as having been immunized.
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adile these figures are unreliable in that they are compiled mainly from hearsay
evidence it must be accepted that several hundreds of immunized horses died
during this epizootic, although it is not possible to ascertain the percentage
mortality with any degree of certainty.

A point which should be emphasized is that the majority of these horses
possessed some immunity from either earlier injections of vaccine or natural
attacks of the disease from which they had recovered. Hence these figures of

rtality do not represent the mortality in a group of susceptible horses immunized
with a single injection of vaccine.

Many horses in the Union are ca ers of Babesia equi (Laveran, 1901) and
B. caballi (Nuttall, 1910) and suffer retapses of biliary fever during attacks of
horsesickness. Undoubtedly some immunized horses which would recover from
]tgf(:mll;or‘s)esickness infection succumb as a result of the dual infection (Theiler,
, ©).

During the epizootic of horsesickness in the Middle FEast in 1944 the
routine polyvalent neurotropic vaccine roduced at Onderstepoort was used with
considerable success (Alexander, 1948). It was used to immunize horses, mules
and donkeys in Egypt and Palestine and resulted in complete control of the
¢ zootic. It was noticed that deaths ceased approximately 21 days after

nunization. If allowance is made for an incubation period of 7 days and an

ess of 4 days it follows that immunity developed from about the 10th day
arter immunization. This is in agreement with results obtained in the laboratory
which showed that horses immunized with neurotropic strains were solidly
immune to challenge with homologous virulent strains three weeks later
( exander, 1949).

The vaccine used to immunize the animals in the Middle East contained
seven strains, viz., 449, 1180, VRY, ¢ , KA, O, VH, (see Table 3). Neutrali-
zation tests with three virus strains isolated from animals in Egypt and one strain
from Palestine indicated that the Middle East strains were very closely related
and that there was a strong relationship between these strains and the vaccine

ains VH and OD (Alexander, 1948).

Further data on the protection provided by the neurotropic vaccine is
available from the Onderstepoort Laboratory farm, Kaalplaas, where a fairly large
number of horses are kept under conditipns which expose them to horsesickness
infection. During the months February, March and April, 1953, eleven horses
died from horsesickness on this farm, and an unknown number suffered from an
attack of horsesickness and recovered. Of the eleven horses. that died, seven had
i n introduced recently from Wakkerstroom in the Transvaal Highveld, an area

ich is considered to be relatively free from horsesickness. In view of this
18 possible that on arrival on Kaalplaas these horses were all fully susceptibie
animals, having never been immunized or exposed to natural infection. They
were immunized on 17/3/53 shortly after their arrival and seven of them died
ween 2/4/53 and 21/4/53.
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antigenic types, that from time to time the antigenic composition of the prevalent
v ises in nature be submitted to critical laboratory examination. The large
number of viruses isolated in 1953 from widely separated parts of the country
provided an opportunity for such a study.

Due to the unsatisfactory tendency of horse antisera to develop antibodies to

rrologous  strains it was considered advisable to investigate the suitability of

Jit antisera. Also, with the large number of virus strains now isolated it was

aming increasingly difficult to obtain enough susceptible horses to produce
antisera against all these strains.

Although the rabbit is insusceptible to either viscerotropic or mneurotropic
horsesickness virus it was known that an antiserum could be prepared by
kyperimmunization with mouse-adapted virus (Alexander, Polson and van Rooy,
1950). However, no extensive neutralization tests with rabbit antisera had been
carried out and so the degree of their specificity was unknown. It was hoped

., possibly, the rabbit being insusceptible would develop antibodies only against
major antigenic components of each horsesickness strain and thus would
racilitate the grouping of strains into the main immunological groups. In the
work reported here on the typing of strains, rabbit antisera have been used
exclusively. With these sera it has been possible to group the forty-two virus
¢ ins examined into seven immunological types.

It has often been noticed that viruses isolated from cases of horsesickness in

nunized horses, on antigenic examination in the laboratory, proved to be
¢insely related to strains included in the vaccine used to immunize the virus donor
( exander, 1954c; Mclntosh, 1953). Unless the immune status of the animal at
the time of infection could be determined, the significance of this finding is
cbscure since the possibility of unsuccessful immunization could not be excluded
with certainty. In order to investigate this aspect further sera were obtained
from several breakdown cases as early as possible during the illness—before
neutralizing antibodies to the infecting virus would be detectable in a neutrali-
zation test. The results of the investigation on these sera are included in this
work.

In addition some experimental work on the use of the ferret and dog for the
isolation of virus from breakdown cases in iinmunized horses is described.

V. THE VIRUS STRAINS

It may be stated with confidence that all the viruses examined in the present

idy are in fact horsesickness viruses. All, except two which originated from
trapped Culicoides spp., were isolated from horses showing clinical symptoms of
horsesickness. The symptoms of this disease are usually characteristic and the
diagnosis is not often in doubt. Furthermore, it is likely that specimens submitted
to the laboratory for virus isolation would be collected only from cases in which
t diagnosis was obvious. However, with our present knowledge of horsesickness
viruses certainty in regard to mouse-adapted strains can exist only with those
viruses in whichy the parent strains have been known to produce horsesickness on
inoculation into horses or which can be shown to be related antigenically to
viruses falling within this category. It must be accepted that the eight viruses at
present included in the horsesickness vaccine issued from Onderstepoort fulfil one
or the other of these requirements. From the results submitted in this report the
antigenic relationship of all the remaining viruses examined, except four, to these
vaccine strains should justify their identification as horsesickness viru . The
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four strains which showed no antigenic relationship to the vaccine strains,
recent isolates which constitute a single antigenic type. So far none of these
strains has been inoculated into horses but from the history of their origit
well as their behaviour in mice and ferrets it is felt that their identification
horsesickness viruses should be accepted without doubt.

Preliminary work with the complement fixation test supports this opirinn
With this test, using acetone-ether extracted baby mouse brain antigens (Ca
1949) and antisera prepared in guinea-pigs, apparently all strains of horsesickness
virus are cross-reactive and no grouping of strains as is obtained with =
neutralization test with rabbit antisera is evident. With the complement fixation
test strains PMB and Karen were cross-reactive with all the vaccine strains against
which they were tested. These two strains are two of the four strains which
showed no antigenic relationship to vaccine strains with the neutralization test.

The two strains, isolated from Culicoides spp., should be considered as
horsesickness viruses in view of their demonstrated antigenic relationship to two
of the vaccine strains.

All the viruses examined were ouse-adapted and at various passage lev
The earlier isolated viruses had had petween 100 and 150 mouse passages but mnst
of the more recently isolated viruses were at a much lower level. Many of @
viruses had been passaged once through the ferret followed by several serial
passages in baby mice, as well as adult mice as shown in Table 3. Some strains
were passed from thirty to forty times in baby mice.

It is customary to refer to the different horsesickness viruses as strains |

it should be emphasized that the word as used refers merely to d erent isolates
and does not take into account any properties of the various viruses such as
virulence for the horse, growth characteristics in the mouse or egg embryo, or
antigenic composition. For lack of any rational system of classification the sym-
bols used to denote the various viruses have their origin from the laboratory
rnumber of the horse infected with the particular virus or from the locality where
the strains made their first appearance.

The 42 viruses investigated may be considered for convenience in three
groups.

(1) The eight vaccine strains. These strains are incorporated in the
present vaccine issued from Onderstepoort. They had been selected
for inclusion in the vaccine partly on grounds of their -ivergent anti-
genicity, a fact which ~ade them suitable for in sion as a
comparative group in a ] .n of cross-neutralization experiments.

(2) Sixteen recently isolated strains. Ten of these strains were isolated
during the epizootic in 1953.

(3) A group of 18 strains isolated at various times over the past 20 ye .
Most of these strains were isolated from cases of horsesickness 1n
immunized horses. They had been investigated and for a variety of
reasons had been found unsuitable for inclusion in the vaccine. They
had been freeze dried as infected brain material and kept at 4° C.
Some had been stored in this way for 16 years.

To facilitate reference, the laboratory history and other relevant data, of
every strain examined, are listed in Table 3 in the three groups as outlined above.

476









B. M. MCINTOSH.

(d) Horses

_ The donors of the serum used in the preparation of the normal serum-saline
diluent were susceptible horses maintained at this Institute under horsesickness-free
conditions.

{e} Dogs
These were mongrel animals purchased locally.

VII. LABORATORY METHODS
(a) Preparationt of the viral antigens

To obtain a supply of virus of each strain for the neutralization tests fiv:
or six mice were sacrificed in extremis. To the freshly harvested brains chilled
diluent was added in sufficient quantity to make a 5 per cent suspension. After
blending, the suspension was centrifuged at 3,000 r.p.m. for 15 minutes and the
supernatant was distributed in 1-2 ml. amounts into tubes, which were then
scaled and stored in a solid carbon dioxide cabinet. Lots of each virus were
prepared in this manner in sufficient quantity for all the intended experiments and
with one or two exceptions the same lot of each virus was used throughout the
series of experiments. After preparation, each lot of virus was tested for potency,
after being held under the identical conditions of the neutralization test.

The diluent for the virus was a mixture containing 5 per cent lactose, 1 per
cent peptone in M/50 phosphate buffer in distilled water. Ten per cent horse
serum in normal saline was found to be unsatisfactory as a diluent for horse-
sickness virus preserved in the frozen state. Freeze-dried virus using the lactose-

stone mixture as diluent also proved to be unsatisfactory. On titration of the

ed virus immediately after reconstituting, the titre was satisfactory but on being
exposed to the conditions of the neutralization test there was a marked decrease
in titre. With a serum-saline diluent the rate of freezing appeared to be important
as quick-freezing in a solid carbon dioxide alcohol mixture appeared to be more
detrimental to the virus than a slow freeze in a mechanical deep-freeze.

(b) Sera
1bbit

Antisera against each of the eight vaccine strains as well as the 16 recently
isolated viruses, enumerated in Group 2 above, were prepared by the hyperim-
munization of rabbits. Pooled antiser= from two rabbits were used for each
strain. The rabbits were given 10 we ly, intravenous injections of 1 ml. each of
a freshly prepared half per cent infected brain suspension in normal saline. These
suspensions were prepared just prior  injection from lots of infected brain
material stored at —15° C. After bilending, the suspensions were centrifuged at
2000 r.p.m. for half an hour and the supernatant was injected into the rabbits.

he rabbits were bled 10 days after the last injection. The sera were stored at
- 15° C without preservative in tubes with airtight rubber stoppers. To avoid
repeated freezing and thawing, lots of each antiserum were stored at the same
'mperature in 0-4 ml. amounts. These volumes were just sufficient for one test.
All rabbit sera were used unheated.
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In the case of the serum-virus mixtures a group of six mice was used for
each mixture, and with the virus titrations four mice were used for each dilution.
The dose for all mice was 0-'05 ml, given intracerebrally. The mice were
observed for a period of ten days and deaths from the third day were included in
the death score. In the case of strains which had been passaged in baby mice an
observation period of 14 days was necessary.

(d) Collection of material from horses and ferrets for virus isolation

For isolation of virus from horses blood, collected in an anti-coagulant

nreservative (0.C.G.), (water 8240 ml., glycerine, 5,000 ml., potassium oxalate 50

n., Carbolic acid 50 grm.), was used. This blood was collected usually at the
reight of the febrile reaction.

In the case of the six immunized horses maintained at the laboratory or
alplaas (Nos. 1513, 1408, 1100, 1582, 1096, 2627) and the two immunized
rcherons from which serum was obtained for neutralization tests blood was also
collected in O.C.G. for virus isolation. The two bleedings, for serum and for
virus isolation, were made on the same day. From all these horses viruses were
eventually isolated and adapted to mice. Following the usual custom the strains

om the laboratory horses were designated 1513, 1408, 1100, 1582, 1096 and 2627
and those from the Percherons P1 and P2.

Several virus strains were isolated from O.C.G.—blood samples submitted by
veterinarians in various parts of South Africa and Rhodesia. These samples were
it through the post and no refrigeration during transit was attempted. On
arrival at the laboratory they were stored in a refrigerator at 5° C until injected
into mice, ferrets or horses for the purpose of virus isolation.

For isolation of virus from ferrets, the ferret was anaesthetized with ether
and blood was withdrawn by cardiac puncture into O.C.G. When spleen was
used as a source of virus pieces of this organ were macerated in a Waring blendor
with an equal amount of serum-saline and then lightly centrifuged. The undiluted
supernatant was used to infect mice.

(e) Injection of mice and method of passage

As the O.C.G. blood mixture is toxic when injected intracerebrally into mice,
it was diluted to 1/5 with serumsaline prior to injection. For serial passage a 10
per cent suspension of infective brains was used. All infective brain material was
stored at - 15° C until used. The brains were harvested from mice when in
extremis. The suspension was clarified by centrifugation at 3,000 r.p.m. for 15
minutes before injection into mice. With infant mice it was possible to make a
assage every second day and with a \ts every third or fourth day depending
upon the particular strain. The strains isolated in 1953 were passaged mainly in
infant mice.

[n the passage of strains in baby instead of in adult mice it was felt that

sre was a greater danger of accidental mixing of the strains due to the higher
«ngceptibility of baby mice and certain routine precautions were adopted to reduce
is hazard. With a view to ascertaining the chances of accidental infection during
ssage the infectivity of horsesickness virus for baby mice by various routes was
uctermined. These experiments showed that the percentage mortality from the
injection of 10° intracerebral doses by the intraperitoneal route was 21 per cent
and by the intranasal 100 per cent. Comparative titrations by the intracerebral
and intranasal routes showed that the infectivity by the latter route was consider-
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ably less since titres of only 10-1** were obtained by intranasal infection. Amony

several families in which only half the litter was infected by the intracereb:

route none of the non-infected litter mates became sick. No virus could be
monstrated in the muscle and blood of baby mice when in extremis.

(f) Serum-saline diluent

All dilutions were made in 10 per cent horse serum in normal physiological
saline. The serum was inactivated at 56° C for 30 minutes and merthiolate adde
at a concentration of 1/10,000.

(g) Calculation of titres

Serum and virus titres were calculated according to the method of Reed and
uench (1937) and are expressed as the reciprocal of the dilution end-point. Due
to the fact that the heterologous titres were often higher than the homologous it
was considered that no advantage could be gained by determining antigenic ratios
or R values of related strains (Hillman and Horsfall, 1952).

VIII. EXPERIMENTAL PROCEDURES AND RESULTS
(a) Isolation of virus in mice from immunized horses

It will have been noticed that among the viruses isolated since 1952 several
wero passed once through the ferret. It is felt that some explanation should be
given for this procedure and accordingly, the work done on the isolation of virus
from immunized horses is given in some detail.

From infective blood drawn at the height of the disease in non-immune horses
rus isolation in mice is comparatively simple. In adult mice injected with such
blood the incubation period will vary from ten days to three weeks and usually
only about half the mice will become sick (Alexander, 1935). Usually within the
second or third passage, the mortality is 100 per cent and the strain can be
maintained without difficulty in serial passage. Baby mice are more susceptible
(Weiss, 1949) and even from the first passage the mortality in mice of this age
is usually 100 per cent.

However, when blood is drawn from a reacting immunized horse it is often

impossible to infect either adult or baby mice. Mulligan (1938) has reported the

me difficulty in Kenya. Such immunized horses usually contain serum anti-
podies to high titre against the eight virus strains incorporated in the vaccine ar
apparently these antibodies interfere with multiplication of virus in the mouse.

Injection of blood from a reacting immunized horse into a susceptible horse
results in infection, and so this difficulty of isolation in mice may be overcome
by sub-inoculation of the blood sample into a horse and »m virus circulating in
the blood of this horse during the febrile reaction the mouse can readily be
infected. Even though susceptible horses may be available the method is expensive

id unless some alternative can be found it will not be possible to isolate all
-ains received at the laboratory. For obvious reasons it is of considerable
importance that as many strains as possible be isolated from breakdown cases in
immunized horses and the submission of blood samples from such cases is
encouraged. The result of the injection of blood from reacting immune horses
into susceptible horses shows that faill : in these cases to isolate the virus in mice
is not dne to absence of viable virus but is probably due to the presence of anti-
develop in response to immunization. These blood samples are

eutral serum-virus mixture for the mouse but an infective mixtu
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If such were the case it was thought that is might be possible with certain
procedures to reactivate sufficient virus in the blood samples to enable infection
in the mouse to occur. Numerous workers have demonstrated that reactivation

neutralized virus may be accomplished in several ways. Taylor (1941) ar
woyal (1935) showed that by simple dilution, virus in neutral serum-virus mixtures
could be reactivated. Morgan and Olitsky (1940).showed that high speed centri-

jation was another method which may be employed while blind passage in mice
was used by McKee and Hale (1946) to reactivate neutral mixtures in influenza.

cordingly, these three methods were attempted on O.C.G.-blood mixtures
obtained from reacting immunized horses, and which were known to be infective
for susceptible horses but which had not proved infective for either adult or baby
mice.

The donors of these blood samples were two laboratory horses Nos. 1513 and
1408 and a horse from the Vryheid district (donor for strain FR). The veterinary
histories of the two laboratory horses showed that these animals had each
received three annual injections of vaccine prior to their breakdown infection.

1e precise history of the Vryheid horse is not known although it had been
reported by the State Veterinarian, Vryheid, who submitted the sample that the
horse had been immunized several times. The blood samples from horses No<
1513 and 1408 had been injected into susceptible horses which had reacted ar
been bled during this reaction and so both these strains were available in two
blood samples; the one sample from an immunized horse (non-infectious or
“neutral ” for the mouse) and the other from a susceptible horse (infectious or
“active ” for the mouse). The FR virus used in these experiments was that
contained in the blood sample obtained directly from the breakdown case.

Centrifugation

The O.C.G.-blood mixture obtained from horse No. 1408 was centrifuged in
an anglehead centrifuge for half an hour at 3,000 r.p.m. to remove gross particulate
matter and the supernatant centrifuged for half an hour at 15,000 r.p.m., thus
applying a centrifugal force sufficient to sediment the particles of horsesickness
virus (Polson and Alexander, 1945). The sediment obtained was resuspended in

per cent serum-saline and again centrifuged for! half an hour at 15,000 r.p.m.

lis sediment was resuspended in serum-saline and was used to inject baby mice.

this manner it was hoped that sufficient antibody would be removed to allow
intection of mice to take place. The attempt was unsuccessful. This procedure
was repeated with the O.C.G.-blood mixture obtained from the horse in the
Vryheid district with a similar negative result.

Dilution

Infective O.C.G.-blood obtained from horse No. 1513 was injected into
families of baby mice in the following dilutions: 1/100. 1/500, 1/1000, 1/10,000.
» deaths which could be attributed to horsesickness occurred in any of the mice.
‘ective blood (Strain 1513) obtained from a reacting susceptible horse was sub-
sequently titrated in baby mice and the infective titre proved to be only 100 LD50.
In view of the slight dilutions such low titres would allow further attempts at
ivating virus by this method were abandoned.
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TABLE 13
Neutralization of graded doses of virus by an identical series of serum dilutions

Virus Dilutions Virus LD50 ! Serum Titre

o |
1100 800 ! 55
120, | 400 | 278
VAo e | 200 ‘ 569
T 100* 522
1160, .o 50 f 1,125
1/320. e ‘ 25 i 744

* Value obtained by titration in mice.

These results are presented graphically in Fig. 1." The logarithm of each
serum dilution end-point has been plotted against the logarithm of the quantity of
virys neutralized. It has been assumed that a linear relationship exists between

: two variables and a line has been drawn to fit the points (Horsfall, 1939;
rsfall and Lennette, 1941; Tyrrel and Horsfall, 1953).
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FIG. lope of neutralization line with horsesickness virus.
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sults and discussion

The slope of the neutralization line has been calculated by the method of

t squares and a value of 1-4 was obtained. This means that a variation of

log. unit in the quantity of virus used results in a shift in the serum dilution
enda-point of 0-7 unit, From these results it is evident that a variation of between
720 and 320 LD50 of virus will result in at least a tenfold difference in serum titre.

le it is not possible to determine accurately the slope of the neutralization line

lout numerous replicate experiments  orsfall, 1939} the present experiment is
suificient to indicate that the slope with horsesickness virus is not steep and in
c rarison with many other viruses (Tyrrel and Horsfall, 1953) relatively small
< ences in virus concentration result in significant differences in serum titre.

(i) The cross-neutralization of the vaccine strains and sixteen recently isolated
strains of horsesickness virus

As mentioned earlier, the eight vaccine strains had been selected for incor-
tion in the vaccine on the results of extensive neutralization tests in mice.
e tests had involved numerous strains isolated and adapted to mice in this
catorv since 1933 and in the vast majority of cases the virus donors were
unize horses. As these eight strains had been seclected mainly for their
enic ssimilarity to each other it wa< evident that in cross-neutralization tests

designed to classify new strains it would > advisable to include these eight strains

in the series as a comparative group. The other strains included were sixteen
ns isolated between 1949 and 1953 from breakdown cases in immunized
es. It was hoped that these tests would be sufficiently comprehensive to
le an evaluation to be made of the suitability of rabbit antisera in neutrali-
» tests with horsesickness virus. As the antisera became available the
ralizations were carried out and the results are shown in Table 14. Those
ns which were cross-reactive are shown in Table 15. Table 16 groups the
ns which showed reciprocal neutr: ations into . igenic t 2s which have
| designated with Arabic numerals as suggested by Dalldot. (1953) for the
sification of immunological types of Coxsackie virus.
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Results and discussion

It has been shown that a variation of between 20 LD50 and 320 LD50 i
test dose of virus used in a neutralization test can result in an approximate te
variation in serum titre. It was not possible to include all 24 antisera in
neutralization run with a single virus so that in some cases, even titres obt:
with the various antisera against the same virus, are subject to this variation.

Other factors which might have resulted in differences in serum titre
related to antigenic structure are the passage level of the virus and variatic
the 1 mune response of the individual rabbits. While some variation in tit
a reswt of widely divergent passage levels might have occurred the experi
described above indicated that the degree of variation due to this cause was
slight and possibly may be ignored.

No experimental work was done on the uniformity of antigenic respon
the rabbits to the hyperimmunization ‘ocedure used but it must be accepted
variable response accounted for some difference in serum titres. By the u
pooled sera from two rabbits and by keeping the method of hyperimmuniz
as uniform as possible an attempt was made to limit the effect of this var
According to Sobey (1954) the use of an inbred strain of rabbits serves to increase
the uniformity of antigenic response of rabbits. All the rabbits used for ant
production were from the Onderst »>ort strain which has been inbred for m-ny
years. Most of the sera gave high utres against the homologous virus, except r
1408 antiserum which gave a titre of 13 against only 35 LD50 of the homologous
virus. It is believed that this low value is mainly the result of poor anti iic
response of the rabbits.

It was anticipated that a combination of weak antiserum, low neutr za
of the virus and a high test dose of virus might result in false negatives in
between strains distantly related. To avoid such results a careful watch was
on the survival time of mice injected with mixtures containing the higher concen-
trations of serum. For instance, neutralization of 134 LD50 of strain 110
ES antiserum gave only a trace of neutralization but on repetition of the test
80 LD50 a titre of 31 was obtained. However, such poor and erratic neutraliz
was exceptional.

TABLE 16
Antigenic grouping as indicated by the cross-neutralizations

Type | Vaccine Strains Recently Isolated Strains

1 1180, ASOL........ccooon... 1513, 1408, 2627.

2 [0 5 2 —

3 KA, L.i.oiiiiiiiiiia., —

4 VRY...........vvuiviei..... | RHOD, 454, MFK, ERM.

5 VH. oot FR, 1582, VR, P2, P1, 1096.

6 114. ...t e —

7 — ES, 1100, PMB.
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(7) In the same locality and during the same outbreak several antigenic
types may be isolated from infected horses. Strains 2627, 1582 a~-
1100 were isolated from different horses on the Institute’s farm Ka
plaas within a period of one month. This would indicate that in an
enzootic area an outbreak in a restricted locality may originate more
or less simultaneously from several different foci. On the other hand,
strains Pl and P2 isolated from two horses sick at the same time on
the same farm' are related antigenically.

(8) During a widespread epizootic, in an enzootic area, such as occurred
in Natal and the Transvaal during 1953, it is evident that sever
antigenic types of virus are’ implicated. Strains 2627, VR, ERM and
ES are representative of different antigenic types (heterotypic) and
were isolated during this epizootic from widely distant parts of these
two provinces. In view of this, perhaps, it is justifiable to conclude
that epizootics within the recognised areas of distribution of the
disease originate from the development of conditions favourable to the
virus reservoir or insect vector rather than from the appearance and
propagation of a single virus strain possessing certain epizootic-
producing characteristics. This is in agreement with the observations
in Southern Africa where the disease annually makes its appearance
simultaneously at widely scattered points over vast tracts of country
with very little evidence of spread from one point to another.

(j) Neutralization of 18 other horsesickness strains by
selected type antisera

At the conclusion of the cross-neutralization experiments the typing was
extended to include certain other horsesickness strains which were available as
mouse-adapted viruses. There were 18 of these viruses and the details of their
origin have been given in Table 3. On the results of the cross-neutralizations
it appeared that it would be unnecessary to prepare antisera against each
these viruses and the classification of these strains into antigenic types wou
be possible from neutralization of these strains by seven type antisera, each
antiserum being representative of one of the seven immunological types. It was
to be expected that each of the eighteen viruses would be neutralized by either one
or none of; the antisera. No neutralization by any of the seven sera would indicate,
either that the virus consisted of a mixture of known types or was of a type nnt
present amongst the viruses included in the cross-neutralization series. ]
results of these neutralizations are shown in Table 17. Except for type 7, wh
was not represented amongst the vaccine strains, the type antisera selected
this series of neutralization were antisera to various vaccine strains and were the
same : bit sera used in the cross-neutralizations.
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The neutralization tests with these horse sera emphasize that the presence of
ralizing antibody in the serum of a horse against any particular mouse- -adapted
esickness virus does not mean that the horse is necessarily solidly immune to
virulent parent strain but can only signify that some degree of immunity
s. A somewhat similar relationship between serum antibodies and immunity
been reported by Salk, Menke and Francis, (1945) with influenza virus. These
ors showed that infection sometimes occurs in persons with high antibody
levels against the infecting virus.

IX. GENERAL DISCUSSION

From an analysis of the results of the neutralization tests with rabbit antisera
it is evident that the value of horsesi 1ess antisera prepared in rabbits lie in
their group or antigenic type specificity. The degree of neutralization of strains
by heterotypic antisera occurred only to an insignificant extent, while on the other
hand there was complete cross-reactive neutralization between homotypic strains.

s believed that the methods used have enabled a valid immunological classi-

tion to be made of all the strains examined. A comparison between the
results obtained with these rabbit antisera and certain neutralization tests carried
« by Alexander (1949) in which he used horse antisera reveals a close similarity.
~or instance it was shown that the current horsesickness vaccine issued from

«derstepoort contains all antigenic types known to have been isolated before

: present study was undertaken. As mentioned earlier these vaccine strains
were selected on the basis of mouse neutralization tests with horse antisera.

A comparison between the antigenic grouping with the neutralization test
using rabbit antisera and that based on the rate of virus inactivation by ultra-
violet irradiation as reported by Polson and Dent (1950) shows certain discrepan-
cies although some correlation is evident. Strains with markedly different rates
« inactivation showed divergent antigenic structure with the neutralization test.

For immunization purposes it is important to know the degree of relation-
shm between the immunological grouping of strains based on the mouse neutrali-
on test and immunity in the horse and mule. The obvious answer lies in a
zs of cross-immunity tests in horses with virus strains of known immunological
For such tests to be of any value rge numbers of horses would have to be
1. With the present facilities availabie this is impossible owing to the expense
lved.  Nevertheless, it would appear that a reasonably sound assessment of
relationship between the present grouping and immunity in the horse and

e can be made on the available evidence.

It is certain that strains classified in the present study as heterotypic possess

a certain amount of common basic antigenic structure. This is evident from the
ill amount of heterotypic neutralization encountered in the tests with the rabbit
antisera and more clearly from the results of neutralization tests with horse anti-
sera. For instance, Alexander (1935) showed by means of neutralization tests using
antisera obtained from horses which had received a single injection of neurotropic
virus, that strains O and 449 are antigenically dissimilar, but further neutralization
tests using a horse antiserum produced as a result of five injections of neurotronic
iin 449 revealed a distinct antigenic relationship between these strains. th
rabbit antisera, strain O was grouped as a Type 6 strain and 9 as a Type 1.-
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ppears that the hyperimmunization of the horse with strain 449 revealed minor
genic components common to O and 449 which were not evident with the
%t antisera or with the horse antisera prepared from a single injection. It is
mreresting to note that strain 449 was ienlated from a fatal case of horsesickness
it occurred in a horse that had been yperimmunized some months previously
against strain ‘O (Alexander and du Toit, 1934). That a certain amount of anti-
genic overlap existed between strain 449 and O was shown later by Alexander and
du Toit (Joc. cit)) from cross-immunity experiments in mules in which immuni-
z on against the one strain produced an undoubted but not solid immunity
aoainst the other. Furthermore, it is doubtful whether the relative success
a eved by Theiler with the serum-virre method of immunization, in which only
one immunizing strain was used in m1 s and two in horses, would have been
[ ible without this antigenic relationship between heterotypic strains.

The results obtained with the rabbit antisera have not elucidated the degree
« antigenic relationship between strains classified as homotype but the evidence
indicates that these strains are not antigenically identical.

It has been shown that in immunized horses, horsesickness sometimes occurs
«  to infection with strains of virus which are homotypic to one or more of the
vaccine -strains. - While it may be argued that these infeetions occur-only in horses
inadequately immunized with poor quality vaccine, this contention has been shown
tc be unsatisfactory in many cases, for examination of acute phase sera obtained
fram geveral immunized horses during infection with virus strains shown to be
stypic to vaccine strains showed that many of these horses possess high titre
ody against all vaccine strains at the time of infection. From this it would
ar that the most logical explanation of failures in immunity as a result of
tion with homotypic strains is that antigenic differences exist between such
1s. In other words the neutralization test does not reflect the true state of
unity in the horse. This species is apparently a more sensitive test animal
man the mouse for detecting antigenic differences between strains within a single
t . This sensitivity of the horse is evidenced also by the fact that Theiler’s
cross-immunity tests showed that a solid immunity in the horse develops only to
t  homologous virus at more or less the same equine passage level whereas
neutralization tests in mice with neurotr: (¢ virus reveal numerous strains with an
arent indistinguishable antigenic relauonship. From all the evidence it is
wwaconable to assume that slight antigenic differences exist between strains within
a single type and these differences are sufficient to result in occasional deaths in
ir .unized horses.

While this explanation is the most ] zly one to account for breakdowns with
homotypir strains in immunized horses two further possibilities should be con-
si red. 1ese are:—

(a) With mouse-adaptation antigeric changes occurred in the virus, which
resulted in the appearance « a strain similar to one of the vaccine
strains;

(b) the horse was infected with more than one strain and only one of the
strains became mouse-adapted.
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In considering the first point, it is obvious that if results of antigenic studies
with laboratory propagated viruses are to have any practical value, it is important
that there should be no tendency for spontaneous antigenic variation to occur at

te time of isolation or during the various laboratory manipulations to which the
viruses 2re subjected. The antigenic variation in laboratory propagated influenza
viruses  irst, 1947; Francis, 1947; Chu, Andrews and Gledhill, 1950) indicate that
such an occurrence is more than a theoretical possibility. Chu, Andrews and

ledhill (loc. cit.) state that although there is no doubt that different antigenic
varicties of influenza virus do occur in nature, it is necessary for a proprr
evaluation of these differences, that as few egg passages as possible be made ar
m no case should a virus passed in mice or ferrets be used for antigenic studies.
According to Rohrer (1953) certain field and laboratory observations on foot and
mouth disease virus by Ramon in France, Geiger and Demnitz in Germany and

ndjokaw, Bajndinaw, Fillipowitsch and Nikonowa in Russia have shown that
one antigenic type may change into another type. Apparently the infection or
passage of virus in immune animals favours the appearance of antigenic changes
in this virus.

Whether horsesickness viruses also possess this antigenic lability is a question
vhich should receive attention in any evaluation of antigenic studies with thee~
viruses in the laboratory. According to Theiler (1915) some modification occurre
i two virulent horsesickness virus strains he passaged in horses. When discussing

2se changes Theiler states ““ of Tzaneen strain we possess two varieties, a virulent
one and an attenuated one. Both qualities have been obtained by the same
process viz., by passage from one animal to another . . . . in the case of Tzaneen
strain a lower generation (passage level) will break the immunity conveyed by a
higher generation and in the case of the ordinary ‘O’ strain the higher generation
will break that conveyed by a lower ”. Elsewhere in the same report Theiler states.
“a horse that reacted to the minimum test dose of at least 2.000 fatal doses
ordinary virus cannot be infected with horsesickness if we use the same virus at a
dose of a million times or even more. The horse will not show the slightest
action . . . Notwithstanding the presence of antibodies in the bloodstream, t
norse can contract the disease again, when a virus of a higher generation of the same
strain is used.” From these statements it appears that some antigenic variation may
occur in virulent viscerotropic horsesickness virus when passaged in horses. While
it may be contended that these changes did not involve mutations since it is
»ssible that the original isolates consisted of a mixture of two or more strains,
uie of which was lost during serial passage, this contention is not in agreement
with the observation that low passage O did not give solid protection to the
high passage virus. However, it is doubtful whether such antigenic changes,
they did occur, can be considered purely as mutations. For it appears equally
sssible that changes in antigenic pattern may be the result of selection or re-
arrangement and recombination processes brought about by changes in the
environment such as passage in partially immune horses, as has been suggested
ight occur sometimes with influenza virus variations (van Magnus, 1953).
ctor which may have facilitated antigenic changes in Theiler’s viruses was that
he had no means of determining the susceptibility of the horses he used for
passage; it is not unlikely that some of his horses possessed a partial immunity
against the strains passaged. Further evidence pointing to the antigenic lability
of horsesickness virus is the fact that so many antigenically different virus strains
occur in nature. Discussing these changes Theiler (1921) states that * under
natural conditions some such process must be expected to take place; it is other-
lifficult to understand how there can exist so many different strains of
ickness virus breaking the various immunities.”
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Against this evidence of possible antigenic change in viscerotropic horse-
kness virus considerable past experience with neurotropic mouse-adapted horse-
sickness strains indicates that the neurotropic viruses are antigenically stable as
horses immunized with them have always been solidly immune to the yirulent
parent strains by challenge-inoculation (Alexander, 1954d). ;

Also, an attempt to produce an antigenic variant of a mouse- addpted strain

serial mouse passage in the presence of homologous immune serum was
unsuccessful (Polson and van Rooy, 1951). Furthermore. the results of the
sutralization tests with ferret antiscra obtained as a result of infection with
viscerotropic strains, indicate that within the limits of the test used the mouse-
adapted strains, PMB, 1513 and FR are antigenically identical to their virulent
parent strains.  Additional cvidence of the antigenic stability of horsesickness virus
is that in the foew instances in which horses have been immunized with egg-
adapted horsesickness viruses these horses have been solidly immune to the
omologous virulent strain when challenged (Alexander, 1949: Mclntosh, 195456).

It is possible that the difference observed in the behaviour of viscerotropic
and ncurotropic forms of horsesickness virus is genuine and that the viscerotropic
virus is antigenically labile and the neurotropic virus stable. Alternatively, the

ssage of the viscerotropic form in partially immune horses possibly provided a

ore favourable environment for the appearance of variants. While dntlgunc
change in influenza virus has occurred during passage in eggs as well as in ferrets
and mice these changes arc apparently more liable to occur in the latter twn
species than in eggs (Chu, Andrews and Gledhill, 1950). It has been postulats
by Gordon (1950} that the undeveloped capacity for immune response in the
embryonic egg tissue is a factor in the apparently greater genetic stability of egg-
enltured influenza virus. Whatever the position may be in regard to viscerotropic

orsesickness virus it is extremely un] :ly that antigenic variation of neurotropic
virus is an explanation for breakdowns in immunized horses as a result of
infection with virus strains antigenically similar to the vaccine strains. Ev
assuming that antigenic changes had occurred during mouse-adaptation with some
strains it is likely that these changes would have been slight and hence not
detectable with the neutralization test.

The second point to be considered is whether exposed horses become infected
the same time with more than one strain of horsesickness virus. In an evaluati
ol antigenic studies on strains isolated from breakdown cases in immunized horses
it is important to know that the particular strain isolated was the cause of the
symptoms, for it is possible that where horses are exposed to massive infection

th more than one strain such as occurred on the farm Kaalplaas in 1953 a
rorse may be infected simultaneously with several different strains.

While it is known that injection of horses with several neurotropically
attenuated strains probably results in infection with cach strain in that neutralizing
antibody against each strain develops later, there is very little positive evidence to
suggest that horses in nature experience concurrent infection with more than one
virulent strain. When Theiler (1909) attempted the immunization of mules with what
he called “ Composite virus ™ with a view to the production of a wide polyvalent

aomunity he found that a percentage of animals reacted later to challenge
inoculation with the same “composite virus . This virus consisted of a mixtu
of strains, usually three, and they were injected simultaneously. As we know
that the immunity in horsesickness to homologous viruses is always solid. th
breakdowns indicate that certainly not all the injected strains succeeded in infec-
ting all the mules. On the other hand it is not possible to conclude that infection
resulted with only one of these strains.
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For the immunization of horses and mules against horsesickness it is believed
at it is possible to produce an adequate immunity with a vaccine composed of
strains representuative of each antigenic type. I for any rcason it should be
decided to reduce the number of strains in the vaccine, the strain to be climinated
should be selected from either Type 1 or 2 owing to the close antigenic relationship
shown to exist between these two tvpes. Unfortunately, due to the apparent large
number of antigenically different strains within a single type it is obvious that
absolute protection of all animals will not be achieved by a vaccine consisting of
seven strains.

Which particular strain of cach immunological tvpe should be sclected for
inclusion in the vaccine presents some difficulty. The ease with which the strain
can be utilized for mass-production of vaccine as well as its immunogenicity in
the horse should be considered, and it would be logical to select a strain recently
isolated rather than an older strain. Perhaps the wide basic immunity in horsc-
sickness between homotypic strains makes the need for the accurate immunological
differentiation of these strains less important than might be the case with such
viruses of foot-and-mouth disease virus and influenza virus. The isolation of the
antigenically distinct Type 7 strains 1 1953 emphasizes the fact that in any

mg term policy of horsesickness cor s by nieans of immunization. facilities
should be available for the continual 1solation and typing of the prevalent strains
if failures in immunity are to be kept to the lowest possible minimum.

Due to the large number of different strains which may be isolated in the
same locality during the same outbreak in enzootic areas, it is evident that for
¢ control of the disease in such areas a polyvalent vaccine is necessary, whereas
areas usually considered as horsesickness-free a monovalent vaccine may
)ssibly be used with success. In a horsesickness-free area an epizootic may
uiiginate from a single focus of infection from where the disease would =2
maintained by a spread of the same strain from horse to horse by the insect
vector. For instance, Alexander (1948) showed that there was a very close anti-
nic relationship between all four strains of virus which he isolated in Egypt a

destine during the 1944 epizootic.

However, duc to the time required for the typing of a strain at present, it is
doubtful whether a monovalent vaccine would be a practical procedure. Although
the use of ferret or, possibly, donkey antisera prepared from inoculation of these
animals with viscerotropic virus could be used to facilitate the early recognition
of the antigenic type of virus implicated in the outbreak. scveral isolates would

ave to be examined to justify the use of a monovalent vaccine. Possibly, too few
1solates have been studied from epizootics in horsesickness-free areas for dogmatic
statements to be made in regard to the type of vaccine best suited for the control
of these outbreaks and some caution would be indicated in the use of monovalent
vaccines. It should not be overlooked that conditions which lead to the intro-
duction of a single strain of virus frrm an adjoining enzootic area into a horee-
sickness-free area may also result in irther introductions of strains antigenice
different from the original strain. Evicence is produced by Alexander (1948) which
suggests that the Egyptian and Palestine outbreaks during 1944 did not have a
common origin despite the antigenic similarity of the strains from the two

countries.
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Antigenic studie »>n different isolates have been too few to enable any con-
clusion to be made 1 m the isolation of the aberrant Type 7 strains from three
widely separated localities during the 1953 epizootic in the Union and once in

enya in 1952. It is not possible to say whether their isolation is indicative of
the appearance of an antigenic variant whose propagation was favoured by the
existence of a dominantly vaccine-immune equine host or whether chance has been
a factor in the failure to isolate this type earlier. 1t is clear from the results of the
present investigation that immunization certainly has not resulted in the dis-
appearance of the earlier encountered antigenic types. When it is realized that
horsesickness virus can be maintained in nature by a host-cycle not dependent
upon equidae, this possibly, is only to be expected. That the aberrant type of
virus was present in three out of ten isolates from the 1953 epizootic points to the
prevalence of this type throughout the Union at this time. It is possible that
many failures in immunity in immunized horses during this epizootic can be
attributed to this type of virus. However, it is of interest to note, that although
this type was present on Kaalplaas, viz. strain 1100, there was no evidence that
it infected horses to a greater extent than strains nonaberrant to vaccine strains.
A possible explanation is that in an enzootic area the main source of infection for

le insect vector is the virus reservoir rather than sick horses, in which case there
would be no tendency for the immune horse to favour the sprecad of strains
different from vaccine strains. Furthermore, as the horses on Kaalplaas were
immunized, it is possible that the presence of high level antibody in their blood
~revented infection of the vector as has been shown to be the case with yellrw

ver virus and the Aédes aegypti mosquito (Hindle, 1932). Hence a horse {
norse spread would not have been possible.

Whether immunized horses which later contract horsesickness are able to
infect the horsesickness vector has an important bearing on the prevention of the
spread of the disease into horsesickness-free areas from adjoining enzootic areas.
If infection of the vector is possible from these horses, it is obvious that the
movement of even immunized horses into horsesickness-free areas from enzootic
areas would involve some risk.

At the moment it does not appear possible to correlate the antigenic groupi
of the horsesickness viruses with other viral properties. Theiler noticed that tuc
pathogenicity for horses of different strains varied and in this connection mentioned
(Theiler, 1921) the virulent and highly fatal strain O in comparison with the less
virulent strain Tzaneen which showed a slightly longer incubation period, with
a prolonged course and leading to recovery in fifty per cent of cases. Unfortunately
the only strain of Theiler’s which is mouse-adapted is O. Hence the comparisons
which are possible between his observations in horses with virulent strains and

ter experience with mouse-adapted strains are limited. Apart from this
aifference in pathogenicity, horsesickness strains appear to be remarkably unifor
in their behaviour in the various susceptible hosts. The classic differentiation
the symptomatology into ““dikkop ™ and “ dunkop ™ forms appears to be relat
to variation in susceptibility as a result of immunity from previous infection rath
than to any viral property. This is evident from the higher incidence of * dikkop ~

immunized as against susceptible horses (Theiler, 1921). Furthermore, there i<

no evidence to connect antigenic structure of strains with epizootiologic
behaviour.
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