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1 >logica -udies ¢ = Bluetongue

InrtrODUTCTION.

Bluetongue has been recognized as a specific disease of sheep since the
commencement of the sheep breeding industry in the ear’ days of the
colonization of the Cape Colony. Theiler (1905) reported  at bluetongue
was caused by an ultravisible virus and he, together with Spreull, Hut ec»
and Robertson, during the early years of the present century describe
many of the characteristics of the disease. Theiler (1906) mentioned that

yreull had introduced a method of immunizing sheep based on the use of
hyper-immune serumn and virus, and that he had conducted some experiments
on the lines indicated. During the course of this work, which necessitated
~assage of the virus through numbers of sheep, he noticed that the virus
ad lost its ability to set up a fatal infection. He then described a new
nmethod of Immunization based upon vaccination with a virus =ttenuated
by serial passage through sheep. Laboratory experiments on 897 eep gave
sntisfactory results so that after an ad(hthYldl preliminary field trial during
s season 1906-07 on 5,875 sheep the vaccine was released for general use.
‘Uhis somewhat remarkable phenomenon of attenuation of a virus by passage
through the host, which it is intended ultimately to protect, has been the
subject of comment on many occasions, and was confirmed by du Toit (1929).
In the present article the contention is suhmitted that the virus is not
amenable to attenuation by what may be regarded almost as the classical
procedure, and an explanation for the misconception is tendered.

Undoubtedly the introduction of Theiler’s method of immunization and
the persistence with it, with only minor modifications (du Toit, 1929), until
the preseut day has been a boon to the sheep breeding mdus‘rrv fact “t
is no exaggeration {o state that without it, proﬁtable bheep bree(lulo“ wor |

ive been 1mpossible in many areas where it has thrived. How ever, the
decreased margin of profit resulting from keen competition in the wool
industry, the greatly increased value of individual animals and flocks of
stud sheep, and finally the increased attention being paid to the breeding
of hyper-susceptible Iinglish mutton breeds for the productlon of hmh
quality fat lambs, have served to focus attention upon two eordinal de'Fects,
viz. that it is not safe and that the resultant immunity is ina .quate. These
defects are mentioned by du Toit (1929) and prompted his investigation into
the nature and durvation of immunity. In the introduction to that report
the complaint that the vaccine produced unduly severe reactions ie diemigsed
with the statement that ‘‘ whenever such complaints could ated

* Submitted in partial fulfilment of the requirements for the D or of

sterinary Science in the Iaculty of Veterinary Science, Universiiy o1 rrecoria,
acember, 1944,
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IMMUNOLOGICAL STUDIES ON BLUEKTONGUE IN SHEEP.

1t was found that other causes and not the bluetongue vacc e were respon-
sible for the severe reactions or the mortality in sheep , e.g. natural
infection with virulent virus prior to imniunization or intercairent heavy
worm infestation. It will be shown that at least in many instances this
explanation is not acceptable, and that more adequate explanations based
on direct esperimental evidence may be advanced, As regards the failure
to produce an adequate immunity, du Toit (1929) drew the tentat  con-
clusion that this was due at least in part to the short duration or solid
protection produced by the vaccine. Belief in this transient active immunity
led to the fairly general practice in some parts of the country of the
immunization of sheep twice during a season, i.e. in October and again
in January immediately before the 111L1<1ence of natural bluetongue reaches
its peak. This practice does not appear to have achieved the expected
results. It will be shown that solid protection has been found to persist
for 12 months, the limit of the experiment, and that a probable e lanation
of the previous conception iz probably due to failure to recognize the exis-
tence of a plurality of virus strains,

To illustrate the validity of persistent and frequent complaints that
the vaccine produces unduly severe reactions and that insufficient protection
is conferred upon the tr eated sheep particulars of two out of several detailed
investigations are given :—

(1) Towards the end of Jauuary 1944 a report was received about u
- serious outbreak of bluetongue on several farms in e vieinity
of Nelspoort in the Karoo. The incidence of bluetongue in this
district is a rare occurrence, in fact it is from this area that some
2,000 sheep are purchased annually to serve as susceptibles for
the production of Theiler’s bluetongue vaccine* and for research
purposes at Onderstepoort. The position was reported to be
serious and assistance to control the outbreak was urgently solici-
ted so arrangements were made to carry out a full investHimation
in company with the Governmeut ‘eterlnalv ()fﬁcer of
(Mr. S. W. de Villiers), whose knowledge of local conditions
would be invaluable. A number of farms were visited and
several flocks of Merino sheep varying in namber from two to
five thousand were inspected. It was the general consensus
of opinion of the farmers that no (,()mparable o ore  of blue-
tongue had previously been known. The previous year a few
cases had Leen diagnosed, approximately 10 to 25, in the different
fHocks, One farmer shted that he had lost 9 per cent. of his
flock during the outbreak in 1944. In view of the low incidence
of the disease in the past, routine annual immunization had rever
been practised so that the vast majority of the sheep cou  be
regarded as fully susceptible.  The care and treatment or the
sick sheep was a severe burden to the owners so that, in despera-
tion one farmer had decided to immunize his entive flock of 4,000
Merino sheep.  When 1,400 of these sheep, which had been treated
mine days previously were inspected, approximately 500 (35 per
cent.) were showing clinical symptoms of bluetongue indistin-
couishable in qevemty from those affected with the natnrally con.
tracted disease. The comparatively low incidence « mnatu
cases of bluetongue in the remainder of the flock justified 1+n
conclusion that the severe reactions in these fully suscepti

* The method of preparation has been described by Du Toit (1929).
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sheep had been produced by the vaceine and no contributory
factor other than the weather conditions (see Neitz and Riemer-
schmid, 1944) could be found to account for it.

IF'rom one of the naturally contracted cases on one of the
farms a strain of virus was isolated subsequently, which is refer-
red to in the text ax the ** Nelspoort ' strain.

(2) In January 1939 a visit was paid to the furm Mimosa Park in the

East London district to study the results of a field expernuent
which had been pianned to throw some light on a previous
complaint from the owner of the farm. The history of this farm
was that for three vears prior to 1937 the Onderstepoort vaccine
prepared from the ** Veglia 77 strain had been nsed with satis-
factory results.  Tn October 1937 all {he sheep (- »rinos) approx-
imately 3,000 in number had been vaceinated.  During the
ensuing bluetongue season a large but undetermined number
contracted bluetongue and approximately 300 (+£10 per cent.)
died.  In addition the marked loss of condition, protracted con-
valescence of a large number of recovered sheep had had a very
sertous effect upon the following wool ¢lip. In 1938 srrange-
ments had been made for the immunization of all the Tambs on
the  farm  under veterinary supervision and on the 27th of
October 843 lambs, approximately five months old, were iniee-
ted by the Government Veterimary Officer of Kast London, (
A, Matthews).  AMild reactions followed in these lambs and no
moriality or loss of condition was observed.  Six weeks late» the
owner reported thal cases of bluetongue were occurring., hen
the Hlock was examined on the 18th January 1939 1t was found
that approximately 30 per cent. of the flock had coutracted lue-
tongue and that 53 sheep (6-5 per cent.) had died. On the whole
the flock was in a miserable condition and 1t wus apparent that
there had been a =erious set-back in the normal development.
No caxes of biuetongue had occurred in the main flock, swhich had
been immunized several {imes and in addition had been exposed
to natural infection during several seasons.  As the general
svstem of animal husbandry was bevond reproach and from a
veterinary point of view strictly in accordance with our own
instruction, it s obvicus that immunity produced by the
vaceine was ibs._icient {o protect against the naturi virulent
mfection.

IFrom one of the affected sheep a strain of virus was isolated
subsequently, which is referred to in the text as the * Mos
Park ”7 strain.

The experience at Nelspoort indicates that the use of the vacel»» in a
fully susceptible herd under field conditions is dangerous and the mosa
Park iueident that the immunity conferred may be wadequate. 11 waz a
full appreciation of these defects which led to reinvestigation of the entire
problem of bluetongue by a small team of workers and the results of one
phase of that investigation form the basis of this report,

ExrERTMENTAL OBSERVATIONS,
(1) The Isolation of the Strains.
Over a period of forty years a number of strains of blue tongue virus
have been isolated from ditferent sources, and us these are constantly referred
to in the text it 1s necessary to detail thelr origin.

95






W. 0. NEITZ.

Research Tustitute in conjunction with the I'act y of Agricul-

ture, Umiversity of Pretorta. These sheep were on op
grazing, had been immunized the previous November with
Understepoort  vaccine (° Veglia *’  strain). Through the

courtesy of Prof. M. W, ITenning, who reported the breakdown
in Immuuity, blood was collected from reacting animals and
the strain was 1solated.

(vii1) The > Nelspoort 7 Strain.—Full details of the isolation of
this strain in January 1944 from a susceptible sheep 1 the
Beaufort West district of the Cape Province have been given
above.

(ax) The - CA37 Ntrain.—In February 1943 Mr. R. du Toit pro-
duced o case of bluetongue by 1ujecting into a susceptible
sheep an emulsion of a species of Culicoides trapped atl Onder-
stepoort. T am indebted to him for a supply of this strain
of virus originating from an insect vector. Thiv was the third
strain isolated at Onderstepoort over a period « 16 years.

(x) The *“ Cyprus” SNtrain.—In ebruary 1944 Mr. R. J. Roe,
Sentor Veterinary Officer of Cyvprus, forwarded to Onderste-
poort various blood samples obtained from sheep which were
suffering from an acute febrile disease accompanied by heavy
mortality.  Bluetongue was suspected, and this was supported
by the detailed report on the clinical symploms and post mor-
tem lesions. The diagnosis was confirmed by sub-inoculation.
immunity and cross-immunity experiments and ie strain has
been rvetained for comparative purposes.

The origin of these ten strains of bluetongue virus wmay, therefore, be
summarized as:—

(a) Irom susceptible sheep:— Theiler ", *° Veglia ", “ Camp ',

““ Nelspoort 7 and ** ('vprus '* strains,

(b) Lrom sheep immune to the < Veglin 7 strain:— Mimosa Park ™
and °° University Farm 77 strains,

(¢) From cattle: —° Bekker ' and *° Byenespoort ' strains.

() From an insect veelor (Culicoides spp.):— C.43 77 slrain,

The nomenclature ix purely arbitrary, being based on common usave
in the Jaboratory. Tt will be possible to introduce some standard nomen-
clature only when an adequate classification has been worked out.

(2) Methods Employed for these Studies.

The expertmental sheep were obtained from large consignments of
rino forwarded to Onderstepoort from time to time, These sheep were
purchased from areas in the Karvoo, where bluetongue does not normally
occur and a long experience has shown that there is no reason to doubt their
11l susceptibility., While in experiment the sheep were maintained 0
wse boxes in a stable, fed on adequate maintenance ration prescribed v
the Section of Nutrition of the Institute, from the feeds available at 1o
time were allowed fresh water ad b, and were not permitted outsi

oy for exercise. Under these conditions they do rvew--kablvy well,
nt 1t will be noted that they were continuously in the she -, au . no
time were they exposed to the sun or any adverse weather conaitions 1ese
conditions, therefore, were entively artificial.  Temperatw are ta

a7
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twice daily at approximately 7.30 a.m. and 4 p.m. and these t peratures
were always checked whenever deemed mnecessary. All animals were
~~amined every morning and a careful record kept of any clinical reactlons.
rom time to time blood smears stained with Giemsa were examined to
exclude the incidence of some protozoal infections e.g. Babesia ovis, Babes,
1892, Anaplas/ma ovis, Lestoquard, 1924, Eperythrozoon ovis, Neitz, Alex-
ander and du Toit, 1()‘34 and [{u]nettsta ovina, Lestoquard and Donatlen
)56, as a comphcatmo factor. This is a precauhou which has not always
received adequate attention in the past and its importance in n vive
immnunity tests of this nature cannot be too strongly emphasized.

Tmmunity tests with homologous virus strains were carried out from
three to six weeks after the immunizing infection, and in the vast majority
of cases on the 28th day. Care was taken that for any immunity test a
sheep did mnot receive an injection of its own blood collected during u
previous reaction. Sheep were submitted to a cross-immunity test three
to six weeks after an homologous immunity test had been applied, i.e. to
avoid avy possibility of an error. The immunity to any one strain of virus
was ?tabhsucd and confirmed hefore the immunity to another strain w
tested.

Adequate supplies of virus were maintained by collecting blood from
reacting susceptible sheep at what was judged to be the heln’ht of the
febrile reaction. With aseptic pre(*autlons the blood was tapped from the
jugular vein into bottles containing 1/10 of the final volume of anticoagulant
and preservative fluid consisting of H00 parts of glycerine, 5 pdlfs p()tassmm
oxalate, H parts of phenol in 500 parts of distilled water. This virus was
stored at about 10° C until required and except in serial passage experiments
was only used after 1t had been stored for a minimum period of two weeks
to ensure that any protozoan contaminants had become inactive. 1 passage
experiments fresh infective blood was used for subinoculation,

It was appreciated that, in spite of the most rigorous precautions, there
as some risk of mixing up virus strains or dlfernaﬂveh of using for test
')ulposes a strain which had been modified in some way by passage or by
storage. To obviate this a stock supply of virus (R.A. Alexander, personal
communication) was prepared from spleens of selected sheep deshoyed at
the height of rhe reaction and dried in wvacuo over anhydrous calcium
bulphate at a pressure of less than 0-001 mm. of mercury after rapid
preliminary prefreezing in an alcohol-carbon dioxide snow mixtere at
~70° C. ™This dried powder sealed in ampoules in an atmosphere of -y air
if properly prepared retains infectivity for several yvears. From time to time
sheep were infected with an emulsion prepared from this desiccated spleen
and a fresh supply of virus collected in the usual way.

1e dose of infective blood for all tests was 1 or 2 c.c. of blood given
subcutaneously unless specifically stated to the contrary.

(3) The Interpretation of the Nature of the Reactions.

In work of this nature, where death or swrvival is not the chief
criterion of the existence of tmmunity, it is exceedingly difficult to devise
any fixed standard by which to compare dlﬁelen(‘es in the degree of 11nmun1’rv
The reaction produced by each strain of virus in a number of suscept le
sheep was judged according to the severity and duration of the iebrll@
reaction, and the severity “of the pathognomonic clinical s ptoms e.
buccal and nasal hyperaemia, stomatitis, swelling of the lips, coronitis, 1()\%
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in condition, and appetite. Any deviation from this picture was estimate-!
in the case of each individual sheep and designated in the convention
manner by crosses e.g. Xxxx-=—severe febrile Teactions with pronounce
symptoms, x=mild febrile reaction with no other clinical symptoms =wuu
Y—an indefinite or doubtful reaction. The estimate of the severity « a
reaction was further complicated by the fact that in many ceees the degree
of the temperature reaction was not correlated in any way wi  the severity
of the clinical symptoms e.g. a slight fever never rising . ove 105° I

y be accompanied by the most severe nasal and buccal lenonb inappetence,

ensive pododermdtlth with subsequent exungulation, general weakness,
torticollis and emaciation, or alternatively a fever with a temperature per-
sisting at 108° F for some days might be the only symptom. In spite of
this, however it is confidently believed that although errors of judgement
may have occurred in isolated cases there has been mno gross error in the
general interpretation of the severity of the reaction.

A. The Plurality of Virus Strains.

The general object of the investigation was to determine the reciproc sal
cress-immunity between each of the ten virus strains. It is obvious that in
01 1 to obtain results which are statistically significant in @n vivo work of
this nature, it would be necessary to draft excessively large numbers of
animals into experiment. Consequently the investigation was spread over
a number of years and full use was made of animals in a wide v: ariety of
experiments providing the full history was accurately known and the condi-
{ions enumerated above were fulfilled. This is the explanation for the gaps
in the tables of results and indicates that it will be many years b Hre this
investigation caun possibly be compleied. The results of the cross-immunity
tests on merino sheep which have been completed to date are presented in
tabular form in Table 1.

1. The first broad review of this table establishes a point of the utmost
significance, viz. that there exists a plurality of antigenically different
strains of virus in that the immunity to one strain may be broken down after
reinfection by another strain.

Iach strain of virus produces a solid immunity against the same strain
as showu by the fact that in no single instance did the homoloo ous Tmmunity
lest produce any detectable reaction.

Between all the strains investigated there is a wvariable degree of
common or basic immunity. This is shown numerically by the animals
which failed to react to a heterologous immunity test. Trom a clinical
point of view it was just as apparent. Kven in the case of the sheep immune
to the ° Veglia’ strain, which were tested with the °° Camp 7 strain,
where T1 out of 79 sheep tested reacted, the reactions were modified and only
in rare instances was the severity of the clinical lesions equal to those
seen in a fully susceptible animal. There was no increase in the period of
incubation and frequently an equally high maximum temperature might be
developed during the fever, but usualh the course of the disease was
shortened as shown by a sudden rise in temperature and after a few days
a sndden retwrn to normal by crisis.  In addition to the decreased S(—‘V(‘IITV
of buccal and feet lesions the period of comvalescence was considerably
decreased. Tt must be stated however that iv several instances the appear-
ance of two distinet bands of hyperaemia as a result of two successive bouts
of pododermatitis w noted.
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The ‘¢ Theiler V', ““ Veglia  and “‘ Bekker ” strains show almost
complete reciprocal cross-immunity. The only breakdowns in immunity
were observed in 24 out of 164 ** Veglia ”* immuues and one out of 25
*“ Theiler 7’ immunes when tested with the ““ Bekker ** strain, This obser-
valion suggests the possibility of placing these three strains together in one
group, but « definite antigenic identity 1s negatived w hen the dlﬁelb‘ll((s m
reactions to heterologous strains is e\amlned e.g. the ““ Camp *’ virus was
able to br eal\ down the mununity of only 5 out of 25 (—20 per cent.) sheep
immune to ' Bekker ' virus, but caused reactions in 71 out ¥ 79 (90 per
cent.) sheep Immunized against the ‘° Veglia ™ strain an 9 out of 25
(= 36 per cent.) nnmunized against the °“ Theiler sf]‘lill 1t would seeni
therefore that there 1s a variation within very wide limits in the antigenic
structure of strains even though the common or basic resemblance may he
pronounced.

IFrom the data available 1t is not possible to group the strains on
the basiy of identity of antigenic structure.

Before discussing the significance of the above results it is of interest
to exanmine in melter detail the results of those cross- Immunity tests i which
the number of animals tested was sufficiently large (that 1)01t10n of able
1 enclosed by the dotted line), i.e. sheep lmmune to the ““ Thetier 7,

Veglia 7, ** Bekker 7, * Camp 7 and ** Mimosa Park 7 tested with these
strains and with the ° Byenespoort ™ strain in addition. The results are
set out diagrammaticaily m Chart I.

In the chart the length of each colummn covered by diagonal hatehing
represeits the percentage of complete protection, horizontul hatching repre-
sents hittle or no immunity and the dotled area partial or incomplete
immunity.  The final block 1s a composite representation of the imwunity
produced by four of the strains (° Veglia 77, ¢ Bekker ., ¢ Camp ™" and
U Mimosa Park 77y against five of the heterologous strains.  The number of
crogssimmunity  tests on sheep 1mmune to the ™ Camp ™ and *° mosa

rk 7 ostrams vespectively with the ¢ Theiler 77 strain is statisticallv in-
quate.

Again it 1s 1mmediately apparent that each strain protects completely
against itselt and that there is a variable degree of protection against the
heterologous strains, 1<ur1her it becomes qmte clear that the seleciion
of the © Thetler 7 and ** Veglia 7 strains for routine mass immunization
purposes wax unfortunate, because these strains produce by far the least
polyvalent immunity (c¢/f Table 1) whilst any one of the others, with
a slight advantage in tavour of the ** Bekker 7 or © Mimosa Park ™ strains,
would have been preferable. If there is no antagonistic action hetween all
the components represented in a mixture of two or more strains to be uscd
for Iimmunization purposes, then it is readily apparent that a wixture of
sav the ** Bekker 7" and “ Mimosa Park " virus would produce a poly-
vi ot Dmmunity far superior to anything, one could hope to obtain with
a smgle strain.

No opportunity presented itself of testing the immunity produced by
the simultaneous injection of two virus strains, since this uspeet of the
problem became apparent only later in the course of the investigation. Tlow-
ever, a number of sheep, which had reacted to one strain of virus, and which
had subsequvntly received an immunity lest by injection with a heterologous
strain, were retained for a fest with a third stram, Ifull details of these
experiments are given in Appendix I, but the results are summarized in
tabular form m Table 2.
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Results.—Although the number (96) of sheep used in this series of
experiments 1x smail, the results, particuiarly if read i conjunction with
the cross-immunity tests shown iu Table 1, are of great importance

(1) From experiments No. 2 and 3. it appears that the sum total of the
fmmunity produced by {wo strains of virus is the same no matter in which
avder they are injected, e.e. of 15 sheep immunized first against = masa

ark " and then against * Camp 77, 5 veacted to ©° Bekker 7 an I wware

<olldly immune, whereas in 17 sheep when = Camp 7 was injecte st
and 7 Mimosa Park ™’ subsequently 5 reacted and 12 were Immune. his
shight difference is quite insignificant aund ('()anuenﬂ\ Hu- group ot 32
\lwop may be regarded as belll“ mmmune to  Caonp 7 and © mosa  ark

when tested with the Be]\]\el M ostrain.,

(2) A combination of two straius of virus produces the same Tmmunity
against a third strain as that which would be produced by the best immun-
izing strain alone, c.g. 1 —

ol

‘

(a) Sheep Tmmune to *° Mimosa Park *" tested with *° Camp "0 13 out
of 39 reacted =33 per cent. (¢/f Table 1)

Sheep immune to " Bekker 77 tested with = Camp 7 5 out of
25 veact ' 20 per cent. (¢/f Tuble T).

Sheep  mn o Mimosa Park ™ and *° Bekker 7 tested with
Cvamp T 3 out of 1T reacted -18 per cent., 1.e. the

immunity of the combination was that produced by the better
antigenic strain *° Bekker ™'

(b) Sheep 1mmune 1o Mimosa Park " tested with < Bekker’

17 out of 40 veacted 425 per cent. (¢/f Table 1).

Sheep mmmune to *° Camp 7 tested with ©° Bekker 770 33 out
120 veacted 28 per cent. (¢/f Table 1),

Sheep immune to © Mimosa Park ™" and " Camp 7 tested with
© Bekker 772 10 out of 32 reacted =31 per cent., 1.e. the
immunity  of the combination was approximately that
produced by the hottel antigenic strain ** Camp ”’, since the
difference between 28 and 31 per cent. is hardly significant.
but the difference between 31 and 42-5 per cent. 1s Momﬁ—

cant,
{¢) Sheep immune to *° Camp *7 tested with *° Mimosa  ark 7: 27
out of H7 reacted 47 per cent. (¢/f Table 1),
Sheep immune to “© Bekker 7" tested with ¢ Mimosa Park 7 14

out of 29 reacted 48 per cent. (¢/t Table 1).

Sheep immune to < Camp ™ and *° Bekker 77 tested with ©° 1mosa
Park "2 3 out of 7 reacted =43 per cent.

The number of sheep in this group is particularly small  hut

nevertheless the close agreement in the figures 15 wor v of
note,

(3) The tmmunity against one strain of virus does not interfere with ¢
antigenic action of another strain.  In other words « partially 1tmmune
\heop will respond to the stimulus of ihe specific antigenic components of
a heterologous strain of virus in spite of the presence of the basal immunity
common to all strains, or of additional common antigens,
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gradual, but slow decrease in Immunity from the third to the twelfth
momh after vaccination, but even at the lafter stage the Immunity was
strong enough to prevent losses . Apart from the generai imterest of this
‘11)1(1 loss of iImmunity to a virus the phenomenon 1s of practical importance
because it is the justification of the fairly widespread practice of immuniz-
ing sheep twice each year, in October at the begining of summer and 2oain
n Januan’ immediately 1)1101 to the highest incidence of the discase, his
practice which has been followed by many breeders in the had bluetongue
areas has not been uniformly effective as a control measure. It wax there-
fore decided to reinvestigate the problem in the Tight of the vecently
acquired conception of a pluldht\ of strains.

Method.—A total of 111 sheep was selected from those which had shown
typical febrile reactions to the ©° Veglia 7 strain of virus during the course
of the aunual test of the routine vaccine to be tssued. From Septerber to
the end of December, when the risk of natural infection ix considere negli-
eible the sheep were confined in a small camp. From January onwards
they were housed 11t a stable.  Wlhen they were required for immunity test
they were transtferred to another stable where they were n~‘untained under
the same couditions as o1l the other experimental sheep. he ' Bekker ™
strain of virus was used v the immunity tests because: —

(1) 1t could be relied upon to produce a well-defined febrile reaction
with marked clinical lesions and a fairly high mortality.

(11) 1t is antigenically closely related to, but not identical with the
Veglia 7 strain so that if anyvthing a decrease or lmmunity
would be accentuated.  Tn any case the percentage of reactors
would be compared with the statistically ~10111ﬁ(.1ut series shown

in Table 1, i.e. 24 reactors out of 164,

Goroups of sheep, Y to 12 in nuuther, were given their immunity test at
monthly intervals from 2 to 12 months after the immunity injection. he
dose of infective preserved blood was 10 ¢.c. subeutaneously in about 75
per cent. and H-0 c.c, 1 approximately 25 per cent. in an attempt to obtain
some information ou the effect of a larger dose; one or two fully susceptible

controls were included in each group, the one receiving 1-0 e¢.c. and the
other H-0 ¢

The vesults are given in Table 3.

Results.— Of the 111 sheep tested 98 (=88 per cent.) were solidly
immune.  This percentage 1s somewhat better than the 82 per cent. shown in
ible 1, but the difference is insignificant. The 13 sheep which did react
showed only mild febrile reactions without any clinical Jesions of blue-
tongue, The reactions were inc omparably milder tlmn those shown by the
20 (()ntml\ of which all showed marked febrile veactions with severe c¢linical
lestons of bluetongue, and 14 died.

Of the 79 1mmune sheep which received 1-0 c¢.c. of virulent blood )

26 per cent.) reacted and of the 32 which received 50 c.e. 3 (94 per

cent.) reacted, It is appavent, therefore, that within the limits of the

challenging dose of virus there was no significant difference in the percen+-

age of reachus nor could any difference be detected clinic ally, Awmong e

(()11(101s ()1‘ Hmw nlven 1:0 ¢.c. 8 died, and 3 recovered. while those given
0 c.e. 6 died and 2 recovered.
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Duration of Immunity.

W. 0. NEITZ.

Nheep Tunomune to Strain ** Veglia 7 Tested with Strain ** 3e. »r 7.

. . | Interval ‘
‘:}?(:em( in Dose. Reaction. i Controls.
PP | onths, ’
12 2 9-1-0 ce. 8 No reaction................. [-0ce. xxx and died.
1 reaction x, day 8-9..........
3-5-0ce. 3 no reaction.................
12 3 9-1-0 ce. 8 no reaction........... .. ..., 1-0 ce. Rxxxx and died.
1 reaction x, day 10-17........
3-3-0 ce. 3 no reaction................. 5-0 ce. Rxxxx and died.
1 4 8-1-0 cc. 8 no reaction. ................ 1-0 ce. Rxxxx and recovered.
3-5-0 ce. 2 no reaction............. ...
1 reaction x, dav 11-16........
10 B 8-1-0 ¢e. 7 no reaction................. 10 ce. Rxxxx and died.
1 reaction x. day S—-14.........
2-5:0 ce. I no reaction, . ... ool 5-0 ce. Rxxxx and died.
I reaction ¥ day 12-18.........
9 6 6-1-0ce. 4 no rveaction............. ..., 10 ce. Rxxxx recovered.
2 reaction X, day 9-15 and 8-24
respectively.
3-5-0 co. 3 no reaction. .........covnen.. 50 ce. Rxxxx recovered.
9 7 6-1-0 co. 6 no reaction................. 1-0 cc. Rxxxx and died.
3-5-0 ce. 3 no reaction................. 50 ec. Rxxxx and died.
9 8 G6-1-0 ce, 6 no reaction................. 1-0 cc. Rxxxx and died.
3-3-0 ce. 3 noreaction................. 50 cc. Rxxxx and died.
9 9 6-1-0 ce. 6 no reaction. ... ... ... ... 1-0 ce. Rxxxx and died.
3-5-0 ce. 3 no reaction................. 50 ce. Rxxxx recovered.
9 10 6-1-0 cc. 4 no reaction................. 1:0 ce. Rxxxx recovered.
2 reaction x, day §-13, and
10-16 respectively.
3-3-0 ce. 2 no reaction................. 5.0 ce. Rxxxx recovered.
1 reaction x, day 7-12.........
9 1t 6-1-0 cc. 5 no reaction. .. ... ...l 1-0 ce. Rxxxx and died.
1 reaction?, day 7-9..........
3-5-0 cc. 3 no reaction....... ... .. 5-0 cc. Rxxxx and died.
9 11 6-1-0 cc. 5 no reaction. .. ... 1:0 ecc. Rxxxx and died.
I reaction? day 7-9... ......
3-5-0 ce. 3 no reactionn. ....... ... ... 50 ce. Rxxxx and died.
12 12 9-1-0 ce, 7 no reaction................. 1:0 ce. Rxxxx and died.
2 reaction x, day 7-9..........
3-5-0 cc. 3 no reaction. .. ... ... 50 ce. Rxxxx and died.
Total 2-12 98 no reaction = 88-3 percent 14 reacted and died.
111.. 13 reacted..... —= 11-7 percent. 6 reacted and recovered.

Rxxxx signifies :—Severe febrile reaction with pronounced clinical symptoms.

*¥9-1-0 cc. signifies that nine sheep received an injection of 1 ce.
3-5-0 cc. signifies that three sheep received an injection of 5 ce.
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In the immunity test there was no significant difference in the percentage
reactors in any of the groups of sheep so that there was no correlati k-
ever between the time factor and the degree of immunity., In fact, 1t
worthy of note that of 27 animals in the 7, 8 and 9 months interval groups

ere was not a single reactor.

Conclusion.~—1t is concluded that over a period of 12 months e 1is no
detectable decrease in the immunity of sheep to the more virulent, but
antigenically closely allied strain of virus. Within the limits of the
experiment a five-fold increase in the test dose of virus had no effect upon
the ultimate reaction.

Discussion.—This result is completely at variance with that reportod
by du Toit (1929) and it is not possible to offer any explanation for =
difference. It should be noted, however, that in that work a virulent
strain of virus (No. 16357) was used for rather more than half the immunity
tests, and as no mention 1s made of the origin of that strain, there is very
~ood reason to believe that an antigenically different strain had been selected.

1e conclusion which was drawn, namely that there was a gradual loss of
mmunity, should therefore be viewed in the light that at that time nothing
=as known about the existence of heterologous strains. This, however,

es not explain the a] arent decrease in 1mmunity where the homologous
virus was used.

C. The Transmatted I'mmunity.

Alexander and Mason (1941) investigated the transmissions of iminunity
from dam to offspring in the case of horsesickness and discussed the signifi-
cance of the results in relation to the problem of immunization against that
disease. They showed that the whole question of the protection of foals was
a matter that required the attention of the breeder and not the immunologist,
due to the fact that mares are bred to foal from August to December, and
consequently the foals, which develop a strong but transient passive immunity
enter the matural horsesickness season at a time when this immunity is
madequate to protect against natural infection, but is sufficiently potent
to neutralize the attenuated virus in the present vaccine (Alexander, 1935).
With regard to bluetongue Dixon (1909) concluded from observations in the
field that suckling lambs possess a marked degree of vesistance to this disease.
No record whatever was found in the literature of any investigations on
bluetongue in sheep similar to those of Alexander and Mason (1941). I‘rom
au analogy with other diseases reviewed by Schneider and Szathemary (1979
and 1940), it is clear that transmitied immunity is a factor which cannot e
taken into account, particularly in view of the fairly general practice of
lambing down in autumn or winter approximately six months before the
icidence of natural bluetongue.

Method 'he general plan of the investigation was to mate approxi-
mately equal numbers of bluetongue susceptible ewes as well as e~rs
immune to the ‘“ Veglia ”’ and *° Bekker " strains of virus, to test e
susceptibility of each group of lambs to the ‘° Bekker " stvein at wvarious
ages, and then to ascertain the nature of the immunity to e ° ] ar”
stfrain approximately nine months later. After lambing the sheep ar”
unbs were to be maintained in a stable away from exposure to natum
mfection. The test dose of virus in every case was 2:0 c.c. subcutaneously.

The results are given in tabular form in Table 4.
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TasrLe 4.

he Susceptibility of and the I'mmunity present in Lambs from Susceptible
and Immune Kwes.

Ewes. Lamb No. ‘tige n ’ Reaction (1) i .l,’nter\‘al Reaction (2).
ays. } ‘ in days.
66528 4 ‘ R xxx — —
66415 16 R xx 285 N.R
. 66375 66 | R xx 285 NP
= 66372 68 R xxx 285 N
£ 66353 79 ‘ R xxxx — —
£ 66350 80 | R xx — —
a 66351 S0 R xx —
z 66352 80 R xxx 285 NX.R
z 66345 38 R xx | —
66324 109 R x ‘ 85 N.R
66322 109 R xxx 285 N
66529 4 N.R 281
66433 8 N.R 285 R xxx
. 66320 638 ; R xx 272 N.R.
= 66338 93 ! R xx 285 N.R.
= 66331 100 R xxx 285 N.R
< 6632% 101 R xx — —
= 66329 101 R xx
66327 103 R xx 285 N
( 66318 | 103 R xxx — —
|

Notrg : (1) Bekker virus sheep No. 66206—2 controls R xxxx.
(2) Bekker virus sheep No. 68709—4 controls 3 R xxx.
1 R xxxx and >d.

R x signifies :-—Mild febrile reaction ;

R xx ' Typical febrile reaction ;

R xxx N Typical febrile reaction and mild clinical symptoms ;

R xxxx . Typical febrile reaction and pronounced clinical symptoms ;
N.R. ys No reaction.

Result.—Unfortunately the counditious under which it was necessary to
maintain and rear the lambs were hardly suitable to the purpose and the
irtality from causes mnot associated with bluetongue, particula 7 cocci-
drosis was high, so that only a limited number survived to the end of the
experiment.

(a) Observations on Lambs from Susceptible Fwes.——All reacted to
bluetongue after the injection of the °“ Bekker »” virus. The course of
the disease as shown by the febrile curves and the severi  of the lesior-
were much less severe than those shown by the controls. Atter an interv:
of 285 days they were still solidly immune,

(b) Observations on Lambs from Immune Ewes.—Two mbs aged 4 to

days rvespectively failed to show any reaction after the injection of the

““ Bekker 7 virus. After au interval of 281 days the younger lamb wae
immune, and after 285 days the older lamb showed a veaction compar
in severlty to that of all the other lambs which did react. The balane
the lambs from 68 to 103 days old at the time of Immunization rea
mildly and all the st ors were still solidly immune 285 days later.
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Conclusion.—(1) Lambs from susceptible ewes of any age between 4
an 109 days are susceptible to bluetongue, but there appears Fo be a some-
what variable resistance of youth which causes them to rea less severe

n adult sheep,

() At some age between 4 and 68 days lambs from Im: e ewes lose
their passive transmitted immunity and attain a susceptibility equal to that
lambs from susceptible ewes.

(3) During the phase of passive protection nomn-reacting lambs may or
may not deve]op a durable active immunity.

4) Tmmunity in lambs vaccinated under the age of 109 days persists for
at least 285 days.

Discussion.—1t was most unfortunate that the mortality in e lambs
revented any observations being made on lambs from immune ewes between
tne 8 and 68 day period. From a practical point of view, however, 1t 1s
~¥ little importance because as a general rule lambs arve never saceinated
e the age of 2 months. Such Iamb% may be immunized with ‘mpunity.
m a purelv scientific point of view it is realized that during  at period
n the passive immunity is waning in wvivo tests unless (“dlIlP(l ant on
vary large numbers of lambs will probably show conflicting results  pen-
ng upon the degree of immunity of the ewes and the antibody countent of
the colostrum, Consequently a final solution of the problem must again
qaat the development of an in vitro test, which may be applied on an
accurate quantitative basis.

The duration of immunity (285 davs) is of interest 1n view of the
previously recorded experiments on the duration of immunity in adult  eep.

D. Attenuation by Serial Passage through Sheep.

(1) The ** Bekker ’ Strain.—This strain of virus was passaged serially

through fifteen generations of sheep. IFull details of the reactions pro-

wed in each individual sheep will be found in Appendix 2, while a concise
summary is given in Table 5.

Result.—¥rvom the above it will be seen that the percentage mortality
dropped progressively with each successive five generations of zep, the
respective percentage being 72, 60 and 14. There was a well-marked varia-
tion in the severity of the reactions seen in individual sheep, but when
the experiment was discontinued at the fifteenth passage, the clear 1mpres-
sion had been gained that there had been no progressive general decrease
in the severity of the clinical symptoms produced. For the first successive
five generations 18 sheep were used and for the last five successive genera-
tions only 7 animals. The wide variation in the susceptibility of individual
sheep and the fact that less than half the number were used, should also
be considered as a possible reason for the smaller mortality rate in the latter
group.

Remarks and Conclusions.—At the eud of 1939 after the outbreak of
rar 1t was found mecessary to curtail some of the experimental work in
progress at the time. Unfortunateh this and the following e: =riments
on the attenuation of bluetongue virus by passage were (nnomrst wnose that
had to be (11@(‘011t1nued SO thfl‘r no definite (‘O]l(]llleHS can be awn from the
1 ited series of passages.
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TaBLE 5,

Passage of the ** Belkker W Strain through Sheep.

Generation. Number Reactions. Deaths. D“I‘Cent.agc

of Sheep. ‘ srtality.
|

| 2 XX, XXXoit ittt e B 2

2. 3 XXXX, XXX, NXX.uovouworor.... 3

| 3 XXXX, XXXX, XXX, XXX, XXX 3 72 per cent.

doooa. a XXXX, ¥YV¥, XXX, XXX, XXX 3

S 3 XXXX, 3 , NXN. et 2

6oL, 2 XXX, NXXXiveiveron.on.. e ‘ 0 ‘

T 3 XXXX, XXXX, XXXX.ueevooon... 2 |

S 3 XXXX, XXXX, XNXououoooeoon... 2 60 per cent.

9. .o 1 XXXttt e e te e et 1

oo 1 D 60 O N 1

1l......... 1

12......... 1 Killed.

13000, 2 1 14 per cent.

| N 1 0

I oo, ' 2 0

Nore.—The x’s are an estimate of the severity of the reaction as ‘udged from the febrile
reaction and the clinical lesions. An anomaly was that an animal might show a
comparatively mild febrile reaction but would die and rvice rersa.

1f the progressive decrease in mort~lity can be regarded as an in =
of the attenuation of the virus then e reported experience of Therior
(1906) and du Toit (1929) was being connrmed. However, the exceedin; 7
severe reactions produced in the hwher generations indicate that passag-
through a very large number of Ueneratlons of sheep would be require
to attenuate the virus to a degree “which would permit its use for routive
vaccine purposes. A tentative conclusion will be deferred until the rest s
can be discussed in the light of the other passage experiments detailed elow.

(2) The * Camp ’’ Strain.—This strain was passaged through 95 gene-
rations of sheep. Details of the reactions in all the sheep are shown in
pendix 3. For the sake of brevity the observations in Table 6 are shown
separately for the first five generations and then each subsequent five gene-
rations combined.

LReswlts.—No deaths occurred amongst the sheep for the first 43 gene-
rations, although severe reactions accompanied by pronounced clinical les
were observed in gemerations 1, 2, 3, 29 and 30. The remainder of
sheep up to this stage had shown febrile reactions of varying severity, but
the eclinical lesions were mild. Both sheep used in generation 44 showed
very severe reactions and one died. KFrom generation 45 onwards there ~as
a wide variation in the nature of the reactions. The majority showe a
febrile reaction only, but of the ten sheep in generations 69, 70, 78, 79 and
83 all reacted severely and five died. An additional sheep in generation 88
reacted severely, but no further deaths occurred. 'Fwo sheep, one in gene-
ration 13 and one in generation 92 failed to react. Both these sheep were
tested subsequently with the *‘° Beldker ’” strain and were found to be
soli 7 immune,
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In the present series of experiments passage of the © amp ' =irain
is comparable with the earlier work except that there was no mortality
until the 44th passage and turther deaths together with severe reactions
occwrred in still Tater passages.  Prior to the 44th passage it might have
been concluded that the virus had become attenuated, but persistence with
subinoculations showed that sach o conclusion would have been incorrect.
'l‘lhe‘exporien('e with the © Mimosa Park ’" strain was stmilar bul less con-
clusive,

It has been shown (Neitz and Riemerschmid, 1944) that solar radiation
15 a factor which has a marked adverse eftect upon the course of bluetc rue
and that under precise experimental conditions the avirulent *° Theirer ™
strain in exposure tests at the laboratory may produce lesions practically
as severe as those produced by virulent strains in the field.  From the
available evidence thevefore, it is considered that the original conception of
attenuation by passage ‘rhmuo h sheep muxt be modified. The present inves-
tigalions and those on the tramission of bluetongue by the intermediate
host (Culicordes spp.) by du Toit (1944), suggest that there was no more

m an adaptation of the virus to a mammalian host, and {hat the apparent
attenuation was due entirely to the conditions under which the work was
carried out. The consideration of the clinical manifestations under stable
conditions produced by the *° Theiler ' aud ¢ Veglia 7 strains, justifies
the conclusiou that they ave merely strains of low virulence, that the
" amp 7 oand Y Mimosa Park 77 strains arve of slightly greater virulence
while the others, for example the “ Bekker " strain is one of varying degree
of greater virulence.

The conception of adaptation of a virus to a new host is no vew one.
w instance Burvet and Bull (1943) describe in detail distinetive properties
ot their original and derivative forms of inflnenza virus obtuined by sevial
amniotic passage in the developing chick embryo aund emphasize that the
derivative form arises very rapidly from the original form wunder particular
experimental conditions.  This rapid (ulaptatmn to a new host 15 a pheno-
menon which should wvot be confused with a slow transformation of a
pantropic strain of virus to one with essentially neurotropic characters, e.u
horsesickness (Alexander, 1935) and yvellow fever (Theiler, 1930).

In the case of bluetongue du Toit (1944) demonstrated that Culicoides
p. are the vectors of bluetongue. Thix observation shows that ruminants
are not the only hosts of the virm The sertal passage of several stroins of
vira  (“ Theiler *7  Veglia 7", Bekker ™", ¢ (.\mp Tooand Y mosa
Park 77) after transmission v/a the insect vector to sheep, showed that there
i= 10 adaptation to the environment of the uew host. The chief change on
¢ aptation 1s then the development of o virus, which produces a felrile
reaction with or without the concurrent production of specific lesionx of
variable severity, and the virulence of any given strain of virus after adap-
t~+on remalus pru"rl(‘all\ constant under the same cuvironmentsl conditions.
1s means that there was no tfrue progressive attenuation - any of the
virus strains investigated, but mervely an adaptation to a 1)&1110111(11 set of
conditions and that this adaptatlon reached a constant Jevel after approxi-
mately ten subinoculations. This conception of adaptation rather than
attennation by serial passage is supported by:—

1. The failure to attenuate the ¢ Bekker 7, ¢ Mimosa Park '™ and
“Camp 7 strains,
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b eved to be the case and 1n consequence the value of the vaccine wus
exaggerated,  Alternatively an annual flock mortality which might have
been considered quite satisfactory teenty vears ago, would probably be the
cause of serious complaint to-day. ut due consideration should 1 paid to
the opinion that prolonged passage of strains of virus through  eep via
the 1unsect vector may have resulted in the differentiation “of antiger:-
variants, which have now become so widespread as to be of consideral
importance.

The limitations of the technique of 7n vire tests, which —as adopted

in the present study are fully appreciated since it is difficr . to assess
degrees of nunity on any quantitative basis. [t must be pointed out again,

however, that the value of any 7n vitro test applied by any laboratory
procedure can be assessed only aftel the consideration of the comparative
results in sheep. (()11\(%(111(-11‘(].\ his rvecord of experiments by a labortous
method on some 1,500 sheep over a number of years must be of value to other
investigators in the same field. A wide extension of the scope of the investi-
gations Is essential, because 1t Is guite apparent that an extension of {he
present method of vacemation cannot solve the problem of tmmuniz  on
agalnst bluetongue, A universally successful vaceine must have as its basis
a full appreciation of the plurality of virus strains, a plurality which
comprises autigenic structure as well as degrees of virulence and the reac-
tion must either be controlled or some method of true attenuation evolved.

SUMIIARY.

1. Complaints that the present method of inmmunization against hlue-
1 g

tongue 1s not safe and that it produces an inadequate immunity have een

Justified.

2. A plurality of antigenically  different virus straing has  heen
established.

There appears to be an anficenic cowmponent common to all strains
mvestigated and in addition an w nown number of different specific com-
ponents,

There 13 a wide variation in the virulence of different strains.
The virus is not attenuated v serial passage through sheep.

6. The significance of these findings is discussed.
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