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I NTROD L'CTIOK. 

Bluetongue has been recognized as a specific disease of sheep since the 
commencement of the sheep breeding industry in the early days of the 
colonization of the Cape Colony. Theiler (1905) reported that bluetongue 
was caused by an ultravisible virus and he, together with Spreull , Hutcheon 
and Robertson, during the early years of the present century described 
many of the characteristics of the disease. Theiler (1906) mentioned that 
Spreull had introduced a method of immunizing sheep based on th e use of 
hyper-immune serum and virus, and that he had conducted some experiments 
on the lines indicated. D uring the course of this "·ork, which necessitated 
passage of the virus through numbers of sheep, he noticed that the virus 
had lost i ts ability to set up a fatal infection. He then described a nc" 
method of immunization based upon vaccination with a virus attenu ated 
by serial passage through sheep . Laboratory experiments on 897 sheep gave 
satisfactory results so that after an additional preliminary field trial during 
the season 1906-07 on 5,875 sheep the vaccine " ·as released for general use . 
This somewhat remarkable phenomenon of attenuation of a virus by passage 
through the host, which it is intended ultimately to pr otect, has been the 
subject of comment on many occasions, and " ·as confirmerl by du T·oit (1929). 
In the present article the con tention is submitterl that the virus is not 
nmenable to attenuation by what may be regarded almost as the classical 
p rocedure, and an explanation for the· misconception is tendered. 

U ndoubtedly t he introduction of Theiler's method of immunization ani! 
the persistence with it, with only minor modifications (du Toit, 1929), until 
t he present clay has been a boon to the sheep breeding industry, in fact it 
is no exaggeration to state that without it , profitable sheep breeding- would 
have been impossible in nwny areas where it has thrived. However, t h e 
decreased margin of profit r esulting- 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 br eeding 
of hyper-susceptible English mutton breeds for the production of h ig-h 
quality fat lambs, have served to foc us attention upon two cardinal defects, 
viz . tha t it is not sa fe nncl that the resultant immunity is inadequate. These 
rlef.ects are mentioned by du Toit (1929) and pr01npted his investigation into 
the nature and duration of immunity. In the int roduction to that report 
the complaint that the vaccine produced unduly severe reactions is dismissed 
" ·ith the statement t hat " whenever such CQmplaints could be investigated 

•· Su bmitted in p artial fu lfilment of the requirements for the Degree of Doctor ,>f 
Yeterina ry Scien ce in t he Faculty of Veterinary Science, Universit~· of P reto ria, 
December, 1944. 
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it was found that other causes and not the bluetongue vaccine "·ere respon­
sible for the severe reactions or the mortality in sheep ", e.g. natural 
infection with virulent virus prior to immunization or intercurrent heavy 
worm infestation. It will be shown that at least in many instances this 
exphnation is not acceptable, and that more adequate explanatiow; based 
on direct experimental evidence may be advanced. As re~;ards the failure 
to produce an adequate immunity, du 'foit (1929) drew the tentative con­
elusion that this was due at least in part to the short duration of 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 hYice during a season, i.e. in October and again 
in January immediately before the incidence of natural bluetongue reaches 
its peale This practice does not appear to have achieved the expected 
results. It. "·ill be shown ~hat solid protection has been found to persist 
for 12 months, the limit of the experiment, and that a probable explanation 
o£ the previous conception is probably due to failure to recognize the exis­
teuce ·of a plurality of virus strains. 

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

(1) Towards the end of January 1944 a report ''"as received about a 
serious outbreak of bluetong-ue on several farms in the vicinity 
of N elspoort in the Karoo. The incidence of bluetongue in this 
district is a rare occurrence, in fact it is from this area that some 
~,000 sheep are purchased annually to serve as susceptibles f.or 
the production of 'Theiler's bluetongue vaccine* and for research 
purposes at OIHlerstepoort. T'he position "·as reported to be 
serious and assistance to control the outbreak was urg·ently solici­
ted so arrangements ,,-er·e made to carry out a fnll investigation 
in company with the Government Veterinary Officer of De Aar 
(.M:r. S. W. de Villiers), whose knowledge of local conditions 
would be invaluable. A number of fanns were visited and 
~:~everal flocks of Merino sheep Yarying in numbe1· from bYo to 
five thousand " ·ere inspected. It was the general consensus 
of opinion of the farmers that no comparable outbreak of Glue­
tongue had previously been known. The previous year a few 
eases had heeu diagnosed, approximately 10 to 25, in the different 
flocks. One farmer stated that he had lost 9 per cent. of his 
flock during the outbreak in ] 944. In view of the low incidence 
of the disease in the past, routine annual immunization had never 
been practised so that the vast majority of the sheep could be 
regarded as fully susceptible. The care and treatment of tbe 
sick sheep "·as a severe burden to the o"·ners so that, in despera­
tion one farmer had decided to immunize his entire flock of 4,000 
Merino sheep. When 1,400 of these sheep, ''"hich ha-d been treated 
nine clays previously were inspected, approximately 500 (35 per 
cent.) were shmYing clinical sym11toms of bluetongue indistin­
guishable in severity from tl10se affected with the naturally eon· 
tracted disease. The comparatively low incidence of natural 
cases of bluetongue in the remainder of the flock justified the 
conclusion that the severe reactions in these fully susceptible 

*The method of preparation has been described by Du Toit (1929). 
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sheep had been produced by the vaccine and no contributorY 
factor other than the "·eather oondit ions (see Neitz and Hiemei~­
schmid, 1944) could be found to account for it. 

_From one of the natura lly cont racted cases on one of th e 
farms a strain of virus " ·as isolat ed subsequently, which i ;; r e.fer­
r ed to in the tex t as t he " N elspoort ' sh ain. 

(2) In January 1939 a visit was paid to t h e farm :Mimosa P ark in the 
East London district to study the r esults of a field e:s:pe1·iment 
" ·hich had been planned to throw some light on a pr evious 
complaint from the owner of t he farm. 'l'he history of this farm 
\Yas t hat for three years prior to 1937 the Oncl erstepoor t vacci11e 
p repared from th e " Veglia " strain hnd been used " ·ith sat is­
factory r esults . In October 1907 nll the sheep ()ierinos) approx­
imately 3,000 in number lwcl been vaccinated . Durin g th e 
ensuing bluetongue ~:>eason a large but undetermined number 
coni ractecl bluetong ue and app1o:s:imately 300 ( ± 10 per cent. ) 
died . In ad1lition th e markecl loss of cunditlou, p1oh acted c-on­
valescence of a large number of recoYered sheep had bad a very 
c;erious effe1· t upon t he foJlo,,·iJl g' ,,·ool clip. In 1938 armnge­
ments harl been mad e for the immuni;.:a tion of nll t he lambs ·on 
the farm und er Yeterinar:;· supenision and on th e 27th of 
October 8+8 lambs, approximately fiye months old , \Yere injec­
ted by the Government Veterinary Officer of East Lonrlon, (Mr. 
A. ~t;:attheiYS) . :Jiild ren ctions follo1Yed in these lambs and no 
mortality or loss of condition was ohsen ed. Six " ·eelcs la ter th e 
owner reported tha t cases of bluetongue were occuning. vVhell 
the flock '"as examin ed on the 18th J anuary 1939 i t was found 
that approximately 30 per cent. of t he flock "had cont racte<l blut>­
tongue a nll tha t 55 sheep (G· 5 per cent .) had di ed . On the ,dwle 
the flock '"as in a miserable condit ion and it \H IS appm·ent that 
there ha1l been a seriou;-; set-back in the normal cl evelopn<ent. 
K o cases of bluetong-ue had occurred in the main flock , " ·hich had 
been immunizell seve1·al times and in adrlition had been exposed 
to natural infecti-on during- seYeral seasons. As the general 
system of animal hushalHhy was beyond r epronch and from a 
vet erinary point of vi e"· stri ctly in accordance with our o11·n 
instruction, it was obvious that immunity produced by th e 
vflr·f'ine \l'as insuffici ent to protect ag-ainst the nai.ural ,·irult>n t 
infection. 

From one of the affected Rlleep n strain of Yirus " ·as isolatell 
,~ ubsequently, 11·hich is referred to in the text as the " :Mimosa 
Park " strain. 

'l' h e experience at N elspoOl't indica tes tha t the u se of t he vaccine in a 
fully susceptible henl under field conditions is dangerous and the Mimosa 
P ark inciden t that th e immuni t~· c-onferred m ay be inadequate. It " ·as a 
full app1·eciat ion of these defects which led to reim·estigation of t h e enti1·e 
prohlem of bluetongue by a small t eam of workers and the results of one 
pha,;e of that investigation form the basis of this report .. 

ExrERii\IE NTAL OI~SERVATIONS. 

(1) The Isolation of the Stmins. 
Over a period ·of forty years a number of strains of blue tong ue Yiru,; 

have been isolated from different sources, and as these are consta ntly referred 
to in the te:s:t it is n ecessary to detail their origin. 
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(i) The " Theiler " Stmin.-'l'his is the original strain isolated by 
'l'heiler, who used it for research work upon which he based 
his classical description of the disease. The origin is some­
what obscure, but apparently it was obtained from a natural 
case of the disease in the Cape Province at the beginning of 
this century. It is the strain which was used for the routine 
production of vaccine from 1905 to 1929, when it was replaced 
by the " V eglia " strain . In 1942 the Government Veterinary 
Officer, Vryheid, Natal, found a bottle of vaccine which had 
been misplaced in the office for 25 years from the information 
obtained from the batch number and the record of the date 
Df preparation. It was forwarded to Onderstepoort and on test 
it was found tD produce mild febrile reactions in sheep kept in 
the stable. A supply of virus was collected and the strain was 
brought into general use again in 1942. 

(ii) The " V eglia: " Strain.-In February 1927 a lamb (No. 16016) 
developed bluetongue at Onderstepoort as a result o£ natural 
infectiDn (du Toit, 1929). The lamb died, but before death 
infective blood was collected. 'l'his strain was used to confirm 
Theiler's work on the attenuation of the virus by serial passage 
through sheep and from 1929 to 1942 it ''"as used for the pro­
duction of vaccine. 

(iii) 

(iv) 

(v) 

(vi) 

The " B ekker " St1'arin.-ln March 1933 a stram of vuus was 
isolated from a cow suffering from the so-called pseudo-foot 
and mouth disease in the Standerton district of the Transvaal 
highveld. It was brought t o Onderstepoort where its identity 
to bluetongue was established and has been described by Bekker, 
de Kock and Quinlan (1934). 

The " Camp" Strain.-ln March 1937, somewhat earlier than 
usual, a number of sheep were brought to Onderstepoort for 
the routine production of vaccine. Before being drafted into 
experiment they were confined in a small camp and kept under 
observation. After an interval of 19 days after arrival eight 
sheep contracted bluetongue and of these 4 died. From one 
of the fatal cases (No. 48736) the " Camp " strain of virus 
was isolated. It will be noticed that this and the " V eglia " 
strain were isolated in precisely t he same locality but at nn 
interval of ten years. 

The " Mimosa Parle " Strain.-Tbe virus was isolated on the 
farm Mimosa Park in the 'East London district from a sheep 
reacting to a natural infection after previous immunization 
against the " V eglia " strain. Full details have been gi.-en 
above. ' 

The "Byenespoo1·t" Strain.-During the course of investigations 
into an enzootic of redwater in cattle due to Babesia bo1:is 
(Babes, 1888) infection during March 1941 on the farm Byenes­
poort in the Pretoria district fresh blood was subinoculated 
from a sick heifer intD a sheep. A febrile rea.ction was pro-
duced and the virus was subsequently identified as bluetongue. 

(vii) The " Uni1:ers1:ty Farm " Strain.- During February 1942 
several cases of bluetongue were diagnosed in a small flock of 
sheep on the experimental farm run by the Agricultural 

96 



W. 0. NEITZ. 

Research Institute in conjunction with the Faculty of Agricul­
hue, University of Pretoria. These sheep were on open 
grazing, had been immunized the previous November with 
Unrlerstepoort vaccine (" Veglia " strain). 'rhrough the 
courtesy of Prof. :ll. \V. Henning, ''" ho reported the breakdown 
in immunity, blood "·as collected from reacting anima ls and 
the strain \Yas isolated. 

(viii) The " 1Yelspoo1't " Stwin.-Full details of the isolation of 
this strain in January 1944 from a susceptible sheep in the 
Beaufort \ iVest district of the Cape Provinr.e have been giYen 
above. 

(ix) The '' C.43 " Strain .- In February 1948 )h. R .. du 'f.oit pro­
duced a case of b luetongue by injeeting into a susceptible 
sheep an emulsion of a species of C1Ilicoides t rapped at Onder­
stepoort. I am indebted to h im for a supply of this strain 
of virus originating from an insect Yector. This was the third 
strain isolated at Ond erstepoort over a period of 16 years . 

(:s:) Tlve "Cyp1·vs " St?·OJin .- In F ebruary 1944 Mr. R. J. Roe, 
Senior Veterinary Officer of Cyprus, forwarded to Ouderste­
poort various blood samples ·obtained from sheep \vhich were 
suffering from an acute febrile disease accompanied by heavy 
mo·r tality. Bluetongue was suspected , and this was supported 
by the detailed r eport on the clinical symptoms and post mor­
tem lesions. The diagnosis was confirmed hy sub-inoculation, 
immunity and cross-immunity experiments and the strain has 
been retained for comparative purposes. 

'rhe origin of these ten strain s of bluetongu e vuus may, therefore, be 
summarized as:-

(a) From susceptible sheep: -" Theiler ", " Yeglia " " Camp ". 
" N elspoort " and " Cyprus " strains. 

(b) From sheep immune to the " Veglia " strain: -" Mimosa Park ' · 
and "University Farm" strains. 

(c) From cattle :-" Bekker " all(l " Byenespoort " strains. 
(d) From an insect vector (Cu l1:cm.des spp .): -" C.43 " strain. 

Th e nomenclature is purely arbitrary, being based on common us.ag·e 
in · the l aboratory. It will be possible to introduce some standard nomen­
clature Dilly when an adequate classification has been "'OJked out. 

(2) Ll! ethods Emplo:1ed for these St·udies . 

The experimental sheep " ere obtained from large consignments of 
)ferino forwarded to Onderstepoort from time to time. These sheep were 
purchased .fr'om areas in the Karroo, where bluetongue does not normally 
occur and a 1ong experience has sho>nl that there is no reason to doubt their 
full suscept ibility . While in experiment the sheep " ·ere maintained in 
loose boxes in a stable, feel on adequate maintenance ration prescribed by 
the Section of Nutrition of the Institute, from the feeJs available at the 
time were allowed fresh water ad lib. and were not permitted outside 
Hen for exercise. U nder these conditions the;~· do remarkably well, 
but i t will be noted that they were continuously in the shade, and at no 
time were they exposed to the sun or any adverse weather conditions. These 
conditions, therefore, were entirely artificial. Tentperatures were tal:en 
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twice daily at approximately 7.30 a.m. and 4 p.m. and these temperatures 
were always checked when ever deemed n ecessar y. All animals were 
examined every morning- and a. careful record kept of any clinical reactions. 
From time to t ime blood sm ears st ained ~~-ith Giemsa were examined to 
exclude the incidence of some protozoal infecti-ons e.g. Babesia ovis, Babes, 
1892, Anaplasma ov ·is, Lestoquarcl , 1924, Eperythrozoon avis, Neitz, Alex­
ander and du 'l'<Jit, 1934, and Biclcettsia ovina, Lestoquard and Dona.tien, 
1936, as a complicating factor. 'fhis is a precaution which has not always 
reee ived adequate attention in the past and its importance in in 'Vivo 
immunity tests of this nature cannot be too strongly emphasized. 

Immunity tests with homologous virus strains were carried out from 
th ree to six weeks after the immunizing infeetim1, and in the vast majority 
of cases on the 28th clay. Care was t aken that for any immunity test a 
sheep did not receive an injection of its own blood colleeted during a 
previous reaction. Sheep were submitted to a cross-immunity test three 
to six weeks after an hoinologou s immunity test h ad been applied, i.e. to 
avoid any possibility of an error. The immunity to any one strain of virus 
\Y as established and confirmed before the immunity to another strain was 
tested . 

Adequate supplies of virus were maintained by collecting blood from 
reacting susceptible sheep at what was judged to be the height of the 
febrile reaction. vVith aseptic precautions the blood was tapped from the 
jugular vein into bottles containing 1 /10 of the final volume of anticoagulant 
and preservative fluid oonsisting <Jf 500 par ts of glycerine, 5 parts potassium 
oxalate, 5 parts of phenol in 500 parts of distilled water. This virus was 
stored at about 10° C until r equired and except in serial passage experiments 
was only used after it had been stored for a minimum period of two weeks 
to en sure that any protozoan contaminants had become inactive. I n passage 
experiments fresh infective blo<Jd was used for subinoculation. 

It was appreciated that, in spite of t he most rigorous precautions, there 
was some risk of mixing up virus strains or alternatively of using for test 
purposes a strain which had been modified in som e way by passage or by 
storage. To obviate this a st<Jck supply of virus (I-LA. Alexander, personal 
eommunication) was prepm·ed from spleen s of selected sheep destroyed at 
th e height of the reaction anu dried in 'Vacuo over anhydrous calcium 
sulphate at a pressure of less th an 0 · 001 mm. of m ercury after rapid 
preliminary prefreezing- in an alcohol-carbm1 dioxide sn ow mixtur e at 
-70° C.. 'l'his dried powder sealed in ampoules in an atmosphere of dry air 
if properly prepared retains infectivity for several years. F rom 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. 

'fhe dose of infective blood for a ll tests '"as 1 or 2 c.c. of blood g iven 
subcutaneously unless specifically stated to the contrary. 

(3) The lnterpr·et..'l'tion of the iVatvr-e of the Reactions. 

In work of this nature, " -here death or survival is not the ch ief 
<.:riterion o£ the existence of immunity, it is exceedin gly difficult to devise 
an:v fixed standard by ''"hir h to compare clifferen<.:es in the degTee of immunity. 
'l'h e reaction produced by each strain of virus in a number <Jf susceptible 
sheep was judged according to the severity and duration of the febril-e 
reaction, and the severity of t he pathognomonic clinical symptoms e.g. 
buccal and nasal hyperaemia, stomatitis, swelling of the lips, coronitis, losR 

98 



W. 0. KEITZ. 

in condition, and appetite . Any deviation from this p icture was estimated 
in the case of each individual sheep and designated in the conventional 
manner by crosses e. o·. xxxx = severe febrile reactions "·ith pronounced 
symptoms, x =mild febrile reaction with no Qther clinical symptoms and 
; =an indefinite or doubtful reaction. The estimate of the severity of a 
reaction was furth er complicated by the fact that in many cases the degree 
of the temperature reaction was not correlated in any way ·with the severity 
of the clinical symptoms e.g . a slight fever never rising above 105° F. 
may be accompanied by the most severe nasal and buccal lesions, inappetence, 
extensive pododermatitis with subsequ·ent exungulation, general weal<ness, 
torticollis and emaciation, or alternatively a fever with a temperature per~ 
sisting at 108° F for some days m ight be the only symptom. In spite of 
this, however, it is confidently believed th at although errors of judgement 
may have occu rred in isolated cases there has been no gross error in the 
general interpretation of th e severity of the reaction. 

A. The Plural1:ty of Virus Stra.1:ns. 

The general object of the investigation w~s to determine the reciprocal 
cross-immunity bet\\·€en each of the ten virus strains. It is obvious that in 
order to obtain results which are statistically significant in in V1:vo work of 
this nature, it would he necessary to draft excessively lar ge numbers of 
animals into experiment. Consequently the investigation was spread OYer 
a number of years and full use "·as made of animals in a wide variety of 
experiments providing the full history was accurately known and the condi­
tions enumerated above were f ulfilled . This is the explanation for the gaps 
in the tables of results and indicates that i t will be many years before this 
investigation can possibly he completed. The results of the cross-immunity 
tests on merino sheep which haYe been completed to date are presented in 
tabular form in Table 1. 

1. 'l'he first broad review of this table establishes a point of the utmost 
significance, viz. t hat there exists a plurality of antigenically different 
strains of virus in that the immunity to one strain may be broken down a fte1· 
reinfection by another strain. 

2. Each strain of virus produces a solid immunity against the same strain 
as shown by the fact that in no single instance did the homologous immunity 
test produce any detectable reaction . 

3. Bet" ·een all the strains investigated there is a variable dei!:ree of 
common or basic immunity. This is shown numerically by the animals 
which failed to react to a heterologous immunity test. From a clinical 
point of view it was just as apparent. Even in the case of the sheep immune 
to the "Veglia" strain, which were tested with the " Camp" strain, 
where 71 out of 79 sheep tested reacted, th e reactions were modified and only 
in rare instances was the severity o£ the clinical lesions equal to those 
seen in a fu lly susceptible animal. There was no increase in the period of 
incubati-on and frequently an equally hig·h maximum temperature might he 
developed during the fever, but usually the course o£ the disease \\US 

shortened as sho"n by a sudden r ise in temperature and after a few days 
a sudclen retum to normal by crisis. In addition to the decreased severity 
o£ the bucca] and feet lesions the period of convalescence was considerably 
decreased. It must he stated however that in several instances the appear­
ance of two distinct hands of hvperaemia as a result of two successive bouts 
of pododermatitis were noted. " 
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W . 0 . NEITZ . 

4. 'l'he " Theiler " , " Veglia " and " Bekker " strains show almost 
complete reciprocal cross-immunity. The only breakdowns in immunity 
were observed in 24 out of 164 " Veglia " immunes and one out of 25 
" Theiler " immunes when tested with the " Bekker " str ain . 'rhis obser­
vation suggests t he possibility of placing- these three strains together in one 
group , but a definite ant igenic iden tity is negatived wh en the differences in 
r eactions to h eterolog-ous strains is examined , e.g. the " Camp " virus was 
able to break down the immunity of only 5 out of 25 ( = 20 per cent.) sheep 
immune to " Bekker " virus, bu t caused react ions in 71 out of 79 ( = 90 per 
cent.) sheep immunized against t he " Veglia " strai~ and 9 out of 25 
( = 3G per cen t .) immunized against the " Theiler " strain. It would seem 
therefor e tha t there is a var iation within very wide limits in th e antigenie 
;;tructure of strains even though th e common or b asic r esemblance may be 
pronounced . 

5 . F rom the data anilable it is not possible to group th e str ains on 
the basis of iden ti ty of antigenic structure. 

Before discussing the significance of the above r esults i t is of interest 
to examine in g reater detail the resu lts of those cr oss-immunity tests in which 
the number of animals tested \Vas sufficien t ly large (tha t portion of T able 
1 enclosed by th e dotted line), i .e. sh eep immune to t}le " 'l'heiler ", 
'' Veglia " , " Bekker ", " Cam p " and " Mimosa P ark " tested \vith t h ese 
strains and with the " Byenespoort " strain in addition. The results are 
;-;et ou t diagrammatically in Ch ar t I. 

In the chart the length of each column covered by di agon ;l l lwtchi.n g· 
represen ts the percentage of complete protection , h orizontal hatching repre­
w nts lit tle or no immunity and the dotted area par t i al or incomplete 
immuni ty. The final block is a composite representation of the innnunit.Y 
produ!'ed b:v four of the strains (" Veglia " , " Bekker ·", "Camp" antl 
" Mimosa Park ") against five of the heterologous strains . The number of 
noss-immuuity tests on sheep immune to th e " Camp " and " ::\1:imosa 
P ark " strain s respectively "·ith the " 'rheiler " strain is statistically in­
adequate. 

Again i t is imme(liately apparen t that each strain protects eompletely 
against itself and that ther e is a variable degr ee of protection against the 
heterologous strains. Further it becomes quite clear that the selection 
of th e " Th eiler '· and " Yegli a " stra ins for routine m ass immunization 
purposes was unfortunate, becau se these str ains produ ce by far the least 
polyvalent imnnmity (c / £ Table 1), whilst any one of t h e others, with 
a slight advan tage in favour of th e " Belrker " or " Mimosa P ark " strains, 
" ·o uld have been preferable. If there is no antagonistic action bet\Yeeu all 
the components represented in a mixture of two or mme strains to be usecl 
for immuni r.ation p urposes, then it is r eadily apparen t t hat a mixture of 
sny the " Bekker " and " :Mimosa P ark " virus wou ld pr oduce a poly­
Yalent immunity fa r superior to anything, one could hope to obtain with 
a single str ain. 

No opportunity presented i tself of t esting the immunity p roduced by 
ih e simultaneous inj ection of t wo virus strains, since this aspect of t he 
problem be<:ame apparen t only later in the course of t he inYestigation. H ow­
ever , a number of sh eep , which had reacted to one strain of virus, ancl which 
had subsequently r eceived an immunity t est by inj ection with a. h eterologous 
;;train, were retained for a test \Yith a third strain . F ull details of t h ese 
experiments Bre g·iven in Appendix I, bu t the results ar e summarir.erl iu 
tabular form in T able 2 . 
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I~IMU'WLU(;IC..IL S1TUH:S OK HLl'ETO~<;rE I~ SIJEEP. 

Hewlts .-Although the numher (0G) of sheep u~ed in this series of 
experiments is c.maH, the results, varticulmly if r ead in t:onjuudion with 
the t:ro;:,s-inunuuit:y t e.,t, sho" n in 'l'ahle 1, a1e of g-reat importance. 

( 1) From experinwnt:; Xo. 2 and 3, it appear,; that the sum total of the 
inununity produced by t\l·o ~:;hains of virus is the ~nme no n1atter in \vhicl1 
order they are illj eded, e.g. of 1!) Rheep immunized fir;;t against " )iimosa 
Park ' ' an<l thea again~t " Camp " , !J Tended to " Bekker " and 10 weTe 
,;olidly inlmt111e, \Yhere~ts in 17 ,;heep " ·hen '' (';unp '· \Hi t; inj ected first 
an<l " ?lii.mo:;a Park " subse<Juently !J reade<l and 12 'n~re immune. 'l'hi,; 
;;light clifferen<.:e is quite insigni ficant aJI(l consequently th e group of ;~2 
sl1 eep may he regarded as being immune to " Camp ' · and " ::\iimosa Pa1l · ' 
when tef!terl \Yith the " Bekker " strain. 

(2) A con1hinahon uf b Yo s(Tain s of ,· i rus pro<luces the same inllnunit.'· 
;l gainst a third strain as that "·bich "·oul<l be pro<hwe<l h,v the best immun­
izing strain alolJe, e.g.: -

(a) Sheep immune to " ~limo~a Park" teste<l with "Cmnv '' : 13 mtt 
of :~9 reacterl = 33 per cent. (c / f Table 1) . 
Sheep i m m u np to " Bekker " t ested with ' · Camp " : G on t of 

2!") reacted = 20 per cent. ( c/ £ Table J). 
Sheep immune to " )limosa Park " and " Bekker " tested '"ith 

" Camp ": ;3 ou t of 17 readed = 18 per eent. , i.e. the 
immunity of the combination wa s that proclucerl by the better 
antig-enic stra in · ' Bekker" . 

(b) ~het>p iuunune t(, ' · ~lilllosa Park " tested with "Bekl,er , . : 
17 out of 40 readeu = 42·0 per cent. (c / f Table 1). 
Sht>t>p immune to " Camp " tested " ·ith " Bekker " : 33 out of 

120 reacted = 28 per cent. (c / f Table 1). 
Slwep immune to " }Iimo~a l'ark ' · an<l " ('amp " tested with 

'· Bekker": 10 out of 02 1·eacterl = 31 -per cent., i.e. the 
immunity of the combination \Yas nppmximately that 
proclncerl by the better antigenic stra in " Camp ", since the 
(ljft'erence hetwet> n 28 anrl :11 per cent . is hardly significant , 
but the difference between 31 and 42 ·!) per cent. is signifi­
cant. 

(c) Sheep immune to " Camp " teste<l with " Mimosa Park " : 27 
out of G7 rPnded = 47 per cent. (c / f Table 1). 
ShePp immune to " B ekker" tesie<l with " Mimosa Park": 1-1-

out of 29 reacted , 48 per cen t . (e / f Table 1). 
ShePp inunm1e to" Camp ., a nd "Bekker" ieste<l " ·ith " Mimosa 

P:nk ": 3 out of 7 readed = 4:\ per cent. 
'l'hP munher of sh eep in this g-roup is partit:ttla rly small , bur 

11evt>rtheless the close agTeemen t in the figures is worthy of 
note . 

(il) The immunit~· ;~gainst <JlH~ iihuin of virus does 11ot i1derfere with thL~ 
untig-Pnic adion of nnotlu··r strain. In other \Tord;; a p;trtiall~· immullP 
sheep "·i ll responrl to the stimulus of t lte speeifie antigenie components o£ 
a het('rologous strain of virus i n spite of the presen<'P of the basal i111muuit~· 
r ommon to all stra ins. or of nflditionnl <·om111on antigens. 
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(4) 'fhere is a matkeLl variation either in the susc-eptibility of individual 
sheep to bluetongue or in the ability of individual sheep to deYelop immunity. 
Of the 5G sheep in the series of experiments all reacted to the first injection 
of virus; 23 reacted to the second injection but not to the third; 11 did not 
react to the s·econd injection, but did react to the third au1l 5 reacted to 
all three injections. 

Comment.-From a dinical point of view it was found that the degree 
of common or basal immunity was not increased by giving a sheep immune 
to one strain of virus an injection of a heterol<lgous strain. 'fhis is illustrated 
by the fact that when a sheep reacted to a third strain of virus, the period 
of incubation was not lengthened; the decrease in severity of the le~ions and 
the reduced eourse of the febrile reaction was not further enhanced. This 
may he interpreted as showing that repeated injedions of a homologous 
strain of virus cannot increase the degree of immunity to that strain or to 
other strains of different antigenic structure, and that repeated injections 
of heterol<lgous strains will only result in the production of immunity 
against the specifically new antigenic components introduced with each 
injection. In other words polyvalent immunity can only be produced by the 
injection of a number of antigenically different strainR of virus anrl cmmot 
result from the repeated injection <lf the ;:wme strain. 

Discttssion.-'l'Iie establishment of the existence of a plurality of anti­
genically different virus strains is of prime importance iu obtaining a clear 
picture o£ the requirements for any campaign of mass immunization in the 
field, and in offering an ad-equate explanati<ln for the 1·eported failures of 1 

the present vaccine. 'fhis aspect will be discussed fully after the ~xpel"i­
ments on the duration of immunity have been detailed. 

Two criticisms may be leYelled against the present series of experi­
ments :-

(1) 

(2) 

'l'hev are conducterl under laboratorv and not under field cou(1i­
tiOJ1s. Apart from the difficulty of "organising similar controlled 
investigations in the field it is desirable to have uniform conditions 
for a series of experiments which hacl to be prolonged over a 
long period of time so that the only variable factor in each case 
was the strain of virus us·erl. It is believed that attention tD this 
factor is of greater importance than au 0xaggeration of minor 
differelJCes " ·hich may have escaped attention. 

The ·observations a1·e nDt complete. Only one portion of the cros~­
immunity tests has been completed, hut the results are so strik­
ing that an early report is necessary in the interest of the 
immediate problem. Greater speed in the completion of a more 
comprehensive invesigation will only be possible upon the elab­
oration of an in ritro test to be applied to a suitabl e small 
laboratory animal available in large numbers. Up to the present 
no sueh test h as been worked out, but it must be horne in miud 
that the final criterion must ah·avs remain the direct in 1·iro 
resistance test of immunized sheep." In this instance the in riro 
tests have been presented first in the hope that they " ·ill stimulate 
the development of smne Rimple 1 a bora tory test. 

B. The Du-ration of ln11nun'ity. 

Du Toit (1929) investigated the nature and duration of immunitv to 
bluetongue in sheep. H e concluded that " generally speaking there " :as a 
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oradual, but slo\\· decrease in immunity hom the tbird to the t \\·elfth 
~onth after yaccinatiou, but even at the latter stage the immunity was 
strong enough to prevent l{)sses ". Apart from the general interest of t hi ,; 
rapid loss of immunity to a virus the phenomenon is o£ practical importance 
beeause it is the ju::;tification {)£ t he fairly widespreacl pradiee of inuuuni ~­
iug sheep t"·iee each year , in October at the beg-ining ol' summer and again 
in ,January immediately prior to the highest ineidence of the disea~e. Thi~ 
practice which ha f; been f{)llowed by many breeders in the bad bluetongue 
areas has not been uniformly effective as a t'Ontrol m easure . It was thel·e­
fore deeided to reinYestigate the problem in the light of t he l'l't'ently 
aequired conception of a plurali ty of strains. 

Jlethod.-A total of 111 ~heep wa;; selected from those which had shown 
typical febrile reactions to the " Veglia " :;train of virui during the eour,.;e 
of the :u1uual test. of the routine Yaccine to be issued. From i:leptember to 
the ellll of December, when the risk of natural infection is c-onsidere<l negli­
gible the sheep 11·ere eonfined in a small camp. From .Tanuary {)nwanls 
they were housed iu a ~:;table. \Vben they IYere requirecl for immu11ity ted. 
thev \Y ete hansfened to another stable where they \YPre maintained undl'r 
the. same co nditions as all the other experimental" sheep. The ' 'Bekker·· 
strain of viruR wa s used for the immunity tests because:-

(i) It t'ould be 1·elied upon to produce a ,,.1'11-definerl febr ile n•:tdiotl 
with marked clinical lesions and a fairl~· high mortalit.Y. 

(ii) It is antigenically dosely related to, but uot identical with the 
" Veglia " stra in so that if anything- a decrease or immunit.'· 
IYOtild lw at'centuated. In any r·ase the peree11tag-e of reactors 
would he comparPrl with th~ statistit'ally sig-nificant Kl:'rie, sho11·n 
iu 'l'able 1, i.e . 24 rear-tors {)Ut of 164. 

l:houps of sheep , 9 to 12 iu number, were f;,'l.·ven their imnmnity tests at 
monthly intenals fr{)Jn 2 to 12 mouths after tl1e immut1ity inj ection. 'L'he 
dose of infective preserved blood ''"a s 1·0 t'.C. subcutaneously in about 70 
per cent. and 5·0 c.c. in approximately 25 per c-ent. in an attempt to obtain 
some information on the effert of a larger dose; one or two fully susPeptible 
eontrols were included in each group, the one receiYing 1·0 r· .c: . anrl t he 
other 5 · 0 c.c. 

The results an· given in Table :1. 

l~esults.-Of the 111 sheep tested 98 ( = 88 per cent .) were :·wlidly 
immune. 'l' his pen-entag-e is somewhat better than the 82 per cent. slwwn in 
'fable 1, but the difference is im;ignifkant. 'l'he 13 sheep whieh clirl read 
showed o1dy mild febrile 1·eactions without , all)' clinic-al lPsions of blm,­
tonguE' . 'l'he reactionR werE' inc-omp:nahly milder than those sho1n1 by the 
20 control~ of IYhich all sho11·erl marked febrile reaction,; 11·ith seYI:'re clini <·nl 
lesion s ·of bluetong-ue, and 1-.J. cliecl. 

Of the 79 immune sh eep whidt receiYed 1·0 c.c. of Yintlent blor)(l ]() 
(12·(; per eent.) reacted :mel of the :)2 which received :"J·O r.c. 0 (9 ·4 per 
cent.) reacted. It is apparent, therefore, that within the limits of the 
challe!lg·ing dose Ot yj rUS there WaS no sig-llifiCUll t diftE'rellt'e in the perCel1 t­
age of reactors, nor could any difference be detected clinicall:"r. Among the 
<:onirols of tlHlse 12·iven 1 · 0 t'.c·. ii clied, ancl 3 recoYerecl, while those g-iYeu 
,j·() c.<·. () dierl and :3 reeoverE'd. 
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' l 'AJSLE ;j. 

lJu r{(tion of lnununity . 

Shee11 lnunune to :it·rain " T1 eglia " T ested with Strain " JJelde-1· " 

Xo. of I Tnte rml l 
Sheep. lll 

month ' . 
Dose. Re,wtion . Controls. 

* 
12 2 !:J- 1·0 ec. 8 :\o reaction .......... . .... . . I ·0 cc. Jb:xxx a nd died. 

l ro,wtion x, day 8--9 ....... .. . 
3-5·0 cc. 3 no react: on ................ . 

---------1------------------------------------
12 3 fl - l·O cc. 8 n o rna~tion. 1·0 ce. Rxxxx anc1 rlied. 

1 reaction x, day 10- 17 . . ...... 
3-.~. 0 cc. 3 no reaction . -~-0 ce. Rxxxx and dierl. 

----------1--------- --·-----------------------
ll 4 8- 1 ·0 cc. 8 no reaction . . ..... .... . . .. .. ] ·0 ce. Rxxxx and recovered. 

3-.~ ·0 cc. 2 no c·eaction . .. .. .... . . . . . . . . 
rc~"Lct i on x , clay 11- 16 ....... . 

---- --------
JO 5 8- 1·0 cc. 7 no reaction .... ... . . . . . . .. .. 1·0 cc. Rxxxx and died. 

l reaction X. rlay S- 14 ......... 
2- 5·0 cc . I no re.1.ction . ............ .... i5·0 ce. Rxxxx and d ied. 

I reaction ? clay 12- 18 ......... 
----

9 6 6- l· O cc. 4 no reaction . ... .. .... ... . . .. 1 ·0 cc. Rxxxx recovered. 
2 reaction x, day fl- 15 and 8- 24 

respecti ,-ely. 
3-5·0 cc. 3 no reaction ............ .... . 5·0 cc. Rxxxx recovered. 

-----
9 7 6- J ·0 cc. 6 no reaction .. . ............ .. 1·0 cc. Rxxxx and died. 

3- 5·0 cc. 3 no reaction. . . .. . . . . ... . .... 5·0 cc. Rxxxx and dierl. 
-----------------------------------

!l 8 6- l·O cc. 6 no reaction . ... .. ... . ...... . 1 ·0 cc. Rxxxx and died. 
3--5 ·0 cc. 3 no reaction .. .... .. ... . ... .. 5 ·0 cc. Rxxxx a nd died. 

!) 9 6- 1 ·0 0C. 6 no reaction .. .. . . .... ..... .. J ·0 cc. Rxxxx and d iecl. 
3- ;)· 0 ce . 3 n o reaction . ... .. ... . . . . . . . . i'i·O cc. Rxxxx recovered. 

-------------1----------·--·------·--------------· 
!) 10 6-J · 0 cc. - ~ no reaction .. .... .. .. .... . . . 1 · 0 cc. Rxxxx recovererl . 

2 reaction x. dav 8--13, a nd 
l0- 16 resp~ctiYe'ly. 

1 c·eaction x. da.v 7- 12 . .. ..... . 
!I 3- iJ · 0 ce. 2 no re:tetion. . . . . . . . . . . . . . . . . i) · 0 ce. Rxxxx recovered. 

--;--· --1l- -- 6--1-'o~~--;-no reaction~-- -.-.-.-.. - .- . ~~~- - 1.'0--;;-;- Rxxx;-~:c[died~ 
l react.ion ·t, dav 7- 9 . ..... . . .. . 

3- 5-0cc. 3 no reo,ction .. ·: ...... ...... .. 5·0 ec. Rxxxx and d ied . 
---- -··--------------------- -------··-----------------· 

9 11 6- l·O cc. 5 n o reaction. l·O cc. Rxxxx and died. 

3- ,)·0 cc. 
l reaction ., day 7-~ -
3 no reaction. i5·0 C(:. Rxxxx a nd died. 

----· ------------1-- ------------------
12 12 9- l · 0 cc . 7 n o reaction. .. I ·0 cc. Rxxxx and d ied. 

2 reaetion X, d~.y 7- 9 . . . .. .. . 
3 no c·eaction. il·O cc. Rxxxx a nd d ied. 3-5·0cc. 

Total 
lll.. 

2- 12 
-------~--9·8--n-o-r-ea_c_.t_i_o_n __ = __ 8_8_·_3--p--c-rc--e-n_t_ --~-4-,--e-ac~-d-a-.n-d-<l-ie-d ~----

13 reacted ..... -= l l · 7 percent . 6 c·eact.ecl and recove red. 
-~~ 

Rxxxx signifies :- Severe febrile re.1ction with pronounced clinical sympt oms. 
*9- 1 · 0 cc. signifies t hat. nine sheep received an injection of l cc. 

3- 5· 0 cc. signifies that th ree sheep 1·eceiYed an injeetion of 5 cc. 

107 



IMMUNOLOGICAl, STC"DIES OK HLUETOKGUE IX SHEEP. 

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 correlation what­
ever between the time factor and the d·egree of immunity . In fact, it is 
worthy of note that ·of 27 animals in the 7, 8 and 9 m~mths interval groups 
there was not a single reactor. 

Conclvsion.-lt is concluded that over a period of 12 months there is no 
detectable decrease in the immunity of sheep to the more virulent, but 
antigenically closely allied strain of virus . 'Vithin the limits ·of the 
experiment a five-fold increase in the test nose of virus had no effeet upon 
the ultimate reaction. 

Discussion.- 'I'his result is completely at variance with that r epor ted 
by du Toit (1929) and it is not possible to offer any explanation for the 
difference. It should be noted, however, that in that work a virulen t 
strain of virus (No. 16357) was used for rather more than half the immunit;y 
tests, and as no mention is made of the origin of that strain, there i s very 
good reason to believe that an antigenically different strain had been selectetl. 
The conclusion which was drawn, namely that there was a. grarlual loss of 
immunity, should therefore be viewed in the light that at that time nothing 
was known about the existen ce of heterolog-o-qs strains. This, however, 
does not explain the apparent decrease in immunity where the homologous 
virus was u sed. 

U. The Transmitted lmnwndy. 

Alexander and Mason (1941) investigated the transmissions of immunity 
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 th at 
disease. They showed that the "·hole question of the protection of foal s 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, whirh develop a strong but transient passive immunity 
enter the n atural horsesiclmess season at a time when this immunity is 
inadequate to protect against natural infeetion, but is sufficiently potent 
to neutralize the attenuated virus in the pre8en t vaccine (Alexander, ] 930) . 
.. With regard to bluetongu€ Dixon (1909) concluded from observations in th e 
field that suckling- lambs po;:;;:;ess a marked degree ·of resistanee to this di sease. 
No record whatever was found in the litera ture of any investigations 011 

bluetongue in sheep similar to those of Alexander and Mason (1941). From 
an analogy \Yith other diseases revie\Yed by Schneider and Szathemary (1939 
and 1940), it is clear that transmitted immunity is a factor which cannot be 
taken into account, particularly in view of the fairly g-€neral practice of 
lambing down in autumn or winter approximately six months before the 
incidence of natural bluetongue. 

M ethod.- The gen eral plan of the investigation \Yas to mate approxi­
mately equal numbers of bluetong·ue susceptible ewes as well a.s ewes 
immune to the " Veglia " and " Bekker " strains of virus, to t est the 
susceptibility of each group of lambs to the " Bekker " strain at Yarious 
ages , and then to ascertain the nature of the immunity to the " Bekker " 
strain approximately nine months later. After lambing the sheep and 
lambs were to be maintained in a sta hle away from exposure to n atural 
infection . The test dose of virus in every case was 2 ·0 c.c. subcutaneously. 

The results are given in tabular form in 'rable 4 . 
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'l1A13LE 4. 

'l'he Suscept1:bility of and the Immunity ptesent m Lambs from Susceptd1le 
and Immune Ewes. 

Lamb ~0. Age Ill Reaction (l) 
Interval 

days. in day,;. Ewes. 

(;6528 4 H. XXX 

66415 16 R XX 285 
66375 66 R XX 285 
66372 68 R XXX 285 
66353 79 R xxxx 
663:}0 so R XX 

66351 80 R XX 
66352 80 R XXX 285 
66345 88 R XX 
()6324 lO!l R X 285 
66322 109 R XXX 285 

-- I -------------,-.-66529 4 :'i.R. 281 
-----1------

66433 8 N.R. 285 
66320 68 R XX 272 
66338 93 R XX 28:} 
66331 100 I~ XXX 28:i 
6(;32S 101 R XX 
6(;329 101 R XX 

66327 103 R XX 285 
66318 103 R XXX 

NoTE: (l) Bekker virus sheep No. 66206- 2 controls R xxxx. 
(2) Bekker vit·us sheep No. 68709- 4 controls 3 R xxx. 

I 

l R xxxx and died. 
Rx signifies :___:Mild febrile reaction ; 

Typical febrile reaction ; 

Reaction (2). 

N.R. 
~.R. 
N.R . 

X.R. 

N.R. 
N.R. 

N.R. 
R XXX 

N.R. 
N.R. 
N.R. 

N.R. 

R XX 
R XXX 
R xxxx 
N.R. 

Typical febrile reaction and mild clinical symptoms; 
Typical febrile reaction and pronounced clinical symptoms; 
No t·eaction. 

Result.- Unfortunately the conditions under which it was necessary to 
maintain and rear the lambs were hardly suitable to the purpose and the 
mortality from causes not associated with bluetongue, particularly cocci­
diosis was high, so that only a limited number survived to the end of the 
t•xperiment. 

(a) Obse1"vations on Lamus from Suscept·ible Ewes .-All reacted to 
bluetongue after the injection of the " Bekker " virus. 'l'he course of 
the disease as shown by the febrile curves and th-e severity of the lesions 
were much less severe than those shown bv the controls. After an interval 
of 28t) days they were still solidly immun~. 

(b) Obse1·vations on Lmnus from Imm'lme Ewes.-'l'wo lambs aged 4 to 
8 days respecti,-ely failed to shmY any reaction after the injection of the 
" Bekker " virus. After au interval of 281 days the younger lamb was 
immune, and after 285 days the older lamb Rhowed a reaction comparable 
in severity to that of all the other lambs which did react. The balance of 
the lambs from 68 to 108 days old at the time of immunization reacted 
mildly and all the survivors were still solidly immune 285 days later. 
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Conclusion.-(!) J,ambs from susceptible ewes of any age between 4 
and 109 days are suseeptible to bluetong-ue, but there appears to be a some­
what variable resistance of youth which causes them to react less &everely 
than adult sheep. 

(2) At some age between 4 and 68 days lambs from immune ewes lose 
their passive transmitted immunity and attain a susceptibility equal to that 
of lambs from susceptiblP. ewes. 

(3) During- the phase of passi. ve protection non-reading lambs may or 
may not develop a durable active immunity. 

(4) Immunity in lambs vaecinated under the age of 109 days persists for 
at least 285 days. 

Discussion.-It was most unfOl'hmate that the modalitv in the lamhs 
prevented any observations being made on lambs from immmie ewes between 
the 8 and 68 day period. :From a pradienl point of view, howeYer, it is 
of little importance because as a genernl rule lambs are never vnccinate<l 
before the age of 2 months. Such lambs mny be immunized with impunity. 
From a purely scientific point of Yie\Y it is realize<l that during that period 
when the passive immunity is waning 1·n 'uiro tests unless canied out ou 
very large numbers of lambs will probably show conflicting results depen­
<ling upon the deg-ree of immunity of the ewes and the antibody <"ontent of 
the colostrum. Consequently a final solution of the problem must again 
~nnut the development of an 7.'11 1:itro test, whi<:h may be applied on an 
accurate quantitative basis. 

The duration of inununit)· (28:) clays) i,; of mterest m vww of tlte 
previously recorded experiment!' on the duration o:f immtmity in adult sheep. 

D. Attenunt'l:on by Serial Pasw.qe through Sheel'· 

(1) The " BeldceP " St?,ain.-This strain of virus was pas,;aged serially 
throtigh fifteen generations of sheep. Full details of the reactions pro­
duced in each individual sheep will he found in Appenrli:x 2, while n concise 
summary is gi,·en in Table G. 

Resvlt. - From the above it will he seen that the percentag-e mortalJty 
dropped progressively with each sue<·e:;sive tive g-enerations of sheep, the 
respective percentage being 72, GO and 14. There was a well-mar.kecl yaria­
tion in the severity of the reactions seen in individual sheep, but when 
the experiment was discontinued at the fifteenth passage, the clear im1nes­
sion had been gained that there had heen 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 sne<'essiYe g·enera­
tions only 7 animals. 'rhe ''"ide variation in the susceptibility of iruliviclu::1l 
sheep and the fact that less than hnlf the number were used, shoulrl also 
he considered as a possible reason for the smnller mortality rate in the latter 
group. 

Rema.rh and Conclw;ions.-At the end of .1939 a-fter the outbreak of 
war it was found necessary to curtail some of the experimental work in 
progress at the time. Unfortunately this and the following- expe1·imeuts 
on the attenuation of bluetongue virus by passage were amongst those that 
had to he discontinued, so that no rlefinite c-onclusions can be rlra\YJl from t.he 
limited series of passages. 
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'l'AllLE 5. 

Passage of the " BeH:er " Strain through Sheep. 

X umber 
of ~hecp. Reactions. Percentage 

Mortality. Generation. ~ 
-----:--- - ----:-- - --- ---------:-- --------'- ---------

Deaths. 

1 ........ . 
2 ........ . 
:L ....... . 
4. .... . .•.. 
i). . - . . • . . . 

2 
3 
_;) 

fj 

3 

XXX, XXX . ... , .. , ....... . .. , .. 

XXXX, XXX, XXX ..... .. .. . 

XXXX. XXXX, XXX, XXX , XXX 

XXXX, XXXX, XXX, XXX, XXX 

XXXX, XXXX, XXX .. , , ........ . 

2 
3 
3 
3 
2 

72 per cent. 

-----------:---------------- :------ - --------
()__ ...... . 
7 ....... .. 
8 ...... . . . 
9 ....... --

10._ ...... .. 

2 
3 
3 
1 
l 

--- --1- --- -
ll ........ . 
12 ....... .. 
13 ....... .. 
14. ..... - - - • 
l:) . ....... . 2 

X.YX, X.XX ....... ... , . . · ....... . 

xxxx, xxxx, xxxx ..... ...... . 
XXXX, XXXX, XX ............ . . 

xxx~x .............. . . . ....... . 
xxxx .. . .................. . .. . 

0 
2 
2 60 per cent. 

---------- ----- ---:---- ---- ---------------
XX ........... , . . .... • . . .. • .. . 

XXX .... . . . ... . , ..... , .. . . • •.. 

x x.xx .............. .. . . . .. . .. . 
X X .. ..•. . .•...•. . .. . • . . .• .• . . 

XXXX, XXX . . . . ........•..... . . 

0 
Killed. 

1 
0 
0 

14 per cent. 

No-r•,.-The x's are an estimate of the severity of the reaction as .:udged from the feb1·ile 
reaction and the clinical lesions. An anomaly was that an animal might show a 
comparatively mild febrile reaction but would die and rice rer8a. 

If the prog-ressive (leerease in mortality ean be regarded as an index 
of the attenuation ot the virus then the reported experience of 'l'heiler 
(190()) und dn 'l'oit (1929) was being confirmed . However, the exceedingly 
severe reactions produced in the higher generations indicate that passage 
throug-h a Yery large number ot g-enerations of sheep would be required 
to attenuate the virus to a degree which would permit its use for routine 
val·cine purposes. A tentatiYe conelusion will be deferred until the results 
can be (liscussed in the light of the other passage experiments detailed below 

(2) The " Camp " Strain.- 'l'his strain \Yas passaged through 95 gene­
rations of sheep. Details of the reactions in all the sheep are shown in 
Appendix 3. For the sake of brevity the observations in Table 6 are shown 
separately for the first fiye generations and then each subsequent five ge11e­
ra tion s com hinerl. 

Restdts.-Ko deaths ocnnred amongst the sheep for the first 43 geue­
rations, although severe reactions accompanied by pronounced clinical lesions 
\Yere observed in generations ] , 2, 3, 29 and 30. 'J'he remainder of t h e 
sheep up to this stag-e had shom1 febrile reactions of varying severity, but 
the clinical lesions were mild. Both sheep used in generation 44 showed 
very severe r-eactions and one died. From generation 45 onwards there was 
a wide variation in the nature of the reactions. The majority showed a 
febrile reaction only, hut -of the ten sheep in generations 69, 70, 78, 79 m1d 
8:3 all reacted severely and five died. An additional sheep in generation 88 
reacted severely, but no further deaths occurred. Two sheep, one in gene­
ration 13 and one iu g-eneration 92 failed to react. Both these sheep were 
tested subsequently with the " Bekker " strain and were found to be 
solidly immune. 
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G e~lera-1 N u~:} ber I 
twn. Sheep. 

2 2 
3 2 
4 2 
5 2 

6-10 10 
11- 15 10 
16-20 10 
21-25 LO 
26--30 10 
31-35 10 
36- 40 lO 
41- 45 10 
46-50 lO 
51-55 10 
56-60 10 
61-65 10 
66-70 10 
71- 75 10 
76-80 10 
81- 85 10 
86- 90 10 
91-!l5 10 

'l'AllLE 6. 
Passa,!Je of "Camp " Stra.in through Sheep. 

xxxx 
xxxx 
XX 

XX 

XX 

XX 
XXX 

XX 
XX 

XX 

XX 

XX 

XX 

XX 

XX 
XX 

XX 
XX 

XX 

XX 

xxxx 
XX 
XXX 

- I 
xxxx 
xxxx 
XX 

XX 

XX 

XXX 

XX 
XX 
XX 

XX 
XX 

XX 

XX 

XX 

XX 

XX 
XX 

XX 
XXX 

xxxx 
XXX 

XXX 

XX 

XX 

XX 
XXX 

XX 
XX 

XX 

XX 

xxxx 
XX 

XX 
XX 
XX 
xxxx 
XX 

xxxx 
XX 

Reactions. 

XXX XX 

XX 
XX 

XX 

XX 
XX 

XX 

XX 

XX 
XX 

XX 

XX 

XX 
XX 

XX 
XX 

XX 
XX 

XX 
XX 

XX 

XX 
XX 

XX 
XX 

XX 

XX 
XX 
XX 

XX 

XX 
XX 

XX 
XX 

XX 

XX 
XX 

XX 

xxxx xxxx xxxx xxxx 
XX 

XX 

XX 
XXXX XXXX XXXX XX 

XX XX XX XX 
XX 

XX 
XX 

XX 

XX 
XX 

XX 
XX 
XX 

XX 
XX 
XX 

XX 

XX 

XX 

XX 

XXXX X 

XX 

XX 
XX 
XX 

XX 
XX 
XX 
XX 

XXXX XX 

XXXX XX 
XX XX 

XXX XXX XXXX XX 

XXXX XX XXXX XX 
XXXX XXX XXX XX 

XXX XXX XXXX XX 

XX XX XX XX 

XX 

XX 
XX 

XX 
XX 

XX 

XX 

XX 

XXX 

xxxx 
XX 

XX 
xxxx 
XX 

XX 
XX 

XX 

I I 
Percent-

D th age. 
ea s mortal-

ity. 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
2 
0 
2 
l 
0 
0 

0 
0 
0 
0 
0 
() 

() 

() 

0 
0 
() 

0 
LO 
0 
0 
0 
0 

20 
0 

20 
10 

() 

0 

Conclusion.-From this expt-riment it was concluded that:-
(i) 'l'he sus<:eptihility of i1Hliviclual sheep varies 11·ithin YCel'y ll'id t 

limits. 
(ii) After 9f) passages through sheep the " Camp " strain of vims had 

probably not been attenuated at all, or alternatively if Home 
attenuation had O<:!'urred it was Hot suffil'ientl~, constant to ju,;tify 
the use of the strain for vacrine purposes. 

(a) J'h~e " Mimosa Park " Stmin .-The r esults of the passage of t bil' 
'!train are gin•n in detail in Appendix 4, but are summarized in 'l'able 7. 

TABLE 7. 
Passage of the "Jfimosa Park, " Stmin through Sheep. 

Genera- Number 
tion. of 

2 
3 
4 
5 
6 

11- 15 
16-20 
21-25 
26--28 

Sheep. 

1 
2 
2 
2 
2 

10 
lO 
10 
9 
.~ 

XX 

XX 

XX 

XX 

XXX 

XX 
XX 

XX 

XX 

XX 

XX 

xxxx 
XXX 
XX 

XXX 
XXX XX 
XX XX 

XX XX 

XX XX 

XX 

-r-
I 

XX 
XX 

XX 

XX 

Reaction . 

XX 
XX 

XX 
XX 

XX 
XX 

XX XXXX XX 

XX XXXX XX 

XXXX XXX XX 

1 L2 

XX 
XX 
XX 

XX 
XX 
XX 

XX 

XXX 
XX 

XX 

Deaths 

0 
0 
0 
0 
0 
0 
0 
l 
1 
1 

Percent­
age 

mortal­
ity. 

() 

0 
0 
0 
() 

0 
0 

10 
LO 
20 
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Results.-In the earlier passages the number of sheep ''"hieh showed any 
~vidence of disease other than a variable febrile reaction was small. From 
the 8th to the 17th generation only 1 out of 22 sheep showed mild clinical 
lesions. In each of generations 18 and 23 one of the two subinoculated 
-,heep cliecl and in g-eneration 28 one sheep was killed in ea;t?'emis for post 
mortem examination. 

Bemm·ks and Conclusions.-Ati in the case of the passage of " Bekker" 
virus there was no alternative but to discontinue thiR experiment just when 
it had reached a mo;;t interesting stage at the 28th passage. The origin 
ol' the strain justified the belief that a virulent strain of virus had been 
isolated, but thi,; " ·as not confirmed by the behaviour under laboratory 
eonditions. The r·eactions at all times were mild, and if anything appeared 
to inerease in severity with passage. I£ mortality is taken as an index of 
virulence then there was a slight enhancement rather than a decrease. 

It is conduded that after 28 passages there " ·as no attenuation of the 
" Niimosa Park " strain of virus. 

(4) The " Byene.~poort ", " Uni·ve?'s·ity Fann ", "G.43 " and " Nels­
poort " Strains.-In connection with other work these strains were passaged 
for 8, 7, 8 and 4 generations respectively, Each strain is characterized by 
the prorluction of clinical symptoms of varying severity, but the percentage 
mortality in the limited number of sheep was cmuparatively l<Jw. No go<Jd 
purpose would be served by discussing the details of the limited number of 
passages, since no definite conclusion as regards attenuation iu possible. 
To Rerve n;; an index of the virulence of the strains, records of the reactions 
in indiviclual sheep are given in Appendix 5, G, 7 and 8 respectively. 

(5) The "Cypn1s ., StTain.- This strain was maintained by serial 
passage tluough 8 generations at Cyprus and for a further 3 generations 
in sheep at Onders.tepoort. From the very severe reactions observed in the 
sheep at Cyprus and hom those noticecl locally one was fully justified in 
concluding that no attenuation whatsoever had been achieved by passaging 
the strain through 11 generations. 1'he records <Jf the reactions made in the 
experimental sheep at Onclerstepoort are given in Appendix 9 

Discussion.- It is essential to review the results of these experiments 
on the passage of the virus strains through sheep in the light o:f the reports 
by Theiler (1906) and clu Toit (1929). From the protocols of 'fheiler it is 
seen that in the first five generations 6 out of 28 sheep (21· 4 per cent.) died 
and in the subsequent five g-enerations 4 out of 71 (5·6 per cent.). From 
the lOth to the 23rcl generation, the limit of the record, no further deaths 
occnrred and symptoms were limited to those of a mild febrile reaction 
sometimes associated ''"ith mild mouth lesions. In du Toit's work only 
three sheep died, two in the third and one in the 11th generation. The 
passage w::~s continued until the 80th generation with the production of 
mild febrile reactions acoompanied by Yery mild clinical symptoms in a 
limited number of animals. On these results, particularly since the 
" Veglia " strain was isolated from a fatal case of the disease, it was 
reasonable to conc1nde that attenuation had been achieved and that these 
attenuated strains were safe for general vaccination purpose in the field. 
This conclusion was supported by the fact that good results were obtained in 
the preliminary field trials. 
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In th~ present series {)f e:s:perimen ts passage of the " Camp " strain 
j,; C'omparabJe with the earl ier work except that there wa,; no mortality 
until the -Hth passage and furth er deaths together with ;;evere reactions 
occurred in still later passages. Prior to the 4-!th passage it might have 
het'n conclurl ed that the Yin1s had become attenuated, hut pe1·sistence with 
subinoculations showed that such a t'Onclusion would have been inconert. 
'l'he experiencE' "·ith the " Mimo1;a Pm·], ,. strain was simila r but less ('011-

c..:lusi Ye. 

It hao; been shown (X eitz and Hie111er,;dunid, 1944) that ;;olar radiation 
1s a factor which bas a marked ach-erse eftect upon the (·ourRe of bluetongue 
aucl that under precise experimental C'onditions the avirulent " 'rheiler" 
stra in in exposu1 e tests at the laboratory may produ('e les ions praetically 
as severe as tho;;e produced b)· virulent strai ns in the field. From tlw 
aYailable eYiclence therefore, it is c·onsidered that the original conception of 
attenuation by pa,;sage throug·h sheep must be modified. 'rhe present inn•,;­
tigations and those on the transmission of blueto11g-ue by the intermediate 
host (C1dlcoides spp.) by du Toit (1944), suggest that there was no morE' 
than au adaptation of the virus to a mammalian host, and that the apparent 
attenuation II' as due entirely to the conditions under which the work was 
carried ont. The ('Onsirleration of the clini('al manifestatio11;; under stnblP 
conditions produceo by the ''Theiler" and "Veglia ., strains, justifies 
the conclusion that they are merely strains of loTI· Yirulence, that the 
"Camp" and ":Mimo~a Park. , ~train s are of slightly greater virulence, 
'"hile the {)thers, for example the " Hekke1· " strain is on·e of Yarying <h·g-reE' 
of greater virulence. 

The conception of adaptation of a virus to a ne'" host is no ue'" one. 
For instance Burnet and Hull (19-1:0) describe in detail dist inctive properties 
of their original and derivative forms of influenza. viru,; obtained h.Y serial 
amniotic passage in the developing chick embryo and emphasize that the 
derivative form aris·es very rapidly from the origiual form under partic;nl ar 
experimental conditions. This rapid adaptatiou to a n ew host is a ph<>no­
menon whicl1 should not be coufu;,ed '"ith a ;:;loY\. transformation of a 
pantropiC' strain of virus to one with e,;,eutially neurotropic C'haracters, e.g'. 
horsesiclmess (Alexander, 190!) ) aml yelloYI' fever (Theiler , ] 900). 

In the C'ase of bluetongue du Toit (1944) <lemonstratecl that C11liculdrs 
spp . are the vectors of bluetong-ue. 1'his observation shows that ruminants 
are not the only hosts of th e Yirus. The serial passage of f'everal ;:;trains of 
Yira ("Theiler". "V€glia ' ', "Bekker'' , "C'amp", and "Mimosa 
Park ") after transmiss ion n·a the in,;ect. YE'dor to sheep, ~holl'ed that therE' 
i;:; an adaptation to the environment of thE' new host. The chief change on 
adaptation is then the de.veloprnent of a virus, \\·hich produces a fe bril e 
reaction with or without the concurrent procl uction of specifiC' lesions of 
variable Reveri ty, and the virulen('E' of any g-iY€n strain of Yirus after adap­
tation remains practically constant under the same environmental conflitions. 
This means that there was no true progressiYe attenuation of any of the 
vinlR stra iJH; investig-atecl, but merely an adaptation to a particular set of 
conditions and that this adaptation r eached a· constant level after approxi­
mate!~- ten subinoculations . This conception of adaptation rather than 
atten nation h,v serial passage is supported by:-

1. ThP failure to attenuate the " Bekker ", " :Mimosa Park " a nf1 
" Camp " strains. 
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2. The report by de Kock, <lu Toit and Neitz (1937) of the failure 
to attenuate their " Tzaneen " strain of virus by passage through 
fifteen generations of sheep immune to the "Yeglia ., strain of 
vinrs and through nine generntions of sus<.;eptihle sheep. At one 
stage of their investigations the non-attenuation of the virus was 
rega1·ded as a point whieh did not permit of its classification as 
a strain of bluetongue. 

3. The complaint by :M:r. H. ,T. Hoe (pen;onal communication) of 
failun• to attenunte the " Cyprus " strnin hy serial passage. 

J.t is believed, therefore, that jusi ns there is a plurali ty of antigeni­
cally different strains of hlu€tongue virus, so there is a plurality of strains 
of different virulen<.;e on adaptation to sheep represented by the " 'l'heiler " 
strqin as the least virulent nnd the " Cyprus " strain as the most virulent. 

K The Hela.t·,:ve S~ts1·eptibilit:IJ to lJluetongv e of the Jl1 e1·ino and English 
Mutton B1·e'eds of SheezJ. 

On the 16th October, 1940, 54 Dorset Horn nuns importe(l from Austra­
lia for the purpose o{ breeding prime fat lambs were delivered io the 
quarantine station at Cape Town. On the 22nd October they "·ere injected 
with bluetongue vaccine batch 267 (" Veglia " strain) as a routine immuni­
zation measure prior to their distribution. Some time later the veterinary 
offieer in <:barge (.~ir. C. H. Flight) reported that teactions commenced 
after th~ normal incubation penod o£ seven clays; the readions were 
exceedingly severe being ac<.;ompanied by seve1·e lesions o£ the nose, mouth 
and feet. 'fh€ period n£ convalescen <.;e was so prolong-ed that it wns at least 
t\YO month s before the animals could he r eleased and even at that time the 
<·ondition of the majority was so poor that they would he o£ no use 
for immediate service. 

As a result of this report six Dorset Horn sheep were brought into the 
experimentnl stable nt Onclerstepoort and were vaccinate<l with material 
from tlnee different batches of vaccine(" Veglia" st1ain). An ·equal number 
of Merinos acted as controls. There was no difference in the severity of the 
febrile reactions between the two g-roups, hut the difference in the other 
dinical symptoms was most pronounced. \iVhereas tl1e :Merinos were never 
off their food and at most showed only slig-ht reddening o£ the buccal 
mucosa, the Dorset Horns showed complete inappetenC'e for almost a week. 
There were severe lesions of the nostrils and mouth. The pododermatitis 
was so severe that the animals were unable to stand for several days. 
1'here were no deaths, but this was ascribed to t he conditions under which 
the animals were mflintainecl , throug-l1out the experiment. 

Rem(/rles and Conclusions.-It is conduded that the Dorset Horn as a 
breed is far more susceptible to bluetongue than the )ierino. It is not 
possible to express any opinion as to whether this hyper-susceptibility is 
shared by other English mutton bree<ls simply because no animals o£ other 
breeds were available for experimental purposes. Attention has nlready 
been directed to the variation in sus(:eptibility of different individuaiH of the 
:Merino breed. Sin<.;e hyper-susceptibility of another breerl hns been shown 
experimentally it is quite possible that still further varieties will be found 
~mongst other breeds. 

115 



IMMUNOLOG-ICAL STl.:DIES ON J{LUETONGUE IN SHEEP. 

GENERAL DISCUSSION. 

ln the intr<Jductory remarks to this report it ·was stated that the work 
to be recorded formed one portion of a general re-investigation of the whole 
problem of bluetongue and its control in South Africa, necessitated by the 
fact that complaints regarding the two major defects o£ the present method 
of immunization had been substantiated . The defects referred to are:--

1. That the vaccine did not produce an adequate immunity; 
2. that reactions to the vaccine may be so severe as to cause con­

siderable direct and indirect losses. 

It is believed that direct experimental eYiclew..:e has been brought 
forward to show that these complaints based ·on observations in the field 
are justified and that adequate explanations may be offered. 

The inadequate immunity is due not to short duration but to the 
existence of a plurality of antigenically different virus strains. Between 
these virus strains there is a variable degree -of common or basic immunity, 
but this is insuffieient to protect against infection with heterologous strains. 
ltepeated injections of a homologous strain of viruR has no deteetable effect 
upon the common immunity and did not widen the polyvalent range of the 
immunity. It is apparent therefore that a system of immunization basetl on 
the use of a single strain of viru s can only be eff-ective in an area where 
the same strain predominates in nature. 

'l'he danger attached to the use of the vaccine is clue to an erroneous 
belief in the phenomenon of attenuation by serial passage through sheep, 
and not due t<J the presence of intercurrent infections. It is believed that 
after the isolation of a virus hom a naturally contracted ease of disease, 
there is no more than a rapi<1 adaptation to a ne'v host with possible 
changes " ·hich could not be detected by the technique used, hut with no 
progressiYe attenuation by serial passage. The tw<J strains of virus used for 
extensiYe immunization in the field were strains whose chief characteristic 
was lmY virulence. This low virulence ''"as acc-entuated by the laboratory 
eonditions under which the observations were made and being more apparent 
than real 1was capable o.f producing excessively severe reactions under 
adverse eouditions of which one is solar radiation of high intensity. 

:Mention has been made of t he fact that in spite o£ the defects of the 
present immunization the vaccine has been used with considerable success 
in the past. It must be remembered that its use has been confined principally 
to the enzootie areas, where annual immunizati<Jn and frequent bi-annual 
injection was practised. Once a general flock immunity had been established 
it was easily maintained since the duration of the artificially induced 
immunity, whether it was re-inforced by natural infection or not, was 
sufficient to afford protection against the repeated injections of the vaccine. 
'l'he passive transmitted immunity of the lambs from immune ewes. tog-ether 
with the natural resistance of all lambs, was sufficient to protect the young 
stock. Hence in the vast majority of cas-es it was safe to use the vaccine, 
hut under present day c<Jnditi<Jns of the sheep industry the extension of the 
method to fully susceptible flocks , or to hree<ls of hyper-susceptible sheep 
cannot be advocated. It is difficult to offer any completely feasible explana­
tion for the reports "that an adequate immunity was produced in the past 
whereas it has been sho·wn t_o be deficient in recent years . Possibly a m<Jre 
complete understanding of the diseases of sheep in South Africa has shown 
that bluetongue is directly responsible for more losses than was previously 
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believed to be the case and in consequence the value of the vaccine 11·us 
exaggerated . Alternatively an an nual flock mmtality which might !nne 
been considered quite satisfactory twenty years ago, would probably be the 
cause of serious complaint to-da_y. But due consideration shoul!l be paid to 
the opinion that prolonged passage of strains of virus through sheep via. 
the insect vector may have resulted in the differentiation of antigenic 
Yariants , which have now become so widespread a,; to he of considerable 
importance. 

The limitations of the technique of 1-,,, ?:iro tests, "·hich was ad-opted 
in the present study are fully appreciated since it is difficult to assess 
degrees of immunity on any quantitatiYe basis . It must he pointed out again, 
however, that the value of any 1'n 'l:itro test appli e<1 by any laboratory 
procedure can be assessed only after t he consicle1·ation of the eompara t iw 
results in sheep. Consequently thi;; record of experiments by a l:t bori ou;; 
m ethod on some 1,500 sheep oYer a number of years muRt be of ndue to other 
investigators in the same fielcL A wid e extension of th e scope of the investi­
gations is essential , be<·ause it is quite apparent t ha t an extension of tlw 
presen t method of vaccination canuot solve the problem of immuuizatioJt 
against bluetongue. A universally su ccessful val'cine must haYe as its basis 
a full appreciation of the plurality of virus shainK, a plurality which 
comprises antigenic structu re as 'v-ell as degrees of virulence and the r eac­
tion must either be controll ed or some method of true attenuation evolved. 

SU~I:MAltY. 

1. Complai u ts t hat the preseu t method of imm un iza tiou "gaiust hl ue­
tongue is not safe and that it vroduces an inadequate immunity haYe been 
justified. 

2. A plurality of antigeni cnlly differeut vuus strains has been 
established. 

3 . There appears to be an antigenic component common to all strains 
investigated and in addition an unkno,Yn number of different specific com­
ponents. 

4. 'l'here is a wide variation in the virulence of c1ifferent strains. 

5. The virus is not attenua ted by serial passage through sh eep . 

G. The significance of these findings iH discussed. 
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