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BBH NlZ AT ION AG All'\ ST lUN DE LU'E ST . 

I. I ~T IWJYCCTIOK. 

IK li ttle more than two years rinderpest 1·etl uee!l the cattle 
population of the Cape of Uood Hope Ly :35 per cen t. In the 
eighteenth centmy the disease killed oYer thirty million cattle in 
Gennany alone, and not until to\Yarcb the dose -of the nineteenth 
eentury waR it eradicated from the greater part of Europe, where for 
hundreds of years it had been the mw-;t serious plague of animals . 
In nwny parts of the \Yodel segregation of the healthy and slaughter 
of the sid::, which had proved suceessful in Europe, is not practicable, 
and in Burma. and India, and presmnably also in many other tropical 
countries, rinderpest remai11 s t he most important disease of cattle. 

During the lat>t forty-fi.ye year,; immunization against rinderpest 
has daime<l the attention of numerous ·workers and has been the 
subject of many publications. 'rhe object -of this paper is to describe 
a dried vaccine ' '"hi ch iR cheap, safe and effective, and which in the 
past two years ha s been successfully used on oYer three <1uarters of 
a million cattle . 

II. I~BH'KIZATIOK M ;..UKST HrNm·aiPEST . 

(a) Fady aUem,pts 1rith T1 iTus. 

From about 1754, .attempts to protect cattle were made by insert
ing· UlHle1· thei1· skin, material soa ke<l in the uafial and ocular dis
ch arges of disea,;ed animals. vVith fairly re~istant e;attle this method 
attained a certain measure of su cceiis, hut in most parts of Europe 
it caused heavy losses. In 1872 the Intern ation al YeterinarY 
Conference cons{clered thnt rin<lerpest should he dealt IYith by segr~
gat.ion and slaughter, and that immuni:-mtion ~hould not he attempted , 
t huR indicating that little progre,;,.; had been ma(le in control methods 
since A.D. 69 when Columella, iu clt>scrihing a disease which 
appearecl to he riml erpest, l"f'("O IIlmended the segregation of sick 
animals. 

(b) The 'use o.f l317e. 

The spread of t h e disease to Sou them A hie a in the n i nehes of 
the last century attracted many workers, and from that tiwe dates 
the intensive sht<lv of the problem of inum1n izat i on against 
rinderpest. · 

In the South Ahiean outbreak Koch (1897) and others ~Edmgtou 
(1899) Kolle and Turner (18HR), Kohlstock (1897), and Theiler (1897) J 
confirmed the claims made hy c·attle 0\Yners for the protective value 
of the bile of infedecl animals. The Yalue of bile wa~> influenced by 
the stage at which it \Yas collected, the bloo<l oontent, and the tempe
rature and (lelays to whi ch it· wa s exposed before use. The effeetiYe
neRs of bile \\·as limited to t1nJ days and Theiler considered the 
immunity it conferred dicl not last mo1·e than three month~. Bile 
eontained both antibodies and Yirm; and by adding glycerin e 
E cliugton (1R99) probably killt•d t he Yirus, thus conwrting the bile 
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method iuto pas,;i,-e immunization lu,;tiug only about ten <by,;. 
Kohlstot·k (1891) recommended Yirulent blood about a fortnight after 
the b1l <'. :Bile \Yati extensively u t>ed clming !he South African 
epidemic but tmnnds the end " ·as replaced by the serum alon e and 
the "en1m-vin~:; methods. ::\"" eYertheles;;;, iu D en•m her 190:) the fin;t 
Pan-Aftican ' ' e terinar;r Conft>nm(·e resolved that failing an atlequate 
supply of serum, pure bile r;houltl lw u::;ed for sta1t1ping out outhreab 
of rin <l e rpt>st (Cnrson 1936). 

(c) The ~1 se of 0erwn. 

The pt oteciiYe Ynltw of ;;erum frorn r ecoYerecl au imrd s had been 
noted by Semmer (1890) . rl'his \TH S later <:onfirm ed by Koch ( 1897), 
Theiler, alld oth ers1 a11d hom that hme until r ecently the production 
of immune :1nd .hy periJtlllllllle sennn has bee n ~tudied hy many, anll 
numerou,; publications have appeared on the ;,;ubject Hyperimumui
:r,ation and other means of obtaining potent sennn were ndopted in 
n early all countries . Some \Yorkers, ho1Yever, mailttn im•t1 that the 
;;erum of rPCOYere<l anilllals was as good as that s uppliell by hyper
immnnir.Nl nnimals . Ed11·nnls (1926 :md 1927c) affirmed thai. fot· 
the protlndiou of potent se rum h yperimmtmization 11·as unnecessary 
and in I mlia t hi s pto<.:ess " ·as fin::lll,y abandoned in 1924 . H e ;;h o11·ed 
that su:;cephhle buffaloes given Yirns and simultaneou:;ly suth<.:ien! 
serum to snpp1·e,;s reuction deYt>loped a solid immun it_v hut their 
serum had neg·lig·ible protectiYe properties. If th e quantity of serulll 
"·:1s sufficiently reduced to ullo"· the animal to develop a mild but 
decided reaction, in cln<lin g a pro no mH·etl 1·emperat u rP read ion, th t> 
antihod_\" content of the blood 1·ose sharpl~r on th e 18th tlay, \\·a ,; 
su ;;i.ainetl until the 3Gth day , :mel then g-nuluall:-.~ dropped nntil t.he 
60th to tht> !)Ot h day . 1\ o mu Her h O\\. s<-•Yere ! It e din ieal react i 011 , 
the ani.ibocl.v content of +he blood \Ya s not ittcn•ased. FollmYing the 
" ·ork of Jiaclsen (1923) in Covenhagen , Edwards iniee!ed inhn
venously !ht> c·hlo.rides of mangaJh'Se, :r,inc, mngnt>sinlll, hnritllll , :llld 
copper, ancl pilocarpine nnJ found thnt " !he finHi ng 2 hour;;; hdore 
bleeding of the serum ptodueers " ·h on th e~r are still .\·ielfling a good 
sermn seem s to c·ause them to furnish :1 SOIIle\Ybat lwtter Renun; late1· 
when they :UP :-.~i t>lding n poor serun. the Raltin g tlnPs not inrn•ase 
nwterinlJ:-.~ the lpwlity of th e serum ." 

Serum protects for little morP t ha.'l 1 (J days n n tl the cos! of 
confPJTittg· this transient intmunitY should restrict its 11;;e to meas 
where th~ clisease is not enclemie.nncl where c·a!tle mon' tll enis are 
under ron!Tol, or for i.mmunir.iug cattle pab~ing- t.broug-l1 :1.11 infedecl 
area. Bederke (1931. ) reports it little used hec:111 ,;e of had resnlis 
a nd D elpy (19il!'ia) rightl;v~ sa~'S t hn t it is too ecq w nsin• ancl tht> 
immunitv confPtTecl too transient . Neverilwless in Syria st>rllllt 
alone i s ~aill to be snpt>rior to sernm-Yirns nncl t r. Yaccin e (Sni<l 1934) . 
Then~ is still a c·on siclArable demand for serum , eiih er nlonp or in 
combination with virus or varcine. In the Pnn.i:.\h , for ius!ance, in 
1906-37 it was g-iwn to :)8,!)17 nni111uls eith er nlone or ''"ith goa t. 
Yirus (Quirke 1937) ; and in K en .vn in 1904 to 99,24:) a nim als 
either :~lon e or " ·ith virns (Brass<'y-Edwnnls ] 90fi). The nmnher of 
closes of serum issuecl from :Muklt>Rnr cluriu g t he )"t>ar t>nfling 31st 
)farch. 1907, wa s ] ,227,62R (Tnylor l93R) . 
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UHHJNIZATION AGAINST RINJJElll'EST. 

(d) The Serum-u·irus Method. 

The e<.~.rliest iorms of the serum-vii u::; method appear to he those 
of Efliugton (1899) who gave g-lyrerinated bile follO\Yed by blood 
,·i1·us, and Kohlstoek (18!)7) who 1e~.;onnnended Yirulen t blood 2 ·weeks 
Stfter bile. Before the en<l of the Sonth Ahi<"an epide1nic this was 
replaced by the serum and virulent blood method. all<l in 1898 Kolle 
and 1'urner re~.;oiumeu<letl serum-viJ us simultaueously as the he::;t 
m ethod for the eontrol of the <lisease. Much of t h e 'York after t his 
r elated to iuneasing the antibody <"On tent of the serum , and has bl'en 
briefly referred to in com1 edion wit h the serum alo11e method. 

'l'he diRatlvantages of the serum-vinlR method are:

]. the limited viability of the virus, 
:2. the spread of the disease by starting ne"· centre~ of 

infection, 
J. the losses due to protm:oa in jeeterl "·ith the virus, and 
4. tb e high cost of ::;erum. 

:M:any workers haYe re11wrked on t he limited viability of tht! 
virus. Hall (1933) considered that in blood the virus remawed 
effective for only fom hours, and \Yalker (1921) sbowefl that although 
the viru s after with<lra11·al from the animal could give rise to a 
reaction it flid not necessarily cm1fer immuni ty . In 1929 he 
recommen<lefl that vin.1leut bloo<l ;;hould not be used later than four 
hours after withdnt~Yul hom the vitus producer. 'J'o oven:ome tb1s 
<l.isadvmdage several proce<lures were tried . One " ·as to obtain the 
virus from iJ1fected animals in the herd to be immunized . Another 
was to infect susceptible cattle or goats anfl despatch t hen1 to the 
scene of inoculation b.v train or lony. Blood wm; sent out on ice, 
but even then it was not always satisfaetory when used within 24 
hours (Walker 1929) . Edwards (1927a), seeking to ove1·come the 
dis::ulvantag-e of limited viability by the applir,ation of the wmk of 
Kligler and Robertson (1922) on the spirochaete of relapsing fever, 
found that in blood dilutefl "·ith an equal quantity of dilute<l horst! 
::;enuu (1: 2) and kept in tubes sealed with paraffin wax the vints 
retainerl its potency for J 0 dayR at :no G. H e, therefore, despatch eel 
the viruR in bottles n early filled with <lefibrinated hloocl and Realed 
,,·ith plugs of eotton ,yool c;oahd in paraffin wax . Thus paeked the 
virus remained active ffn 8 <lays. Edward;; r emarks that "the 
original riehness of the injeetefl hloofl in virus is, ho"·eyer, a factor 
of considerable importance and som etimes the peri ofl of su1v iva l for 
thiR re.as011 is likely to pn>ve cliRappointing." Although it is not dear 
h<n,· t he quantity of the virus influenr,es the keeping quality, it. 
appears from thiR r emark that even un<ler these eotlflitions of <l espatch 
the Yirus did not ahYays survive fm 8 <lays. 

'l'he serum-virus rnethod may set up new centres of infection by 
hlling or eam;ing severe reactions in inoculated animals and Cooper 
( 1931 b) showe<l that even r,att le having- a " hlockecl-011t " readion 
are capable of transmitting· infection. ..Walker (1929) eonsidere<l 
that r,attle failing to react may contract rimlerpest from reaeting 
cattle. Since Edwards has shown t hat, provided active virus is used , 
non-reactors are immunizecl, failure to protect Rnsceptible cattle must 
be due to the use of inactive virus. 
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In sonte couutrie~ the losses cau~ed by proto:wa injected with 
the virus at time~ reache(l 20 per cent . Da ubney (1928) mentioned 
the loss of 50 per cent. from Bahesirlae in 18 cattle whose resistanee 
to this parasite had been greatly reduced by short interval clipping-. 
In India the serum-virus method is apt to cause a flare up of latent 
protozo:1. 

Although von Ostertag (1916) considerecl that iu countl·ie::; where 
protozoal clisea::;es are endemic the cattle inoculated would be immune 
to those diseases and therefore the danger of spreading them could 
be disregarded, nearly all 1Yorkers using the serum-virus method have 
found it advisable either to kill the protozoa in the virus or when 
necessary to treat animals after ino<:ulation. vVhere large numbers 
of animals are clealt with, the <lisadvantageii of post-injection treat
ment nre obvions. Trypanosomes in the lllood may he rlestroyerl by 
t artar emet ic (Carmiehael192G), but it haR been pointed out that this 
destroys T. u·ivo.tc but not T. col! .iJOlellse . Trypan blue is used if, 
destroy Babesidae but instead of adding the drug to the blood after 
withdrawal it ma_y he injected intravenously to the Yirus doner the 
clay before bleeding (Conti 1933). Even though the virus is freed 
from contaminant;; it ir:; apt to cause a flare up of l at ent infedions 
a nrl for t-his r eason the serum-virus method remain;; one requiring 
obsen:atwn all(l tn,ahnent of inocubted cattle. 

To exdude prot ozoan contaminants, viru;; Jlroduetion in other 
animalR was investigated. 'l'hat sheep were susceptible was noted by 
Galambos in 18fi1 and later h,,. Koch (1897), Hogers (1900) and 
Nie.olle anrl Adil BPy (1902). 17 ,;e " ·as ma<le of sh eep by von Ostertag 
(1916) aud vVaH:pr and Bn1<hhaw (1925) \Yho observe(l that they 
wPre not sn f;c;eptible to the piroplasmoses of cattle . 

Edwards in lndi.a surcessfully userl goats to deanse the hloor! 
of protozoa, 1Yith what far r eaching results 1Yill he detailed later . 
Radrlow, l<• overcome the rapid inactivation of the virus iu blood, 
sent it out iu the form of spleen pulp. In other countries goats have 
heen tried with (lisappoi nting- result~; (Kearney 1930). 

The evidenee on t-he dUJation of the imlll nnity conferrerl by t hf' 
serum-virus method is some,vhat contradietory . Some r egard it as 
life long, hut Daubney (1930) i,; probably nearest the truth wh en h f' 
says that in animals guarderl again st all risks of r einfeetion th f' 
immunity begin;; to <leclin e two to three years aftm· the serum-viruf' 
inocnlahon, and that long immunity is (lue to symptmnles~; rein
fedion. 

Banerji (1933) and D 'Costa and Balwant Singh (1933b) have 
show11 that cattle virus an<l serum confers a longer immunity than 
goat virus and serum. 

Iu Turkey the serum-virus method has been diHplaced by vaecine. 
'rahsin an<l Riehter (1 904) aurl D elpy (1935a) hold that it is too 
expensive and the lo,;ses eaused by it too heavy. Nevertheless many 
still eonsider the serum-virus metho(l to he the hest . That it is still 
wulely used even in countries \\·here vaccine has lJeen employed , I S 

shown hy the fa ct t hat of 173,881 animalR immunized in Kenya m 
1934, 98,373 received serum-virus (Brasse:v-Erh·anls 1906). 
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IM)'!U NIZATlON AG AIN ST RINDEI~PEST. 

(e) Tlacc'ines prezJa?,ed from 1\..illed or Attenuated Fints. 

To overcmue the <lisadYantage:; inherent in t he ,;ennlJ-Yirus 
m ethod of immunization, a Yast a mouut of work h a,.; been done ou 
the production o f a Yaecine from t he Yiru::; killed or nttemtated by 
exposure to ch emicals, sueh as glyt.:erine, formalin , phenol , i oluol , 
all<l chloroform, either alone or in combination, one <"h emica 1 being 
used to at iPtmate or kill t he 1·irus <llld t he second added to preserYe 
the V:lGCUlb. 

'l'he Yints in the blood praYing un::;atisfadory for t he prepm·atlolt 
of a va ccine, Yarious organs \Yere examined, and a,; in the earlier 
1vor k sonH'\\·b.at large do1:>es of Yaccine were found 11 ecessary , i he 
practice wa s to in corporate in i he n wciu e a,; many organ,; as p os1:>ible, 
ma inl.v with the i<lea of inca·easing th e hulk aud h en ce t he numbe1· of 
dose:; hom each animal. lhadually t h e t endency gre11· t o exdude 
i he liver and ot her o1·g-aus of lo1Y antigem c value and those liable 
to contamination , such m; the mesenteric lymph glands , so that to-clay 
man y favour using only spleen. 'Ehe aim of the r ese;uclt wmker ha o; 
heeu to prepare easil.'· and quiekly at lo"· cost, .a Yaccine " ·hich would 
not t ransmit ri])(lerpest or other infections nor cause undue local 
r ead ion , ye t 11·oulcl innn uni:r.t> rapidly and for a long- time and r etain 
its immunizing properties 11·hen expose<l to external tempe1·a ture. 
After b1·iefly r eviewiug the earli er work , t he vaccines more con1monly 
used t o-day will be sununari::;e<l in the lig ht of these desider:1ia. 

'l'hP satisfactory resulis with h eate<l blood recorde<l bv 
Gordziaklowski (1921) were not eonfirmecl. Daubney (1928), Heat-0;1 
(1931) an<l Hall (1933) failed to immunize IYith bloorl. 

Some of the earliest work on the preparation of a vacr:ine ~~-~u-; 
t ha t of K a kizaki (1918) and his cO-\YOrken; , 11·h o a ttenuated the viru,.; 
with glycerine anrl add ed toluol and other presernttive;; . The excep
tionally good results reported wer e queried by some investigators, 
but \Yere later in part confirmed by Bennett (1936), \Yho poi11ted out 
tha t Kakizaki used glycerine-water, wher eas oth ers h ad app.ar en t b · 
m;ed glyce rine-saline. 

ln 1917 Hoyuton detaile<l the progress of his \York, and in 1928 
dest.:ribed th e preparation of the n ccine finally evolYed. R e heated 
for t hree hours a t 44° C. the minced lymph g lands, :;pleen , liver , 
h eart, kidneys and t est icles t o wl1ich h ad been added on e-third of the 
weight of glycerine containi 11 g 0 · 5 per cent. pheuol. Ag-eing or 
attenuation of the vaccine " ·a,; effectecl by storage in th e r ehigenttor 
for h om one to six months . As the illlmunizi11 g propt> rtie::; of t he 
vaccine, whieh h ad to be determined , \\·er e lost soon after it was 
s uffi eieutly attenuate<l, t he materi al h ad to be used soon after t he 
Yaeeine stage h a d been attained , and because of t h e poor keeping 
qualities no surplus stock could he kept on han<l for use in au 
emel'g-<:>ncy . Some of the {)rgans, notably the liYer , ''"er e added 
simply to make up hulk ancl not for th eir an t igenic propertie~-> . 
Boynton con sider ed tha t th e poh•n(·y of th e vnecine could he Ya1·i ecl 
b:y the time ancl t emperature at whieh it was stored. By killillg th t> 
virns 11·it h chloroform , K elser (1927) and K eiser et al. (1927) sought 
to over come the drawb ack of ha1·ing to atteJJuate t he va ccine h~
storage a]l(l snhsequen t l.v having t o t est it at interv.als for a ttenuation 
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and poteney . AllmYing for the preparat ion of the )JUlp , and the 
:-;torage to ove1·emne the initant efted:-; of ehloroform ou ,;ubeutaneous 
inj ection, K elser 's Yacciue wa c; ready for use after three day,; . The 
spleen , liver, kidney;; , te;;tides and Yarious lympha he g-lands \Y er e 
used. The dose g iven " ·as three inj eetions of roughl~· ten grams at 
11·eeldy in terval;;. Rodier (1928) furth er alte1·ecl t he Yaccine b~· 
u sing only spleen, lymph glands aud tmtsils, and g iYing only one 
injedion. Keher eonsidered that cattle could be pro tectec1 by a 
single do:-;e of hi,; vace-ine, but that the more :-;u sceptihle buffaloe,.; 
1·equ ir ecl Uu-ee or more injections; \Yhile H odi er , according to 
K elser , showed th.at a s ingle dose of ntccine p1 epared from lymph 
g1mHb aloJJe immunized buftaloe:;, and becau,;e of t heir great e1· 
1m sce ptibility th ese animals wer e g iYen half the clo,;e llece:;:;ar~· for 
cattle . This seem r; to i ndicatE:· that U oclier \nt:-; u»iit g an atteJmate<l 
a1td not a dead Yirus . 

The Yalue of formalin i11 the p repan:d·ion of rinderpest vaccine 
has Leen investig ated by a number of workers, tb e earl iest of ·whom 
appear to be Curasson ancl D el py ( 1926), a nd Da u hney (1928). 

'l'he work on Foot-and-Mouth Disease published by Yall~e, Carre 
and llinjard in 1926 induced Cura s~;on and D elpy (1926) to use 
formalin t o kill t be virus of rinde1 pe::; t and th ey produced a vacein e 
by submitting- spleen pulp to the ac-tion of 1 (250 formalin in normal 
saline for 48 hours at room t eJttpera(ure in the (lark . 

A t th e same time ]),1Ubuey (1928) ulso iufiueneed hy the work 
of Va llee and his eo-workers and b:v the Teports of Bed,;ou , Maitland 
and Rurbury (1927), was investigating th e value of formalinized spleen 
as a Yacriue against rincl erpe;;t. H e earriecl out extensive investiga
tions ancl dealt with various aspects of the suhjert. His Yacein e wa r; 
prepar ed by mincing in a L a ta.pie the spleen removed from infected 
animals bled to death under chloroform .anaesthesia on th e seYeJtth dav 
afte r inoeulation with virulent blood. 'fhe pulp was mixe<l with 
Tyrod.e's solution contnining 1 (1,500 formalin, an<l allO\\·ecl to stand 
for 72 hours at 5° C. The Yac-cine was g;iYen in do,;es of one gram 
and was said to r etain its potency for seven days a t 50 C. and fo1· 
five <l ays at room temper ature. D aubney remarked that t he pi·eserva
tion of ant igenic proper t ies was gr eatly influenced by the pH value 
of the va<;<:ine. 'l'he vaccine was safe hut to be effective had to be 
nsecl soon after preparati on . 

)Iany publieations h ave appeared on th e subject of formalinizecl 
tissue vaccine. Investigators have varied slightly the conceutnttion 
of formalin used ancl the perio<l ancl conditions of stomg-e . A solu
t ion of 0·01 per cent. formalin appear s t o attenuate the Yinb m ore 
rapidly th<lll exposure to bodyh eat , :-;o that up to l:H° F. the conclitimts 
of storag-e do JJot influ ence the ra te of attenua tion. l<'o11nalinir.ed 
splPen pulp ha,; been employPcl in closes of 1 g-ram (D a uhuey 1928) : 
8 grams (H all 1930): and 20 gr ams (.T acotot 1929) . 

To in crease the value of formalinized Yacci ne Prunier (J 931) 
adrlec.l c-astor oil and Curasson (1931 ) added tapioca. 

B ennett (1936) , follo,ving on the work of Kakizaki , prepared a 
Yac-cine by adding double th e \\·eight of 60 per cen t . g lyce1·ine-wa ter 
to mincerl spleens , t he spleen being removed " from cattle plague 
patit-'nts a1; the h eight of an acute fehrile r eaction ", and storing for 
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three cbys at 37° C. or for three months at 0° C. 'l'he vaccllle 
retained it,; immunizing properties for one month at 37° C. and for 
one year at 0° C., and i n dose,; of one gram ;;pleen pulp per 100 
kilogram;,; was daimed to inununil'le for about eight months, the 
immunity being develope(l within three J ays . The temperature .of 
storage is important, a,; it is th e temperature and not t he glycerine 
which is sairl to attenuate t h e Yirus. 

B oynton (Hl28) shes,;ed th e delPteriou;; effect of nnpure 
g lyeerine, D aubney (1928) note(1 the deterioration of foJmalin by 
polymerization, and \Y alker (1928) , 'd10 rema1hd on t h e variability 
of t h e antigenic Yalue of ;;pleen s, advised that for vaccin e preparation 
several spleens sh oulcl be pooled and test ed for poteney before u se. 

Dried rauines.-Amhien;ky (19J]) immunized cattle with a 
vaccine prepare(1 from rhiecl spleen and glands emulsified in formalin 
saline. Cur asson (19iH) drie(l thP hs~ues in vacuo over sulphuri(: 
acid and nlte1· storing at rooJll t t> lllperature for a lll outh th e materia l 
was u sed in do,.;es of 2, 4, 6 alUl 8 gra m,;. J acotot (1931) u sed driec1 
i:lpleen stored for n mouth at room temper ature , ancl th i~ in closes of 
one gram, withou t the <1(1(1ihoJt of a ntisept ic-, gaYe immunity in on e 
month. U.obles :mel Gen eroso (1930), working i n t h e Philippine 
Islands, prepared a dried rin(lerpest Yacciue from the pulp of spleen , 
lymph glands and ton silf; h,v storing at 0° to S0 r. in a rlesiec-nJ,or 
over ealcium chloride. After 3 t o 5 weeks rhy ing it wa s u ;;ed as a 
Yac:cine iu doses of ] gram. The method of washing antl mineing 
was so nte" ·hat lengthy n11cl t edio uf' an(l the Ya(;(:ine took at least t h ree 
week,; to prepare. After S4 to 91 (lays in the icP c:hest it eonferrecl 
only a very low degree of imnmnit:Y, a lH1 he<:ame avirulent in le~,; than 
seven <lay:> at room temperat ure. They say i t is " iut practic.:al to 
send vaecin e i11 frag tneut £or111 to t h e field, since its preparation for 
use " ·ould neces~arily he clonP 11ncler arh er se field condition s inYohing 
too great a da1t ger of <·ontamina tiou " . 

In n ::;econd article ( l9:n ) the ::;ant P \YOr kers record further pro
gres~ nnd ::;tate that dela y in clrying seems t o clestro~· poteucy. 'J'hey 
cla im that p owdered 1inderpest Yaccine kept in th e ice chest {or 275 
clays suffered uo lo;;s i n poteney and that 30 (by,; at roo.m te111perature 
did not destroy its innnuni7-ing po,Yen;, hut t h at (l elayecl (hying 
appeare<l to be harmful to th e int mur1iziog Yalue of the Y<t(:cine . 

To preYeu t abscess fonnation for111alin h as heen inrorporate(1 in 
drie(l Yacciu es, eit he1· h efm·e (hying or '"he n preprni n g the pmnler 
for inj ection. Au chiPYsky ( 19:n ) exposes clried spleeu , ton~ils and 
ly mph glands to tlw adi on of fo rm ali 11 \\·a h:'r for 48 hour~ imm e
cliately before injedioll . Delpy (19:)0n) preparf's fonnnlin vaccin e 
and strain s it t h ro ugh u coarse d oth, us ing hoth ihe filtra te a nd t h e 
solid re:;idue whi eh i,; :fir,;t clriecl iu eledi·ic stow,; . 0·5 g rant of t he 
rlri erl Yaccine immunizf'S in 12 clays. 

' l'h e ;;afety of van:in eH, t he r eie•lltion of im nt unizing properties, 
t h e time taken to r·onfer immmtity, ancl the clura iion of immunit)· 
are of gn•nt practical impodanc-e. 

It i s claimed for all tissue Yacc~in e;; t h at th ev are safe in that 
they do not tran smit protozoa or other blood parasites. It is claimed, 
too, tha t unlike the serum-Yirus inoculation, tissu e vaceines do n ot 
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Gause severe reactions auu so do not set up fre~;h centres of infection. 
Such claims should , however, be taken to refer only to the eattle 
on whieh the work was carried out and to the counti·ies iu whieh 
the "·ork was done . It is coneeivable t hat a vaceine harmless for 
fairly resistant cattle n1ight prove daug·erous for more susceptible 
animals, and there is evidence t h<t t this is t h e ease . Daubney's 
formalin vaccine was pedeetly safe immediately after preparation 
when used in East Africa on the cattle of that co untry, but Cooper 
(19;)1h) at :M:uktesar fo und that even four days after preparation 
it was still highly infective for hill cattle . In Indo-China formalin 
vaccine is used as it does not spread the disease (le Louet ] 9;)2), and 
th ere is no reeonl from any other country of tissue vaccine spreading 
rinderpest. Although some vaccin es are given in doses up to 60 
c.ems. the local r eaction enu ;;es no .alarm, but V<tceines containing
chloroform and toluol are apt to cause oedema and abseess formation 
(Amlriev;;ky 19;)1, and Gra nonilli. t and Do-van-Vien 1935) . 

Formalinizecl Yacc:ine i s said to retai n its immnnizing properties 
at room temperature for one month (Juge 19;)5); for one month even 
in the tropics (Curasson 1934); for five weeks (Missenard and 
Zyl bertal J9a4); for t wo monthc; (Delpy J935a); for ten months 
(Ismail and Zudhi 1933); for hYo lltOnthc; at aoo C. (Jacotot 19a2); 
:mel when driecl for six month s (.1 aeotot 19~l2) ; and for one year 
(Delpy 1935a). 

Immunity is established in 4 to 8 days (,1 acotot ] 932); tl days 
(Curr~sson J9aO, I smail and Zuclhi 19aa, Delpy 1935b); 4 to 11 days 
(D auhney 1928); 10 to 12 days (Curnsson 19a6): ] 0 to 12 clays in 
laboratory experiments and 20 days under field eonditions (Juge 
1905): 12 days (Delpy .19 ~l5a); and 15 clayR (Ja l'otot 1929) . 

To aeGelerate the onset of immunity th e Yaecine h as been given 
intrac1ermally , it being claimed that by this m ethod the period is 
red uced to four days (Curasson and Zylhertal 1934, hmail and Zudhi 
Hla8). The latter author:; recommend that 5 c.cms . of the vaeeine be 
given intraderinally into the the scrotum or lips of t h e vuha . 
Curasson (l9aO) finds that in infertecl hercls, wh ere the vaceine cannot 
he given suhcutflneously, 10 c_; .cm,; . if given in tradennally, produces 
immunity in 4 days. J acotot and l e Houx (193!1), hcnn Yer , haYe 
fo uucl no adva utage in giving the vacc·ine intraclermally . 

The cluration of t h e immunity is said to be four month s (.luge 
19a5); five to six months (Misseuanl and Zylbertal1984); six months 
(.Tacotot 1932, Curasson 19aG); Reven nHmth s (I smail nncl Zudhi 
]9:l8); twelve months (Curasson 1930, Delpy 1935a); about two years, 
anll five years when the val'eine is followed hy actiYe virus (Dauhney 
1934). 

Bennett 's glycerine vaecine r etains its immunizing- propertie;; 
for t hi rty clays at 37° C. and for -one year at 0° C., ancl immunizes 
for eigh t months, t he immunity being serviceable for all cattle and 
solicl fo r most " ·ithin three days, and solicl fen all in one week. 

The cost of t he Yact;ine is not. easy to dt·•t-enuin e, hut where t he 
vaccine is preparecl at the scen e of the o1d:hrea k from a siek anim:d 
it is negligible. In .P ersia one eal£ produces about 200 closes of 
vaeeine, - at which rate it is consiclere:l eheap, arul becau se of the 
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,;implicity of m:Hl ufadure i t is w;ed in that couutry (Delpy 1930a) . 
Cunts,;on (1936) , ho\\~eyer, con,;iclen; that the cost of preparing 
formalin va ccine in a central l aboratory woul(l be prohib itive, and 
for thnt rea::>on prepa1·es it at the scene of the outbren k. 

OhYiou::;ly th ere is no great ummimity in the fi1tdings of tho:>e 
who haYe " ·cn·b-' (1 ou tissue va(;cines . It wouhl seem t hat B eunett':> 
gly cerine Yaccine is not influen ced by the diluent , th t> r a te of att enu
a tion dPpenrling solely upon the t empe1·atme a t " ·hich it is kept. All 
ot her chemically treated vaccines depellrl upon the action of the 
ao·eut and the best in a do,;e of ] oTam pt•r 100 kilooTams conff' r an 
i1~uuu'nity lusting little more thun "'twelve month s establish ed in not 
lf'ss th:m one "·eek . 'l'his n'ff'rs only to frpsh YfH'('in e. HPn !I Ptt' s 
g l:Y(;eriu e Ya cciue in a dose of 1 gr am per J 00 kilograms in th ref' da:n 
confers an immuni ty which la::;i s sonte\\'hat l e::;::; than a .1·enr. Thi.-; 
also r efers io vacciue s(med at a lo11· tempernture :ts although HenuetL 
claims that eYen after storage for :·lQ cla~· s at :no ( ' . t he Y:t('('ill<> ' · pt o
rluces a ve1-y serYiceable immunity 111 all cattle a11tl a ;;ul irl intuJuni(y 
in most cattle within three days ", his protocols do not :j11~tify t hi~ . 
'l'he immunii'_y of only two cattlf\ gin• 11 vacr;iut• ,;(orPcl fm ;l tbys a ( 
370 C. was te:;tetl ~3 clays after t he inj ection of 1 g ram per J ()() kilo
grams and of th f':e one died of rind f\rpest and the ot lwr hail (liarrhof'a 
and ulcf\rs in t h e mouth. 

Daubue:y (l!:J:34) obtained excellPut 1·esults hy giYi 11g pnrt ia lly 
inactivated Yaccine se1·en days aftPr c-omplf'tely iuadiYate(l Y<tl' (' ine. 
H e concluded that adiYe or partially aci i1·e :;pleen Yi1u,; giwu ' after 
completely inactivated vaccine c:onfers au immuuity service<t hle tor 
m ore than :fhe years. Thi s m etho(l of immuuiza ti o11 has at lea:;t 
some of t he clisa chantages asso6atf' d 11·ith tlw m;e of Yirus i11 1 he 
sermH-Yirus lltet hod. 

Although tis::; ue vaccine:> are now widely u:;t•d, i11 as::;es,;ing i lwir 
Yalue one should not lose sight of th e fad that sur·lt a careful wmker 
aH Edw<lrds (1927b) coulrl not obtain satisfactory r esult:-; ll'ith them , 
and at )fuktesar this line of research was finally aha!lllonerl in 19:~2 
a fter Haddow had found that form alinize(] Ya('('in e was <tpt to (' a n ~e 
fatal reaetious and, when it wu s safe, the imnmnity conferred \Ya:; 
nnrelia blP. ~fore oYer .Met t au1 (1934) reconls that field r e:-; ults with 
formalin Yacciue \Y er e so unsatisfactory that furth er experiments 
were carried out with other ch emicals. H e appar ently harl 
encouraging laboratory results wit h the adrlition of 1 per <'ent . sodium 
t auroglycocholate , normal salin e, and 1 / 1,000 formalin io spleen 
pulp finely gro1md up with sand. One finds :dso t hat in 1934 in 
K en ya , \Yhf're Dauhney anfl others did a gTeat cleal of. 1\'0rk on th e 
produ ction of formalinized tissu e Ycwcin e, of 171,881 ('atile whi ch 
r eeei Yerl prophylactic rinderpest heatme1it, ()5,GOi re('ei vPrl Yac-cin f' 
alone, 9,029 wer e given vaccin e plus virus, 98,373 \Yere givl•n senun 
plus Yirus, ancl 872 received serum alone (Hrasse,v-E(h·anls 19:1G). 

(.f) Goat rulajJlP!l Ti1·11S . 

Apparf'nU.v th e earli est r ecord of rinderpest in the gout 11·as that 
of .Jpssen in 1R36 (Flemming 1882) . Others who rlre11· attr>11tion in 
th e snscephhilits· of this species 11·e1e Chir·oli (1861) , HallPn (187]) , 
and Topacio (J 926) . Koch (1897) observed no c:hange in the Yiru~ 
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lllaintaineJ in :sheep, but noted some atte11uation after five pa ssage,; 
in g·oats, although even then the viru:; killed the susceptible South 
Afnean eattle. Hall (19J3) effected no attenuation after 27 passages 
in goats. Suunders and Ayyar (1936) showed that ihe Yirus at tained 
a sufheieut degree of attenuation for use as a Yacciue only after 
about eigl1ty pa :;sages in the g-oat. To fix thr Yil'Uii in goats :Edwards 
(1927a) found it ne(·essary to introduce "the bo,-ine vintil, by ca1eful 
surgical operation, on the foetal sirle of the foetal enYelopes in the 
pregnant goat ''. Other \l'orke rs lun·e not had to resort to this. H all 
(J 9:3:3) r·oulrl not maintain r·attle Yirus in goats, losing one strain after 
14 passage,; and another aftt>J' 27 pa:ssnges . 'l'o E<lwanls helong·R tht> 
c1erli1 of 1ealising the ndue of ihe goat for attenuating the Yirus for 
inunnnir.ing ('altle. He in the first instance su eees:-;fnlly u sed goal,; 
to o>er('OllH' one of i he di~advantages of the ,;erum-virus method of 
inununi.zatioH, namely , f lw injection of protozoa with the virus. 
Edwards reportetl on the value of goat virus aloJte , but did not reeom 
mcnd the entire abandonment of the ~ennu-viru,; meth od , advising· 
instea d the replncement of serum alone b:v goat virus plus serum, 
and Cooper (1931), after showing tha t goat virus alone could be m;erl , 
did n ot recommend it in Yie n· of the gTave risk:; involved " for a trad 
in '"hieh the animals are eonsidernhly more susceptible is liable to 
be encountered surldenly at an.v time''. It should, h owe>t>r, be notecl 
that according to Rnnerji ( 19:~3) Blis;; in 1922 had 1ecoJtuuended t he 
use of goat Yirus in China, and in 192() Topn cio had pointed out the 
eronom~- of ihi s method. 

Echnuds (19~30) observed at KanHtl the survintl of three bulls, 
whieh had been injected " ·ith goat bloo(l virus aloue by his eolleague, 
Mr . .llenon. Stirling (1932) noted this und also beeame acquainted 
wiih the fortunate error of his assistant, ~lr . P. S. Xair, "·ho while 
doing senun-Yirns inondations g·aye fhe cattle goat Yirus and then 
found his supply of serum exhau sted. All five caitle li w d. The;;;e 
two (·ase,; a11d encouragement from Edwards led Stirling to carry ou t 
a small experiment 11·ith g·oat Yiru,.; alone, and it is of i nh·re,;t to note 
that the four !'HHle 011 ll'hi('h the experiment wa.~ tried were obtained 
on loan from an Inrlian ,-illager, after lw · ' l1a(l heen iuduc:ed to make 
H \nitlt>n statentent that the experiment,; wouhl he carried out nt hi ,; 
risk " . This small experimen t '"a" follmYecl h~- the injeciion of 340 
cattle ;lllrl Lnffnloes, all of whieh :mrviYetl tbe sub,;eqnent injedion 
of hull Yirus. Tlwse appear to lw the fir,;t experiments on the use of 
goat Yirn,.; r econlt>rl in India. 

};d,Yanb (J927a) recommended fiel(l workers to p1·epart' their own 
Yirus by the inoc·ulation of twu goai s with )1uktesar Yirus . Kerr 
and Menon (1!)!34) inYestig-ated the Yalue of the Yirus for buffaloes 
and for u se in outhreaks. St-irling 1933 remarkerl on the Yalue of 
the Yirus for cattle " with a relatively b igh degree of natu rn l 
resistancf' " but still recommeruled the wt>ll-lmown ,;erum-vi ru~ 
mrthod for immuniziug higl1l,v susceptible cattle in India und other 
rountries. Stirling's method of preparing the Yirus \\W; to bleed t he 
infedt>cl goat ou the fourth or fifth da,\·. He eonsidered female goats 
unRati,lfador,v as Yirus prorlucers on acr·ount of the liabilit .\' of 
pregnant goa Is to abort. Almost immedia tel,v workers wert> eon
fronted with their first difficulty, " ·hieh was to get ndiYe virus to the 
t>t ene of iiloculation. K err and }fenon (1904) attempted to prepare 
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Yitus in the field by infecting virus producers a t the scene of inocu
l ation, but discarded th is method beumse the technique was beyond 
th e abilit~r of fielcl i11 oeulaton;. They, therefo1·e, conce1drated on 
the use of spleen ti~sue Yacci11e , ihe ~pleeu of real' ii11g gouts being 
nll into s trips of about one gram each, and emulsified in saline imme
dia tely hefore injection by grinding in a modar for half a n hour, 
speeially large needles being required for the ino(·ulahon. Une goat 
produl'ed lwt \l'et'll 2,000 and 2,()0() closes, tlw dose l..wing 0 · 01 gram of 
spleen. The.\· injedPd large munbers of buffaloes and noted ~evere 
re;1dions onl~· in i hose workecl immediately after inocula! ion. To 
modih this the dose for buftaloeH was r ednl'ed to half t hat for ('attle. 
Hut ~~·en the u se of :>pleen ti ssue d i(l uot over('ome the li111ited 
viability of the virus, and K en (1935) records failure:-; on t\1'0 occa
sion s clue to the u;;e of inadivated Yirus. One was clu e to t h!:' viru:< 
being used n10re than seYen cla,,·,.; after issue, and the other \Yas during
the vf:'ry hot month of April. lie not ecl ,.; pecially that if his dose of 
0·01 grnm fot· cattle could he hah·ecl, there would be a Yery big 
saYing. K err con:-~idf:'recl that int:reasing the concentration of the 
spleen to a boYe one per cent. retarded or prevented immu ni:.~ation 
"proha bly clue to th e more ready diftus ion of the thinner emulsion " . 
He also (·onsidered that the virus lived longer in a saline solution 
weaker than normal saline, and finally u,.;ed a half per cent. solution 
of sod ium chloride for emulsi fy ing his spl~en iissue : Hadclo'" (1936) 
found that the virus in tissue and tissue e:xtrnds r emained ;H·i ive for 
;J to G weeks at room te mperature hu t for nothing lik e this at inl'uhator 
temperature or even at 30° C. Haddow ( 19~17) mentions that th e 
rapid loss of viability of virus in hot weather is Rtill " a eause of 
ineorn·enience " and adds that at room temperature the Yin1s in 
spleen is viable for about a month but exhaded wit h clistilled water 
Ol' normal sa line becomes avirulent in about a week . As the tempera
ture is such an importun t fac·ior in the viubility of the vi r u s, i t is 
unfortunate that the room temperature is not st a ted. Mu ktesn r , a t 
an elevation of about 7,000 feei, is comparatiYely <'Old , the nuiation 
in temperature being given by L ingard (1905) ns from below !32° F . 
to 86° F. in ihe shade, and ~Ware (l9B3) states that " The f'limate of 
the place il'l for the most pn l'i of t he yenr colcl and t he extreme 
temperature~ rnnge hehYeen 17 ·9° a nd 87·4° F. " rl'he time of the 
year, therefore , hns an important bearin g- on H addow's ohsenation. 

HaddmY (1933) ('OJU<ideu; goat virus useful in .imported a ni mals, 
hut iu iudig-ruous aninw ls t he Yirns rf'su~cilnt e,.; latent in fection , 
whi('h is a,.; serious a,:; ('om·eyed transmi,.;,:;ion. Th e duration of t he 
i nnnun ity r·onferred b.v ~roat' ,·irus Ya cTiue is put at twehe months 
(Stirling· 19:~:3, K err 1905) ; ancl at something- under three ~·ears 
(Edwards 1927<~ ) . On t he time iaken to develop immunity there is 
ven · l ittle eviclenre- Siirliug (l!):n) puts it nt "ahout a ,,·pel; " . 

Yacr· in es made from (·a ttle virus a re safe only if the Yi rus has 
het•n attP11untecl. Ya('ein es mad e from g·ont virus a·re effective only if 
the virus is fully potent. In spleen tissue goat viru,; iR saicl to he 
Yiahle for :{() days at 4f>° F. (K err nnd :Menon 19:{4, K err 1901)) ; for 
(i cla~·;; at 100111 te mperat ure (1\.err 1935): nnd tor· seven da.vs a t room 
temperature up to 85° F. (K err and ~Ienon 1934). Haddow (1934) 
fnuml thai '~ nt or(linar.v temperatures " nt Mukte~ar spleen t issues 
nnd "·atery extracts of ~;p]een t iss ues remained virulent for about a 
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month, and seemed to think that under hot weath er conditiolls ou 
the plains, the virus remainell virulent for 15 days. ~ince Kerr an<l 
~ienon (1934) fai led to inmnmize "·ith Yatcine exposed to the plaiu· 
temprrature for six days, Haddow seems unrluly optimistic. 

III. ExPEHDlENTAL "'OHK CAnnmn orr .\T 1.:\s.EJ)I". 

A study of the literatu re on rinderpest was made during lean• 
spent at Ondentepoort Laboratory, South Africa , in 1934 and again 
in 19:37, and on my return to Insein in June, 19:34, " ·ork was eom
men<•t>cl by attempting to fix 1 ht> Yit m; neurotropieally in white mice. 
At the same time the Yaccine Yalue of an emulsion of goat spleen iu 
glycerine-saline was examined, and to determine the effect of storage 
on cattle Yints the spleens of (·attle were remoYed at the height of 
the thermal reaction and stored at 42° F. for fu rther examination. 

Attempts to fix the \'irus in mice on the lines of the work of 
!IIax 'l'heiler (1930), Sawyer and Lloyd (1931) nud Alexander (1933) 
were unsuccessful, and as the results with glycerine-saline emulsiou 
of goat spleen were unsatisfactory, work 011 this W<ts soon abandoned. 
Storage of c·attle Yiru:; gaYe promising- results :md in :March , 1935, i t 
was possil>le to report to tht' Diredor of Yett>rinun· Serviees, Burlllu , 
" there ate reasons to believe, from the work done here, that simple 
storage \'\·ill attenuate eattle Yirus sufficiently for it to be USeU as a 
vat:rine." On the failure of glyrerine-saline emulsion of goat spleen, 
work had in ihe meantime heen rummenced on a vaccine prepared 
from dried goat splee11. 'fhe results were so good that the efforts 
were roncentrated ou this aspect of the subject, and all other investi
gations on rinderpest disooutinued. ln 'Man:h, 1938, however, a 
small experimeut wa,.; done with Bennett's gly<·erine vacciue. 

All experimental work was eondueted at t he Yeterinary H.esearch 
T,aboratory. Insein, which is situated in the midst of a thickly 
populated aren about eig-ht miles from the eeutre of Hangoon. 'l'he 
gtaziug- grounrls, a bout fifteen ac·res in extent, pro\·ide gra7.ing for 
less tha n six months in the year , and are use(] for all e:s:peri meutnl 
animals. The t'ost of feediug- is, therefore, high, <1 nd represents a 
large perceu tage of the very small amount g·rnnted for Yeterinar.v 
Researrh. Under these rirC"umstauces e:s:perimeuts rnu be unde rta ken 
on only a Y<>ry small scale and full use must be marle of t>xperimeutal 
animals. 'fhe experimental ~\·ork was carried oul as funds, animal 
acrommoclation, seasons, and numerous other clutie~ would permit. 

Hinrlerpest in .qoats.- In tlw earlier experiments. goat~ \\'t' l'e 
obtained from the neighbourhood of the Laboratory, hut with the 
use of large numbers i t was necessa J·,r to get them from 'Gpper Burma. 
As there appears to be no Yariation in the susrep ti l>ility of goats in 
Bmma , in the experitllental 'hda their origin is not stated. 

Hind erpest in goat:> h ns heen described by E(lwanls (Hl27a), 
Stirling (1932), Beato n (19:30), Cooper (19:ll ), Hall (l9:rP, D 'Costa 
an(l Bah\·ant Singh (1933), and Saunders ancl Ayynr (193G) Hall 
was unahlt' to maintain eattlr Yirus by passaging in goats, and 
t hought if goats \Yere to be used for Yirns p10cludiou they would nee(l 
to he spec-iallY hrerl and kept free from infedion. ]) 'Costa and 
Ralwaut Singh obsenecl n hreecl susceptibility a n(l noted that the 
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mortality, which Yaried with the st>asou and the Yirulence of the 
Yirus, was from 70 per cent . to 100 per r·t•n t . :)tid ing described a 
jugular pulse, whif·h , in his Yiew, wa:; all that 1wed be looked for in 
n. ,·irus ptodueing auimal. He noted a rn ortality of only 15 per eent. 

The lung le:>ion , which Ila 11 ( I 9:3:5) does not I'Onsider <• ,·onslaul 
feat ure, has Lt> <l to the di~ease lH'ing r-onfnsPrl with eontagwus pleuro
p neumonia. Sauucll:'rs and Ayyar (HJ:l()) passag·etl t attle Yirus 150 
t imes throug h :iOO goals and noil:'cl tio cha ng!:' in the readioJt in goals . 
• \.tt enuatimr for e.att lt- clitl not o«·r·ur uni il aftt-r tlw ~Oth passag·e. 

:Xo natural i nfedion in goats has been obsetTed by me. A t 
Insein the )Iuktesnr vintH has heen passagefl :302 time-; in 811 goa ts. 
obtained l'rorn \\·idely t:~ l'atter erl areas in Burma. ~o <.:hang-e in t lw 
rear·lion has been ohst-n ed and the lung- lesion has l.Hc" en a constant 
feature. Of t he 811 goats, 2:_! dierl on thP fourt h day and all thesf' 
had bronchopneumonia. As all thf' goats an• te rnperatured for a t 
lea::;t three 1n•eks hefon· being- Lt.~l'd for r ind erpest purpose~, :md non~> 
arf' put into <Ill expel imeJri' unlf'ss they havf' run a Jronna l tempf•ruture 
for at least seYen days, il seems likely 1 hat the pn eum onia was t hat 
C'ommonly associated with riml~> rpest. Rmall patdre,; of early broncho
pneumonia haYe been see n in Heveral goats slaughtererl for vaecin <· 
production ou the ..J.th day after infection. In goats slmrg-htered for 
va!'tine profluction there is a lways an enlarg~>ment of the spleeu , 
whith is due to t hP ~>ngorgement with bloocl :nHl hypertrophy of tlw 
l)·mphoid follitl es. 

Of 162 goab in whirh the di sC'ase wa s allowed to run itH course, 
86 showed the initial 1ise irr temperature on the 1st day after infee
t ion ; 58 on the 2nd flny; and JR on the :lrd day. 1'he peak tempera
ture was rea<·hed in !i a nimals on the 1st dav: in 10 on the 2nd tlaY; 
in i)2 on thf' 0rd day; in 50 on the 4th <la .~; i. n 1() on the 5th da~· : 
in 14 on t he 6th day; in 10 on the 7th day; and in 7 o£ the 8 th day. 
TJre rise in temperature after injection of the virus was between 
1° nnd 1 ·9° F. in 9 g-oats: het"·een 2° and 2·9° F. in 18 g-oats : 
between 0° a nd 3 · 9° F. in 67 gon ts; between 4° and 4 · 9° F. in !'>5 
goats; and between i)O and 5 · G0 in 13 goats. Th r~>e goats ;; howed an 
ind efini te f ~>mperat urc reartion, and four reacted hut surviYed. The 
other 15:) died, the deaf hs o<.:euning as follows : - 4 on the 3rd day 
after infect ion , D on t hf' 4th da;v, 13 on lhe 5th day, 13 on the 6th 
day, 20 0 11 thP 7th day, 15 on t he 8th day, 19 on the 9th day . 11 on 
t he lOth rlay, 9 on the 11th dn y, 2 on t he 12th clay, 2 on t he 13th 
day, :) on th f' 14th day, 1 on thf' 15th day, 3 on th e 16th day, 2 on 
tht- lith day, 2 on th {:' 18th day , 1 on tht- 20th day, a nd 27 between 
t h f' 21st mHl R6th day. Th o:'le which lin d for somf' time her·am~> 
Yf'l',\' em acialc>d and h ad exten~ive lesions of hrondwpneumonin. 

The cntfl(• used in erperimen l.~.-ln tlwi r· re~istanf·e to rind~>rpest 
t he l'nttle of Bunna va ry alm ost rlir~>dh· with 1hf' period tl1at the 
nn-'as from which t hey come ha\·f' been free from the disease. I n 
t hese expe1imf' nts tlw. term "Loeal cattlf' ' ' refers to cattle bougl1t 
on the R angoon mark E't , whif'h is supplied fro m nll parts of Burma . 
"Kyaukp)' U c· nttle" are obta ined from the I slan<l of Ramree, o~l 
the west roa~t of Burma. and haYe het-n t·onveniently <·alled 
" Kyaukpyu C'a ttle " as they are purchasNl not fa r from Kyaukpyu 
and "hipped f rom that por t . 'l' hey are "mall animal" , seldom more 
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than two hundred pounds in \\ eight, aJHl Ye r ) · ,;usceptible to rinder
pest. In appearance au!l :-;usceptib.ility to riudPrpest the)· resemble 
t he h ill cattle used at the :\Iuktesar Laboratory. 

(a) E.z·perillle!lts 1 and 2 tn"tlt rattle ruw. 

l~':r;puimeJtt ] , Table 1.-The passage of cattle 'lliTus in 
susceptible cattle.-In all experiments from April, 19:30, inYoh-ing 
cattle Yirus for the testing of immunity or for nny other purpose, the 
Kungyangon strain of virus was used. 'fhis was obtaiuerl from a 
natural outbreak of the disease in cattle in the Kuugynngon Yillage. 
It has been kept going on Kyaukpyu cattle w h ieh , as h<ts been men
tione!l !:'arlier on, haYe Yery little J'!:'sistanee to rinderpest. From 
Table 1, which giYe:> details of the readions of the cattle used for 
maintaining this virus, it will be notPd that:-

(i) The initinl rise in temperatme ,~·as ::howu by-
16 eattle on the 2nd day, 
39 cattle on the Jrd day, 

4 cattle on the 4th clay. 

(ii) In the ] 8 cattle in which the disease was allowt>d to run 
its cour~e. the peak tempemture was 1·eached

on the 4th day h)· G cattle, 
on the 5th day by 5 cattle, 
ou the 6th day by 5 cattle. 
on the 8th !la;y by 2 cattle. 

(iii) The rise in temperature nfter injection of the Yirus was
lwtween 2° and 3° F. in :) cattle, 
between 3 ·1 ° and -l-0 .F. in 25 cattle, 
between 4·1° and 5° F. in 22 cattle, 
bebn:!en 5·1° and 6° F. 10 9 rat tle. 

The figures include animals slaug-htert>d on tlu> 5th day. 

(iv) Of 59 c·attle-
1 recovered, 

17 died, 
38 were destroyed for consenation of the vuus. 

(v) Of the 18 animals in whieh the dis<>at:~e was allowed to run 
its !'Oll t He, 17, or JlParly W> per c·eilt., died. These figures 
should he burnt:> in miml when assessing th P Yalue of 
immunity te:;ts in experilllents to he rlesnihecl later. 

E.rperiment 2, Table 2.- The efferL of :;tora_gP at 420 F. 011 cattle 
virus in the furm. of potl'dered spleen dried i11 racuo ON'r calri11rn 
chloTt'rfe.- In this experimE>nt two stmins of c·attle virus h:Hl to hP 
used. 'L'able 2 shows t hat after 100 days ' sto1<1ge the virus killed 
both animals injl:'c!ed, after v~:) days' storage it killed one of two 
cattle, ancl after 177 days it killed nmw of th P three animnb injectecl. 
All the animals which suniYed thP virus subsequt:>lltl.'· proYed 
immunl' to fresh virulent blood. Ft'Om this it seems I hat storage a I 
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42° F. for about six tllonth,; renders the virus safe anll effective as h 

vaccine for susceptible cattle. B ennett (1936) found that spleen 
pulp in glycerine-"·ater coulfl be use(l a s a Yaccine afte1· th1ee months' 
storage n t 0° C. 

(h) li;.cperiments :j tu 7 with goat adapted rinderpe.~t. rints in thP 
form of ((fl ('1/11/lsion of spleen zmlp in glycerine-saline. 

In a 11 these ex peri ntf'nh; hy '' glyceri ne-snliue " is meant equal 
Yolumes of best. qualit~- glyl'erine nnd normal saline, and in all cases 
the spleen was l'l'IIJO>ed from a g-oat on the fourth day after injection 
with rinderpest virus. 

Kl'periment :~, Table '!,.- The riability at 420 F.- 'l'he Yiability 
at 42° F . was determined on goats, the limit of the test being 201 
days, at which period the vi rns was still viable. Yirus stmcfl up to 
80 days provoked a ri;;e in temperature whic-h rem·hcd its peak on the 
:ird, 4th or 5th day. After 102 days ' &torage both the initial rise in 
temperature arHl the penk temperature orrurred later. 

It l"}JCI'ime11l 4, Table 4. - The t·iability at 83° t o tW° F.- 'l'he 
''iability at H3° to 8G° F. was testecl after 3, G aud 9 days' ~torage. 
All the goat;; readed but although the in itial rise occurred early the 
penk temperature was delayed, and this, and the fact that no goats 
died, seemed to inclicate that at 83° to 86° F. g-lycerine-sa lin e 
rapidly attenuated the Yirus. At thi;; stage 1he use- of goats as 
f':s:peri mental animal,; was di stontinued. 

E.cperiment 6, Talile 6.-'1'/w £mmu11izing Jlropntie.~ of rarying 
quantities of a 4 per rent. en111lsion of 8pleen. - The more res istant 
locnl cattle \\·en\ u sed, and given doses of 1, 2. 0 and 4 c.cllls. Of 
the three animal,; \Y h ieh gave no reaction to the vacei ne, one died 
and two reacted Yery senrely to the Yirus . Of the other eigh t tattle, 
whieh developecl mil<l but delayed temperature reaetions to the 
Ynr·ciBe, virulent bloofl killed one. caused a severe reaction in four, 
a mild reaetion i11 on e, and had no effect on two. Four c.cur s. of 4 
per f·ent. e-mulsion of spleen gave n o more protectio11 than a quarter 
of that quantity. These results wert> unsa tisfactory. but in the mean
time experi meu t n nm her 6 had he en started. 

E.rperiment 6, Tahle (i. - The duration of inwmmity conferred 
hy an rmulsion of splPen pulp in ,qlyreriue-salin e.- Local and 
Kynukpy u cattle were u sed. It was originally intended to test th e 
immnnit~· of a fp''" animals at intel'\"al s over a period of t wo years, 
hut after the uB sntisfadorY results obtainecl at the firs t inrmunity 
test. another lot "·n;; tested <i nrmediately. Ko re:wtio11 to goat vin;s 
indi<·ates either immunity to rinderp!"st or no protectiou from the 
goat virus . In other words, unless goat Tints provokes a. temperture 
readion it fails to immunize. On this ha sis numbers 267 and 275 
of t hP tlix rattle given v~\cri ne stored for t en days at 42° F. may be 
disregnrded. Of the other four in this group one gaYe a good tempe
mture renction to the vnrcine and did not react to the virus, and three 
\\'ere killed by the vi r·us. Of eight cattle given vaceine stored for 
2 d:l~·s at 42° F. and two Clays at 84° to 86° }<' . , the virus killed 
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three and produced severe reactions in five. Vaccine stored for 2 
days at 42° F. and 8 days at 84° to 86° F. p10tected one out of eight 
animals. 'l'he other seven \Yere killed by the virus . 

In addition to the 22 animals detailed in Table 6, ten ot her 
cattle \\'ere inoculated in this experiment. Two and a half months 
after they had been given Yatcine, rinderpest broke out amougst 
them and hllerl sevPn. Before finally abandoning this line of inves
tigation a last experiment was done. 

E.cperiment 7, Table 1.- T!te unnwmzing propert·ips u/ 
(a) 1 pe1' cent. e1mdsion in 50 7Jer cent. gly1~erine-saliue, (b) 1 11er 
Gent. em ulsion in IW1'1rwl saline, n.fte1· storage for (i) FiTP da;t;s at 
42° F. (ii) Fire days at R2° F.-In this experiment tbe more 
resistant local cattle as well as the susceptible Kyaukpyu cattle were 
used. After five days at 42° I•'. both emulsions proYoked temperature 
:reactions, but only tw{) ot the eight animals sho\l·ed no r eacti on to 
the subsequent injertim1 of virulent blood. The vaccine stored for 
five days at 82° F. caused a temperature reacti011 in seven of the 
eight cattle. The eighth animal gave no reaction to virulent blood, 
so was presumably iunmme when it was given rhe Yaccine. Of th e 
seven reacting animals, four gave no reaction to \'i rulent blood, t wo 
gave mild temperature r eactions, and one reacted very seYen•ly. 

The results ohtnined in tlwse experiments ,.;ho\\'ecl that a11 
emulsion or goat spleen in normal saline or in gl,vcerine-,.;al i ne had 
little protective value. It is possible that during the prepara t ion 
of the Yacrine the virus was attenuate([, hut careful cherking up has 
failed to reveal auy likely souiTe of error. 'l'he goats \\'hi ch suppliefl 
the spleen s also supplied blood for the passage of the virus , and for 
this lJurpose \Yere bled immediately before being killed for remontl 
of the spleen; so it may be t·onduded that the bpleen on removal 
from the goat contained virulent viru,.;. 'Valker (1929) pointed out 
t he low antigenic Yalue of certain spleens, but :1s three different 
spleens were nserl in t·hese three experiments, it is unlikel:Y that all 
three were low ill antigenie value. Bo,vnton (1928) remarked on 
the n ecessity of using only gooll quality glycerine in the preparatio n 
of rinderpest vacc·ine, as poor quality glyce1·ine causes rapid deterio
rntion of the virus. Although only glycerine of the bPst quality \\·as 
userl, i t might have been affected by this tropical climate. It is, 
possible, however, that the virus, greatly attenuated for cattle by 
pns~age through g·onts, is still further weakened by glycerine. ·what 
ever the reason, these experiments rule out the possibilit:v of a 
:-;atisfactory vnrrine being prepared .in this manner for use in Burma. 
Attention wns therefore directed to the properties of virus in the form 
of driel1 spleen. 

(c) E .Cflerimnlfs R to 17 ~edh goat ndopft'd rinderpest vi1~11s in th P 
form of splPPn po ll'd P'l' cltried in 't:r/('110 ove1~ cal ci11711 rh l01'ide. 

Th e goats supplying the spleen for use in these experiments were 
killed on the fourth day after injertion with virus. 'l'he spleens were 
immediately minced in a Latapie and the pulp dried in a desiccator, 
in whir>h it was kept at 42° F. for 24 hours. For earh experiment 
the pooled material from not less than three spleens "·as used. 
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E.1;ppriment 8, Table 8. - The v iability at 42° F.- The viability 
at 42° 1~ . was dete1 mined at Yarying interYals up to 201 days. D is
l·eganling for the morne1Jt the goat giYen m:1terial ~tored for 192 days, 
the reactions from ,·irus :; tort>d up to ] 41 days were Yery similar to 
tho~e proYoked by fre:-;h Yints; the iu ii ial ri se occunt>d on about th e 
;3rd cl ay and the peak lelllperature wa:-; reuehed on the ' 'th or (ith rl:iy. 
After 141 days' storage the initial ri~e was delayed a nd the peak 
temperatnrt> 1n1s rl"n ehed mu<·h later. Thi ~ <l ela~·e<l temp<>ra tu re 
r<>adion may br int erpreted as indi cating attenuation afte r about 
nxe months' storng·e. Silllilar results a t the sallie te1nperah1 re 11·ere 
obtained ll'ith gont Yirus in an emul,;ion of glyf·erin e-salin e, t hough 
in this <"ase atteuuatio11 ~eelllefl to o<·<·ur in le,.;,; than fo ur months, 
while cattle Yirus ill the form of <lried spleen becanw atte nuated in 
just about 1 he same tinw as dri t-d goat Yints (E>xperim!->nt 2) . There 
me therefore "Tonntl,; for thiukino· that althotwh pa~sao·~· in o·oats 
has' attemwtec'J the Yirus for <"rtttlf'~ it ha~ not cllrtllg-f'cl n,; rea7-tion 
(o :-;torag·e nt -4-2° F. 

8 .tp er i111 e11f !:1, '1'(/.ble 9.-'l'he riability (/t S:)0 to ~U° F .- This 
was det enn iued on goat~ an<l was un tm·tu nate ly no t canied ( o its 
eondnsion. A :> far as it IYent tl1e experintE>nt s howerl t hai t.he Yirns 
suniYed 1:~ da~·s at 85° to 89° l!'. , an<l Hen after this period t he 
initial rise in t!->mperah.ll'e a rHl the time taken to rPach the peak "·ere 
ll'dl up to the aYerage fm fresh Yirus . E:xperimf'nt 1 showt>d that 
at 8:1° to 8G° F. glycerinP-salinP 1 upirlly attenuat<>d t he vi ru s. Th e 
r·ondusion wa~ dnnnt tl1at the Yirus i,; preserYed long-er in the form of 
clrit>d powder than as an emulsion in gl_v(;t>rine-salin e, nnd baYing 
arriYed at th is ('ondnsion it ,,·as de<·idPd to in,·f•s!igate th e 
immunizing propertie;; of <hied Yiru s. and in tl1is and all f utu re 
e); per-i men ts ('a ttlP were nsed. 

E.t fl l' tim Pnl 10, Table 10.-Th P viability allfl iotm lutl::ing 
JHopeJ·t £e.~ of dried splePn 1'it11-' em11lsi.fied in uornwl saliue .- Xeith er 
four cLws a t 42° F. 110r four daY~ at 79° i o 810 Y.harl an y (lPle tericru~ 
effect o.n tlw antigenic propert~e,; of the Yi rus emul,;ifie.d in normnl 
saline. As siorage for four days at 79° to 8] 0 F. had no ill effect on 
the Yiru,; it sePmt>rl practicable t o cle~patch Yaceine in lht> form of 
dried spleen to be emulsified with normal saline on the day of 
injection. 

E.t:perim en t 11. TaMe 11.- The imnuu1i::ing JHOJie?·ties of d1·ierl 
spleen v iNJs ajte1· storar;e for (i) fl day.~ at 42° F. , (ii) 5 rlays at ~2° 
F.- For ea('h period of ~torage two K yaukpyu and two !oral ra t tle 
,,·ere 11sed, each reeei1·iug· O·OOG gram of drit'fl spleen. All r eacted to 
the viru,; and nll proYed immune to Yirulent cattle Yirus. A s t hese 
t wo smnll experimPnts hn<l s hown thE' 1rndouhted antig-enir properties 
of <lried ;;pleen, e ruulsifiefl in nornwl saline, another ,;mall expt>rim eni 
\\·as canied out to de!PrminP the ('ffed of exposure t·o a te1nperatnre 
of 97° F. 

E.1:periment 12, TalJle 12.- '1'/te effat of stomlJP at 91° F . 011 the 
TialJility and antigenic p•ropertics.-'l'hree catil f' 1\·er e giYell Yiru s 
,;tort•(! for 3 days ani! 3 c~ttle were g·iyen Yirus store<l for 
fl daYs. Three clavs nt 97° F. h ad no fl elett>riou:> efl'ed on 
the v~rns, but after 6 <lays at 97° F. the effect was marked, ouly one 
of three cattle heing immunized. Experiments had now shown t-ha t 

280 



G. PFAFF. 

very small <1uantities of the virus immunized and that a tmnperature 
of 97° F. rapidly destro.\·ecl the antigenic properties of the virus . 
. Many parcels of vaecine despatched to the field would for hours lw 
exposed to a temperature of 9i° F. o1· higher, and as it had lwen 
shown that after G days at 9i° F. the ,·accine was unreliable as an 
immuni:~.ing agent thei·e seemed to be 110 object in investigating the 
viability of the vaccine at J' OO!ll tempPrature, whieh would he in the 
neigh lJonrclhaad of 80° F. It seemed more important to gain infor
mation on th(;' optilllttlll amount of viru,; required to eonfer immunity, 
and on tlw pnssihilit;v of despat('hing· vat:cine pn('ked in ice. 

l~'.l.fJ<'I'il!lent 1:3, Table 1;3.- T!tr optimum. iu11111111izin.r; do~e of 
dTied spleen rirus.-l~'ive pairs of cattle were giwn quantitie;; of 
dried ;;pleen decreasing from 0·1 to 0·000.) gram. All ten animals 
were immunizecl so that i t was eonduded t hat 0·000£"l gram of driecl 
spleen was sufficient to immunize cattle. Ohserndious, detai l ecl 
elsewhere in this paper, had b een made on the rate o£ rise of temper<l
ture in ice-coniuining thermos jart'l. An experinwnt was no,,· unuer
taken to <ll'termine the behaviour of the ,·ints mulrr what wer e 
considered a(herse field eonclitious. 

E.rperiment H , Table 14.-The effect of adrerse field conditions 
on rlriPd spleen 1:iru.~ .-'l'o I'eprodt(('e adverse fiel\1 conllitions Yirus 
\\·as pac·ked in u thermos .i•n of ic·e and plac·ed in an incubator at 
9i° F. Three days later the ic·e was repleni,;hecl. '['he jar· was 
replaced in the incubatm, and the Yirus testerl at i ntenals com 
mencing- ,,·ith the sixth da~· , i.f'., nine days after th€· thermos jar was 
first plar·ed in the incubator. 'l'his proceclure was ;Hlopted bet:au ::;e 
most of the vaecine would he nsed lnter t han thrPe days after despatch 
from the La l:orator_y. ~I01e nuimnls than nPcessary wer e pu t into 
this exprriment, which \Yas r<>g-nrrlecl as of consi c1erable practical 
importaJH·e, heeause as it wns desirable to u se the same Yirus on all 
auimals injertion~; had to be eo11timtPd until tht>re wns no doubt that 
the encl point hnd heen reaelH'<l. 'l'he results show that Hix dayH after 
the aclclition of iet· to the tlH• Im os jar the >aceiue i.mmunizetl all four 
cattle. After eight dny,;, of four animals one was immunized , one 
was g·i ,·en 110 1n·oh'rtion , nncl the other two WPJ'f' giYei i ~ome degree 
o£ immunity. A Her ten duys, one of four animal s was protected. 
ObsPrYations showed that in thermos jurs containing ice and st()recl 
at 9i° F. the temperature reatht>cl !:)7° F. after four rlays, so that 
actunlly this rxperiment confirmPd the resnlts obtained in experi
ment 12. 

E.tpPriment 16. Table ].-L- T!te dw·ation of inlm1.111iiy.- Before 
the optimulll dose of v:weine hacl been rlt'terrnin ed an Pxperiment to 
giYe information on the dmatio11 of irnnnmity wns connneneed <IIHl 
for t hi s pu1·posP n Close of 0 ·0 1 ~-tram of clried spleen was giYen. 
Lo('nl and Kynnkpyu ·c ·a ttle wPre used anrl their· inlmllni.t:;' teste d in 
groups aft er ;~]9 clays, 42!) clnys and 75!) tlays. It. slwuld be noted 
thnt these ;tnimals were p1otedecl from expo,;Hr<' to thP disease so 
that wbateYPI' immunity they had wn s confened h,v the Yat·(·ine, :mel 
to he sure that this immunit,· was n ot reinfor!'ecl by unnoticed natural 
infection, ten to twenty highl.\· su~cPptible Ky:~ ukpyu cattle werE> 
kept '"ith the test herd , i.t being presulllerl that these su~ceptihl<> 
animals ·would show the prese11ce of any nnturHl infeetion. 
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0£ the ten animals in the 019 days group, one developed a rise 
in temperature comJneneing on the tenth dn_v, and nine showed no 
re:H;tlou. Unfortunately no contral animab were includ ed in 1his 
group, hut as the virus "·as obtained from auimal Xo. 527, J:>assag-e 
Xo. 40 iu experiment 1, and dried spleen from t hi s animal wa:-~ used 
to <·arry on the straiu on the 18th Konmber, 1936, it may be }ll'e
sumed that the virus was adiYe. 

Of eig·ht animals in the 42!:1 days group, one deYeloped a tempe
rature reaction, the initial ride ornnring 011 the 5 th cla y. One of 
(.he other seYen animals clirl not react 1o the vtwein e and nll proved 
imllltllle when giYen virus. 

Of six animals tester] after 755 da.vs the two Kyaukpyu animals 
shO\n•d mil<l temperature reactions, the initia l ri se oecuning ou the 
6th dav in one and on the 7th day in the other. 'rhe four locnl 
eattle ,;·ere immune, though one of these did uot read t o the Y<HTine 
and so wa~> prohably immune "·hen put into the experiment. 

This expel im ent, which is still in progre~s, has so far shmn 1 
that the immunity conferred hy the vareiue la~ts for t"·enty-five 
mouths. 

E.rperiment Hi, Table 1 fi.-ThP timl' trd.·en to confer imm1111ilJJ· 
-ln au experiment cuniecl out iu September, 1906, it was shown 
that immunity was est a hlishecl within t lu!'e days. A se<·ond experi 
ment, done in FehrtHny, 19:~8, may be eouvenieutly described as 
part of the first. 

It is hardly possible to summarise the thermal rea(·tions to tht> 
var<·ine as these \Yere <·Onlplieated by reactions to the virus. 'l'he 
l·hads show that Yin1s, given before the tem perature caused by the 
Yaceine hns returned to normal, provokes a second temperature 
rear·tion. 'l'ypieal c·had,; are sho,Yn in Figure 5. 

Ten Kyaukpyn cattle were giYeu Yaceine and their immuuity 
cletel·mined by the iujediou of eattle Yitus at interYals varying from 
twentv-four hours to elt>Ye n clays atfer the vaceine. Of those tested 
in Sei)temher, 19:J(j, 1 hree to ~ leve11 clays nfter inoeulntion, Ollt' of 
eueh pair wa;; giYeH 0·00:) g-ram and ihe other 0·0025 gram of 
nH'tine. The dose g·i,·en to those te~ted in February, 1988, 1weni y 
four to seYenty-two hours after Yaeeination, was 0· 0025 gram to one 
and 0·00025 gralll to the other. Both animals in the twenty-four 
hours group reaeted to the virus, one n li ttle more ~eYerel.v tha11 the 
other, hu t hoth r ecoYerecl. Jn the thirt,,· -~>ix hours group onl:Y one 
developed mild dianhoea. Xone of the nnimnl" in the other g-roups 
had eit her dianhoea or mmtth lesions, incli<·nting that 0·0002:) gwm 
of dried gou t spleen proteds against Yirulent eattle Yirus iujeded 
fort.Y-eig-ht hours later . In the twenty-four hours group the anilllal 
whic·h g-ot 0·0020 gram of spleen has a less seYere rea('tion io the 
Yirus than the one which got one-tenth that amount, while in the 
thirty-six hours g'J(ntp the animal with thE' sma llt>l' dose of va<·c·iue 
reartecl to the Yiru~> while the one whieh got the larger dose sufterecl 
no ill effects. The experimen t sh ows ihat 0·00025 gram of dried 
spleen <'on fe rs an immunity which is servieen ble in twenty-four hours 
and absolute in forty-eight honrs. 
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E4vperint en t 17, 1,able 17.-'th e ilrtlnunt~in.fJ talue of dried 
spleen rirus stored alternately for t~telve hours a/ 80° F. and for 
twelve h our:; at 97° F.- Expe r i ment 12 had :;; hown that· after 72 
hours at 970 V . i he immun i;~ ing- propC' rties of dried spleP n Yirus " ·ere 
unimpairPll. and used aftet 144 hout s at this t entpera turC' the Yinu; 
inultuni;~ed on f' of three <'alfle. Afl l·r t:3 davs a t 1-l-->0 to ~9° F. lhe te 
was 11 0 c·ha ng-e in llw rea<:tion it produc·ed ·i n g-oats, thoug-h it does 
no t , of c·oursf' , follow that il would st ill immnll t7.!' <·;dtlf'. It was of 
pradic·al intporlanee to find <111t fo r how long- ,·ac-eine not ke p t on 
ic:e remairtl•d e frec-tive during- tlw hot months, nnd for t hi s purpo~e 
rlurin g- the day if was kept in a11 inc-ubator uncl during th e nig-ht if 
\\·a s ke pt nl room te mpe ratun•, which clid not fa ll lJP low f\0° ll' . 

After s to rage under th t•sc• c·onditions, for six , ei g-ht and ten 
cla~·s, tlw vat"c·in e g-a,·e no illl tiiUnity to 011 e of two <" att le in eac·h 
group, all!! pra<-tic-ally no immunity to the other animal in eac h 
group. 

Oln·ious l ~· d 11 ring the hot 111011 t hs Yaec·i ne ea 11 not be effecti vel_y 
u~erl " ix day;-; aftt'r remoYal. from <·olcl ,; torag-P. ] t ,.;c>ems tha t t h E' 
attenuat ing- cft<'d of storage a( !J7° F. is not nrrP:> tPcl hy suh:;;equent 
storag-e at fiOO F. 

(d) f '.).I"[Jel'illlellf 18 lfit/, /Jell lll'fl"s y{yCC'I'lllC- IWf er I"Ol"Cl/le. 

'l'lw \·an·i ne was prep a n•d f.> X ad ly a~ describPd by Jknnett (J 90(i) . 
the spll't' ll h ei ng- minced in a Latapi P pulper. 

I'J.rperiment Hl, TaUlc l H. - Tite .wfety nnd immu niz inrJ pro
f'ett ie.~ of lJe11nl'ft's !Jl.l}cerine-lcater wr·cinc stored a t ;no C' .- 'l'his 
experilllt>nt was urtdertaken lH·fon• recomme ndin g i hi ;-; van·ine in l he 
Yery fe w outl yi rt g· area~ of Hum1:t wlH•tt• drie rl splPE'II \'Hceine can he 
used only with d i fiiculty. HPntwlt found lhat ,.;p[epn pulp in 
glyeeri rw was safe afte r :J months at 0° C. ~1 _,. ex pe rime nt S o. 2 
s howed that aftpr l :J:{ clay;-; at ">° C. (-l2° F. ) t hP dried 1·intR s till 
kille d c-attlE'. A s ob~en-a lious on Be nn e tt" :; Yac:eine stored at 0° ( '. 
would take (oo l ong·, t h e effl'd of s tomge at his sPc-ond temJwrrdure, 
yjz., :no ('., was Pxamin('d. Th c> Y;H-c-ine was inj f.>decl after exp osure 
to 37° C. for four day s, ,.:ix dn.1·s, tiftePn clays and h1· c>nt~· day,;, two 
cattl e he ing u~ed 011 eac·h oc<·a Hion. 'l'ht> Laboratory lw s no faeilitie;; 
for \Ye ighing liYe c·attle. Seve ral K .vaukpyu callle in E x p e rim ent 1 
'\\·ere weighed aftf'r they had been slaug hte re d for remoYal o£ the 
spleen. II' hi'~· a ll we ig hPd l t'ss (han 200 lh ., a nd as Bennett rel·om
m enclecl a doi'ie o f 1 gra m splPen pulp per 100 kilograms. all anintals 
in this experiment \\"Pte g i,·en J gorum of >i pleen pulp. 

B e nn e tt founcl that his Y;wc·ine 11· a,.; s;tfe for use after ;~ da ys a t 
37° f'. and " to produce solid inuntlltity i11 all l";lt ti c, I he limit s of 
tltorage are not mtwh more th an one month at :no f'. " (Dennett 
HJ:.Hi.) 'Crtfortunately this t>xpeJ·ime11t <lid not (·onfirm Benue tt 's 
finding's. Afh•r only four cb.n;' st orage the Y~H" ci nP <lid rt ot prot l'd 
against 2 (· .c·ms. Yi rulent hl oocl g-i ,·en 27 days laler, both animals 
dying of rincletpest. Of llw eig·ht anim;!ls u sed, only two ;;un·iwcl 
the injec·tion of Yirulen( blood- one in the s ix cla_,.,. g- roup and one i n 
the fiftee n cla _,., group-but hoth ha d suc·h seYere rendious that it 
m ay he <·ondud ed that t h e Y;wrinf' ('Onferre d little, i f an .\·, im nntn ity. 

:28:~ 



DDH"NJZ.\ T ION AGALN ST ll l :\DEHl 'EST. 

Bennett apparently clues not state how lw tested the immm1ity <·on
ferred by his vaccin e. Possibly my t eAL by inj ecting- 2 <·.l"Jlls. of 
virulent blood \Yas far morf Afvere than his, bnt it was t h e teAt used 
in all my experiments with goal aclnplecl Yi1us. It is possible, too, 
that my expe rimeut.al nni mals were more RU:-wep tihle than his ancl 
m~' Yirus more Yirulenl than that used in hi s experiments. 

(e) Ob.~erration.~ on lh r rise of tl'lnpnaturc in the1'1nos Jilts 
rnntaining ice. 

'rhf enpneit,y of th e thermos jars used i~ 1 ,f)OO r.cms . ~mug·hl _,. 
two and a half pints) nnd th e p rire in TI::ITlg-oon is three shillings 
nnrl six penre each. 

(i ) A block of iee \\'fighing 250 grams wns put into ea('h of six 
thr rmos jars. AftPr -W hours the temperatur·f was ~i20 F. in Ko. 1 
jar, after()-! hours it wa ,; .J.-!° F. in Xo . 2 jar. ancl nfte1· Sfi hou r,; it 
\\·as het\Yeen ()00 nnd ()4° F. in th e other four jn rs . 

(ii ) Yarious quantities of finel~- ( ruslH' (l i('f' were put int o .~ IX 
thermo:-l jars. Deta ils of t f'mpf'rature ri se and quantities of i <· e nre 
as follows : -

.Jar ~o. 

1 ............. .. .. . ......... . ...... . 
2 .......... ... . ......... .. . . •• .... .. 
:~ . .......... .. .... . ........... ... .. . 
4 .... . . ... ... . ... . ... . ............. . 
.) • •••••••••••••••••••••• 0 •• 0 • ••••••• 

6 .... . ..... . . . .... . ................ . 

Weight 
of 

Tee. 

320 gnuns 
330 grams 
280 grams 
355 grams 
32.5 grams 
330 gm ms 

'J'Pm perature 
after 

6+ hours. 

T empera tun• 
after 

88 bom-s. 

64°F 
N °F 
.)!)Of' 

.;o F 

(i ii ) 'rwenty-four tubes of dried Ya!'cinf were put into each of 
three th ermos jars, which were t he n filled with C'rushecl ire (ahont 
R50 g-rams). At the end of 88 hours the temperatures r eeonlecl in 
the three jars wer f> !)90 F., ()0° F. , and 60° F. 

(iv) T"·elve the rlll os jnril were filled with r.rushf>d ice (900 grams 
in e:w l1 ) nncl kept in nn irwuhntor at ~)7° Ji' . 'l'he rise of telllpemturt• 
\YHS as follow;; : -

• JAR No. 

1 and 2 . ... . ....... ... ....... . .. . . ........ . 
3 and 4 ....................... . ........ .. . . 
5 a nd 6 .... .. .......... .. ............ ... .. . 
7 ..... . ..... ...... .. • .......... . ........ ... 
8 ........... . ........................ . .... . 
9, 10, Jl and 12 . ........ .... . .... .. . ... . . . . 
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Aft<'t". 

24 hours 
48 hours 
7:? hom·s 
06 hours 
96 hours 

120 hours 

Tcmpemtur<'. 

33°.F 
:33°F 
33°F 
67°.F 
69°F 
97°F 
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These :;mall ex pe l tmenb sho"· that :1s a refrigenmt nut>becl iee 
1s as effec•tin.• as a block of ir-e : and that the te1nperature in u q uart 
thermos j ar filled wi th crushed iee 1·euwin,; at 32° F . for at lea st 
12 hours, a ncl does not n•ac lt t h nt of the sulTounding- air for nt least 
four days. 

(/) OIJsprraliolls 011 lh.l) I ce (Solid Cm·ho11 /Jio.ride) . 

lJ1·y ic-e wa ~ obtainPd from :.\Iadras, puck ecl in in sulated leather 
r-ll1Jtai11 er s nncl ealTied in ti1P ship 's eold store. ])uring the 84 h ou r ,; 
in transit the weig-ht nf t he dry iee deereasell horn ] 14 lb. to 40 l1 1. 
It was then ,;Ior e e! at 42° F .. ancl at this tempetature the daily loss 
was 10 lb . , ,;o that tlwre was n gTadual innea:;e in the petTentage 
loss. On exposurE' to room t elllperat ure . whieh nuied fr om 78° to 
83° F., the loss \nt ,; YE'r.\· rapi(l. One pound of dry ice was packed 
in eadt of s i.x th ermos jar s, " ·h ic h wert> t ig-htly c·orkecl. \ \' i th i n 24 
hoUJ :> nll tlw ir-e .in all tlw jan; h;ul eYaponded . lHoC'ks of tl n · ic·e 
weighing twehe ounces, were put in aluminium tins with sne":ecl-01~ 
lick All the ice enl.porat ed within four hours. 

As a refrigerant for t hP ch·~patd1 of dried YHI'C' ine in llurma 
dry 1ce JS uselt>ss. 

(a) Prepaml ion of dried .r;oat spleen 1·ocrine. 

Fort he preparation of this Yaccine the g-oat is killed Oil t he fourtl1 
day afte r injef·tion with goat aclaptt>d rir1der-pest >i1us, the spleen 
remoYed aseptieally, finel~- g-rouu d and rapidly clrie<l. The rua terial, 
which is not testecl for ~ Lerilit,v or pote iH;~- , is dPspa tcb ed in a thermos 
jar of ice. emulsifi!'d with nomwl saline immecliatel~· before injec
tion, and used in doses of one g-ra 111 .for 400 cattll' an J one gram for 
2 ,400 buffaloe~. The vac-cine i ~ used as a proph~· l;u;( il' measur e hoth 
in r lean areas a nd i11 natural outh1·t>aks of the di seas(•. 'l'lw prt>para
ticl!l of the Yacc·ine ,,-ill be <lesnibed in det.nil. 

Goats are obtained from Upper JJurma, \\'h!:'re the supply is 
apparPntly inexha11stible, and delin•rell at the Laborato ry at a cost 
of ten shilling,; eac·h. ThPy <H e not speeially selected, t houg-h big, 
health~·-loo king nntmab are tnken for prt>ferenee. Tt is not possible. 
eYen if it were clesirnble, to obtain only males, an(] no matter at 
what time of ihe year animal;;; an .. purehn:>r•d kidding j,; of <lai l? 
occ urrence. Prt'g nnnt g·oats nsP<l for Yaceine production do not abort. 
and if the~- cli<l it would not rPduce th eir Yalue. 'J'he spleens of 
female g-oats are slighily bigger than those of males, arul the per 
cen tage of losf' jn dry ing·. i" th e same. 'fhe awrnge wei g h t o£ the 
sp leen of tl1e last :)9 f e lllale g-oats u.~ed wa s 00· :-J grams and that of 
the last 24 male goat,; was 49 ·9 gT;IIns. 'l'he loss in weight in flr;'>·ing
was 76· 5 per eeDt. for spleens o f fpmalt> gents n11cl 77·] per c~>ni. 
for spleen s of male g-oats. 

The strain of goat· Yirus originated hom 1Iuktesar and was 
kindly supplit>d h~- the D ire1·tor of \ eteJ·in;try Senic·es, 1Iaclrns, in 
D eC'e mher, 19!14. At Tn~ei n it ha s been kept g·oing' i11 goats eit!H'r 
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by direct blood inoculations on the day of bleeding, or by injection 
of blood or spleen pulp after storage at 42° F'. for varying periods. 
In the earlier passages virus material from a single animal was on 
each occasion used, but latterly the pooleJ virus of the vaccine pro
ducers has been injected. 

The 1·eaction in goats bas been dealt with elsewhere in this 
paper. 'l' he goats used here are so universally susceptihle to riuJer
pest that it seems all may be used without reference to the tempera
ture or other reaction. (){' (il5 infected for va...:cine production, ouly 
5 were discarded because of what appem·ed unsatisfactory temperature 
reactions . 

The goat is bled to <.Ieath and the spleen removed as quickly a;; 
possible through the left flank. The only treatment gi,·en to the 
skin is to clip the hair along the lines of in cision and remove the 
loose hairs with a stiff brush. Using sterilized instruments the skin 
over the left flank is reflected and i he abdominal co11tents allowed 
to drop down by an iucision through the muscular coat in the mid
ventral line, the muscles in the flank being then incised \Tithout 
danger of puncturing t he rumen. Lifting the ribs exposes the spleen, 
which is grasped "·ith a pair of forceps and removed lly snipping its 
attachments. A smear from each spleen is examinecl after staining
for one minute by Giemsa, and the carcase is submitte<l to a cursory 
inspectio11. Of 610 spleens, ten we1 e discarded berause of fibrou, 
peritonitis, and 14 because the goats had died of rinderpest before 
the 9Gth hour. 

1'he spleens are minced in a Latapie pulper of 400 c.cms r·apa.city. 
'l'o preserve the cutting edges the knives are kept in 70 per cen t . 
alc-ohol and washed in boiled water immediately before use the r est 
of the instrument being sterili~ed hy boiling. 1'Jw use of the Latapie 
pulper is a little wasteful in that some of the pulp is retained in the 
dead space between the pi ston and the grinding surface. Some pulp 
is also r etained in the Rystem of cutting edges, but to minimise the 
possibility of infedion no attempt is made to salvage this materiaL 
The pulp is transferred to sterilizefl petri dishes through a short 
rubber tube aitached to the outlet: of the I.1atapie. 

The pulp is dried in vacuo over calcium chlorifle, and for this 
purpose are useJ a Pfeiffer double stage vacuum pump, stou t-walled 
desiccators, with an internal diameter of 9 inches and a depth of 
8! inches, and ca lcium chloricle of good quality. Rapid drying of 
the pulp is attained only by attention to details. 'l'he bottom of the 
desicrator is covered with lumpy calcium ehloride and a little white 
Yaseline is rubbed on the opposing- surfaces of the lid and rim of tlw 
Jesiccator after they have been carefully cleaned. 1'he lid is wPll 
seated on to the clesiccator so as to giYe an even distribution of t.he 
layer of vaseline . 'l'he tubulure and stopcock are also earefully 
cleaned and vaseliued, and the pump connected up \Yiih the dt~siccator 
by means of pressure tubing. Care is taken to keep the pump fillecl 
with an adequate supply of clean oiL 1' hese ue1ails haYe been 
enumeratefl as on th e few occasions when assistants reported fai lure 
to dry the pulp rapidly or completely, this was clue to n!'glert of 
one or more of the points mentioned. A petri dish con taining the 
pnlp from about one qll!'en iR put iuto a desicc-ator nnd lhe pump 
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ullo\\·ed io nrn for hYo or three minutes . 'l'he desi ccator i s phu·ec1 
iu a r !:'higerator at. 42° F., am1 a Her two hour::> the pulp i;; stinec1 to 
di sttub th e dr.v c ru s t on t he snrfu!"e HlHl to expose tlw m o is te r rllatt>rial 
belO\Y. 'l'h t> ai r i:; again exhausted an d the desiccator rdtll nccl 1 o the 
rehigerai or. Th ~· f nllO\Yiug day thP pull! is rapicll)· ground i n a 
pestle and mortar, an r1 tn1nsfe rTed to dra,,n g·la:-:s !uhf's, a bout 
S inches hy 1 int:h, horn whi.c·h it i:-; ru n into 2 inches by { inr·h tE':'ll 
tubes, \Y hi("h a1e r·losed with nrhlwr t·ork,.; and sealed hy cl ippi ng- in 
m E>lt ecl parafHn wax. This i,; done quickly ;;o a s not to beat ihe tube 
or iU; r·oJrtt>nts. 'J'h e Yaccin e is ,.;tored in the,;e tubes at 42° F. Tn 
em eq.rt>nc ies the pulp is mon' rapidly dri ed by placing- only ~mall 
quantitie:; in eat"h de,;ic·ea!or and ih!:' YHtTine i,;su ecl within a few 
h o urs of th e spleen ht'ing remnvecl from th e goa t. 

Vac!"ine is pn'par ed weeki:,·, t l1 e number of g oats nsf'cl being 
r egnlatPtl by field req uirement ~ . Thi s pro<·ec1ure " ·a s orig-iu a ll.v 
ad opted as n matter of t•ou,·f' nie nc!:' hut is now strid ly adhe rt>d t o 
bet·nuse Ha ddow (l!J34) ha :-: :<IHJ\\·n t h at i t is not possible to maintain 
the g-oal adnpted Yi ru s for morP th<~H four generations if it is ,;tor et1 
a! 0° C. for more tban te n duys uc{ll"een eneh p u,;sag-e . 

In the Parlier eX(H"riHH'nts, to 111ake the mo~ t of limiterl funds, 
u ,.;e was made of whate\·Pr m a tf>l inl wa :-: to hand. l•'or t hi.,.; reu~on 
th e tube;; of Yar·cine we re p aekerl in the small aluminium tin:-: used 
for phoiog- raphie roll film,;. They wPre lig-ht a ntl of a f"Oll \'eni.ent 
si:~.e . A s tlw t in s of Y:HTine were pa ckerl in ir·e it was neces:-;ary to 
m ake t helll watertig-ht, and for t h i,.; purpo~e plnRtit·ine was used. 
·vVit h tbe atlu ptior, of the v aet·inE· for routine inoculation in B urma 
it " ·as pos,; ible to consid er an improYenwnt in the pa<"kin g of t h e 
Y-ilt ·l"ine. }lore elaborate tins with sc·rew <·aps anr1 collars and ruhher 
washer,; wen· devised •lll <l other m ethod s of preventing the entrance 
o f mr ter wen• tried but th e simple a luminium t i11, with slip-on licl, 
" ·hic:h is made lm·ally Yen· cheaply, and the use of plasticin e , r elllnin 
t h e most sati;O;fHtory nwthorl of pac·kiug-. A tlH•rmos jar, of h\"ll aml a 
half pints t'np:wity, is half flll erl with p o,ql e rerl i\·e, t he tin of Ya<·c· in e 
pu t on !his icE', and the jar fi l h·rl with p owdered ic·e, w lt ir-h is Hlllllllerl 
rlmn1 finnl.\· . The hoxt>s contai ning- t h e thermos .in r~ recei ,.e r oug-h 
handling i n tran sport. and to guard a gai n s t brenkngt>s powde r <:><l iee 
i s u sed in p1 Pff' re rwe to :1 sing-le piP("f' of il·e. 'l'ht' cork of th<:> t hennos 
jar is :;Pal ed ,,·ith n st rip of pla ,;t icin f', nncl ! he j a r packed in n 
woollen hox of suf'h dimension s :1 ::; to allmY not lrss than fo ur i n c· hes 
of snwdu ,.;t, bnm or pn <ldy-husk be t \l·ren t hP jar a nd t-he box . 'l' h e 
pa!"king material ads a,: nn insuln tor as wE'll a~ a buffer ap:ninRt 
roug·l1 hand l iJlg· . ' l'o kr<:>p a r·heek 011 thf'rmos jar:-: the~' an' nlllllherf'd 
and periodic-all_,. tf'sterl. 

It is usnnl for inoc·Hlat<n s to nrri\·e a! their d esti nat1on in t he 
eYening· anrl r·onltll<'llf"e work Parl~· the follo"· in g morning. 'r h ey an• 
suppliPCl wit-h one hunclrf'rl f'.(·ms. a nd thirty e.c·nlf<. hottle,.; , ,;ocl iurn 
<"h l o ri <le tablets, g lass pestles a nd \\·edge wootl m ortars. B oiling c·ra<·ks 
a gln :-,; mortar ancl melts the g·lue in the handle of a w <:>d g·e"·oorl 
p estle, hut does not rlmnag-P n g-lass p E'stle or a wf'rlgewood mortnr. 
Inst nlmt:-nh and bottles are boiled t h (' en·ning beforf' i J~twulation. 
so that the follo,\·ing morning all in;;hurnent:; are s te rilized h ut l"old , 
there is no danger of killing the YU(·eine in a hot mortar. and t h ere 
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is an ample supply of cold stf'rile water for t he preparation of norlllal 
salinP. By t.he arloption of the,;e simple measurt>s the procedure has 
been lllnd e ver~ nearly fool proof, which is n wr.v nece:;snry prl'
caution . 

.Each tube coutaw s about 0·2o gram vacciuf', whir·h is sufti!'irnt 
for one lnmdrerl c·ntt]e. 'l'he powder is emptiPrl into the morlnr, 
saline <Hlde<l and the p01nl t> r rubbrrl up into a paste. )fore salint> is 
addecl and the powder is l'OillplPtPly f'mu l::;ifiE>d. the ''"hole p10cedure 
taking- uot morr than :lO se<·onds. The emu lsion i s poured into a 
J 00 C. (·nts. bott.lt>, whi!'h is filled up with normal saline and 
thoroug-hl,,· shaken. Fot huftalot>s fiyp e.cm s. of this Yal'C'ine is put 
into a :~() c· .rms. bottle, which is tht>n filh•d up with nonmd saline 
giving thirt~· d oses of ou P c· .rm. PnC'h. ThP Yflceine is injected suh
cutanPously, after washing the skin with ,.;o;~p and water. The hair 
is not c·lipperl and iuol'ulators arP arh·i sed not to use any disinfectant, 
though it is feared that Jnany sti ll cling to th e old belir£ of the 
absolute nec·rssity of scrubbing the s ite of injrdion with hndure o£ 
iodiue O J' " ·ith one of the coal tar disillfertilnts. Inoculators are 
allowE'd to u~e the spleen pmnler up to thirty clays after rlespatrh 
from thE> T,:1borator:-', provided thr ite in tlw thermos jar j f; 
repleuish ed evPry three clayR. 'l'he.Y are uot pcnuitterl to use it later 
than six dnys after ire WfiH last arldecl antl va(·C'ine not use<l on the 
rb,,· E' nlnlsifiecl with HOJmal ~ali11 e must be <lisC'arrled. 

(b) The use of tlu' racr-ine in tlt e :field. 

\Yh(•n fir,.;t u sed in an arC'n frE'e from rin<h•rpest for :10 ,·r;~ t ·s. 
0· 1 gram of t lw Yacc·ine c·nnsPcl a mortality of ahout one per !'ent. in 
cattle nncl of about 20 pe1· rent. in one lot of huffalot>s . It \nls pre
sUJnecl that this heavy modnlity was due to long- freNlom f1om tlw 
clise>nse and the consequent lack of natural tPsi:;tancP. It was then 
thought thnt the dosag·p eould with nchantage lw varird with ihP 
yen rs of freedom from tl1e diseast> , and for this reason all requisitions 
for YU('cine were acPompaniNl by a hi story of thE> disPase in th e arPa 
'"lwrP thE' rnttle wPre to lw inoculntecl. Do:;agP was graded n('cord
in~rl." n nd u;;erl as follows: -

rears area jl'ee from 
Rindapest. 

Up to 2 )'ear;; 

2 io 5 :rear,; 
(j to 9 _\WI I' I' 

Dose.~ of 1·acci11e jor 
ca.ttlP. 

200 rloses per grnut. 

400 <losps per graw .. 

GOO dosf'S per gram. 

10 or longe1· .. . . .. .. . .. . .. . .. . 1.000 tlo,.;es per gram. 

A fnirlv t>~:tensiw trial shower! that thP (lOsE' did not mnteriallv 
iufluen('P fl;p rea(·tion in (•atfle hut that manv hufi'alof';; Wt'l'e kilJe;) 
ln· n dose which was safe for f'attle. The rlo~e was, tbPrefore( fi~C'd 
at one g-mm of powder for 400 eattle, an d one p:ram for 2,400 buffaloes. 
Experiments have shown thu( one-te nth of ihe <lo:o;e fixed for ('rtttlf' 
is just ns t-ffeetive, bui tlw ntnin reason for fixing tlw close ai one 
gram for 400 C'attle is that Yer~· rarely, if Her, is this number 
inoC'ulatNl in one rla:-;·. Enc·h villager ow11s onl y a few animals. so 
that E'Wil if it " ·ere possible for inoculator,.; to rl o more than 400 in 
one day, this number would not be aYailahle. Inoculatms have 
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instnwtions to U ~l' YiHTi ne on tlw da y it i,; e ruubifiPtl , wh irh in 
pra<"iiH' na•all,.; that it j,.; us£:> <1 withill ,;ix hours. Th e }Hl\\·der is loo t 
wPig-ht•d lmt t hl' :II IIOllllt is g-aug-Ptl fnir!_,. :tl ·f·ur att>ly by c-o rllpari son 
wit h a wpig lwtl qua ut ity ill a s ina ilar tuhe. It \\·ould , howeH•r, he 
more d i ffi cult to gaug·e a smnll!•r :amotlll!. so thnt all thing>; con:>i<l l:'r l:'d 
it is ,]eeme<l :11h ·isnhl P to wast (' a li ttlt> ,-:H·I·illt' rntlwr t ha11 n•1 h1<·<· tlu• 
dosp to t lH• lia11it s indini!Ptl poss ihiP hy PX jlf' rinH•nts. The nu·e ine is 
now lwing- tts!•d wher·p,·er it is possibl<' to 1lPlin•r it in a Yial>le fo r m , 
" ·h i!-11 exd udP-; onh· a Ye rT few art>as in Burma . Jt j,- usPd ill infPded 
lw nl ,; dur ing- nn ot;tlll·eak ·, in herd s whpn• outi11·Paks are apt to O!'l'lll', 
alld to t>slahli -;h a v.on1• of i nam rll tiv.ell 1·attle around an infPct Pd :nP:L 
'l'hi ~ . lHnl·en• r , is oulsi<l <" Ill_,. spl1 t>re of adion , a11d will not lw ful'i h (' J' 
!'OIII II I!'Il trll upo11. ])('fai ls of t lw ll lllllhP r·s of 1·attlP a11d h llfla lof's 
inoculn tP<l " ·ith tlw YDITiHP :n f' g-in•n in tlw t:rldt> imiiiP<li:dt>ly 
hplow. 'l'he Jllortalih· sa id to ha1·p he t> n <·a u,.;Pd l11 t he Yal'c·inf' is 
:rlso shn \\' 11 . All thf's;• ill rw ulat io ns \\'f'I'P <·:Hri r<l out ·h_,. oflic·f>!'.; of ilw 

( '.\TTI.t•: . lli ' F F,\I.CH;S. 

\lonth. Ilea th~ 11 p to l lt-,.th~ u p to :\umu('r :\1imlwr 
ino<·u latcd . :10 da ,-s a ftcr 

inoc·u lutcd. 30 1lav~ after· 
inoc·rilation . inoc·tilntion. 

I!):J.i- Oc·toiJ<'r· ......... . ll27 3 -l-7 
:\ o,·~m ber ....... 1. 1-l--l- 2 1-l-7 
Dcrt>mher ...... .. 70:! :l 2-il .J..) 

I !1:1()- .J anuar,\' .. ....... !)86 
FebruarT .... •. .. :l.()7 .; :!I 
\lar<'h . .' ....... .. ~.6!18 18 1.0 12 :!4 
,\pril. .... ..•. ... -l-.:32.) -16 n:1 II 
\lnv .... .. ....... 1:1.0-J.(j !) 6:JH ;2.; 
• ) UI;C •• . •.• ... •. • :!.1.!1:!:3 82 :;.;o ;!>; 

.Juh· ... .. .... .. .. 27.:!.)!) !)4 :u:;7 107 

. \u~w.;t .. .. ...... :!:!. 110 :Hi :!.0-'i-l- 9:3 
l-'ept<'mb!'r .... . .. l:l.60() :13 :!.8:3:! 66 
Oetobcr ... ... ... . 2:! .. i66 ~8 :taHn 109 
:\ 0\'Cill l)(' t' ...... . 19.688 I! I 3.1:3H 8 4-
lkcemhcr· . . .. ... . :!.i,ll.).'j 17 :!.1 16 -II 

I n:n - .J a muu·_, ... .. . .... :!S,-l-2!) 16 1.21-l- 1:! 
F('bruarT .... .. .. :~H.720 :J2 :J.:J-l-0 61 
\Larc·h . .' .... ..... .):!.872 :n -l-.76S 98 
.\ pl'il. ........ .. . :{0.0-1(} -I I :I.O:l .i 7!) 

~lft\' .... .. . . . .... -l:l.lllli (\.'j :!. :!.)7 1-J.!) 
,J UI;C . • ....... • · · :!7.62S 2-1 i.J .;s 1-i 
.Jul_r ............. :!-1 .487 I-I I.O:lfi 16 
Augu"t. . .... .. . . t.i .. iO I :!:~ 98:) !J 
l-'t>ptembcr .. ... .. :!7.7 1:! :!-1- 1.9-16 l-1 
Octobt' t' . ..... . ... -16.3!!:! 88 -1.0 1:1 106 
:'\o,•crnber . . .. .. • -l-1. 183 .)7 :3. 19:! -14 
DcN•rn l)('r .....•. . :n .. >o2 :n 3.-'iO:! .)8 

l!);j J onuarv .. . . .•.. . -Hi.02.) :W :1.-l-76 4 8 
Fcbrurlrv .. . ..... :n .. >36 :!+ :L3!J:l :N-
\ lar·ch . .' ......... .)!) .. )83 20 -1.78.3 li 

'l'OTAI ... ..... 7:)!).792 !l-1-1 6:?.471 u s:-; 
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Yeterinary Department, m~tny of \Yhom are of limited educ-ation. 
SilH:e in all pads of the <·ouutry big numbers oi eaitlt> haYe been 
inoculated without <1JlY lllOI talit ,. it is reasonable to condlllle that iu 
nearly eYery case deat~h aftt>r iHCJct!latiorl was not due to the Yaccine, 
hut I o other di~eases, or to po \"erty an<l neg le("t. .Enquiry has sho"· 11 
t hat in ~ome ea.~es pcwert y-striL:ken all i mals, espe<·ially Lufhlloes, 
were t m·ned out into I he jung·lc· after inoc·ulalion and negledecl, mnuy 
cl.ving of s tanation. An inn1l;; dyiug in iufected herds were 1 !>portecl 
n~ having lH•eu killf'd by the Y:wciue, ,,·herem; many Jnohahly died of 
natural infer·t ion. KcYertheless the figures iu l·he table iuc·lude nll 
death;; up to about 30 dayd after inoculation, and sh ow a total 
mortality of 944 out of 769,792 eat.tle, and 1,385 out of G2,474 
buffaloed. During the fifteen months en<ling 31st :March, 19:3S, which 
excludes the hea\·.v mortulity whe11 the vaecine \\as first introclUC'f'<l, 
of !) 76, 782 cnttle iJIOCillated, 6:J2 aied , nnd of 42,100 buffaloes. 7!)() 
died. As the table is based on J·epo1 ts recf'iYed from inotulator~ up 
to the ~Oth Ap1il, 1938, the figures are llf'C'f'Ksari ly incomplt>tf'. 

(c) The rulmnLages ofrhe mrcine. 

'fhe YaeeJn f' may reasonably lw de,;nibed as chf'ap, safe, aml 
effect in. 

As at present used iu lJurma tbe Yac<·ine is tltaJl .)' times more 
expeusiYe than it would bc• if used in the doses s hO\nl to be eft't>ei iY t> , 
but e\·en so it is estintated that t.he cost, including goats, avparatuR. 
pucking and freight amounts to about four shillings a thou sand doses. 
'l'he preparation of a vaec·ine from c·attle would lw n hazardous 
undertaking iu Burma, where the 1mpply of susc·eptible <·attle is 
limited to far away areas 11ot free from natural outbreak,; of lht> 
disease, so that at a;Jy nJoJUPnt one's supply might be c·u t off. Goatf;, 
011 the other hand, are obtainable f•Yerywhere, ancl nll sf'em equally 
suseeptible to tl1e disease. They are, moreoYer, cheap and the eost 
of their upkeep is small. 'l'he breabges of thel'lllOR jars, whidt is 
perhaps the main item in the cost of bottling and de,.;pateh, is sur
prising!~' small, and has amoun t<>cl to only 12 out of 1 ,i)07 sent out. 
There is a great ;;aYillg in time and material in tubing t he va!'r·ine, 
as 100 doses can bl' put inh n small ag-glut ination tube in a f.,w 
seconds, while the cost of tranRpod on a box of Yaccine frolll th e 
Laboratory to the inoculators' headquarter~ aYerag-t ·s ahout one 
shilling. 

A gross mortality of le88 than one in a thou sand cattle during 
the fifteen mouths ending :Jlst Mareh, 1938, sho\\·s thnt the yacTine 
is safe. Hepeated attempts at the Lablnatory to transmit the disease 
to E\aukpyu cattle by c:ontact haYe failecl, anrl fit>ld obsetYation~ 
~upport thesf' finrlings. In eaeh of the Laboratory experiments ten 
Kyaukpyu eattle \\·ere mixed in a small loose box and :fiye giwn 
goat Yirus. All the cattle \Yere fed and waterN1 from the same 
utensib, and alt-hough the inoculatecl eattle r eac·ted to the Yinu; 
and were kept in <:ont·ac·t with the test cati1f' for 30 davs thes~' show f'<l 
uo rise in temperature aud later J·encil'd t,qlienlly to the Rllhf'uta neous 
injection of g·oat Yirm. 
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\\' ilh huffaloe,; t he position is a little uncertain. Edward<' 
(l!J21b) stated tha t in ln din the bu lra lo is not rPg-anle<.l as pnrtil'ul:trl~· 
sus<·t>plible. l n lhP Ph i lippin t>::; hullalne~ an' c·on~idered much more 
::;us<·t>pt ihle than l'altlt• . I 11 Burma the hultalo is !'XI remely sus<·t>p
tihh· :1111l in <Ill,\' ou tbreak of rindprpest a ntodality of J()O per t·t•nt. 
is t'Xfll'ded, !('<tYi ng- no J'Pt'O\'ered :tllirnals and t'OJ tsf•qHPntl ,\· no anirnal,.; 
with any a!'quired intt ttu n it.\· . In the P hi l ip pi nP,; it " ·a,; fou nd ne<·Ps
~:11'.\ to g-in· hul1'a lot•s t hr·t·e injf•diolls of !' hlorofo rm \':ll'(' iue. :ts tlw 
illlntunit.Y dPn•loped front one injel'lion w;t s insHfli!'it· rtl to proted 
tlwnt ag-ainst expo,;utt• to natural inf<•c·tion. [n Bu !'lna irHwulator·,.; 
han' repodetl that dried : . .ront splel'll iu a do,.:p of I g-ra rn for ~ .--1-0(J 
huff:t loPs has :tl 1 inres <·aust>d st'\'f' I'P readions and '' :·ew dt•at h,;. 
Sprf';HI of t hP di:-:Pa se to unino!'HLIIPd lndl'aloes h.\· t·nnia('( with 
ill(wulatPd bull'aloes lt:ts al~o hePn reportP<I. [ t is hoped that at 
l mwin foH·ililie,. will soon he aYaibhiP for work on hu ll'aloes and that 
tlwu thP i ll tlllllllillation of t he,;e a 11 inral.~ will lw furtht•r inYe:-;tig-at<' tl. 

'l'ht· Y;H'('illt' trausrnit,; no lJlood p<tra sitP::~ and <·aust>s no lot'a l 
readion. ~b only t he splt•en i .~ ust>d and this t·nn lw q ui <"k ly and 
a,;pp ti< ·;~lly Jf'lllo\·ed, l herl' is little tlang·er of c-o ntamination. It 
" ·ould I.e ot her\\·i,;e if tonsils a111l 1.\' lllph g·lands 1\'I'IP illt ' llrpor;~trcl i11 
tiJP \' ill't·i Ill'. F ieltl ll'orl; is so 111 et i !liPs pedorrnt•<l und t•r great d i fli
l'U l tit•s, and it i::; c.;om·t•i ,·ahle that c·orrlalllina!io n mig-ht oc·c·ur during 
enrul-..ific·ntion of the ,·aec·i11c• in the Jnortar. On t11·o o<·t·asion-: at the 
Lahoraton· \';tt'('ine \l'il:i t•ntul,;ifi!'d in a sma ll <·attlf' Pndo,.;tll'l' whilP 
man,\· ;~..;s!stilnls intt>n tio11al ly t· re:ttt' d as llllll'h du,;t "" po.-sihle>, Inti 
e\·en l ht> 11 thP \'a!'c·ine p1odut·t>d 110 loca l rPal'lion. 1-: ntul,;ifi<·iition 
ma.\' iil·m hP Pltec-tPd by prolong-Pd shaking· of thP ,;piPPn ptnnlf'l' in a 
hottlP of noJIIl:tl ,aline. Thi s j,.; a longer and IIHJI't' ti ri11g- [HO(·p,,; 
" ·hi<·h doe,; not ..;alisfa!'lorily hrPak up tlr p splN·n ti,;,;up , and Jl adtlow 
( ]!):l--1-) ha .- sholl' ll I hat II':IIP I',\' Pxt r;tc ·ts a r·t· 111ut·h I<•,;,; Yi ru lt•ut t han 
ti,-,;ut'"· Thl' use of the nr ortar ha ,; no tlisilth·;~rdag·p,; antl 11·ith it 
t·om plt>tt' emubifinllio11 i-: ptft>ded in :ltl -..e!'ond s . ' 

Exppriment:-: ha,·p ,; )wwn thai the Ya!'('illf' t·onfPr.-: intlllllll i iY 
" ·hi<·h i:; :<<·r \' i!'eah iP iu 2-1 hour ,; and :'oli tl in 48 hour:-:, and Pn d un~s 
for :tt IPa:ii 1\1·0 .\'f':\r-: .. \ ,; im11111nit\· i,; not la,;ling nnd as that t·on 
fprn·d ll\· Yill'f ' inP-: t·an Ill' rPinfon·t•d hy 1·iru:>. it i..; rPasonahh, to 
pn•-:111111' · th;ll lo-:.., of in1munity is g·r;Hiu.nl and not ,.;ud den. and (·a ll 
lw rei11forc-ed h,\' Pxposurf' to natural onthreak,; of thr disease. ln 
es tinwling- th e duration of im111unily, animal s whil'h mig-ht haYP lH'e" 
t>xpo-:pd to natural infl'l'lion shoul1l. the refol'P, he di~n·g·nnled, ancl 
bilurt• to do thi~ ha ~ prohahly r·ontrihutC'd to tlw rli:-.agrPenwnt on 
thl' ,.uh_jpc-( of intll11111il .\' •·onft•npd ll\· tissuP l':l('('im•..; :tnd hy S!'l'lllll
\' irus. !" n l ll:'i" 0\\'Jl \\'OI'k g' l't'at !'il l'(' \\' iiS tni;(>J) to PXdll dP ii ll,\' po,;,;i
lJiJity of inlmunity lw ing- n•i~tf"on·t>t l an1l PXJWrinlPIIts haYe s hown 
t hat thP imr11unit .\· la,l-: for nt ]pa:-;t twent .1·-fi\·p month.... HPport -: 
from the field <·ontirm thP,;t• Lnhondor·.\· findings. 

Si ru ·t> t hP Y:t!·t· in e is ke pt on it·p it-s efl'!'d iYPIIr'ss i.- a,oslJI'Ptl and 
Ollf:' 1\'0ilicl PXJlf'd field 1 i'~ ult~ to lw in a< 'I'Ot'dant·e with Lahor;tlor_,. 
ex(wrinlf'nh. l n many !'ounhies i< ·t> 1\'0Ul<l pn•se n t an in~ut·mountahlP 
diAi<·ulty hut in Burma it i,.; no h:t111li<·ap. It i..; :IYailahlP on train-;. 
sleH m<·r·s a nd f t•rJ'\' ho;tls. l t is madP in most of the ,; mnll t> t' t0\\'11:-i 
and pnwunthl e in .mn n.\· out of t lw \\':IY Yillag-e,; . the p t in· ppr pound 
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Yary ing from h alf a penny in the larger towns to two pence in the 
Yillng-es, though in a few distant Yillages it goes up to as much as 
sixpence . FigureD 7, 8 and 9 give a good idea of the temperatures 
to "·hidt va ccine would be exposed if n ot pac.:ked on ice. 

Y. DlSCU:S~IOl\. 

The term " straiuH " in conned ion with rinde1·pest virus h as 
been used as a matter of conveniPlll5e, ancl should not be taken to 
indicate the existenc.:e of a plurality of strains. The clifter ence is one 
of ,-irulen<:e or degree . I have on seYeTal otcasions failed to maintain 
b.\· passage in su;;ceptible catt le strnins obtained from natural out
breaks of the disesae. Vne strain of l'atHe virus was much less 
vi1 ulent for goats than the goat adapted virus whieh never kills our 
most susceptible cattle . 

The cattle of Burma Yary grea tl,v in their susf' eptibility to 
rinderpest. Mention has abo been mad e of this in other countries, 
and it is possible that this variation in susceptibili ty and the 
difference in virulenee of strains account for mur·h of the lack of 
uniformity report:ed in immunization ngainst rind erpest. '!'his is 
possibly the reason for my failure to confirm tl1e results obtained by 
Bennett "·ith his g-lycerine vaccine. 

Although donbt has been cast on t he living nature of at least 
some of the filterable viruses, there is some justificatioH for speaking· 
of" nttenuation " aud "killed" in conneetion with rinderpest viJu>;. 
At any rate ii is (·onven ient to do so. 

Curasson (18;)0) ha s condemned as useless ;-accines prepared 
from attenuated vints . Although killed Yirus "·ill i rumnuize against 
,;uch infections as herpes, psittacosis and distemper , it is open to 
doubt "·bet her any really effertiYe rinderpest Ya rcine does not contain 
living virus, howeYer attenuated. In Hl28 DauhneY stated " \Vhetl1er 
the react ion to inot11li1tion with Yar·t ines pn>pare;l in weak formalin 
depends upon the presence of a minimal dose of unehanged living 
virus, the size of the dose being the determiuing fnr·tor in the seYerit.r 
of the reaction, i£ any, provoked; or "·hether the virus is in any " ·ay 
progressive!)- attenuated by the action of formalin without being· 
actually killed, aJ't> problem,; that must await solution by further 
experiment " . Edwards (1925) mad!' a most interesting obst>nation . 
H e stored blood virus at bofl.'' heat under paraffin. After three months 
the virus had heeome inert for cnttle , but intense passage through 
rabbits bron~d1t hack its orig-inal virulence for cattle. Iu view of 
the fad that ·walker (1929) showerl that in Llood, Yirus becomes in ert 
in a matter of hours, and that Erhnu·tls was unable to presPrve tbe 
poten C.'' of blood virus for more than eig ht days, it would seem t hat 
when apparently dead, rinderpest virus may he onb- greatly attenu 
aterl. On the other hand Shilston (1817) noted that at ~fuHesnr 
defihrinatrd hlood remained virulent for 40 days at room iemperature. 

The mo:'lt lasting immunity is that eonferred by •ind en t cat tle 
virus in combination with either immune serum or vat:eiue. It hns 
been shown that the immunity conferred by goat virus a nd serum is 
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not a ::; last ing a~ tiwt <·uJift>rn·d by <·:t!lh· viru,; and ,;p J·u nJ. !J•YP~ ti
ga tor::; haYe sea rcht>d for a \':tt·t·ine to O\'t'l't'Oillt' th t> Ul:i<Hh:1n1agt>~ of 
tlw ,;eru nl-Yiru,; Jll t>t ho<l. lut " ·h iiP lht·y han• g-ained in l'O:it a nd ,;afPt,Y 
t bcy hnn• lost iu dunt!ion t~f inununit y . All \'Hl'l'ill l'S }JJ'PJ>art>d from 
cat tle tis,;up,; an• u•ndPrt>d sa f1· hy ,;lt~ r:q.; P or ln· e.xpo;;ure to <·hemil'als. 
E w n \\'lwn tht>y h:n·e rPa<·hp(l tlw ,;ah·t~· stag-l' the.'· ma y sti ll kill 
highly ,; ust·t•plihh• l'attle. as \\'a s sho\\'n hy Coo p<•r ( I!J.;l ), ind i<·;tling 
that lhPY ,;! ill ('Ontnin actin• Yirns. In c·onn el'lion \\'ith ti,;sue 
Y<ltci nPs,' ' · saf(>ty " is a purp[y rebti,·e t<·rm . Aftt>l' storag-e a1 .J-2° 
1•'. for fhe mont hs <•n•n the mo,;t vindent <·attlt> ,·iru , lo,;p,; its )10\\'l'l' 

to kill ,;us<·Pptihle ('altle, a nd instea d i rnrnuni zl's th Pnl. A n 
infinitesima l qnantit .' · of full y pott>nt YirulPnl Yirus kills a sus<·<·pl ihle 
animal hut th1· rnon · atl<•n twtP<l that Yirus he<·o Jnes the g-rea!Pr tlw 
C[lHlll tit~· requi 1·pd to produet> a Jt>adiou. ~omp <·onsider that rind<·r
p est ,·irus <loPs no t het:ome attt>mrate<l a nd that thl' effe<·t of sul'h 
material is d ue to tlH' sun·iya[ in lh1· injPded material ol' n1inute quan
~ities of ,· iru~. hut eonsidering· tht• \'PI',\' m in utr quantitie,; o f Yi ru lt•nt 
mat(>rialrequired to kill a susc·Ppt ih lr animal and thP rPg-ul;llit.'· \\'i th 
,,·hith I'P:I('tions may ht> )Jl'OYoked by larg-P qunutitic·~ of 00 attennatPcl 

00 

Yirus , a 1110rp rea~o rwhlt> Pxplanation is that all or JH':trl~· all the ,·iru s 
has hec·o nlP uttc•ntndt>d. a nd thnt none, or ,·pn· littlt>, ha~ hPl' ll ki ii Pd . 
1'l1is ;;uhjt>l'l is of IIIOI'e than lll'<lliPnli\' intrr~st a,; if il c·;111 ht> s ho\\'11 
experir iiPntall y t hat tissuP \'<l<·<· in e:; dl'JWncl upon liYin g- hut altenuatPd 
,·irus for thei1 immunizing pfl'p('!, Jlw ne\'e;;~ity fnr not allo" ing 
att enuation to go too far is oll\·ious . 'L' hPI'P is 110 clouht i h: tl for goat 
ndapll·d Yirus to immunize it mu,;l he f ull." pot t> n l. 0·01 grnm of 
drird ~ plt'PII i,; nn ttlH'Pliahlc• immuniz ing ng<•nt aftP r PX po~ un• for 
s ix day., nt !)7° F . Hut l' \' l'll aHPr ~P\' l'll days at i hi s tPIII JH'ra t urt> 
0··-J g ram "'ill in1n1uniz<'. irulic·nting th a t a laq:r<' quantity of attPnll
atPd Yirus nwy lw :i iH ·c·pssfull~· suhst i tute<l fo r a snwll qt~:~ntit.'· of 
f ully potent vin t:i. Of gTPnl pnu·t i< ·al inqlOrlan<·P i.; t he short ti nH• 
for \Y bi c· h goat Yi r u,; n•main,.; pffp('( iYP at n t<'lll]Wl':lfun• of !)7° F. 
A sm:dl prPlinrin:Hy P.X JWrinJPnt in<] i(·ah•d that ],y exposun· for t\\'eiYP 
hours to S0° 1+'. and !l7° F. ai!Prn:deh- t h1• Yirus hPf·omp..; :dtPnuate<l 
as 1 a p i ell~· ns it does on ~?xpo::.un· to a ·c·oHstaHt trmpPl ntun· nf !JjO F. 
Tt is not kno\\'n if tlw ,·i ru~ may hr altemJal<'d to a r<'quirE><l <l <'"'l'PP 
b:.· px postJre to <I i l'lllJWrn tnrE' of' !) 7° F. :JJHl t lwn maintaint>d at thi" 
,.;(rP ng-th h~· ,;torag-P nl nhout zrro. 

Tn Humr a 1!111·ing lhe hot months of ~1:111'11. ,\_pril and .\ffi .Y 
vat:c in r dt>sp;ltrht>d to thl' fit>lcl i,.; c>xposNl to l<' ll l]lt>l':lill i'Ps of !)7° F. 
nncl m on• -~o J ll l:lll.\' hour,; eac h <1<1.'· and in lll:lll\- pad,; during th p,;p 
lllOllth-- th e tf'lll ])('l':lllll'!' ll('Y('r chops IH'IO\\' s.-,o F. .\ ft<• r (; days 
nH'l' tll(' sto rpcJ alt ernnti\'l·h· for t \\'Pln• lwm,; :d !!7° F. nnd for hn•l\' l' 
hour,; at S0° F. r,,ih·cl tn. in1n1uni:w in <lo,.;(>,; of 0 · 01 p:1a n' ,., that 
Y:H'I'inr <h•spatdwd frolll thr Lahor:dory not prl!·kt>cl on ii'P would lw 
Pxpo,.;pd to l'nidy hi g· h h•nip<•Jalnn•,;, anrl rapidly lo,;p its imnntni:.~ing· 
properlic~ Only \\'it h Y:HTin<• kept on il'e ran on!' hop!' to repr odnc·P 
Lnbor:lion· rr,;ults. Fortun:d t•h in Burma ic·p is <•asih oht ai nahle 
ancJ fo r t liat l'l':I~Oll kE>eping· till'. Y:IC'!'i ne Oil il'e Jll'l:'liClll:i ;lO cliftil'Hit.\· . 
'l' hP onl,,· alkrnatiw to !hi;; llJ!'thod of rl<'spnt l'll is for iruwulntors io 
pn•pnrr Y:lCI'inP ns required . \~ery f(>\\' nf our ino<·uhtoJ's C'Olll(l hr 
cntru:o;trcl with thi ,.; an(l the pro(·Pdure \\'oulcl iu any c·a,:p mt>!'l " ·ith 
oppo~itio n :h it \\'olll<l ofl't>nd again,;! llw rclig·iou,; prinf·iplt>,; of th <' 
]WoplP. 
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(a) 'l'hP Y<Hiotts method ~ of iulmtmixing agaiu.;t rindl:'tpest are 
briefly ~Ullllnarised, the, use of goat ndapted viru.; being <lealt with 
lllOre f ully. 

(h) Experinwnt ,; l eading- up to t he prOLlnd icm of a Y<ll'l'ine pre
p;u ed ;·rolll dried goa l :>pli:'PJI are tlesc·ribed. 

(c) 'l' llf> drit>d Y<H:cint• i,; p1 t•p;nt>d hom l he ,;pleell of a goat 
deshoyt>d on the fourth day after inj ection ·with /!oat adapted Yiru,;, 
'l'he splt>Pn is minc·ed in a L:llapie and t he pulp r apidly dried in 
nH:uo oYer c·alC'illllt l'hlorid e. 

(d) Pnl' ked in a thermos ja r of il'P, whic·h is replc•nished Hery 
thinl dar, the Ya('(·ine i;; Pllln bifiecl i11 nouual saline in tmedial~>ly 
hefo11• use . and n~<'d in a dww of on(;' g-ram fo r 40 0 catlle atHl oHP 

gram for 2,400 huffaloc>::;, although exp erim ent s haYe shown t ha1 
0 ·0002:-J gram i~ Pqually E>ff('('(i,·p for C'attlt>. 

(p) l nlJHIIIlih· c·ot otlll(;' ll c·es within tw~>nh·-four ho u r,; nud i,; ,;olid 
wit hin lotl.\·-e ig h't hout·s. Jt pnclu res for at.le:ost 7:).) cla~·,;, the> lin tit 
to whic·h it lw~ ,;o far h f PII tPsled. 

(f) ,->i fi, 7l-\2 cait le a nd 4~, I 00 hutl'alocs were i uoculated during 
t he fifteen mont hs Pnding- ;Jlst .\Lnn·h, I!J:\8. ThE> m01tality in them 
\\·a,; O·OH~ Jll'l ('ent. in r·atliP an cl ] ·78 pet· ePnt. i n bnltalcws . f'om
plete rf'IWrt,; are not yet aYai lahle, hut th ose re('eiYell sh ow that from 
(Jrtob~>r, ] !):·\:'),to :\ 1st .\Iar('h, Hl:l8 , 75!),79~ eat tle :unl G2,4741mftnloe,; 
\\·ere i JHH'tt latecl. 

(.r;) 'l'h e opinion is ex pressed that to r·ouft>r lasting intmunit~· 
tissue vac·c·ines llllt~t !'Ontain liYing Yints. 

A c 1\ NO\\' L" nca:~J " X't'S . 

lt is a pleasure to ;l('f<llo\\'lt>rJp:e Ill)- iml c>htecJUt>S:i to .\Jr . ]), 'J' . 
.\Ii lt lw ll , lhredot of Y eter imt r,\' Sen·il'es. B urma, for p1 oviding
faeilitie,; for tlw ex peri me n l n l \\'ork, :tu ll fo r a r ra ugin g- t he ini ti:d 
field tria ls: to Dr. P. J . clu Toil , Director of YPtPlin ur ,\' SPJ'\'ir·es, 
F nion of South r\fri r·a, for many faYours g- tanted during stud~· lc>a\·p 
SJWnt at ( JnclenHeporn·t; to m~· collc·ag-tH' . .\Ir .\I. H. Y . Brmn1. for 
innlluahle help in supen·i:-;ing- <·xper iments 1lm ing Ill~- ahsenr·ps 
from t he Lahoraton"' to Ill\ ' witt:• ±or drawino· t h !:' fio·ures · anrl to IllY 

assistn n t, 'P Tun A;u~g- . fo •: help in keeping ;-...:peri llt~n tal 'r!:'r·onh an~! 
in training inoculators in tlw fi t1 al preparatiou a nd use of thr> nwc·int'. 

H 1•: l•'Ell ~~~T I~S. 

A LEX.\ .\'D I~H. ll .. \ . (19:J;J). Prelillli nnry note on the i nf<•cti,Ju of \\'h ite mi<"t> 
and guiuen-pigs with the virus of horsesir:kness. J.8 . .l /r. T'et . . 1/rd . 
.-h.~ .. \ 'ol. ~ . pp. 1-9 . 

.\.\'DR II •~ \'S KY (l9;1l ). Sur Ia prr'paration d u •·a~ci n r·on t re la p est<> boYine ct 
so n app lic·at ion rnethocliqwr>. Her. {!MI. .llt•d. I' P f .. Y ol. 40 , pp. 7:28-7:!:3 . 
. .\h~L rn f'rt liot/1. Welhriclgi·. \'ol. 2, p. 607. 

B.\ XERJ I . P. C'. (1!):3:3). The duration of immunitY in C'alves ino<·ulated b\' the 
gont •· ii'Ilb <"um SPrum mE>thod against rinde.rpP~t. Tn,l ian .1. l'et. ·sci. , 
Yol. 3, pp . 3:38-;34.'5 . 

RI~ . .\TOI\. \\'.G. (l !J:lO). Hinclerpest in goats in X igerin . .J. C'ontJI . Path .. \' ol. 
4:!. pp. 30 1-307. 
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vn <·<· <n <·. 1"1'1 . .r., \ "o l. t\i, pp .. )3(J •. ):1:2. 
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fi1•mrzll. 1\"sr·/u·. , \ "o l. l'i. pp. l t\6-l t\1 . 

RI~ DSO.\ , S . 1' .. ~ 1:\I TL .\ .\D . H . H .. . 1:o-> u IH"HTil"HY . \" . :'11. ( l fh!i). F urthN 
ohsPI"\":l tions 011 foot-and-mou th d is<•as<•. .} . ( 'umJ>. / 'of h ., \ " o l. -10. p . . ). 

BL ISS. E . L . (i!l:l:ll. HPp ri n t from l 'l.in11 Jf ,•tl . . / .. :'ll nn·h. Hl:l:2. C'ited by 
B nncrii ( 19:l:l) . 
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1·irn lt•nt hloud i 11 i 111111 11 11i~nlion and hypPr i llllll lln isaliou ngain;.t r iudPr
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pjl. 1-:l-i. 
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J.ondo11. 
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dalh Ia JH'st<• ho1· inP. Hull .. ! md. 1"1'/. /•',· .. \ "nl. i . pp. 2(i.)-:267. 

C'llH SO.\. II . ll . ( 1!136) . TheilN a nd t lw rindP r pe-.t <•pizootie of 18fl!i-HJO"l . 
. } . .'! . . 1/r. 1"1'1 . .ll 1•d . . iss .. \ 'ol. 7. pp. l i-\'i-20:!. 

D .\ l'B :'\ I•: r . H. (1!!:2~). ()l,;,c•<Tation" on r ind<• r p<•st. ./ . / "'""''· / 'of/, .. \ 'ol. 31. 
pp. :2:11'-2 It\. nn d pp. 2tn-:2H~ . 

D:\ l" B.\ I•: Y . H. 
.\a i rohi. 

( I!J:!Ol. . 1 II II. H t' JI . 1/t•Jt/. . l !/1 ;, .. f\r II !/II, 19:lfl. p p . :210-:2:21. 

D .-\ l" 8 :'\ K\". H. ( 19:3-1 ). . 11111. Ur• Jl . 
Sairolll. 

n r,d. . l urir. l1- t' ll !I". I !l:l:l. pp . :1.)~-:u;.> . 

D'COST.\ .. 1 .. . 1xn H.\ L\L \ .\T S l :\ ( a ·t (19;l!a) . l<i ndPrp<'sl: ('lini!"al \ ' ·ndrom<' 
i 11 ~ont s in Tndia . l ndi1111 . ./ . l" r•t . Sri. , \ "ol. :1, pp . 1:.1:2- 121'. 
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GO HDZI A KI ,OW S KJ (121). 
eontl'e Ia pe>tP be.,· i ne. 
(19:3:-J). 

Xott• '- HI' un e nonvo:>lle inoculntion pren•ntivP 
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l~'igure 5.- 'l'empcrature charts of six K yaukpyn cattle g i1·eu cattle vi rus soon after the injection of dried &;oat 

sp leen 1·aecine to determine tlw onset ol' 11111llunity (Expt . 16). 

A = Bo1·ine 583. Virus gi1•eu 
B = Bovine 567. Virus gi1·en 
C = B01·inc 50. \'irus gi,·en 

2J hours after 
60 hours after 
36 hour-s after 

l'<l('l' IH:'. 

\ ' (\ ('(; Il l.'. 

n1cr nt•. 
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D = Bul'ine 5/u. 
l~ = Bo1·iue .j:)i . 
l<' = Bo1·i ne .J3.:>. 

\'iru~ gi n :n 1"2 hours after 1•accin~. 
Virus gi,·en 48 hours after vaccine. 
Yirus gi1·cn 120 hours after vacc ine. 
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Figure 6.-Yumbcr of cattle inocnlat<.>d witl1 dri t•cl goat ~ pll'Pll ,-a pcino from 
October. 1935. to )Jarc:ll. 19:{ . 

-

-

-

-

-

-



IM~lUNlZATION AGAINST JHNDERPEST. 
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~'igut·c 7.--Cha rt showing the monthly ma~iruum and minimum room and sh~~:de 
temperatures at the Vctertnary Hesearch Laboratory, InseiD, 
over one year. 

A= Shade temperature. 
B = Hoom temperature 
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lMM U.K IZATlO!\ AG AIN ST RINDERPEST . 
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l•'igure n.-Cha rt showing t he da ilv maximum an d minimum s hade tempera t ure" 
at t he \ 'ctorm ary it esearch L aboratory, l nsein1 in J a nuary (cold 
weather ), Apri l (hot weather), and July (raiD,\' weathe r). 
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