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Control of Innocuity of ?oat-and-Mouth Cisease Vaccine for use 
in Cattle 

Papers were read by .ur. ;~rooks by, ur. Fci:,ee,by :.illd 2r. 5issner. 

Discussion. 

Dr. Lhennin gave an account of the tocnnique adopted for 
over 10 years at the Central Ccntr~l ~nd ~esearch Laboratory, 
Al fort, before so,,-.e recent changef; were made. It; consisted in 
the intradermolingual injecticn ~f 5 ml vaccine at ~O ~oints 
folloilled 4 days .u,ter if no reaction e1,10 occurred, by the 
sub cutaneous in j e c ti on of t ;, r e e time ::i th e fH' o du c er ' s r e co rru.i ended 
field ~ose, in the dewlap of each of 3 ~usce~~ible cattlti. 
Susceptible cattle were used and observations were continued for 
8 days. It was explained later in the discussion that the 
object of the subcutaneous injection was not to detect specific 
infectivity of the vaccine, but to show it contained no agent 
which could cause local or general disturbances. This method 
ensures 95 percent safety ;,-Jith a maximUi~t risk of 6 1~ercent with 
·tests givin~ negative infectivity results. Tnere has also to 
be taken into account the 24 susceptible cattle which receiv~ 
subcutaneous injections of the vaccine for tests of efficacy. 
This technique has ~iven excellent results which have been 
conf~rmed by the use of tested vaccine on many millions of 
c at t l e i n ? r a n c e • Ex c e p t i on a 11 y f e �, '�� z:, n i . n 2 l s in th e· f i e l d h a d 
developed foot-and-11outh dise2se following v&ccination on one 
or two fr,rr.1s, but t:,e same batch of v,,ccir;.e even in volu;,1es of 
250 - 300 ml anG to which cortisone was added had, in later 
tests, failed to ~rovoke the disease in yoang c~ttle. 

There were 25 cases of sudden death immediately after the 
injection of vaccine in 1964, prob.'tbly 2.na;::,;1ylaotic in nature, 
in individual ani111als on C:ifferent far ... s. The cattle were 
between 3 and 7 years 010. 

The only vac c 1 :, es in which tr u.e vi r td .. enc e wz.: s �s�J�-�1�0�, '� �n� were 
exicer.i.mental vncc..i..nes ·,,..llich were not ,:d.,~orbed 0,1 ;,iu,.1inium 
hydroxide but on ctner subst.:nces such ~s embryonic cxtr~cts, 
n1ilk extracts :1nci w~1ulc 111i:_:z .. :~-lit:h sac/~ va.ccinct:; sf1oi..;ing 
virulence, lesi::.,ns di.c n t :: 1j 1•c::,r un,. i.l lf1,-20 do,ys ~,ft<.:r the 
animals receiv&a the vc.ccine. 

Dr. �; '� �i�l�l�e�1�~�'�l�S� E.:X'~_:2t:s~;cd t~-1e stront..:, vi v-T or the- need to use 
cattle for innucuity ~est of v~ccin£. Bx~ericnce in ~elgium 
over r,iany ye, .. rs n d t,!'OVLL1 its v..ilue. ,.•.<.' Oii1pl1c.>.sised that he 
was referring to vgccin8 >repared 1-•iith fi.ltt?rccl virus 2nd 
inc.ctivc:tE:d by her:t end formol wh£,n i,e s:,J..G tn~,t this ,,iethod 
using a very limited nu;.ii;1::..r of st,sce1Jtibl0 ca.ttle E:nL,blGd 
conclusions on innocuity rut;dily to be i;i,.dc. The 1.osition 
might not be similar with vaccine pr~p~reG with unfiltered 
virus and h~ ruc::ll0d testing such vaccine received from a 
foreign colle~~ue, when virulence wns tetected only ~fter 10 
dt,ys I observation of the vncciG:tL::d susc(-:;~ ,:ib1c, c,;tt:le. 
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In r e g Ee r d t o c t n e r t e s t ~, , t' or ex ::, irt p l e , t he us e of b a by 
mice , if s u c i1 u t e ~J t is rn c 2 e 3 ens it i \l c t :·-1 t2 i.1 t 11 e :: :. ~:: t le test 2.. n d 
both tests are t ken intc ~ccount in consicering innocuity of a 
v a c cine , it could o cc u ;:-- t i.~ tA -~ :~ v a cc inc· qui t l- s 2 ·, e for c :.-: t t le 
was not considered acce~;2~le. £Lain using cell cultures, if 
the vaccine contnins scme 1.artly inactivated virus ~~rticles, 
there is nlways c ch nee under cer~~in con~itiona, tnnt viru­
cidi[,l agents piirticuL::rly inte2fercn, ;,1E:/ be GE:velopec in the 
c u 1 t u r e , r e s u 1 t i n 6 i ,1 ,t. :~ s i•~ i n g t h e vi r ci l enc c o f t :1 e v c.' c c in e . 

Dr. Moosbrugger &lao stressed that the v2ccine under 
vr:ccine which 

experience h<ls sho~n to be rend~re6 innocuous for cattle by 
inactivation c&rried out for 14-20 hour~. ~ith this vaccine 
pro~erly fre~nred, neg~tivb tests in 2 limited number of cattle 
as described give f~ll _ssur~nce o~ its innocuity for cattle. 

Dr. Lucam had experi0nceG excellent results usin£ the 
cat t 1 e t est t e c 11 n i q u e 1..:r it h 1,1;:rn y batch e s o f v::: cc in e both in 
Fr<lnce and abroad. It w~s only on about three or four occasions 
that "classic::\l" vaccine, so tE:steG, had s11own virulence: in 
these insiances, the lesions had covered the entire surface of 
the ton~ue and there was gener lisnti0n in 48-96 hours. He 
also had ex~erience, however, of the occurrence of lesions, 
sometimes ?tt the point5 of injection in the tongue, so,,,etimes 
covering the whole surf ce of the ton~ue and sometimes in the 
form of gencrnlisntion, nt 20-25 d~ys ~fter injection of the 
vaccine. 

Dr. Moosbrugger s~oke cf dissccintion ~hich could occur 
'"Tith "safo" vaccinc:'G in :.-Jhich tt12 complex .;:;rovided by the proper 
preparation of thd vnccin coul6 b destroyed ~nd virulent virus 
particles rele2sed. 
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may v2.ry one or dr:ys. Three 
s us c e pt i b 1 e cat t I e n r 0 used f o 2 ~: ~-:. c :~ test . It 
thc.t <"'! b:1tch of ~"::ccine s .. "10:,,s '\7irulen·2(.; c.nd j__t 

is only rarely 
is not on all 

occasions test 
·>Jhen it does ,.Jccu .. 2, t;.G,/"'\,c.t', i~ G,_::v2Ic~-,0 r,:_1~idiy &nd 
tongue 2nd [,t:.:11('1"',::._Li.s,~:tic-a 1_c-t~io:1f> 211:iJ::::i:~_ring in 48-72 

cattle. 
severely, 
hours. 

He s~id later t~2t virGlcnc1' wns otown in ~bout~ ~ercent of 
batches. Tl1e occ~:,tr·rc·nc t? csuld not be predicted: it may occur 

oc very long intervals. It in successive 
was st~ited by 
is extremely 
no evidence of 

bc:t:ch00 or 
that thL incidence of sucn vaccines 
~hen tested c week later they show 

�~�~�- Font~ine added that~ monivalent 
vaccine which is shown ~oh ve virulence is not used in the 
prepei.r.~:tivn o? tri\7;:il . ._.r~:: \ 7 nc.:cin\.::~ 

Cr. Moosbru~ger, continuin~ the discussion on the period 
between pre~cr~tion and inno=uity testing, spoke of the 
possibility of the chan~c 0f temperature from 25°C in the 
mixing tank to 4°C ns a fnctcr in recovery of virulence by virus 
in a v~ccino. He explaineC nlso that his procedure is to make 
innoc ui ty t es+; s on t 11e n,onovale n t vnc c i nes at the c o;np le ti on 
of their inactivation nnd then, ln~cr, on the mixtures. 

Dr. Ter~l explained thnt n~ I.~.F.A., the vaccine is 
cooled down in the mixir1g tnnk to 4°C and it is then that 
samples for �t�c %¡ �t�s� 2rc t2~0n. He referred also to the steps 
tDken to ensure th:t t:,e c:.tt1e 1.:.Gecl in t,1e �t�e %¡ �t�:�:�,� c:.re fully 
suscertib.lc. 8~t:~l<J ti(.Jed for :,.ono,/c:lent ty3,_..e t:.. vr:ccin0 tests 
,,1eresubsequently ch;:1.:!.erq_:;,ed >,ith virulent virus types O or C 

found to resist Siler 

mostly from ?inist~re 
i:lnd where v:1c c in~1 t- 8L 

t~o: none ef the nni~als have ever been 
c:1r,.~tl0n

0
t. The c:..:ttlD used in tests corr1e 

~,IH:,rc there:: i2, no foot-c:,nd-mouth disense 
Should some vnccinotion 

have been c2rrieG out surr ~titioaa!y, trivalent vuccine would 
hnve be0n used t,··--: tf1c i;.;s i:: :,ni,;i:,lr,; would ;;ho.,-J protection 
agninst the virulent viruseb i~jected :ifter the innocuity test 
of the vaccine un6~r exnminution. 

when tectin~ V"c~i:; 
o f a n n p l: y l :: c t j_ ;_: -- __ : ~~- !•: r 

n.l .. :1- .:-_~ on s i dt·r ) t ion 

, -.-~ ·- ,-
,.1.,. 1 .'_ • . .:, 

4~ ~ls3 t~e q~estion 
1 �~�~� o b · . ..:· 1. J . : b o u t 2 0 

soon ,~1 ftEr 

r·s ~C ,,,,ions occur tec:-ini:~:.:1 t :.=:Ln_~ 
ttJith v2ccinc: �~� _1 -~,;~-;.­
chen1ic2l tcst:ci :_.~ ;r• 

L :·:- -~- cs t: �~�~� c· c ;_· t t' e n (J t ~Jr E: s e 11 t : 
c ·;.:: ~l j_ c c 1- c s c: d t h E: p r e s (: r1 c 2 o f h i s t c~ 1 a i n e • 

Affected cntt 

in pigs: ino2ul2~Jo~ ~f Lhe v 
.'.:! n d f c rm o l , ; ; :. ·: n l; ~: n ;, ,: CJ• 

h y d r ox i d e �~�~� .::-_ Ll ~-~/ c G t '.1 ; , G r:: '-:.__ ·, �~�-�~� , ~· 

r11-y o;ic c or on 

~rry aut innucuity tests 
t~v:ir~d by chloroform 

,.ci.'-.)Orbed on ~-·-lui~1inium 

I 
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~~erienccs in the vnccination of 
igs ~swell cs cattle are vcccinated in 

STr1itzerl~:nd. ':'f;.e1.·e t.;.[~0 ne\.rer' :")~?en ~·:n;/ trouble wit11 ,.J.dult pigs, 
but young ~iglsts ;roved ~ighly susce~tibie to v~ccine which 
w a G to 1 c, r c:, t e :i c er f e c t 1 y u y . , 0 i.l J. t c' i g c r: n d c o. ::: t 1 e . I i g 1 et s 
.. 1nder no J_ongt::r 

Jr, Eissner s2id th2~, in Cerm~ny, .~ 8 0ver 4 ~eeks 
Jld ;.~re~.' vz~:cc:i~1c:tcc ~·;:i_t;}ot~~t c~n~r C~if~~icel.ty on severc.l occasions. 

cf pigs to ~he, 
particulr.r~,y v:· 

_.; /~ u 1
:) o t - ~: n <J. - :i1 o :1 t L d i [3 e a s e , m e n t i o n i n g 

ty~e C. 5xjosure to the virus by contact or 
by intr,:rnusc;1:i..c:,1· :1.n::; ct:lcn of �l�:�r�g�c '”� ooses ,,,:.1y not c use any 
Gise,<::se. In ,~oL,e L cc:3, ,,;Len cont:,ct is not too prolonged, pigs 
bee orne ii,nnu ni s e d wit l:ou t ,1 vi ng s:1 OvJn n y re .0,c t ion what soever, 

Dr. Ub rtin~ s 10 th,t oec use of the exJense involved and 
the V3riLlbiiity of their susce~tibilitJ, ~igs were not used for 
inn O CU it y t e 6 t G Of V c'. CC i 11 e 1. n =- t r, l y . 

:Cr. Ub2rtini r .iseo the subject of the use of bi:by mice 
for innocuity tests, cxpl2ining the difficulty of finding 
fully susce,tible c~ttle in some countries, e.g. Itnly, and the 
need to use iraportec c .ttle whose history, feedin~, etc. were 
not known. 

::;r. ,C:.1cr:rn. rci;, . .,cc,d ;1J._o e t-:cri.c-nces -t-Jith b by rnicE·. In most 
b 2. t c he G ·t.l n 2 d :i_ n i Enc c ~J. i t t e s t s , s o rrt e die d 2. n d e n c 1'-1 de a d mo us e 
?1 C: to c 
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Discussion. 

I:; r . ',Ji 11 ems m 1 d € '"' di st inc t ion �~� 1c: t vJe en c c n tr o 1 of e f f i c 8 c y 
and control of activi~y. rle 3greed com~letely Mhat in official 
tests Eor vuccines for use in 2 coun~ry in which foot-3nd-mouth 
diseese is being 6e2lt Aith, th~t prod~cers should te required 
to provide vaccine which will conform to the tests which nre 
fixed, ench z,.ccept~1ble vc::::::cine i;rotecting 2g2inst the str::,in of 
the virus present in the coantry. Cn the other hand, if France 
should purchase vaccine from sny ~elgium, Switzerland or indeed 
any country and if thct vaccine were controlled with the strain 
of virus used for control purposes in France, it could well 
be that the vaccine w2s not ~cceptable :•lthough it wcs perfectly 
active where it was ~repared. In other wcrds, cs Dr. Mackowiak 
made clear, Lr. Willems held the vie~ th2t there are two controls: 
one by the producer who has the right to control the activity of 
his vaccine against the strain used in its preparation and the 
other, the official control, for shuwing the efficacy of the 
vaccine a~ainst the strnin of virus in whichever country the 
vaccine is to be used. 

Dr. Moosbrug~er supported Dr. ~illems ~nd said this was 
the old problem of whether there should be used fixea strnins 
of virus or strains found in the field. 

It is quite evident that in countries where foot-and-mouth 
disease is present, the vnccine must rrotect against the 
current strnins; but the position is different in r1 country 
free from the disease. He spoke on the difficulty or even the 
impossibility of forecL:sting which strrrins of the virus might 
invade a country 2t ~ny tim~. A~ ~lso pointed out the possibility 
that nothing might be known :Ibout the immunising power of an 
invading strain and slGo thnt the invading strain could brenk 
the i1r.munity in anin,als which l12d been VdCCin::~ted against other 
strnins of the s~me tyfe of the virus. 

Dr. Lucar.1 stil~t thou12,l1t ti1,-"t the '.:cr:;i "control of nctivity 11 

was sufficiently exfl~n~tary. Ze dealt with the choice of the 
strnin for control ~urpcses. In ?r:ncc, in ~~57 or 1J5f,the 
Commission for Ser~ ~nd v~ccincs, cst~blis~ed offici~lly by the 
Ministry cf 1.\gricu1turf~, follov1inr~ :: rt::port on tl:c: ~r:.riy ... vo.ccine 
co11trol 1nethods used, s·;:~1t~-'d th:~t it ~,::~:::3 net losicr~l to control 
vaccine witI1 t't-ie str•:1._in of virus USl':d for it ;:·:rcp;-_:r··:tion 
becnus0/ ~: v.:::ccine ~1c1..1ld t,.ivf:~· in1rr1cCii;--:tc ~--rct ction* Th.is viG·w 
hnd been followed. Shaula~ �~�e�~� str~in ~pJear in u country, 
s~iae tin1e vvould be rt:qui_ced to c~~rr:r out the nccc1 ss:~.ry 
examinations to 0st:1blish its identity ~nd r0l11tionship to 
other str~ins of the s~me virus ty~e, before it could to used 
for vnccine control purpos6s. Work would ~lso be necessary to 
saow whether it could be successfully used for v,:ccine 
product i on . T ;, 2 ch : n c e u :: :1 s o n r e th,: t i t w cul d not be so very 
different from th G "tr ,:ins lr t;')dy usc:cl. fc r tht:c [1ro dt:c ti on of 

In ;111y cv~nt, \:he ~,1J1ole i;csition would 
be lDid before the above-rnen.1.:ion d Sor,1~r1issi(rn. 



concerned: 
2. r e , i n i~ r _;_ : ... i:~ i p 1 c: , ~: :! c 
on the choic~ of t~c 8tr 

�~� v u r g ,.,·~ · t < o where 
is 2..n 

the ,'. ,~:;du c ,.: ;' :. fS 

cf fie ,_ L h( .J:/; · ;_-' u n ·L, r < c: s l l L 8 �~� -:,: ._:~Ly· . .r., 

producer 
both -::gree 
:1nd Gerrno.ny 

:'.nd the controller 
·." .,_ h th c s e t - up 

is mixed. 

r• 
: . .J 1.· ;: '"j ,-,I 

not r~1e f:; t 
its ,dfic['.cy 

v: e r e c ,-1 r 1. i c c~ o u t .• ··7 .. ; . _ c, , , ,,, 1- b c- v ;_, r .,.~ 1 1 �·�~�~� c .i ~-i e: s ;; r e s e n t e d 
by difterc~11:; ·::ui'Cj)1~' .n 5c:~1r);..··;: .j,:::_:_·~::; 1·:r()\/~_-c; ;_.h, .. -::: t:1u Vt1ccines 
"vJere inc:f"fFctivt.: .. :=t ·;s:~B cn~~y ~,Jhcn \lLCC L~ pre;_;··{red with the 
L'iiddle-Ec:.t:,t str•nir,. ·r·:~ ... ·ub'.~·(i ..... ~1-~t the· c:xc0llent results now 
recorded 1-: cc::: 0 b t,: :;_ n c. c 

p r o vi d L" c1 by t :1 e 
the position is 

}Ln C:f~1·rnnny ~il<-: cl1c1llcnge 
::Jro:__:~_;.ction G2 the vr-,.ccine 

seid 

strain is 
::n d is 
in Italy, 

s tr a i n s b Y" -;,; ~.·1 c 
represent:{1ti\l\..:s 

e :: v:.:: s o "; 0 f u r t 1, er i n E c r : n ti on on th e ch o i c o o f 
b \lC:-:,~:_:int:iGPE?d ~o:;u:1.ibf::ion, 0,11 ·v,1hich there are 
~-~- tile 1:.;r~c}uccr~:"; :::s .,,7<:;l.l. ·ts tbf_: controllers. 

('~ e e t i n [, s c r~ r~ L c 
be renchod o~ th2 
of the v;1ccinc _-·.n.G 

:Ur Font:::1;~1.1.:_' ~,; 'O c --------· ---
took r:s 

to be used ~oth in 
::igreei:tent cnn 
nrepar·'.tion 

be chc1nged when 

f vieA of 1.,roducers Z1nd 
virus which :::.ppenred 

recGntly '.'.t d1~~ L·,·,,i;ier. ·.r::, '.;<1·"2ti,--:·n,. put by tho U'.inistry 
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v er y di f f c,- ·:. · \, ·(1 ,-

0 q u :'!. l to or r.,:~,~ 

store('. :·:n:i ~.;;;,·_,~,, ,· " 
monovr'l(~Ui.: v;:,~/-·c .... _--:, j_F ~--~/· 

:·.~ r e p r e p ;: r~ e c5 ~,. L , ... 

th �~� Vi .r- t~ t~ r: ~: r:- ' 
t~hou.ld (' on ti ".1 L 

\'<"\ -. -, .: 

" ,, ..... ~.L ' 

~lfort, showed that 
~3trnin 

There 

· .. ~, ;:,, 1:f:::r<J, ., new 
, 1.1. c.i ,_ :· i r.: lent vaccines 

i Yl ~3 t it tl t 2 S 

\~=~~cc1.n0 .:~gninst 
:L : :l 1.t n d e r t ,: k i n g 
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~r. Mcckowiak, in summing up this ~art of the discussion, 
said that it seemed that in most countries the vaccine is 
controlled for efficacy by the ~se of the ~reduction strain of 
the vaccine. This strclin, ho-,_2ver, should be ::s close to the 
strain causing the dise~se in tho country. There should be 
close collaboration between the ~roducer and controller so that 
the strain could be quickly changed followi~g all its necessary 
examinations. 

There was ~lw3ys the possibility of study~ng e strain 
before it invaded a country. This would, howe~er, require 
international collabor2tion. Ze gave as an ex2m0le the help 
given by the French [,;inistry in establisi1ing E, 1:-::boratory in 
Teheran for studying str2ins of the virus which could invade 
Euro~e: the position is th2t if Lliddle-Bast A strain ~ppeared 
in France to-morrow, t~ere is already c v2ccine for its control. 

Inactivating Agents 

Lr. Petermann gave an account of some experiments with 
0. 05 p ere ent beta pr oric-'--:ctcne ::,s ti1e i n:,c ti va ting agent for 
C, A and C type viruses cultivated by the Frenkel technique, 
Inactivation~ carried out at ~soc nnd pH 7.4 was shown by tests 
of diluted and concentrated trected virus on pig kidney cell 
cultures, to have been re2ched in 4 hours. Aluminium hydroxide­
adsorbed vaccines prepared with these innctivated viruses were 
compared for efficacy with formol-innctivateG, aluminium 
hydroxide-ndsorbeJ vnccines: the tests were cnrried out in 
CRttle, by serum-neutralisation with sera of vaccinated cattle 
and of vaccinated chicks, 8nd by estimation of the 50 percent 
guinea~ig vaccinating dose. The results indicated thnt the 
beta-propiolnctone-incctivcted vaccines were at least RS 

efficient as the clqscicel vaccines. Tte subLesticn is that 
the viral particles are less severely acted upon by the beta­
propiolactone thrdl ;:,y for:,:ol. Cor,11J:e,,wnt fixr 0 tion tests, which 
give indirect indication of antigenicity ~Gsociated with the 
22 mp virus ~articJ.es showed thnt virus in~ctiv~teG with betn-
p r o;;; i o l n ct one VJ.~-·- s of t :1 e s --~. tttC or Cc r '. s th c1- t.: cf t b c; i nit i c~ 1 
untreated virus, while virus in2ctiv0 te6 with formal was 
inferior. It ;,.iould L1eret'cr~ seic,lil th: t b t ;-prci)i,;:;lactone e.cts 
more mildly on the 22 mp viru~ ~crticics ~nd so viruG in-
ac ti vat e d b:y bet ,1-p r o:) iG i/~C t c nc �~�~�·� ro ,,,,.t C es better i~11n1unc genie 
vaccine. 

Techniques of the Control of Efficecy 

i)r. BernEtl !:stec1 h~,,w i'i1/:n:/ bz:tctcs of v,:~ccj_n0 hz1d been 
controlleG d·J.ring i,ec2r1t :;e:-.:rs t:y :)r .. :-1uc,-,;-r1rs /r"ict:-::~C: :~nd hOl--7 

many had been rsfus2d. 

Dr. :51edid3, ir; rep1J:5 s le~ thc,~t L~:twcer1 .i.:::3C -.nd _1.;55, 
the number of b:. t :: h <. s c on tr o 11 e cl h s: d .i. n ;- r ' s, c: t c n - f" c 1 G .:. n d 
whi.i.e in .:.i.950, only so 8l'CGiJt Ge ·c.,,:: .,..;:.:cS ';,/(:re ;.uthorised 
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for use, the percantngc ruse to 97 in :S64 with 3 percent 
refused or authorised as Cl~ss II vnccines. It was nlso 
pointed out th2t rel~tively few vnccines were controlled in 
1960 when compulsorJ E!t:b,,1is:3icn cf s-:inples wns not in force. 
To-day, control is cc,rried cut on "r:1ctic ,11y i,11 v:~ccine 
produced, with ne2rly 100 rercent ncceptnnces. 

Dr. van Bekkum r~ised the qaestion of the interval of time 
between injection of the vnccine ~nd the challenge test. He 
noted that this varied in different countries, e.g. 3 weeks in 
France nnd Greece Gnd 4 weeks in Itnly. After 10 yeurs during 
which the interv::l in the ?TstherL1nds wrls 2 woeks, n cDo.nge was 
made in 1964 to 3 weeks: in tests on 500 c2ttl~ with the three 
t y p es of the virus , no t: .. 'ls i c di f fer ~, 11 c e w · "·'; f o u n ct in the en ti­
body titres at the two intervcls. 

Dr. Brooksby s2id th~t in 1355, the interv<ll was raised 
from 14 to 21 days b8c~use of the incre~se of antibody titre in 
many anim,J.ls after 1~ d::,,ys: in some few r, nim.':ls the Mr:ximum 
titre was not found before 28 deys. ~ecause grcups of animnls 
were used, the sm~ll number r2quiring ~8 days did not have much 
influence on the overall result 2nd so the interval wus fixed 
at 21 d:::ys. 

Dr. Moosbrugger ngreed on the 21 6ny-interval which is 
adopted in Switzerlnnd, but pJinted out the need to have vaccine 
which will induce immunity ~s r~pidly as possible bec~use, in 
Switzerland where ring vaccination is adorted, quarantine 
measures cannot be enforcGd for more th~n :bout 15 days, 

Dr. Lucam supported a 3 Aeek-interval. By means of graphs, 
he showed thut with v~cciaGs with very high log K (3.5) and log 
K2, immunity develo~s rafidly, v~ccines ;tlth lower values 
(log Kl) would be eliminated if 15 dnys' intervnl wns taken 
~lthough they would be usnble. 

Lr. Fontaine g1ve ~n account o[ ~n ex~erim~nt in which 
titration of 2ntib0Lics cnd ~V50 confir~ed the r~sults shown 
by =.r. Lr.:iCCL~1. =~-e f;(,'.o:,~~.:•G ":i~(.t ~- Ct:r\1€ L,tt .. 1.ft1eG ~Ji_t-il serur11-
neutrclis~tion fi~~res w~s siril~r to ~--~t using th0 K index. 
The durr:tion {if ir:n~';t·:nitj >le.s �3�t�·�~�c�~�. '��I�l� to L·L rt;~,._::.t~c: to the anti­
body titre ,lnG with,'.; risir,g -itri::l tuc ti:i_fih::I' it is ,·,t; 3 weeks, 
the lon52_,_, is th cJur t:ion of tht~ imr.1uni t:{ * It ~< s fcund that 
the .::.ntibuG:~.r tttrc: c rr :::;1:.;cnc.i.in._r:. t t\,.• ~--..----., y-qs ...,be ... , ......... 0,,..,1·. 

• - c:: �~� ·- ' 5 0 '", - · ' u '"' 

pr. Willems brought UJ thL questiLil of the c~ttle in 
wl1ich the control "l"'JcJ.S cnrrieC out, fror11 the rcs11ltt:; of which 
the vaccines were clcssifieG int0 Cl~s~ I (K index i.2 or 
n b o v e ) , := 1 z: s G I I ( :-~ ind C: x Cc,· t v.;r es n O • 5 :: n d .J- • 2 ) , ~: n d r t fused 
(K inciex below 2.G). ,,;'h;:; ;::cot;,':.,,;l is,.: de on ':ni;n,-ls which 

f �~� -~ t le in 
csuntries where ::nnu.~~l S"Jf;t{:!:·;1 .-':.:ir: \r·:cci~ ti.~~n i(:1 ~·~Lirried out 
r.nd 3sked i<Jhet~1c·r ti_cre ::.i :1.t n~;t b...: Ec:;1~~ :d ,st•'t\.: cf the 
ci~ss II (~ccc~t~bl0) v~=ctn~ (onl~ ~-10 p2rcent bLing permitted 
i n n y c n 8 ;;, v T ) 1 >: ;-; i c L ,, , j. f.:. :1 L be :; f v; • l u �~� i n s tin u 1 n t i n g th e 
immunity in clics~ ;r0Vil1us~y v:ccin2ted ,nim~ls. 



- 11 -

~r. Uackowiak referred to reference sera for use in each 
serum-neutralisaticn test. ~hile individual laboratories may 
use their own reference sera, the question was whether there 
could ;::,e i,,troduced common reference sera which ce,u:id be used by 
all laboratories, so tha~ results could be readily com~ared. 

Dr. ~annacher su0portel the idea of acce~table standard 
reference sera for general ~se. 

=r. Cardassis wondered which strains of virus would be 
used in the preparation cf sch stbnGard sera. 

:;::;r. Erooksby tlio-'-'f:',~1t it wculd be c,tre;,w useful to have 
standard reference sera ~re;ared in cattle from s ecific strains 
of the virus. He said, hc~ever, to avoid the inclusion of any 
extraneous substances, it would be necessary to use s~ecifically 
vaccinated cattle and not animsls w11ich had rec over ed from the 
disease. 

Dr. Llackowiak thought the question of standard reference 
sera including strains of the virus nit,ht be brought forward at 
the next ni e et in g . ?-e fer r in g to cont r o 1 i n guinea pigs , he 
wondered whether it is really a C index that is obtained or 
whether it is simply a guineapig test with a single dose of the 
virus. Ze made the point that following the occurrence of 
primary lesions, the amount of virus required to Jroduce 
generalisation is not known. 

Dr. Fedida, in reply, referred to some ublished work on 
post-vaccinal work in cattle in which comparisons were made, in 
vaccinated and non-vaccinated animals, of ~rimary and secondary 
lesions following the use of different dilutions of virus. 
There must first be i)rimary :;_esions and the greater the 
intensity of the 1;rirnary lesions, the r,iore extensive are the 
secondary lesions. There is thus a very close relationship 
between the occurrence of the primary and the secondary lesions. 

Dr. 1:,,ackowiax, in su ,n:ing u,' t e C:iscussicn on the control 
of efficacy said h2t i is quite evident th t offici 1, 
generalised control, carried out a~art from 

ty of 

should v-1ould a~~~i?E.:ar 
because a more xact answer is o~tained, although qualitative 
is still being used, main fer economic reasons. 
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Dr, Iviackowiak no;, p:cesentcd the ;:aper on "the Dose-effect 
Law and the Correlation betweer~ 50 ~ercent vaccinating doses in 
guineapigs and cattle'', ex~laining that thid is an account of 
work by the IFFA team of workers, some of which has recently 
been published and :_,o:"e ,~bouc tc be fUb1ished. 

Dr. Terr~ then presentea the ~a~er by his colleagues and 
hiii1self on �" '� �u�a�n�t�a�t�i�v�e� Co11tro~~ of ::soot-and--Liouth Disea::;e 
Trivalent Vaccine in Cattle by the ·,i~ultaneous Inoculation of 
th e T!1 r e e ,' i r n s e s 11 

, 

In the discussion of ~h0se t~o p2~ers, in reply to Dr. 
Ubertini, Dr. Mackowiak said t~at normally, allowing for losses, 
there was 0.26 - 0,3 gr1::m,,1e..:, of epith,-:,lium fer dose of mono­
valent vaccine preJared by the ?renkel technique. 

Dr. ~illems mentioned some work he carried out some years 
ago on the recognition of viruses by com~lement fixation from 
lesions in the mouth and feet of Irish cattle injected with a 
mixture of O, A and G viralent virus0s. All t~ree were never 
recovered from the snme lesion, but sometimes only one ty?e was 
demonstrated and sometimes a mixture. 

Dr. Lucam asked if 
this guineapig method, 
laboratory to refuse a 

with the pcesent knowledge, using only 
it would be possiDle for an official 
vaccine. 

Dr. ~ackowink ;ointed out tjat the ~cthod he described 
referred only to monovalent vaccines; the work re~orted was 
with ~nown strains and a known method of production; he does 
not use th.is "w thod to r (; j ec t a vaccine. There is still further 
studies to be made and probatly in a year or two it , .. ay be 
possible to introduce the method in official control work but 
not yet. 

Dr . (~:-Yo t t h e n l) r e f; e at e d th e p a p er on '' :c: e t e 1' i c r 2. t i on of 
the Value of ?oot-and-Uouth Dlse~se hntigc~ with Time, evaluated 
_in In-F·rcd :,~.ice 11

• Lr. r c;ko~,•.ti<J.!( ~,ointed \)g!~ "'::;1.r~t this con­
tribution cont~ined two int r Hting Joints: 
in the control of v:~cc~.:1E-c-: .:·n( 
of vaccine .. 

a type Q monova~ent vacciae stored for~ months. ~hen the 
v a c c i n e w a s f i r s t us o c1 , t iH j'.) V 5 o w 11 s O O G :n 1 : a f t r r s t or a g c f o r 
4 montl1s, it was L) .. ;:,'-? rn_l ~~:-1ict: i.u net signifi~-:an.,..:l:•.x dif.ferent. 

stored in his laLor~~ory D C () 011 

found aftE:r ntorar,e ro,· -<: FtGnt!t bu1 tc,L' ;-t :,-(;~~r, 1.:he 
o.ctivity l1ad d':~Cr(:\n d ~1bct~.t �t�~ "�;�o�~ '” �f�c�l�(�:�0� ·r:~_~i1 ~,,,::i~!_J dc.:

4
':.nd, 

h owe v er , o n ~: ;1 ~: i) ; , t c h o f v ;: c c in ,.· c : J n :~ , r "t c 



did not se0m ~u o -,~,l i ,_, c 
r lii,,inary exi)erirnents there 

in trie ~uality of vaccine 
c:,Lown ;,,,y he j:)rotection index, 

Ee(, with the .hree valences 
st or e d for t~ .v t fJ {S-- 0 1;· or:_ ~-t ~· ::-: .. :i 

a n d t h e r e i..; 2 s s c_., Jt-.: (S l i I.!, ::1 t :_ i. _ 

0 f t h e V .:., C C _, n (' , r.:,~ ii c ,:, "t. " ·~ ,, u ,, ,; ,l ;..::.1 L,1cn: the C valence loses 

Dr. ;Jill ;re r,:,0 c::~_LL:jd ,:,: ,,,~_::c?22,nE:r1t ':le h2.d already reJorted 

:a1~::~:e~;;lc0 t~:~c~~~ :~o~~~G:~-~0 Li~e~:i~:8 ~nu~~d:~d~ix-
m on th 1 y int c 1.· ., 1 s c. e 2 , [ ~, ,, ;:· c n ,,, 'f ;.; i ': I: 1· is 11 cat t 1 e was 

of virus, 
vaccinatec! 
year and a 
The· animal 
half yea:..~Z:, 
The pE of 

l\ ~) 0 1_;_ • r :·· =~- :! 

lJi "~;lt tll 8 \/ 

was reduced to 7.~G. 

-,, ' . . 
,.,,,:J·_j ldJ_YL1..i11tll1l J_.t~ ectinis doses 

:c,, r;;d :i.n , ny of tne animals 
.s·.::01'ec1 ,, L' C ,/1ontbs, one year, one 

o ye~rs an~ a nnlf and three years. 
h vncci o stored for three and a 
<: "" r;f '.~,H:: vaccine had declined. 

e r, J : , n ::. E g ;,, c" i.: 7 . 6 an d i t gr a du a 11 y 

is jnrt of the discussion, 
said that it "'Ll,:;, ic.: ,,,_ e,1.Rt 

vation for a J_o1'1~:(?··· ~'..:ii·1.";; t.h 
and ;;rer;D.rD.tic:: ·:c~:1::-1in~_1es- I-: 

(' ,J 1!1ccines withstand conser­
:::1" anc1. that conditions, 

:1v2 ::i,;\JC,}:, to be taken into 
strains 

c o n s i de r 2 ':: i :n: . 

recent infor11L1 t:'.o" c,· ,, c 
of vireemia e~ti~nt~~ �~� t. 

percentages 
3, 4, 5 and 
that durin[, 
immunisatiori, 
while late!" t 
sheep is J_es~ 
t,1at after S-6 
cattle dosc 1 

that it n1 y 1
, 

dose o 

r 

() 

presence c' ,_ 
sat ion wab ::; ·1 

in whicb. ·~i1c d,.1 
were par J 

wa 
the 

L 

'> C 

'�� ' __ _ _}. 

1.
1 •;.~•~3-~:11_.,i·12 hi_s ~u;,er, gave sorne n1ore 

J •· c ti ,L. o i' i mm uni t y and on t h e v a 1 u e 
1 c·:C:!.~u.•nf2 of immunity: he 

;,l-t e,::1c~-..-lng doGe:-effects, 
SC; c:,cc,.i.. v2ccinnting doses at 

;1 '.;;" n•,'.: 0.or,, The rec,ults indicate 
,. \,, hr· ·1,.-7(1 ·_Jn ·c~:. er .is optimal 

~so~ primnry importance, 
t2 individual protected 

Th 0
:: f ir:cii.ngs also suggE;st 

-, 1 i th 1/,;) or 1/ 8 o f th e 
It appears 

11 ,1 correct 

his is 
an 

i e, the 
dicntive of generali­

y~e O in guineapigs, 
.r~lisation and viraemia 

by v raemia 
sur by 
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Dr. Gilbert, Chief of the IFFA mission in Iran for the 
preparation of vaccine agcinst exotic viruses described some of 
his work on sheep in the Middle-East. There were outbreaks, all 
caused by virus type A, in the regions of Meschcd on the Irano­
Russian border of Kermamsha in the south of Iran, and to the west 
of Teheran. The finding of the hiddle-Eust strain of the A virus 
interru~ted work in these regions, but research with strains 
SAT1 and Lliddle-East A viruses was carried out in sheep. It was 
found that the sheep derived from 2uropean breeds were more 
susceptible than the local Astrak2n breed. 

In all, 15 passages with ShT1 virus and 7 with Middle-East 
A virus were made in sheeµ, beginning with virus obtained from 
cattle. The injections were made intradermolingually and the 
results were very similar to those recorded by Jr. ?ontaine. 
After 24-27 hours, 3ntigen could be collected at the site of the 
~njection. There was some irregularity in the occurrence of 
lesions of generalisation: with SATl virus, for example, they 
were found in the rumen and the feet in only 80 percent of the 
sheep. On the other hand, viraemia was present at all passages 
from the first. 

Foot-and-mouth disease in sheep is of much importance in 
the Middle-East: because often affected sheep show few if any 
clinical evidence of the disease and most of the flocks belong 
to nomadic tribes. Sheep may play an important part in the 
spread of the dis0ase. 

Dr. Gilbert also put forward a suggestion that probably 
sheep could be used wit~ advantage in the control of foot-and­
mouth disease vaccines in the ~iddle-East where susceptible 
cattle are difficult to procure and are expensive. Advantage 
might be taken of the viraemia in sheep and it should be 
relatively easy to estsblish flocks of susceptible sheep on 
experimental farms for laboratory work. 

Dr. Lucam raised the question of the present practicability 
of compulsory vaccination of the total sheep fOpulation in a 
country with an extensive sheef population, e.g. in one of the 
countries in South America. 

In re 1> 1 y , :8 r • F c n t:, -i. n e ex: L_,i_ n c d tiL:i t r e :3 ,, arch w n s s ti 11 
in progress with trivalent v~ccine, on Jutcrmining the 50 per­
cent vaccinating dosP for (•Gch of th2 v~lenceH :,nd en further 
aspects of thr-~ dur::,1i~ion of iinn-:un~~t;;r. :..:1•:Jl)~-~bly in ~bout n year 
Dr. Lucam1 s qupstion could t,_,, dc:,lt with. To-day we know that 
sheep can be pro~erly v11ccir1ated against foot-and-mouth disease. 
This latter ~oint,which is new,w~s emphasised by Dr. Mackowiak. 

Dr. Cnrdassis 1-ointed out that in his country, shee~ nre 
regularly vacci~~ted in the buffer zon8 2nd in are~s in which 
th er e a r c o u t b r e ilk n . Co 1n t' u 1 s or y v c c i n c:: ti D n i s ~1 l so c a r r i e d 
o u t in s h e e p b ,:> for th 0 s c a s o n : d r, : : s t or ,: i move r.1 {, n t s . 

Dr. Ivloosbruggcr sr,oke on the:· 1mi10:.·tnncp ciC foot-nnd-mouth 
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disease in small ruminants. ne mentioned an outbreak of the 
disease in a region in Switzerland some years ago which was not 
brought under control until it was discovered that goats were 
the reservcirs of the virus, although showing no clinical 
symptoms. This only became ap~arent when lesions were found in 
the rumen of slaughtered goats. He also referred to an outbreak 
among sheep in Switzerland originating in a place where dipping 
against sheef scab was being c~rried out. The disease spread 
throughout all the flocks within 3 days, but vaccination carried 
out during a period of 12 days proved highly effective. Flocks 
of sheep in Switzerland on the It lian border are vaccinated 
regularly each year. Dr. Mossbrugger felt that a decision to 
enforce large-scale vaccination of sheep is a matter for the 
government concerned but v0terinary officials can give advice. 

Dr. Ghennin referred to the compulsory vaccination of sheep 
at annual movements to and from pastures which has been in 
operation in France for many years. He pointed out, however, 
that in order to prevent abscess formation with anaerobic in­
fection, subcutaneous injection of vaccine should be strictly 
observed, This ~oint was referred to later by Dr. Fontaine who 
said that with the reduction of the size of the dose of vaccine 
and therefore of the aluminium hydroxide content, there is now 
less liklihood of abscess formation. 

Dr. Brooksby recalled the experiences of vaccinating sheep 
in south-west Africa with live attenuated vaccine, when some 
400 animals, mostly under 3 months of age in which the vaccine 
was used against instructions, developed muscular lesions. 
Inactivated vaccine was then used on all the sheep which had 
not been vaccinated within a month of the beginning of the 
outbreak and the results were reported as excellent. He also 
spoke of the high antibody titres in convalescent sheep. 

ur. Lucam raised the question of using vaccines of somewhat 
lower quality than those in Dr, Fontaine's experiments, 
particularly in countries with many millions of sheep. It was 
explained by Dr. Mackowiak that further work on sheep must be 
carried out to decide on norm, information can 
become vaile le on the vnccin of sheep, c ncerning which 
the work now in r m rd son ginning. 

Dr. van Eekkum re t r en 11 Thc Influence of 
Foot-and-~outh V ccination of the on the Level of 
Neutralising antibody in her Offf; ring". 

There was no discussion on this pap r. 
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CC:NCLUSH)?,S 

Innocuity Control of Inactivated F'oot-and-liouth Disease 
Vaccine for Cattleo 

The problem should be given different consideration according to 
whether a vaccine to be controlled is produced commercially by a current 
technique or is an experimental vaccine. 

In the first case9 using experience v,hich has been acquired, useful 
conclusions can be arrived at using even a restricted number of animals 
for the control work. 

In the second case9 a much greater r:.umber of animals has to be used 
in order to obtain a statistically reliable response. 

In the present a ta te of our kn owl ed6·e; the innocui ty test should be 
carried out in cattle. The use of unweaned r::iice 9 piglets or cell ·cultures 
to detect the possible presence of virulent particles should~ for the 
present 9 -be considered as techniq_uet'3 still fr1 an experimental stage. 

The injection of the vaccine for control 1mrposes should be carried 
out only in tradermolingtrnlly. It is recornmended that 1 after observation 
over several days, a further large dose of the vaccine should be injected 
subcutaneously in order to demonstrate possi1Jle non-specific pathogenicity. 

From the observations reported, it ~ay be concluded that by the 
control of innocuity carried out in two stages, viz. by the producer of 
the vaccine and by the official controller, all bc,tches of vaccine having 
a residual virulence will be excluded, the,nks to the technique most often 
used9 i.e. the intraderr:10lingual j.r,jectiorc 0;

0 -i_;ho vrcccL1e in cattle. 

Attenuation of possible virulent �;�a�r�t�i�c�l�e %¡� occurs even durin[ storage 
of vaccines ici the cold room. It \·.ou-1d ce c.3i:crJ:le to learn the exact 
time TThen the innocuity control of vaccine shoul~ te carried out ~fter the 
begi!1ning of the pe~::od ~-.71:..eY'-' &.tte~-.:.ue .. :~io!J_ oi' vi2-·u=-.or-:.t ~3u0pensio~s is 
occurring. 

It seems that if a vaccine coGtains virulent particle3, evidence of 
thel·r presevice l."' U"u-.,-,~,. ~l~o,,,-n ·-·oovs (4;; - 7,-> ~~O"'r•-: f'o'llo,-,;nn• tr;e .Li.. "-' O 1_..,..;,,.._._tf 0-.l. y:,.._ ,_) .LL l__.., I( _ _._ U. l-~ �~� .....__ .,..J...~"'-e') --

intradermolingual i~jection of the vacci.c1e) C" local le;::;ions and 
generalisation. 

Instances have tee~·.c repor-te:::. '.vr:..ece t~10 aipec1ra:'lCe of i'oot-2...!1d-::;out:h 
disease in innoculated animals was ver~ l8te (12~ 15 or ?O days). This 
occurred in all the cases vvi wt_ exrerlr:-1eL. ta:i \1 :J.Ccir:,e;J pre1)r1.recl according 
to techr.iquos -"'-}:-Lien differed i'1'0:'.l ·1-~::.0 cl,:;,G;3ica= ~e.;_;l:orls, 



,.,.,_ 

Control of Efficiency (Po1:;ency) of Foot-and-~outh Disease 
Va;cines for Cattle 

Cattle should always l,e regarded as the rrninals o:~ referercce and all 
techniques used should l1e based on the perce,, ;;2,{~e of protection in cattle. 

There is general afplication of the K index method in France for the 
official control of the vaccines. It is therefore highly desirable that 
the methods should be the subject of experimentation in other countries 
and that the results obtained sho:.1ld be broucht to the knov:ledge of 
interna-cional workers who are competent in foot-and-rr.outh disease, 

The use of the method of flerum-neutralisa1:;ion in cattle or in other 
species of animals (!,articularly the guineaJ_;ig) should9 in the present 
state of our kno,rled6e 9 bG :J.sed only as L1ethods :i'or distinguishing vaccines 
of high potency, 

'11he results of the experi:nents which ,,:ere t·ivon? the different 
experiments now in progress and the accumulrition of tho results will 
perhaps enable the possibilities offered by these methods to be increased 
in the future. 

The choice of the strain of the challenge virus is of primary 
importance. This stra:Ln should, in fact 9 have the same characters as 
the strain which threatens the livestock of a countr;/. Close collaboration 
between the controller and the producer is therefore necessary in the 
choice of the strain, while its introduction into the composition of the 
vaccines may be founc1 indisr,e.>1sable, 

The control carried out in the two stages, i.e. by the producer and 
the controller, givos an add:iti.onal guarantee for eliminating all batches 
of vaccine which are judg·ed to have insufficic:r,t activi t;y. 

All the controls are based.9 in general9 on the degree of 
immediate imrnuni t;y, Experioen ts now in profTG,rn ':Vil.I perhaps enable 
information on the duration of immunity to r)e ol:: tained f.rorr, the results 
of tho controls. 

to be ac~e to corr,r,,ire t:he 
differerl t 1 t-J] ora.toI·i 88 fl 

-, . . . 
t:1e_c~-1:n-r1e1.1t1~(1..!.. :_:_::;~-~, t;io~·-::_ 

Study of the Vaccination of Shoop, using inactivated Foot­
ar.ld-Liou th LiEiease Vacci1~0 o 

~. ' ' 
(11~::c"',C: ;~~c lL ~;~·-oc 

so e v~cci~e in 
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sheep by direct test in ·because of the ari of the response 
of sheep to virulent challenge. 

Indirect methods based on the titr~tion of tibodies and particularly 
s 7 to enable the degree of the the s of the viraemia seems, neverthele 

immunity to be measured. 

Influence of Vaccination of the Mother against Foot-and~1outh 
Disease on the :Covel. of 1'JeutrnH:.cinr~ Anti boay inefhcr -Young , 

From the work presented, it s concluded that the titres of 
antibodies varies within very wide limits in accordance with the vmys in 
which the vaccination is carried out in the :;10 ther and with the age of 
the animals. 



AP:?ENDIX I 

The froble~s of Innocuity Tests for --.. ------,,... ___ ,_,_, ____ _ 
Inactivated Foot-and-Mouth Disease Vaccines 

,Lt, :Brooksb~,-
The Ani::ial Virus Re,,c "1rch :institute? Pirbi'icht, Surrey, U. K. 

The division of innocuity testinc from studies of inactivation of virus 
is arbitrary, for confidence in the ,os.fety test deJ,;ends to a considerable ex.tent 
on knowled5 e of the ina,ctiYat"<":1. process which :i .. JJ is designed to control. As 
Gard ( 1960) haf:; said in relation. to tho testing of poliovirus vaccines? safety 
must be built into the production method itse~f and Salk and Gori (1960), 
discussing the significance of safety tests on 1,oliovirus vaccine, emphasize 
that information on the rate of i:'1.activation of the particular batches of virus 
is essential as cs guide to the prorer conduct of the IJr·ocess. If the inacti­
vation process has proceeded according to previous experience, there is greater 
confidence in the ultimate safety test which is used as a criterion of the 
suitability of the batch for .issue. 

In this paper I shall try to confine uy2elf to the" discussion of the 
safety test without ovorJ.c~r1pj'1c too ,:n:ch into the sphere of virus inactivation 
techniques, but it is tempting at the outset to emphasize that in foot-and­
mouth disease vaccines prepared by tlw cor,vcc:tional r:1ethocls tho inactivation 
techniques are not such ar, T,ro1-cld lend t1rn11:::;e1.ves to confidence in the outcome. 
The formalin-aluminium hydroxide-virus complex cannot be precisely defined 
during or even after the procec;s of inactivation and in the past much argument 
has :>:anged over ·thB ultimate ,3tato of the 7accineo Such complexity, however, 
need not prevent us looking at the cri te}0 i:?, ;,;hich should be applied to safety 
tests of vaccines, no matter how they arc d_erLred. 

The aspects undo~ w1:~ch this subject can be considered are the following:-

1. The statist:.cal reQL·.i1°err:~nt.:; which ,n~,s·:. bu met in the design of the test 
to give indicated probahilit~r~ of tLe 7tcc'~7 ~0 non-infective. 

2, The mechanics of tho ~est, in ~hich 2re grouped (a) tho choice of species 
in which tests can be co.r~·~-V-- v,.~ .. "·"-" �~� JJ th,: route of inoculation of the 
material. 

7 J.. Statistical Reauirc: . ------•---,,\,.,------- '-· -

The classical pap0r tn thi field is �~�~�a�~� of Henclurson (1952b) who, it 
must oe .rcmembercd.9 T1::: •.,rit b,f:.i + f!l'8:J.t development f cs.fcty testing 
of poliovirv.G vaccin,;8 E,;nd.er,;or:'s :r_.·c,pe2.' :Lr:.di.cated. many of the diffi-
culties in tho 1Ha:~t of J)ropor r:.iafc tcstint:;· of 1s,rs1_.cci11.ef~ cu:1tl tI1ere is little 
that can be said to ctcvulop further thG purely citatistical cor:siclerations of 
the percentae:;es of sarr,,,lc likely to be i!.'lfectivc if a given number of obser­
vations havo been m2vdC ::i,y::_ have all l'e,:::r: nE,cativo, I think it is true to say 
that tho figures which lforder~on -~1ro~1g:,t for,n,rd. surprised oost biological 
scientists. It will~ ~oto1 l: dt~tistical consido~~ticns imply that 
a s3,ruplc :J·~· :~~a,-L1:.:ri2..l ,.'. :r:-cc~·:·. a ;~:~ . .1:t~.1rc, '.-rt_ich cor~t.J.,ins a r::wall but 
L111known _:;-;rCJJYJrti::Jn of iclt.·. ~:--;1(: of i.n.itia,t i:r:fectio:n. This ~odel 



system may n0t repn:sent tho t::c-ue poid tio:1; ,~ v:::~ccine may- contain aggregates 
of inactivated and live virus ,rhich :'-'re ca~J:11Jle of breo:,king up, or portions of 
inactivated virus ::-:8.tsri::cl :c11,,r �r�e�:�:�:�o�r�:�1�b�i�n�< '�� to ne,ke infective paJ0 ticles. At best 
one suspects an uneasy ec_uil i·b:0 iu::1 behrecn t1,e virus, inacti v:.1. ted or not, and 
the adsorbant, with possible traces cf the original inactivant still present. 
For most practical 1mrpo:,ec,? L.:·wevc1•7 in considc,.l'inr:; P,ar:--.pling of bulks for 
testing and volur;ies which c~m lJe inocuLitod~ the c,oclol will stand but it is 
important to be aware of tho posnjblc c exitics of tho system which can 
account for anomalies such as those described by Dimopoullos et al. (1959), 
in the recovery of infectivi ty in d.ih.1.tcd sanplcs ,rhen compared with the non­
infec ti vi ty of und.iluted ma teria.L rhi;,, point ,rill be discussed later. 

The types of question which can be ctE,ked in relation to the statistics 
of innocuity testing are:-

i) Ho.-r many sam:;)lc,s of vaccine9 of ~rhat V'.)lunw, should 
be taken from the bulk ~ample whicl1 is to be tested? 

ii) Is it desirablo to test a proportion of individual 
bottles after the bulk sample b 3 been divided up? 

iii) How do te;c:ts on large vc} 1J.:r1e:3 coopar(3 with repeated 
tests on the sum total volume? 

Unfortuna toly, the am;wer to each of these questions is coloured more 
by practicability and by tho proccccc involved. than by statistical desirability. 
There is obviously no virtue in incroc'-'s tile: volu:ne of sar:iples unless the 
entire sample is to be int1oc:ui lGsted, '11h,1rc h; eq_u1:;,lly no objet>t in taking 
large numbers of small samplec fro1:1 a. rooled bulk if tho pooled bulk is main­
tained in a re::i,son2~blc, state of mixinc throughout U-,e sampling procedure. 
Similarly, there is no obj<2ct in collcc:tinG individual samples from individual 
bottles of the final pr'.),luct unl0~3;:; it :i.;cJ -:ielievcd that some reactivation can 
occur during the process of bottling Ac2in1 if t't1e ms,tcri2,l being bottled 
is maintainecl in a 2ta te of homo,'_";,s:::-ieity d.1.u·.i.ng the proc ss, there would be no 
case for the sampling of irdivi~~2J ccntoin,r~- 0n the other hand, in control 
of bacteriologics,l .:ter:i.lj_ty tllEJ :::;ampl co1· ~.ncrs i;J obviously of great 
value, and may iniT0.c:::1c our ~.1,. pro:-cc:;J tc: t :,olocticn of ::;e.mplcs for innocui ty 
tests. 

in 
tho system ~ost like 

of choice since the succ:~ptibil of ttc b~by couse had only just been 
discovered and no steps had been t~con to t9st this species in comparison with 
cattle on the q_uostj_o;: of ir:.nocui of ' 0 ,10cinu,o The f2,ct the..t the I'.l.Ouse was 
soon shown to bG e in se~siti~ity to cat~le in the dotection of end-point 
dilutions of viru3 led one t~ bsll t~1~t ~hiG �~� ~ie~ co~lJ be substituted 
fo:r ce., ttls ir_ ir_:.:-iCC".J..i t~r -t"' 2 t * ~·~h,~\i~ 
on tics of i~Qctivation tJ ~or~al ~, ~;s_:.:· fv-~111.cl t!1at sar~ples -vi-hicl1 

2_..--~·:::r .. -;.C:1 re iiual ir-f-::c-ti.vi ty 



when inoculated into cattle. In inactivatior: with 0.05;0 formalin, Brovm et al. 
(1963) found that the 0nd-point in mouso tePts was approximately 72 hours at 
26°c at :pH 7. 6 but in the experi::ie,-:.ts in which V::',ccir:cs were tested for 
innocui ty by ir1tradermal inocula -c :i.cn cf c,:-~tle +cmgu,,E, infective virus was 
detected in suspensions which hacl b,c:cn incub,1ted with the �s�a %¡ �e� concentration 
of formalin up to 144 hours. L 2i~ila~ ext s~cn cf period on a different 
time scale was obta,ined ,rith in0,ctiv:1tion with ace:ylcthyleneimine. Similar 
results have been obtained usin~ tissue cultures and a method of detection of 
active virus but oy colleague9 IL· Pc,z6 , ,•;ho uill 1Je i;ivi,,s :::t paper later at 
this meeting 9 will ·be describing cxperim,:mts in which the blind passage of 
material inoculated into tissue c~lturcs ha~ enabled him to detect the 
presence of active virus, C:::::r ... :- 0,,tivG c:J~]:<::.i:~,cnt on th2 determination of 
the end-point following formalin inactivation in cattle and in tissue cultures 
have yet to be conductecL but Lt would 2ecr:1 that ths:, Ll.Se of blind passage 
might be of a sensitivity nearly approaching that of cattle. This would be 
of considerable advant:1go for the routine testin6 of foot-and-mouth disease 
vaccines, Until such Hork is taken further the cattle test must be accepted 
as the base line for the consideration of innocuity tests of vaccines. 

(b) Route of inoculation 

The greatest controversy has ranged over the relative merits of 
inoculation of a large close of vaccine) into 02.ttle by the subcut::i,neous route 
or inoculation of a relatively small dose intradermally in the tongue. 
This is no new question for it was discussed b~r Henderson ( 1952b) and an 
experiment was devised by him to demonstra to f;h0, w&,y in which a large dose 
of vaccine given subcutaneously interfor,)d with tho detection of a small 
number of infective doses of live virulent virus given in the same inoculum .. 
Only 2 of 8 cattle inoculated with the mixture reacted, whereas 4 out of 4 
inoculated with the same amount of virv.s without vaccine by the subcutaneous 
route reacted. When the vaccine--virus mixture was given at 21 sites on the 
tongue of each of 4 animals, 4 si tern wero found to be positive~ which was 
approximately the calculated rnmte:::- bas Ad 0·1 tt, o dilution of the virus in 
the inoculum. 

To attempt to cain che bes~ of jot!: , ~~fs it has been suggested that 
the simultaneous inoculation of 7accj_no intrsdci~1112,lly in tho tongue along 
with a large Jos0) rc:ubcut2.11eous 1-:0111 l vc~ - the interfering effect in the 
case of the tongue inoculation .::,~v.L vc til0) '.1.d-,ra,i ( if advantage there be) 
in the inoculation of a i~l subcutaneously. Such a 
procedure would overco;:r:c th, 
following the 2ubcutan:o~:i u~ c .i~c0 
to appear within ·72 1:01,,.,0 ;:; f ;,;:· 
antibody rsspor,sc, w,::,ul,3, t:< -,; c v~bL • 

-a~j �~� icvelopment of immunity 
·G lcs~=n~ ~ight be expecte1 

~-~oc·~l1:?,·•cion? i. e, before any 
,~1 /::rc;3,~rr:.Ls .nc :rr:::11 a.Q,r::"l.~ntage 

over tLe inocL<l'itior: 'by ".:.. i,s;r~1.c:.:·x :=:.l ::1ncl r:iay }JOssibly 
lead to interference ev~n ~ith a r~pidly dcvelo~ing tongue lesion. As far 
as I am awarEoJ no critica,l ex;:e:r-imc~t }lets ·:Jc,211 c:2r1'iccl out on this system 
except the one in IIer1d.orsor1' s pa1.Y.:r i~,~- 1-rt~ic}::. ths s~bcut2-neous dose of vaccine 
did not interfere with the devclo~nont of �T %¡ �n�~�u�c� lesions. ~enderson felt that 
the giving of a la:r-ge close of viru.; m.1bc.:.t,,1,:1<:Du2ly would preclude later 
sens i ti \Tity tt:;st on the-; 2,r:.·i;~1a .. l t ,,..i 0 -; cJ-~:~ir1c ·,;}i•:-:1:;h(~l, it h:-1d in fact ;:1,n 

i::. i:=. :.;.~;J.t:;;Jtio-r1 but soms 

"' with a potent vaccine 



given in the tongue for ii".nocuii;:,­
obtained, and the susceptibility 
if the test is defcrrscl u~til lL 

tt;~jt 

of tl~.e 
-;:o :~l 

, ;;o,,;c:__ iooane responsE' may be 
�2�,�:�r�1�i %¡�~�i�.�,�l�:�:�=� r:1ay in a11.y case be in doubt 

2,ftcr tl1c pri1n3_;t:y test. 

The decision, then, 02 whether to inoculats vaccine only intra­
dermally in the ton,_:::;_,1c 01' ,L,bC:_, .,,cLCOu,:,ly ~'v T:11 d.eps.,r.::l~:; C"Sf,entislly on 
whether one is preparecl to tru,:;t the intracL:rr;:aJ_ to::.[tcle inocul2~tion as being 
the most sensitive r:1ethocl for tht, :'L:tection of virus. Henderson (1952a) 
compared the sensitivity of cattl0 inoculated subcutaneously and intradermally 
on the tongue with a ntu::ber of strs,in~::; rilici. :f'cruncl tt01t thsy varied in their 
relationship. In tto 0xtre:,1e c2,se ,ooo tir:1e;.:; ,~s r:iuch virus 1;-as :required 
to infect by subcutaneous rc~v~ ~s by intradcrm~l but there wore strains in 
which the ratio was as lo,r '\c lg4 (one c"tr::,in) •rnd 1~40 (one strain). I.lost 
strains, however, fell in the rs.nge from f;.3vcral hundred to several thousand 
times for the advantage of the intro,clerr;,al 1;01:gu.e route. Clearly9 for tho 
majority of strains, therefore, the a~vantagc in testing lies with 1;he 
intradermal tongue ro1_,;_to a,nd for those .::;traim: where the two routes are, of 
equal or nearly equal c,cmsi ti vi t,y �t�h�e�r�, '”� is li ttlc adva:c1tage in the sub­
cutaneous route. In preparing ~ucc 3sive batches of vaccines from different 
strains one cannot know without prsl:;_r:iinary test into which category tho 
unkno,m strain falls. If the, str::cin :in •_i routinE, vaccine strain it may of 
course bo possible to det,,rmine :;his :nrcpe:cty beforehand and modify the in­
nocui ty test accordir,glJ 'hut fo1· random strairn3 it would seer,1 botter to make 
the innocuity test by intradermal route and so avoid the previous factor 
of interfetenco by the suhcutaneous route, 

So far I have been discussing th,: tests of foot-and-mouth disease 
vaccines pr0psred from c:-=ct·tle tonc-u.e opi the:lial r:1aterial. For such material 
there is no doubt tha,t the tests en c·:1ttlc tcnglJO are ;:10ro sensitive than 
tests in any other way so Lu· ctcscri:::;od but ii:' 9 in the future, vaccines are 
prepared from virus passe..gccl i::1, for e 9 c,:lls ct3rived from pigs or 
from a cell line whic12 t lie ,1erived fT('rn the question of 
innocuity tests %¡�i�c�h�~� ~e, 
vaccines derivod frc~ c ~~Jo ~isr11cr 
might very well b~' ,AG,;U ,·u, l,Y 1 'C' 

of othor cells, r:1::: 1•-~ng G1L ·,:;_J, 1 • J.c 
problem. '\H th expv;1'j n,::)··, tal ln tcr,c:; :)f 
have r.ot !lotiood an,y - · ·i_ 0 

·.--, 

active virus than inocuc~ 10~ of U- cl 
bilitios ::rnd. ,,r:cll c:-m i. cL v ,;'J,_ 

the work of Di~opuui~c c '”� 
dstecte:l ~n·oru 

roughly· 2:~r-1::.J. r;-::n.n:Lt~··.ri·1~ 

severely handle~. ?tr.-.~~ 
d8tect such vi ru:J ~1-f~ -::--=.."~l 

It is probable that virus 
(•, calf kidney materials) 

1:Tt th,, c_;_uc:stion of ad'lptation 
';o c-.t ,le j raisos an interesting 

~-c~n~ ~rLparcd fror:1 BHK cells we 
the E:;<. cc lL; for detection of 

~re fully ~~arc of the possi­
It _0 0f interest that 

~. r_ r.. ic.ua.l virus coul,i be 
cattle ifioculation 

t~odJ appGar to be of 
·L~:::·L·_ i}:::,v~: 1-18t bdc,n so 

·-.;ere ~;,1~::;o ~1:? :'lO value~~ 1trl1atev·e1"\ 
the result of further tes 
oon,.,lude t:,at wo •ro:i] d 'L:c: ,-,::1,: 
was i11focti'v.,.e i1-: cell c~.A~_tu=:·o[' 
might expect iLfcctio~ to aris8 

how~ver, I think we can 
�~�;�=�~�c�i�~�~�~� t uGu �~� vaccino ~hich, for exanplo, 

t ~·~:;t 1.1~ c t Lilo .:{.s 9 Locnor or la tor 9 011e 

Another question ~,hie 
iTufuot cattl0 i~tradc~-~ 
inoculaticn on �~�~�0� �b�~�~�~�J� 

Such an ap;roach, I tt 
of �-'� �~�l�.�C�C�i�:�:�'�.�:�.�t�~�,� 

rnigti t ·be safe i 
a1:1 a:nirnal \r~.th. tr·~1J 

t;,·_L::.·o·'..~ t~1c clir,,ical ur::c of s1J.ch ,3, 1Jroduct. 

t.~ ~>~~-t u~~, irrfr,,ction b21 tl1is rcute. 
~.l~i c~t by ~ost p~oducers 



The realization t~at tLe 

led workers in the fiall of both 
prep9.,rcttion tu coriciclcr vrhuthr:,::c a., 
batches of vaccine tifi~s 
Lucam et 2,L (J.c):37; ~, ,c_~•t.. th01 ---~-,- / 

for which 542 cattle had bean us 
and the authors concluded t 

e innocuity test on a batch of vaccine 
forward by Henderson has 

liovirllf3 ~'.,;::.,J_ foot-sn.d-rrioL\tf.L Jisc;a,gs ... vaccino 
series of necativc tests on succoosive 

r confidence ir tho results of tho test. 
tests on 271 batches of vaccine, 

, test Leed be:2n entirely ive 
t tl~ moment of each test the inter-

pret:.1tior1 of L·:~ u: t t·;J.:.cn .. 1.~Lrl b·2 t:· .. Y:~(;11 'Vti tb. I .. 8S<:jrve J tl1\:: accttml1lation cf 
t13sts peT1:1i tted iL <:onclusion of the avera_;c 
value of the material 
virus vacc inc::_~ wci,:: ;~"'.df:' 

tho size of tho~ 

similar st~tement in relation to polio-
(19 ). concluded th11t Hw~il0 

the si6nificc1ne;u of :1 ::.c)E;'~- ~i"ro t(~ilt c)n ::1. 
for incr01sinj confidonc in 

icula.r bi,tch, the sicnif:Lcr,,no-:.. 
is greatly enhan-0ed if it is one of a ive:; tc,st on .'.1 c of any sis 

of a lor12;:~ o:jricr; of nc,f;:iti\/cs rc.i,th~:r tl:~1n. on0 i11t(;rsporscd �a %¡�o�n�g� p0Ditiv2sn. 
The thinking in both o::i,c;es is clo3,rly on the lines that a serios of negativo 
tests gi vos confidence in the techniques of pr01p':l.ra tion and the 1,bili ty of 
the producer to replicate the technique and so arrive at a S3..fc, product. 
This may be a satisf:.wto1·y ctpproach for tho well-established vaccine pro­
ducing ins ti tutc but; woulcl seem to underline th0 necessity for as large-scevlo 
innocui ty tests as pot;s PJ.o :i ,~ -the s of procluction by an institute 
without 0xperienc ir:. tL:~;..: :·.:.0::..,1 d,11Cc uvcll ;,ithin th0 experienced institute if 
a new strain is incorporated in tho vaccine. Increased confidence as a result 
of repeated tests on successive batches should not be allowed to blind the 
producer's eye to the fact that on the individual test the limits are those 
laid down in Henderson I B 1x1per and I am sure that we should continue to make 
our innocui ty tests as c:3,rEd\,l as possible with the inform::,,tion we have 
until further work resul +,s in no,;r f'.:ethods being devised. and tested. 
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COlJTROL OF EFFICACY OF Il:ACTIVkr:2D FOOT-AlTD-J'.WUTH 
DISJ.S.iJ Vi,CCHi2S. 

by 

R. ·;rill oms, .Brus c,ol s, J3e1 cium. 

Preliminary Remarks 

l.::T:SNDIX II 

The term "control of efficacy" has been used because9 up to the 
present time, it has been in common use and also because it is the term 
in the item in the agenda of this meeting. ~e prefer the view of those 
who propose to replace it by 11 co,1trol of activi ty 11

• In fact, a well 
prepared and perfectly useful vaccine may not be efficacious in the 
circumstances under which it is used. 

Control of efficacy is normally independent of the control of 
innocui ty and in principle should be undertaken only whei1 the latter has 
been finally completed. This implies the use of definitely susceptible 
animals for each of these tests. 

This will alvvays be the case when an amount of vaccine above the 
normal dose is used in innocui t;y tests. Sometimes; however, the two 
tests are carried out in the sal'1e group of animals 1 when c2~ttle are used, 
mainly for economic reasons. 

For example, subcutaneous injection of a r,.orrnal dose of vaccine and 
observation for at least 15 dr,Jrc,, then, i:f no evidence of foot-and-mouth 
disease is found, experimental injection to demonstrate tho resistance 
conferred by the vaccine. 

O::r~ injection of a quex:ti ty of tho vaccine at ono or several points on 
the t'ori'gue and subcutaneous iDjoct:ion of ,1 :wrrr:al dose:: thon5 observation 
for at least two ~neeks fol2-owed by e:x-1)erimental ir:L,ction. ':.'hilc these 
procedures may te JUS-'cified to sor,;o ex.~01:t, ·:r~~er, catt1o are used, they 
should not ·be used ~ai th sua:.: 2 ~1,1:,ora.·tor;,~ 3,r:ical s v1l1ose '.~-;.se i:n larg.-e nuribers 
do !1ot incL1r any· _r,artic~t.tla:r~ dif'fic:iJ. ~1-e~·; or r:;reat o.x1;,,er1se. 

Choice of Animals. 

It may be considered to be logical to carry out controls of 
efficacy in the s1Jecies of animal L: which the vaccines should afford 
protection against foot-Jnd-~011th diseaso. 

It is for tr~is reaso!-~ tl1at oxperimenters first used cattle 1:ecause 
tl::t.ay \Vere the 1;articulrtr ar1im~tls tote im~~:.t1-nised. J:1.t t!1e r1reser1.t tiP-io 
maccy v:,,ccines are st:i.~l being te~.1ted o:1l;y i:1 cattle or, on the other 
!12,.ncl, the tests rnay Ce corr:riJ etod 
other animals e.g. [Uinea pigs. 

by procedures 1nsed o~ �~�~�e� use of 
3xtension of vaccination to small 



rumina:r1t3 and JJigs led \r,:1cvi~·~o--:;:r-oci'J.cor to u_sc; rt1.~:-;o tho:Jc r.;pGci0s i11 
control ':rork, 1.'ihile, ur ta t11c ;,rcsc_Yn; tic::,::, i-c i3 not _possible to c.o 
without animals for control ~ork, un obvious ~oint claim~ The attention 
of eJ(J:Jerimentors 0 aDir:nls to Cv used~ 9 r10 rna ttcr ~.~tl_a.-0 -0tJ1iT S}Jeci es b .. a-vo, 
r?:Cr1urall~l spoe.}:::L.ng, r~oc-~e~.-rl1c.1t poor biolo,~'i<:al j_•c::r1cti1.ri·t:y bccc:~sc of tho 
inequalities in their behaviour to dilforcnt viru303 m1d to their 
irnmunological re3ronscs., :rrti~~ dr;:_1v1lJack i~1 fol111j rartict~larlJ"" \'/l1on small 
r1urribors of a11it:~a.ls ar0 11scd ar1d. j_os spocia11~:l -:-:o cattle. 

It is quite difficu:t to �o %¡ �t�a�b�l�i�s�h� strict statistics under those 
condition!:, who:roby ,Jjg1-dficant difference,3 :,u·o ootainod ancl exporiments 
can be accurately reproduced. 

Vvbile somo researchers have alrc)ady done so:nothing in the study of 
several facto1·s capabl o of influencing tho behaviour of the animals during 
experiments9 it does not seem that this important guostion has been 
examined very extonsivol~r or vcn·y doc:,J;r whoreb;y st'ict and dofini to 
conclusions can be drawn. 

Among the factors which havo to bo taken into consideration, aro 
Ilarticul arly tho follovdng,-

1) ]reodi Without any doubt, differences of sensitivity to tho 
virus have boon notod, for example in Irish rmd l!Ioroccan cattlo9 as well 
as in Montboliard and Breton cattle by inoculation of virus SAT1. 

2) Agog 'I1his is an important factor as rnuch from the point of 
vimv of roceptivi ty a:::; of the ability to roact to difforont antigens. 
An extreme case is tho d:i.fforonce in bohaviour of cal vos and adult ca ttlo. 

3) Sex: Ttis should perhaps l,o takon h1to comdrJ.cration al though 
earlier tosts did not seem to show up any difforonco in animals of 
difforont su:z~, bu.t o·f: i~L.o sarao s1z;). 

4) Gen oral Conc1.i tion, 'l'ho l:.ohav:tour of anirno,l :, ir, roor cond:i tion 
is often quite different fc'orr 1J··at of �a�'�.�"�i�m�r�' '� �l�s� ln cood health. ;;i!hilo 
bodily co£1di tion d_ous :not r30~_:rr: to ir~I'Itic.ncc rocGJlti vi t;y to t110 foot­
L"l.nd-rr"'ou tl1 dir;oasc ·\r:! .... cu.f·J, Ji::·:.c:?~~;c":, a.ccorr~_in{; to ?;-;,~rc\t; ,:ire 1.1.nf-::ivourablc 
to the dcvolo;mGflt 
certainly tot~or in ~o~l 

6) Fsodin~i The vork of Cottorcau-Gi}bort and Kausch on this 
point should be looked at in particular. 

7) Tor.n:.ora tu.:cc ::,Ld ~:.u:::,Lii tr JL :·,: a.cc w110ro tho animals 1:1rc ke:i;,t. 
:rr10 same vaccine tustcd at tl1G rit:1rn0 -t:Lrr:.o :.r1 tr:o r;ro1:i.ps of." 0attls as 
si~i]ar ss rossib!o, ono lo~ 
ard one ir1 a ~Gat:Jc' ~1.,t 2O°c9 .:lc:..s 



of foot--aLd--1:-.. ou't~·- :_Lj_so~t:=)0 or €'V(~:~~_;_ r:;uri}:lTGr3;Jcd i t 9 -,/r1ilc }~c;at l-1aci the 
O_DI)OSi to Gff(3Ctn(! 

8) Atmospheric ~rcss~re 
this sub,joct should oo 1o:c'nc in ~:iind. Accor:iircc to this author9 cattle 
may perhaps ro3ict 
slight receptivity. On tho other hand, increased rocc tivity may be 
:lo:nons tra tod C:y a l ovl t ::i~~orrlot:::n.i c r~cc ;:;s11ro ir1 tho (U:1t i(: _,;. t fJUr:rou11di11gs. 

9) Pi[p1:1011tation of t:~c toi:t~·uo r:1Ltcose,~ It ,.,,,rou d be 1,vcll to ,Jhovv ----------~------,--·-~~ -----
whether this h3,s .q,:n:y~ dc-:fini to in.f1ucnct::; it may- uo ::Jroblorr1;:J,tical. 

10) Thickness o~'_' tho skin: Parnt showed that ti"ore was a 
relationship botwoon.tl:o amount of virus collected from an animal 
injected intradermolin6,·ually :md tho thickness of its skin. 
The facility of forming and dovoloping vesicles therefore varies with 
the animal, tho result is that i-: may not be tho same in animals having 
theoretically sir:iil2,r degrees of immunity but whose skins differ in 
thickr1oss" 

11) Tho in:iection of hormones and antihormones in animals for 
slaughter. This factor entails a difference in behaviour(+ or-) 
between troatGd and non-treated animals, whon injected with virus. 

Tl•ici is osr)ecially important for guin.eapigs ancl mice, 

13) Pregnancy (?) 

14) Production'. Particularly milk 1;rocluc tion. 

15) Natural or acquired immunity. Natural immunity of difforont 
degrees iG found in at least 0,5% of cattle. This factor is far from 
negligible with the sr,1a::'._l nw,,bm~ of animals generally used. 

Systow3,tic s tucly should be rnado to understand these different 
possibili tics. 

It is doubtPul, ho\vovor9 whether cxperirnentors scattered throughout 
many coun trios 9 de to s,g:roo;;:c,it, wi.~ 1 2,dor,t the prac tico of 
control methods ir a:1:0;-, �~� ti cal cat t l c ti 

r~c conl~tions required in t~o choice and 
~J.sc of control c,:1-tt101 tl~cx:o ·::ot~J_.~ ::,o ar1 arrrc•cial·lo meas1J.rc of _red~J.ction 
in the incquali~ios w~ich uro ~oo orton soon. Concercing small 
laboratory anir;1a=.s it ~.vou.lc! be todiOllG 3.f.rain to stross tho nood to use 
sufficient nurnborE; ir::. ordor to .coducc and oven eliminate tto difforoncos 
in their behaviour foll 

Statisti_oal <J 

kind of biological 
rosoarchers into tho 
scientific ~rutt. . �~� . ' 

t::pcciaJ lRts 5 aJ? 
task of prc~v·: 
practi tio~,er:,. 

i1ofitical treatment. 

I~os~J..l t~? ~recorciod :Lt;. o tisorva tior1s of any 
is of the ureatost importance in directing 

t ]:,th, soToti~cs very ni~~ing, to lead to 

'.J csrs -:;,,nd cor: trc')~ :~ Gl"'f3 1.·1110 have tte heavy 
~-1~.J �~�~� ;_~--1-C'1o a,c~i11i t:r 5 for vcter:i.r.:.ar~y-
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Administration of tho Vaccine. 

Al tho:)_ch the the 
vaccine oay, of course 5 vary, 'I'hc: ,:'.,ljrroci,~ tj_oi: of tl'lC VE.luc of a vaccir:o 
is oft0r1 based on t:C.o rosiD ta:-icc confcrr·od b;r tl:,c dose nor~~al ly -u.sod. 
Tt.o :J.sc of "',/aric:l j_oso;:::o,, Tsd~cod dC':lsos -l;o r~oro iinportar:t, tc.nds to 

vo a more precise appreciation of the quality of the vaccine. This 
is notable vri tl:'1 the tccl:n.iquc proposed l:y:- Ii0n.dcrsor1. Vlf1ilo thG results 
Ob +...,,-:. ~ct- r'Y>·" r"---r,r. t (' l +i-.· �~� ,,-1-~·hL,-~..:i-1 .... ,, ·'c-. •ti,-_\ ..,.:,-.n·" 1 r~~r VC::l,..LrlU• ci,.LC, ,.!U.,..v e:xac · ,all( uulS ur1uUU..1-,\.;\:,;l,4. J l,.::; Ll,~· G,_l,;:)0;9 a a €:;1..J 

nunbor of cattl01 ho·Nov,)r, 1:c'"' to be used to ol:·tain th0r::i. 

In spi to of this disadvantavc, t11t:· advantar"O:::; fron t1°0 use of this 
method with fractionated doses arc such that thoy should rocoivo our 
nost serious attention, 

Time required for the development of immunity. 

Tho timo depends on both the animal and tho nature of tho vaccine. 
In fact, it is evident bocauso of tho influence of tho factors 
mentioned above that tho development of immunity is not identical in 
all experimental animals and somo vaccines a:ppoar to act more rapidly 
than others. The addition of saponin seems particularly to increase 
defense r·eactions. Usually, a period of 15 days is given as the time 
between vaccination and challenge. Would it not be preferable to fix 
the timo at 3 weeks, which would allow for the production of better 
serological reactions? 

Challenge - method of infection. 

Different techniques are usod. 

(a) The vaccinated animals are simply placed in contact with 
clinically affected animals during the acute stage of the disease and 
they are kept in contact for at least 15 days. 

This is apparontly a l;lore severe test than those mentioned below. 
All tho vaccinated animals should resist infoction cntiroly (no 
temperature, no lesions ir: the mouth, no other symptoms). 

(b) A IJad soaked vr"L th v:iTus is ruFbs'l ·1uit8 forcibly 01: tho tongue 
and the r::moosa o::' the moutb. 

It car. TeadiJ_:-.r l:c arr;r•eci.ated t}iat it is di.f'ficu1t to treat all 
ti:o ::;v-iif'1a.7 s tdo:-~tlcally '/•:i.~.h t}1.is :::rothod so -:;~~_a;~ s:irni]_.~~J· c-1,;11our·1.ts o:f 
the virus a.,ro in.tToci\1cecL ir1to the sureri·tcial lay2r of colls of the 
nucosa of tho mouth. ~hilo it is difficult to stato tho importance 
which this metho6 has on tte future development of the infection, it 
can, nevertheless, be said definitely that it 1 aoks precision. However, 
it gives rosults in practice and so~0 vaccines aru :1ti~l being controlled 
ir1 this way. Wo1l-imrnuni::wd animalc; sho0il:i resist trio infc,ction 

trcatr~ent rr1ay no: -:,\o t~:ti ... cri. ~.Lto co:(:.{3 · c1"~}.tior1, i~. :r.1.0 ca.so ~n1~st 

generalisation occ~r. 



(c) By injection of ttc chall~n~c virus, exact titration of tho 
amouLt of virus u_sed cari. cs ::1sccrtain0d. 

The infective power of the challon~e virus has to ts carried out 
as precisely as possible toforc the ctalloncc i~ ~ono. 

A TThen this tac been ascertai~ed, an eculsion e.g. 0.2 ml containing 
10½- DL50 is 1JTGparod. This qucmtity is usua]l3r injected ic1trader1:1olin­
gually and 9 with :caTe oxccptio:::3, causes gunoraJ isa tion (foot 1 Gs ions) 
in the control cattle. 

The Challenge \'irus. 

Hot only should the challenge viTus ·bo the same" t;ype as that used 
in the preparation of the vaccine - it should be the same sub-type. 

It is bast therefore to use the same virus as that used for tho 
preparation of the vaccino. 

\ihile V!i th some strains 01· virus, the vaccine confers an irmnuni ty 
somewhat widor than that expected from its apparent antigenic quality, 
there are others whoso specificity is very narrow: in these latter 
vaccines, control by a strain of virus of slightly differo:nt antigenic 
structure runs the risk of not making proper coc1clusions of the activity 
of the vaccine, Thoreforo? in practice, control should tJo carried out 
with the strain of virus used for the preparation of tho vaccin02 
further tests wi tlc other strains and particularly with sub-types would 
probs,bly show up exo,ctly all the possibilities of a vaccine, There aro 
many examples of clifficul tio,o in cor:ncction with vaccination in the 
field which arise from lack of sufficient similarity lwtween the vaccine 
and the strain of tho virus causing the epizootic. The particular 
plasticity of tho virus cf foot-and-mouth di::rnaso, as c1hovm by tho 
already recognised sub-tyr)os, is not the 1eant of tho difficulties to be 
overcome in the field of immuni,;ation against foot-and-r1;outh disease. 

Tho Techniques. 

TD.G aatl1or of tl1is :r:.otG \~OCE> r .. ot J;;roriocc to E~i·o -l.r.:.to detD,il or to 
compare tho respective va~ues of tno d~ffercnt to ucs which several 
reseaI'Ch vi1ork.ers ~u1v~c u.l 1:;ro})OSGd~. ·~t.orc is a .. lrea,,l..~r1 a:r~ apy;recial;1e 
di vorsi ty a:11or:g -~Lon1 .':1~J ea,cl-. of tb.E:H.1 v,~0\1.1-d cic_;;r=~- t 3.. .::3poci note on all 
its ctaractoristics L~d o~ 
Tt.e first P,'ro1.1-c en·_, ,~j_::-: te:~ c ,, ~;>~t~c ~-ec_ 
%¡�u�s�c�o�~�t�i�b�l�e� catt:c: (contact; rutb 
injec;ion). Tho ~ost rririoly prevalent 
boon mostly used is t~at pro;csed ty a 

�~� . �~� ..., 
,.::f:: l Cil •::.:Oll-- Cl C C1 

~fLc -vi1:·us or1 
or o,t ~oa.st 
committee: of 

tho ·tot1gi.1.a and mouth; 
ttc one ~hich has 
exports in Eorne in 

1947 and TThich wb h~a occ~sjo~ to vc in detail in 1953, 

It is b&sod on 1~e 3 

v:iccir:atod 
0 O j O Ct i O Y" 

is :J_sod ancl~ 

0Cfi GXrErimo~t~lly infected. its 
F: ('rec 9 t:t~CJ.. t too ~)r:-~:;J l a .rJ.'-l-lil"ticr of :111ir7!al s 

is Got taKc~ iGto co~s~icr~tion. Rowcvor, 
:tc co~trol of over vacci._ries, 



Tnostl-;;~ triva}o11t 9 ~t:itli L.t:c ~ccGsGa~ .. ;y 0~;··c Oi over' ) 5 cn·tt:os it mey 
Ge :Jtc,:;,tocl thc.1,t 1 t is 1-,or.L'e:ctl~r~ 2.,:~: O'~f-:J.,()ll._, ur2.d0x· tllv i'ollov.i,.i:c1/; 
co:1d i tions 

Thora YL'J.3 t be no cnior-_ 01' 1:,~or1c1~.1.,1 i~~a.tj_or: o::·l rin:r ,::;f tb.0 3 
v:1ccinatod cattle, 0:ihilo the cor:trol 1 nirru,l :nust [,ilOV.' sc:condar:1 foot 
VO[~iclos~ J1}1c 1.1se of ~vacciT~8 0atisf,Vil·1r:: t:;c::~c coLc~i tio11G \Vill ensure 
local and r;01:1eral irr1rr,,.ni ty ,yf ,~x1 :.bsolc.1.tciy ,:;atif,f,.:s.cto1·y groc in tho 
field. l-Iov1ovci ... , e,nd J-~e:rc; :i~J a shortcornir4.r~·, the rr1ct:c1.od o{:.1:y· allov,1s a 
vaccine to be classified as cood or not good. It docs not allow of a 
comparison be;tvrocn good vaccincrn and vos no iL:t'orr:iation whereby 
producers can change tho formula of preparation for improvement of tho 
products. The, s0cond method \Vhich is :11uch :r,oro preciso shows great 
progress because it is quantitative. Proposed by W,II, Henderson and 
L.A. Galloway, it is based on tho 50~ protective doso, preventing the 
occurronco of socondar;r lesions ..Collcming the intradermolingual 
injection of 104 DL50. Unfortunately, its use is vary oxponsive, for a 
considerable num11er of c::i,ttlo is required. HevorthelesCJ~ the fact that 
it enables a vcr-;l exact ::i,1;preciation of the valuo of vaccines to be 
made in animals in which they aro to bo used, seems to justify its use 
on each occasion that a dGcision is required or to confirm that a 
substantial modification in tho method of proparation of vaccines is 
well founded. We think it should be tho reference test on which there 
should be based the justification of tho value of now techniques to 
replace others, with a11 tho gu:crantoos of cxactnoss9 facility and 
reproductibility. It iB in this spirit and with this in mind that 
F. Lucam and M. F'odida pro:posod tho third tochniquo of this first groupg 
as tho authors say "it consifits in caJ.culating-an indox of foot-and­
mouth disease immunity, or briefly, an indox of protection by 
comparative titration of tho virus of foot-and-mouth disease in control 
and in vaccinated cattle". It in liascd on tho o·bscrvation of primary 
and secondary lusions on a corn;idorabJ.o number of j_noculatod cattle. 

Lucarn and Fod:Lda ,3tato tl--.:a·G the primc'-ry ton('_Uo lesion completGly 
conditions tho secondary foot l~sions. After havin? studied several 

as ~r ... -~crrr:s of the.: 
o1' ~rotuction, K, 

i~{JffUil i t:J' o 

OE;..]. c~= r, t2(i 
':11-:i:3 led t!lc:r:. to JJro;;o;-;o c;,n iY:dcx 

tl":o to.rr:1111? .. ~: = T ·,-;.hero I' is 
. .. . �~� the ti_ trc ttJ.r'J.s lL cor1 t.c·o .L .~,:,.::-:i:n:::,, . .L s 

o_f tt1c sair1C virus i:n vacci ·:ttcr} arll~a:Ls. --r·hi.s tc 1_Jo i:J easi~L~l 
a:;)1/1-iod and require:-: fc·:-:or c:.ni:r,aL,, tLa.,, docs tho ti tra.tion a.ccording 
to tl10 Hondorson e.Jlcl Gt12.2-0\"n3.~/ tcchniq~1c. 7Je have (::~lread:? c~z:r/rossod 
tho wlsh th~t tho value of tho K incl.oz should bo tested ty diffcront 



Ho rcp,Jat tllc vio~:v tnat tl1is i~1portan·t co~tri-butio:1 to rcsoarch or1 
a foot-a.nd-;nouth C:isoo,se im!:'l1tni ty- tost f?l1ov.1d. be a stul~~r of roscQ,rcl1 
v1ork0rs in s:pecic1lisoc1 i~~:.s-ci t11tos., 

other anirr1a1s, 0.[;to g-~i11catig·s. 
already been rocordod by %¡ �o�v�c�r�a�l� 

Scholoin Hivonuo11, iJbcrtif~i ::cr1 c1 
01 o cl111ovii t z-Eie i11ir .. c: (1nd Ll1cl 

O't-.s0i"'v~:. tions :-:~ado ot1 ,e;1)_i:rioa..1;;ig0 1'1avo 
\~..rorl::or3 �~� c $ e·• Rosonbucl1 and Cardarelli 9 

lJc::.,I·dollt, IJiaekovriak ot al" 5 

GtC, 

Also toda,J.r9 ouT~ -~~.ttcntion :Ls diroctGd to sorno 
the IFFA tca2 on ~his interesting method of control. 

t,mt vmrk of 

Mica havo also boon ouccossfully usod, it sooms9 by Cunha-
Uhlmann and Traub and by Dhon1:1in ot al, ·Tho au tho rs stress tho fact 
that tho tesh, should bo carried out on a sufficiently largo number of 
animals which should conform to certain conditions concerning breod, 
weight, health 2nd uniform foodjnb and kept under fixed conditions. 
Undoubtedly, tho u2 cf ;:,:::a,J.l laborc.~Jry animals in control work has 
real advantagGs, Thero · s a fact, howovor, which must l:w stressed~ 
following vaccination, tbo:rn small laboratory animals should bo tested 
with viruses which have previously boon adapted to their speoios. In 
adapting virus by a variable number of passagos5 there is a risk of its 
structure being somowllQt uodii'iod. This modjfication may be only 
minimal :i,nd without sorious cffoct on tho titration of the activity of 
a vaccine·; still 9 it is important to ensure the avoidance of deviations 
which would load to inexactitude of the method. 

Tho third group comprises techniques :for study of s1Jocific antibodies 
in the serum of.v:.~ccinated animals (ca,ttlo, guinoaJJigs9 mice, chickens), 
by sorum-noutralisD,tion9 sGruin--1:;rccipi tation, complomcnt fixation, sorum­
rrotection, Ji1Ii:my aut1.::c'',; .,,.\,0 . .rorked on tLoso subjocts ,1nd rofercnco 
may also bo made to tho intcrasting report on tho control of foot-and­
rnouth disease vaccinos presented l:;y Ifackowi2,k and his colloagues at 
the Biological Standard~sation Congress in 1959, whore a long list of 
publications on tLo sub,jcct js civon. It i,J bocomir1g morc und more 
evident that there h, a :;;ic,2~:Jloljs;n cctvroon the: c1ntibody titre, as shown 
particularl;v by ;:;cru~,-ricu :;c,J L; tion, 
conferred by vaccination. 

acc. wo ~o~o ~ith intoro~t ttat so~c research 
v,;orkcr s cor:10 i.r10 '-~-if~-· -~1rcr :: tc c ~(-!l'. iq Ltc s.. i ::1 -tl-1i s c on~G c ti ou; t ~:or.·o i ~-; the 
co:nbi:r1ati0r1 of tc.:~.=:-tr:3 ;:,rc;'-11::::;(.(;_ t:; <} l..:uca!Y17 :\-le fi1edid.r~:. ar1•:-:1- ~1. :Dar1nacl~oT·. 
This consists SUJ'C"P"~-,-c::.y i~1 .:cstablishing r.m lr:dox of protection C, 
for tho f:tUic,r::8~ 7 f;, folloyrcd :oossibly oy cc1lc1J..lation of a soro-
noutralisation index, _l c~cn l,y ~n indoz, K, in cattlo. Tho dotails 
arc. .': ..:.i ·cr.ted at tl~is meeting. 

Finally, t t r:1a:? co ~tccailec: tna"t .K~ }iiboi'.1ra in 1949 "Norkod on tb.e 
doto:r-1nin.c:.tior: of' ar1 c::~Y-.;_tittor._ i:~ ·1 ;.rc.!,cci:r.:.c ·cy ol.*J.tior~ of tr'_!,o virus o..r:d 
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rtha t conclusions car~ l; 
control 2attods? ~11 of them 

:r:icf sur-vc;y­
·:101 

of vario1J.S GS L1clJ~LJ_J :jCCCiiJ.8(, 9 ~lr:1oc y~ tllOLlt o.x .. co 
tased on animal reactions of ifforont 

l\io..-vcr t.hcloss, t --, 1 

necessary to ondcavour to roco 
subject ( on, local 
viraomia) Ufon v~cci 
whon subjected to challcn with 

A wiso choice am.one tho "-roposci to 
combinations of enough factor,;; for cv;:;,lua tion 

s shoul 

s 

It sccws 
of t ~-~c 1.racci11a t0d 
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- .32 - APPENDIX III 

O?F_"i::CIAL CCG1°ROL OF FOOT-i.lTD-MOUTH DISEASIJ 

by 

1.I1he co11trol of' foot-a11d-111outl1 disesse vaccines i:~ France is le.id 
dovm officinlly by M:i:"isteri2l Orcier of 8 June i965, which specifies, in 
its Annex, details of t~e organization of the control and gives the 
essential requireoen-+;:::; '.)f tl:e r;1ethods Yvhich are to 1)o used. 

This report will, therefore, comprise of three parts. In the first, 
we shall give the full of the Order and its Annex. In the second, 
we shall comment on several IJarticular points, which are of importance and 
should be stressed. Finally, in the third part, we shall indicate the 
practical scope of these texts. 

T1:e Official Texts -~- -

:Ministry of Agriculture 

Official control of foot-and-mouth disease vaccines 

Hinister of Agriculture 
Articles 611-617 of the Code of Public Eealth; 
Decree No. 52-166 of 14 February 1952, modified by 
Decree No. 55-301 of 15 March 1955, by the one 
Article of the law IJo. 58-•i47 of 17 February 19589 

by Decree No. 60-663 of 4 July 19609 
Decree No. 53-449 of 13 May 1953, modified by 
Decree No. 60-66.3 of 4 July 1960~ 
Order of .31 July 1953, modified and completed by 
Orders of 21 July i955, i July 1957, 17 August 1961 
and 19 November 1962; 
VievTS given by the Veterinary Committee on Sera and 
Vaccines at its Meeth,3 on 8 April 1965. 

Order 

Article I 

In ::.pp1ying Article ,S~ -J of the Code of' Public !-foal tr~, the preparation1 

importation5 detention, sale or t~e free transfer of foot-and-mouth 
disease vaccine~ are authorised by the Minister of Agriculture only in the 
03,se where these :9roduc~s have bsen sampled for official control and have 
been found satisfactory according to the conditions prescribed in the 
Annex of the present Order. 

Article 2 

The official c,et:C~0ds ::_·c:,r c-)ntrol 2,re those of Protecticm K Index in 
cattle, P:rotevtic:0 -rrr\9:'._ " -; 17 guj llea2:igs ar:d sero-neutr::.lisatio~ Index S 
i~ tissue culture. 
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.P....rti:::l o 3 

The central ccntrol ,end. re::;o,\rch laboratory of the, Vetel'inary Service, 
Alfort, and tl:::e .Animal Virolo,1:t k,boratory, Lyons, a.re desig:nated f.or the 
control work mentioned above. 

Article 4 

J.1ho Jire:::tor Genera.I o:!.' Production :1,nd I!Iarket,J of the Ilinistry of 
Agriculture is de2ig·natod fer t11e exec"v1tion of the prec,cmt order, which 
will be :;mbli2hed in the O:~ficial Journal o:f the French Repulllic. 

Section .I 

P01.ris, 8 June 1965 
For the Uinister and by delegation 

Director of the Cabinet 
Jean Vacodeville 

.Annex oi' tho Order 

Organization of the Control 

1. All foot-and-mouth disearJe vaccine, produced in France or imported, 
shall be presented for official control. 

2. This control may be a control of authorisation, a control of importation 
or a usual control. 

a) Control of authorisation is one conocrnin5 the first consignrn.Bnt 
of the vaccin:-i produced by a Laboratory which has presented a 
request to the Hinister of Agriculture for a first authorisation 
to produce this vaccine or a request for renewal of this 
authorisation. 

b) Control of importation is one concerning all vaccine p:i:8pared 
abroad for which a rec~uest fer a.uthorisation for its importation 
haa been lodged by a ~~ench Laboratory. 

c) TJsual control is the.Lt :Jo~:cerr1iJ1g~ every- cor1ci{~nment of vacci11e 
produced~ i:n T1r8.,nc:o 02.~ intori;ec1 a.LLd to be e;i·ven �~�L�~� th or ~-1i.thot1t 
pay!I!ent to ..,,ete::r-i:1.£!..l-.i:t110 :Jri to ~he S-t~1~e .. 

J. All the controls, no matter the type, shall be carried out on tho final 
product, i.e. the vaccine in containers ready to be cnt out. Each 
container shall have a perma110nt Ltbel, so that t/j_e bo.tch from which it 
comes may be identified, in particular. 

4. All the controls, no ~3tter the ty~e, shall be carried out on samples 
talcen f::r·om b2tc}1,:?~3 oi' a rr~:1n1.1T1ut: of 50,(}J'~~· dosos of~ tri-v~lent vaccine 1\:.)r 

c~,t tl e. 



B. Controls of au~horisation and imnortation 

1. The organization of tho controls of authorisation and importation 
shall continue in c1ccorc1.J.nco 1,.:_ c1" the :::·eculc.bon now in +>orce. 

3. According to tho ro:JUl ts of ·!;l:o to,Jts ap:r1iod> the vaccines shall 
be "authorised" or 11 p:>:ohilitecL". 

C. 

1. Doclarationi VTnen a :1,,tch of vacc::'.,ie 
con tainors ready for is sue J th:) :,roduci ne: 
declaration to ~his affect~ 

has been distributed into 
laboratory shall make tho 

a) to tho Departmental Director of tho Veterinary 0orvicos where 
tho laborator;y is si tuatod and v;ho h; jn charge of taking tho 
samples; 

b) to the Director of tho 1biL1al Virology La1)oratory? Lyons7 who 
distributes tho samples between ~he official laboratories 
dosignntod for the con·'a·ol, 

2. Taking samnlos; Tho ]opr:.r:-m,rntnl Diructor o:f tho Votorinary 
Services or his roprosontativo shall tc1,ke, vri th as little delay as 
possiblo �~� samples undo:r the follo 0:ving conch ti ons; 

a) he shall soloct at :ic:,ndom 1.'ou:r:' contnino:rs cont2.ining a total 
o:f at least 100 doso,oi o:C trivalent catt1o vaccine,, ho will 
placo tho official seal 011 each of thorn and shall a~ply his 
signRturo to tho L"cbolu 

b) ho shall l'O:?J'.H'V :J ·L70 fo:: -~~,.c controJ_ 1:rnrk; tho other two shall 
remain at the l:1l1.,·:-,1toJ7'.f cf t~"o p.1·oduccr or importor v,ho shall 
bo roq_uirod ';o cll(;L ,1.do::: ·cho c;.inc'.i·i.,.,__ons which ho normally 
applios duri~g th0 pe~iod of v 1lidity of tho vaccine; 

c) ho shall c:::,a·" to Q_• sTo:_·,,_:_ b:· i:;ho 
1 a bor,'.:-:iJ t cry c:-:.J .. 1 t: ~(.; t}1.:J ::· : orl t ('ti 1;_c r ;3 

Vlhi ch ::10 0bJ1J_1 ~=;,___ ,_"'l. · 
similar to tl·nt o~ ~1 

oiYicir,l .... . . . �~� . 
C ~:. J \~.-~L ~c �~� �~� i �~�~�L� ;.; 

n,; or imtiorting 
i_11 tho c'simo batch in safes 

~hnll apply~ labol 

O:r.l rocoipt of 
listri~utcd into 

contaic,or,;9 tho llii·octor o.C tho A;,i:~11,l Virolo 0y Laboratory, Lyons9 shall 
inform tho Dc;;p2.rtw-:mt,:,_1 Diroctor o.:.' tho Veterinary Sorvicor-; in· chargo of 
taking t:ho semplos sn,1- tho :'.,ro o.:.' i:;;portiq:; laboratory> of tho 
dostination or~ the t,_-_ro c:::ntni~~c:r·.1 f;:;r control 1.7ork. This 
dostination is oi the:;::: t:r10 C0:::-,0r,- ::ks,:,~,rc!1 Lo.boratory1 Alfort? or tho 
Ar1im0l Virology I1~:"t)8~C~:t:J~\{5 :;;_rr~r:." 

Tho Dopar~mo~tq: Zj~,ot 
tho same time a~ ttc t~o 
notific2tion cont i 

shall ho provided c~ �L�~�~� 

OITlC i ·lioms 
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name of the pro,lucing or importing labor::1 tcl'y, 
number of the bat::oh of tho V':lccine; 
date of authorisation of the vaccine, 
size of the batch ctr, chown by the nur.;ber of trivalent 
cattle doses; 

v) methods and results of tests carried out by the 
prcducinc; or importing labo1'atory; 

vi) date of distributLn~ of the vaccine in container:::; 
which he has received; 

vii) date of taking the sar:i,les5 
vj.ii) date of despatch of ti:e ,_,arnples. 

Following receipt of the cc.nples and tho YL)to, the Director of the 
official Labor:J.tory leGigna:tecl to c::11-ry out the tests shall inform the 
proclucing or importing laboratory whether the control ,wrl;: will be put 
in hand at once or will bo cloferred. 

D. Classification of the vaccines after the control 

The following table shows the modifications in the old classification. 

Old classification 

'!AuthoriZ ed II vaccine 
"Acceptable" vaccine 
"Refused" vaccine 

New classification 

"Accepted" vaccine: 
"Accepted" vaccine: 
"R,.funed 11 vaccine 

E. Releasin~ the batches of vaccine 

class I 
class II 

1. When the control work of a batch is carried out at once, the 
producing or importing La1:1orato:i:y, shall be free to is,3ue the batch in 
question only if the resultG of the tests are favourable and only v t-0-. 
a maximum period of 50 c~,:~ r:: "· ron th. clc.:' i

1 • ·V,.'-: ,,;,~;::r,10..Sv·.~e~Jtak~,"'1."'. 

2. Hhen the control ,rork of a batch is deferr0d9 the Director of the 
Laboratory d.esignated w·i th tl1e official cor1trol Dhall 11ropose :t,_;_ tl-1"', i:::·1.is-
ter C.L Ars·r'2_:.;:,<:. :. i•:;l,,<-~( 1J .. :.,,,:l..s .::<'v\_.,f'I .~. p~:e·t C.;_,i:?.)F, --vrl-1ilo f3till in 
accordance with the �a�r�r�~�n�c�e %¡�e�n�t�2� laid down in Chapter 6 (Depreciations) 
without taking into account the tin:e of th0 year ani wi tr;.01.xt the neceDsi t;,,r 
oi-. the prod"J.cine; oi"J importir1r; l::-i1)Cl1 2,tc:2y- t rrak:e a r:Y.!_11.0:::.-:-t 00 hir:1 to this 
effect. 

]. Tho Directer of tl:c o:~12.cial s.ontrol lcibor::::tJl"'Y ~312.o.ll ir1fo~1 rr.. the 
pro-iucing or importing la·ocr:c.tcr;:r e.nd the Departrr,0ntal :Director of the 
Vderinary Sorvices who took tte samples, of the resultG of the control 
tests of each batch of vaccine an~ if they are satisfactory, the date of 
the release of the batch. 

4. The release shall be 02,rriei c-it b~t t1nsea,ling the ss;i'e3 i~r~ 1r~'lich t1:e 
containers were placed and Ge~lei up. t:,., uncea11ng being done ~nder 
tl1e supel'"'vision of th0 Dc::·1artr.1e:nte.l DiJ:·cc'.tor of -tts -..ret Scr,licos. 



5. No "rofusocin ta·Lch e,:i_ VC\cci::, ·,h:;J_~_ :.- :0lc: :.scet. Vii th tho exception 
of repeat control 7n:·1.z: LC .c:'' ':: ~.:'0:

10 ;-:_0:1,3 r,1-::ntton2d in Chapter 7, the 
complete 02.tch sh::ill to Jes"croyocl "c' .J )ro,bcing or inporting laboratory 
within 8 days after being nbtifiod of tho refusal. This ~ill bo carried 
out in tho presence of t>o _01 .:·c:_10,1_:el D~rc :t:: · of tho Votorinary Servi cos. 
Ho shall sond an officic:l TC!<i:ct of tho dos'::-uction to tho Minister of 
Agriculture and in it, shall bo stated'. -

a) tho namo of tho prcducin~ or j~portinG laboratory; 

b) tho number ,Jf tL; 

c) tho sizo of tho b:,"~ch, i,0, tho D'.".,-.:::r of trivalent cattle doses; 

d) the method adopto~ for tho dos~:~ction; 

o) tho dato of tho tcstructi.on, 

He shall sand a c:ipy- cf t 7,,J off' cial n".lto to tho official laboratory 
charged with tho cont_:'(11 W'J'~:c. 

6. For all ·- ,, __ n( .:.:.,Jo·. tc).:..,::.os, ~ho .PI'Oportion of 
,,:_ ,7.1 :1.: c ox;,~oocl 5 porccmt of tho annual "accepted - clas,, 11n vacci 10 

produotion9 tho yoc.T' c':lr::.::dchru 
amount of 11accoptocl -- ()12.:::"; rcn 

2..1 b. ; r:,1:q; on i i:~:y. Any c:::coss of this 
:.~·:.10.ll ~,)o -.~:i~~~_,nc}ocl as ttroft1sed". 

Tho applicatio:, o:r' th~~; 
as follows2 -

A single bo. t ch 1
:, ;>~ .• 

series; if all tho 1 .'.; ;:C::,;J 

then two batch'JG "L:C0· c ... 
if all the batches j~ t~o 
throe batches nacc();:··::c: -

•"'i r~ , :1 
-4 _,,,_) ~n~oitcccl in the first 

i.1 t • 

::.r u f~ --•;-.) 

.cc c.·:1 0 nacoeptod - Class I", 
1JC'.2:'d,ctc:l in the second series; 
· ~· 11 ,J.ccoptocl - class I" then 

\_yl_:-?,~· (3 -:-- 'f ·~ ~:,:.:· 1-; cl; in ~;ho third series; 
and so on fo~ tho~,-, c r 

r C' G 

EetYicen. ·j tTo:.-~, ~:~._: 
arrangomor::.t2 of r~~- . 

results o:t--- tl1~: c0~~t~~·0=-
a. 

..._. ·--.. -l 

---- ..L '- -·-

'.:)f tb.'3 of~'i.Gi(::.l J.c.,-~,or~~ ·1:,:.1::r 
In tl10 roquc:.)t -~Jica:-.o ----~---"·1 l 
tho J.)'.2:''.Jduv,:'.[; c': :·_:1p .. ,~ ·g 
for control ._ .. __ ,._ s ·;,',j ,: 1 

de~ocation to tho 
. t3 roloasod before tho 
follo-:;5 ng conditions; 

, o - v,ch tch; to tho Director 
-:,_\:: c:t 1-.:-~s rocoi vc}J tho san1plos. 
0-: [,-'.;,,tccl tho conclu:Jions which 

-1-1:0Y'L 
1
• \_ I'Y consiJo:r sufficient 

hl1n c~rr~ud out, viz. -
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ii) tho Hinistor of A6ricult"sJ.ro may pernit rcl~ia,;e on the pro­
position of the:, Dir,,ctor of th,c Cor:trol Labor,1 tory if~ -

a) tho ~arcin of saf ty is as great as that applied 
in tho official control work; 

b) the probable activity of th? ~C1tch of the vaccine 
is creator tL:;,i1 tl1(, ircic:nJr.l r,:::quircd; 

c) in tho last 20 lJatchc•:.: offic Li,lly controllecl from 
-l-'r·, ,,c;~•,c• l cobnr•··,·torv ( Fr'O''''-'>.; 1 -g or i' ,-,,•1orti' niJ') no U l'.....- ~-' ~NLlv ,,_ __,.,,, ,_,, Z..v ,J \ .i' "'· '--'-'-"-.V .J.....,_.,_ ••-J, t.) 9 -

b,,tch w::1s "refus0d11 '1nd Y1ot more than on0 batch 
was 11:icceritcd - cl::tsL~ II"; 

iii) tho arrangenHmt,-:; in pari ( c) nf tho r,•roceding chapter shall 
incur rej,,ction of all requ0c,ts for anticipatod releaso if 
at least 20 batches of vaccine shall not bavo b~on oifi~ia~ 
trolled since 1 May of each year for each producing or 
importing laboratory. 

This shall also hold good for: -

a) a new producing or importing laboratory; 

b) a new vaccine produced by a laboratory already 
authorized to produce other types of foot-and-mouth 
disease vaccine; 

iv) if, after the anticipated release has been agreed, the official 
control shows later that the batch of vaccine which was the 
subject of the request, is harmful or inactive, all new requosts 
for anticipated release shall be rejected for the remainder of 
the production year. 

This should also apply if a batch shall be classified as 
"refused", in accordance with the conditions of Chapter -5 
paracraph 6. 

G. Repetition of Control 

Repetition of control tests for activity might be granted at the 
request of a prod.uc ing or iF1porting la-boro, tory 9 only one rep0ti tion for 
e'lch batch of vaccir..e being ~Krt,ittei. 

In its req_UE:::st to the official laboratory which carried. out tho first 
control work, the producing or importing laboratory shall bt, required to 
agree to reimburse the State with the sum of 4,000 francs for each new 
control in the case of the batch being classified a second time as 
"refused 11. 

The repetition is carried out in collaboration between the two 
of fie ial laboratorisD, ::-~,d in the la-boratory whc,rc tl:e first control 
\·rork 1-1as dor10, i:n tl:e p~uscr::.cc of 3., ro1Jr~~-3C!:_tative of tf1e rJroducing or 
ir.1porti::1g labor2. tory, if t•,e latter so 1:;i:,h. 



Li1c~1 rcq_uost =·or rcp,.ti tion of control nocossi tatos decision for 
release of tho bat~h concerned for a second period of 50 days from tho 
despatching of tho no~ sam~los. 

Tho .Jamplo usod 1·or tho r11..:i;; cor.trol work shal 1 'cc one of tho tV10 
containers officially scaled ~nd retained 1y the ~reducing or importing 
lnboratory. 'l1his contain.::r sh'.:11 lie sent ty tho D0p2.rtmental Director of 
tho V0tcrir.ary Sorvic"'s vfr::o s~riaJ.l vcr:~fy its into5ri ty 3 1:w v10ll as that 
of tho safo in ·,ihich -'cho ~)atch cf tho vaccine conccrned is contained. 

If tho results of ~ho second control arc difforont from those of 
tl-10 first control7 ~-.yrv 1-~o;:Ji:3ibilitics o.ro envisaged~~-

a) tho diffe:0 oncc n:.c/:7ht not be oxplainod by tho discovery of a 
cha~co incident ~n the courso of either of the controls: in 
this caso1 the f'inal rosul t shall bo tho average of tho rosul ts 
of tho two cont~ols; 

b) tho c:.iffr_:;ronco m:i.gbt be explained by tho discovox;y of such a 
chance incident: horo, tho final result shall be that of the 
control ';;;c;_c::1 v .. ,s not E,~::f'octod 1Jy tho incident. 

If, as the fin~l result of tho second control, tho batch is classified 
Ets "rofucod11

9 tho batch she'll b'J destroyed within 8 days of tho notification 
of the refusal, under tho conditions in Chapter E, para 5. 

Section II - ·r:1ethod.s of Control 

No matter how it is used, tho vaocino should not bo able to sot up 
foot-and-mouth diooase. Also, it should not contain nny substancos which 
could sot up any otb.ur impo1't2,nt p:1tho1ogic:--cl signs ±n its normal 
:1p::r;ilic:1t:1 0r_. 

rfatorial 

Tl10 tos+, -j r'' ~ar~cir-:7_ o:rt i11 :J~.ttlo /ull~r s:1.scoptitlc to tho virus of 
foot-•2nd-··c:>utl1 diccr~\;=-;o t~1f,_1~~ J!lic}1 l".1.c.-,/c -~1:0 fcllo~aing c}.10-ractoristicsi -
2 - 7 yonrs old;; h~:~,/G n.r~/\Jcr ·~~co:·: t:~'foctod Vli tt.1. foot-n!'ld-rno·t.1th di so a GO nor 
vsccir:atod agc,~inst t-b.:_? di"~C .. 3.so; do r2-,:rt l]".Jsso;:::;f; any n-:::.,ut::r.')a1izing J.rJ.tibccii0s 
in thoir sorn t 7ir~s typos C, A or Cj st a si~1ificant titre. 
Cattlo 0.re considored 2.rJ ~1c:wil":.g a signific:::.nt ti tro of' thoso antibodies 
if tho mot::10d of scr0-:-:o:i 01':0.lizc::,tion Index S in coll cal tL1ror1, dosoribod 
later, has a value fo~ S ~ichor than �1�0�° %  �3�.� 

I\-::Othod 

' a) Tost in c~ttlo 

11}1u \rsccirl,0 itJ iv·.~ ~, ~< -
1 

.:, •~+~:-:r1Gr~r:':lli!'J.gually r:!t 20 acod on tho 
ton3"J.O) C."! ml ,:t ('Ch '.aC,:,, .At lO'!st ·ttroc 03.ttlc ;::-,ro usod, thus 
t~oro ie �~� min~Tuu~ cf (0 30 ~ ~f injection. Tho animals aro kopt 
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under observation for four days. If, af't0r this _period of observation, 
no lesions have ar2eared, tho vaccine is injoctod again in the same animals, 
folloHing indicatic:::w of th? producing or importing 13,boratory, but at a 
triple dose of each ~hich is recommended. The animals arc then ~ant under 
observation for a f1Irtl:cr t~".:.r::; cl~_;,,yr~. 

b) Test of the vaccine 

Thu vaccine ,m"b,Jcctc:d to cliffcrent tGst::; laid d.O\Trl by regulations 
in force concerning biological proclucts. 

Results 

The ve,ccine :u:: considen:c1 s;:d'e if, -

a) tho cattle show no foot-and-mouth disease lesions or any other 
important pathological sign; 

b) the vaccine does not contain any substance capable of being 
toxic in the course of its normal use. 

In all other cases, the vaccine is considered as harmful and is 
''rofusod". 

B. Control of Activity 

Bases and norms 

The activity of foot-and-;nouth disease vaccine is expressed in terms 
of tho percentage of cattle which this vaccine can protect against the 
appearance of secondary foot lesions following tho most severe challenge 
with virulent virus. 

The clcgree of protection required for minimal activity is between 70 
and 85 percent for all foot-and-mouth disease vaccinGs. 

Tho most severe t(::rnt is that consisting of inocc:;.lating intradermo-
1 ingually the amount of cha,llonge virus nccos,,ary t'.:l sot up in all com­
pletely su:::.coptible catth,, socond.ary 10;::;ions in 2,ll tho four feet. 

Only- one str':l,in of chi,l lc:ngo viru::: i~::; cli:, d for tho control ,rork for 
each VE\cci11.G ·1r:::,lur1ce. Th.(3 cl'-1oic of tlt(:: E:trai:c:. is fixcci iri tcr1ns of t~nc 
needs of the gsneral 11,ropL;y-lr:,,xis of fo:l t-;:;,nd-r:,01..:.th diss::ls0, by the 
½inister of AGric~lturo on th of a Cor:,n~iss ior1 set ·Llp "by ths Chief· 
of tlH-) Voterinar::,r Sorvic , cornpocod 
two official control laboratorios ~swell 
producing and importing labor2Ntories. 

ly of th0 Directors cf the 
as rcprcsen~atives of all the 

Within the frame1rork of the present controls, vaccines are classified 
in the three following categories: -

Thee<?: ar,o hit;hly .s,ctive vc:;,ccir:es 9 wi tl: auove 25 1,e:roont 
_protootion. 
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b) "Accc-ptod - class rru v1:i,ccinos 

'rh0so havo less activity~ with protc.:,otion bchroen 70 and 85 
porcont. 

c) "Rofusod" vaccinos 

Thoso arc inactive vaccines, with less than 70 pcrcont 
protootion. 

V'1i thin tho fr3movi0r:c of suth0rization o.nd import:J.tion controls? tho 
vaccines arc doclarod to ~o: 

a) "authorized" 

if they have at least botwoen 85 and 95 percent protoctivo value; 

b) 11prohibitod11 

if their protectivo value is loss than 85 percent. 

Methods 

Tho Protoction K Indox mothod is associated with tho Protection C 
Index method in guinoapigs and tho sore-neutralization Indox S method in 
coll culturos. 

Tho Protection K Index method in Cattle 

Principle 

The Protection K Indox method is defined by K = 1'.. in which Tis the 
titre of tho foot-and-mouth disoaso virus calculatod Vfor control cattlo~ 
and V is tho ti tro of tho ,rn,mo virus in vnccinatocl cattlo. 

It roprosents a numhor of infoctivo units which uhon inoculated into 
tho mucosa of tho tonguo of vnccinatod cc1ttlo causos primary losions in 
50 porcont of tho animals. 

Index K vnrios 17i th tho dogroo of post-vc1ccination immur;.i ty 7 charnc­
torizod t,y tho amount c.C- Jlrotccticn ag,.'.inct ;3vcondary foot losions~ 

t "c::s the rictormir:ation oi' K fo:?:" e givon 
tho uf prot~Jctior1 tl:cit ~l~LO -vo.ccino cnn Co:(lfor on 

cattle can bo knovm. 

lfatorial 

.A. C2ttle i Thoy ,;hould respond to tho concli tions laid down in 
the chapter "Control of Im,11uni ty". 
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For each vaccine valonc~, 4 vaccinated and 4 control animals are used. 

The inoculations of th.0 virulcmt rmtcrial .and tho road.iq; of th8 
titrations 2,rG ;:iuch Lccilit:1t,d by tho u.so oi' ~rinc

0
uillisen, in association 

1vith a,11aestl1esir-1G of th(~ tor1[fll(J• 

A. Vacci~ations: Those aro carried rrut ~ccording to tho methods 
recomt11onded by the 1n·oducint::: or inportiEg l"\bora,tor;r. 

B. Titrations; ThGs cJ,rc, cal'Ti8cl out tlirc,0 uceks ':,ftor th,3 
vaccination and arc mada at the same time with the same suspensions of 
virulent material in the control a,nd tr,e vacc:i.n::,,tcd cattle. 

The suspensions in use at pres0nt are between 10-4 and 10-7 for the 
control cattle and from 10-3 to-10-o for the vaccinated aniwals. 

a) Titrations in the control animals: 

This is tho classical method on which there is no need to 
make any moiifications �~� th•; rcsul t:::~ are read at the end of 24 hours. 

b) Titrations of the vaccin.:,,tc;d animal:::,~ 

The came muthod ic, t.lS(e,l 9 but the ro3,dings are not carried out 
until the end of 40 hours and the L,sions should be roturned a.s 
"abortive" vesicles". 

RGsults 

Calcula tiona: To dot ermine K, it iiLsuf:tio ient~:t.o make - t.hELqu<ltt'ienj., T by V 

Example g say T -= 107•5 and V "" 105•2 
' 

thun 

K T 107~5 102.3 = --· __ .::,_ 

V �~� r, 

10).,:. 

Remarks: of K is less than 1, log K becoming negative, 
the vaccir.c,s 119..'F; vc.:ry lon -:1ctiv_ity 9 
in fc,,,ct, t:::: vaccinat··;d_ s.::,i::nl:3 "ere, 
cattle. th2ir ~it~- sat 

r:11.Jr1d C:._.bo-ut rru.11.it:r. In su.cl1 ca,s0r3, 
-i::cj ·1-~ r;,,,,c ibl8 n .. r; t:1"' control 

~u~t t!1~ lesions ~ay 
-.,;c.~:r- ir th ,;ontrcl 

then 

Taking into acco:1nt the 0rrors j~ roadln~ ~uc to ths ~erging toGethuT 
of the: le~·;ioi--1r19 t:1orc ~;;~;yr b-:: a .. \T titr{2 l~-r'1:.~1tcr 
1 eus tl1an 1 9 an.d i t~J -,.,..r;.llJ.C: d(:,crca;:; to ,'3..1:Jo11t 

t ha.r1 t hG 11 

10-1.5 
.J_ • 

so that K b0comes 



Ylithin tl'.:.o ~·r;;.::::01.Jr~, �~�-�~� c"~c;; :i:-;1:--Js,)nt control tests, when the Protection 
K Index for each vaccine valonco js; 

b) 

c) 

for cattle ~oing probably loss than 70 percent; 
0 / . 

equal to or abovo 10u.o but loss than 10 1 
• thu vaccino is 

11accoptnd - 'J:1. 0::sr.: II ;r 1 :L tn protoctivo value ~Joing between 70 
2,11d b5 purcor1-t 'j 

i ,') 
,>::iual tc or '.iJ07U ·10 °"', the ve,ccino is naccoptod - Class I" 1 
its protoctj_\:s,:: "';:::iltlO :;oi11g ::,1,1;o·ve 85 po:rco11t. 

Within th0 frc::,o·l';oTk of t1rn controls of authorizo.tion and importation, 
vvl1on tho Pro Coction I( Inc1o:~: iu 9 for oacl1 vaccino valcn1ce6 

a) 

Principlo 

The PTotucti:.in C Incle.:: L: uot'inocl t,y th:.: rol.ation C = 1'., in which T 
is tho ti t:ro of Lh8 foo·c-a.nd -rnouch di;1oar:o virus in 001,trol Vguineapigs and 
V, that of tho r:amo vi::i.Lw c2.lcuL,tcd i,1 vaccinatod :.:,;uinoapigs. 

It .roprosc,::1·~.c; th,3 ;1Ln100:r �c�~�~� infoctivo uni ts v,hic~1.; when injected in 
tho plantar 1,ad ,,f 07:::,-cj · 1:..,:l :;u:,.:r,oc:pigs causes tho G.ppoarance of 
g;onoralizGd t~~.r'L ~L:;,:;io11s r5:J ro~cccr~t of tlic:::i~ 

Ind ox 1; vi' J. _· ~s, ·.r:' -~ •" . rt::•· ::o :u.1:i;_ t :::: ,;i th tho dogroo of immunity 

It follo -. t'.1(:. 

vrithin th<Js 1i=:_ 7 ·-,.~, 

\/ill co1,.fcr i·· c· · 

for ::, von Vc,ccino indi catos, 
pl'c•tcotioc t:1at this vaccine 

.YL.'UE!.; ti·,:; ch:.J .. :1.21-~·c ;J cr::i.l~cJ o.C viru::•, typss o? A a.nd C aro adapted 
+o the ,'2'~J.inoc::1-:;i,·_;o 1:i.1ho ~•';·r,•~n -;~, c•ccid to 'br:• ,-,dc,-ctod ,,,1-oi~ followin.cr the V ...__. _ ._, .J ,.. ...... · · ~- - ........ h.J )s_,' -" ---1... -' ~.; L-..... <) ' ..c.J.. .... 9 - 0 

\...i·,ction of 0.5 ul of' ·::~:::ulont :m:3ic-?n:cion et 1 o-· · into the foot pad, 

5 - 7 
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}<7 or each vaccine valence, 28 vaccinated and 28 control guineapigs a.re 
used. 

Vaccinations: aro made subcutaneously, 1/20 of tho cattle dose recom­
mended by the producing or importinc laboratory being used. 

Titrations: are carried out three weeks after the vaccinations, on 
both vaccinated and control guinea pigs at the time and with the SR.me 

vir1.J,lent suspensions. The current virulent suspensions in use are 10-3 
10-6 for the control animals and 10-2 - 10-~ for the vaccinated animals. 

a) rritrationsin tho control guineapigs~ 

to 
to 

The ti tro is ,npressod by tb, Do50 or the Generalization Dose 
50 perccmt, i.e. th0 ::i_uanti ty of virus necessary to give rise 
generalized foot lesions in 50 percent of the guinoapigs. 

The 28 guinoapigs are divided into four groups1 each of 7 
animals, all of which receive intradermally into the plantar pads 
0.5 ml of the abovementioned virulent suspension. Readings are 
made at the 72nd hour. A ,guineapig is considered to show 
generalization when it shows one secondary foot lesion. The Da50 is calculated by the method o:f cumulative totals. 

b) Titrations in the vaccinated guineapigsg 

This is exactly similar as in tho controls, 

Results 

These are only acc0ptable if the virulence titres in the controls are 
at least equal to 105 na50 tog. 

T For detormina tion of C, the quotLmt 'V is used. 

Examplei T = 105•8; V �~� 103• 2 then 

C T 105.8 �~� 102.6 ""v"" -103.2 

Interpretation 

Within the fraLlework of the Dresont co11trol tests, if the Protective 
C Index of a type of virus is 0qu~l to or above 102, tt1e vaccine iii, 
"accepted - class rn. Tho prob,3,blc, protecti vo value of this vaccine for 
cattle is, in fact 5 equal at least to 85 percent. Below this value, it is 
not possible to draw any conclusions LmJ rt:course must be had to the method 
of Protection K Index in cattle.:. Within the fr'1mowork of the ai.:thorization 
and ir:~1porJjation control:c_:;, recourse r:iuEt always be had to the K Index method, 
irrespective 0f th~ v~lue of c. 



Method of Sero-neutralization S Index in coll cultures 

Principle 

The soro-noutralizatic~1 S index in cell cultures is tho average 
�a %¡�o�u�n�t� of serum 2.nti boc"ios in J. group of vaccinated co.ttlo. It is expressed 
by tho average dilution cf sera of vaccinated cattle which protocts 50 
percent of the tubas of culture agc1inst cytopathogonic action of a virulent 
suspension of knoi-m stroncth which destroys all normc.l coll cul turos. 

Index S vo,rios within co:ctain limits in acco:ccbnco with tho degree of 
post-vaccinal imr::mni ty. It follm-rs that tho �d�c�t�o�r %¡�i�n�a�t�i�o�n� of S for a given 
vaccino9 vli thin these limits, indicates tho probable degree of protection 
vvhich this vaccine 02,n confer in ca ttlo. 

Material 

Cattlog At loo.st 4 cattlo9 ' conforming to tho conditions mentioned in 
tho chapter "Control of Innocuity" are vnccinatod according to the methods 
rocormnondod by tho producing Institute. 

Sorumg The sora of each bovino animal aro obtained throe wooks after 
the vaccination. 

Cell o~lturos: These are first oxplant cultures of monolayer cells 
of calf kidney. They are mnde in tubes nnd are usod v:hon 4 - 7 days old. 
IVhon thoy are used, tho medium is replaced by no';,- medium but without 
normal calf or foo,l serum vrh2-ch tho medium normally cont2ins. 

Virus: The strains of dwllonge virus O A and C; o.re adapted to 
nonolaior cell culture. Their titres should be at least 107 DICT50 to the 
ml (10( 50 percent infective doses for coll culture). 

Hothod 

This j s fixed c..modnt oT virus o,nd v,::.rying •'J.:nount,; of sorwn. 

Virulent susr=,Gnsion~:~ '11}10~0 sro ma.do ir.:. the r:10Jitt11 :isod for coll 
ClJ.l ti va tion 5 'b1..1t \7i tl1r.)tit ~orrtiu.l r~cr11m. ~;1~1i c}1 tho :11(?d.ium r1orr.12.lly con to.ins J 

tho suspo~iiicns co~tain 500 DICT~o• ~-
Sorum diluticn1"' Ec:c}-: aorurr1 ~:.ftcr in~1ct:i-,..,-atio11. 1;y ~~0~~ti11g c~t 56°C for 

iO ID-.L'nu-"-u•'"",C!, ~C' d-l·-1u+Qr, ~-~, 1-n, ri•--:im"'.l rr-,..,,,....~~u.,...,.; ,....,__. ,..Lh,...._ "t-;r,---~101°+ -.. .. ~-.~:\~"jc,,l'onc-- mhr, - .. �~� ....... �~� ..Lw ...,_ I.I\..,'-'- ..r...~ ... Li~_,_., _1(--t~~ V _,_ lvu....L l- _..,.__J v __ ,,_, \/ ...... Le.- _ 1,,,1 ,::rU>J_!!VJ.-;,;;, 0 ·7 J. V 

dilutions are in g0ometricQl pr2gression of 2 risinc f~om 2-1 to 2-

Virus-sorum ro:1ction; To 1 ml cf onch so rum cliluti0n? 1 ml of 
virulent suspension is a~dod. Aftor shaking, tho mixtures are placod in 
the incubator at 37°c for' one hour ·:md 2::::0 t'hen sh'll:cn 0.62.in. 
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Final reaction 

a) Preparation 

Cell cultures+ serum-virus mixture 

On removal from the incubator, the serum-virus mixture is distributed 
into 5 tubes in 0.2 ml amounts3 each tube receives about 50 DICT50• 

Serum control 

O.l ml of the serum being tested for neutralization value is placed 
in each of 5 tubes. 

Virus control 

O.l ml virulent suspension, say also DICT50 is added to each of 5 
tubes of cell culture. 

The virulent suspension itself is titrated in cell cultures according 
to the classical methods in order to confirm that the QUantity of virus used 
in the tests is always certainly equal to 50 DICT50. 

b) Incubator 

All the series of tubes are placed in rotating drums in the incubator at 
37°c for 72 hours. 

Results 

A note is made of the number of tubes in each series in which the 
cellular structure is destroyed. 

The results are calculable and interpretable only -

a) 'if no destruction has occurred in the culture control and 
the serum control tubes; 

b) if there is complete destruction in all the virus-control 
tubes; 

c) if the titre of the virulent suspension is shown to have 
been 50 DICT50 in the tests. 

Calc'Lllations 

For each serum, using the series of tubes containing the virus-serum 
mixture and the method of oumulative totals, the dilution corresponding to 
the destruction in 50 psroent of the tubes is calculated. This being ex­
pressed as the log of 2, it is more convenient to express it as the log of 
10 which for practical purposes is clone ·by rnul tiplying the log 2 by 0.3. 

DXar.rple; 



The sero-neutralization S Index, boin6 tho avorago dilution of the 
four sera studied: is calculatod t 
logs of the individual dilution: 

Example: for the four sora tbc individual 
and 101 • 8 • 

tho arithnotical ~eans of the 

S Indox then is 10 1 .2 + i ,5 + 1 ,5 + 1 ,8 �~� 101,5 
4 

Interpretation 

a) Within the fr2merrork of tho pro:.'ont control tests, if the S for a 
gi von typo of virus is equal to or abov,• 1 o1 • 5, oho vaccine is "accepted -
class I''• The probable degree of action of this vaccine for cattle is, 
in fact, at loast oq_ual to 85 percent. If Sis below this valuo it is not 
possiblo to make any conclusions, and tho K method in cattle should be 
used. 

b) Within tho frrcrno,7ork of nuthorization and importation controls, 
recourse is had always to tho K Index method, irrospoctivo of tho value 
of S. 

+ 

+ + 



COMMENTS ON THE OFFICIAL TEXTS 

I. ORGAJ:HZATION OF THE CONTROL 

A~ General a:>:'rangements 

These arrangements, vrithout any ambiguity, cstabl ish the general appli­
cation of control of all batches of vaccine produced or imported in France. 

The question may be asked on whether such extensive tests are indeed 
useful. The simple reply is that the logical purpose of the tests is to 
eliminate as completely as possible unsatisfactory vaccines. 

Now, what has happened during mar.y past years? Only a small amount of 
the produced vaccines were controlled and, naturally, a certain number of 
them were rejected as unsatisfactory. It may therefore be logically assumed 
that there were also some unsatisfactory vaccines among those not tested. 
As the batches which were not tested were more numerous than those tested, 
the conclusion must be that there were more unsatisfactory batches passed than 
e 1 imina ted. 

This is why it was not only us ful but quite necessary that control te::::ts 
be applied to the greatest numoer ui uctwllei3 p:coducE:Ju. and. if possible to all 
of them. 

Batches of vaccine should comprise a minimum volume of 50,000 trivalent 
cattle dosos. There are two reasons for this. The first is to avoid too 
great a number of batches to be controlled which might interfere with the 
principle of generalization of the control. The second is that, whereby it 
is relatively easy for a laboratory with a small amount of eq_uipment to 
prepare a fow ml of excellent vaccinu? it is much more difficult under such 
conditions to prepare batches on a large scale. This large-scale preparation 
of vaccine is the only way to onsure regular supplies of vaccine in a country 
where vaccination is compulsory for all the cattle. This then is an indirect 
way of ensuring the technical capacities of such or such a possible producer 
of vaccine. 

~:_A.~~ization and Importation Controls 

There are alroad;y texts of :eogula tions for these kinds of control and 
therefore the present order only recalls their existence. However, there 
al'e added two clarifications which Wc;re not pr2viously made, viz., the method 
of control which is best to use and the classification of the vaccines, to 
which we will make referenc0 l~ter. 

C. Present Control 

For this type of control there wore no legal arrangements before 8 Juno 
1965i this is why many details are given about it8 org•mization. 

We will d0al with three of them: classification of vaccines; tho 
�~� i:riit::t:Lor.L 0f "aoce}}tod - cl �~�~� Jin h,- tc-::100 S ;;crcr:~r·t o:f t1::c a:r.i.nua.,l outpti"t 
by e3,ch procl,~cer; :repetition of coY1trol kis ts. 
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Tho first two only concern the results obtained by tho tests. They 
nill be discussed later. 

Regarding repetition of tho tests, tho principle is admitted but 
,7i th certain roservo.ticr_s in order to limit tho froquoncy of its occur­
rence. Thus, this repetition shnll not bo requo::::;tod r_iy a producer unless 
tho first tests have boon unfavourable and only ono repeat test shall be 
carried out vd th a batch of vaccine. Again, if t:10 batch is classified as 
"refused" following tho second tost9 tho _producer shall have to reimburse 
tho State to tho sum of 4,000 francs on each occasion. 

Tho results of the second test may diffor from thoso of the first test 
for two reasons: there may be a mistake in tho techniqua or some incidence 
occurring during the first or second tost (wrong choice of challenge strain, 
bad storage of the vaccine, otc.)J or tho difference corresponding to tho 
margin of error which affects tho method of control testing used. 

This is why tho final result of the repetition of tho tosts shall bo9 
in tho first caso7 that which is not affected by any incident and in tho 
second case, the average of tho results of tho two control tests. 

II. 111Fl'HODS OF CONTROL 

A. Control of innocuity 

It is to bo noted th2, t double tests aro mado in cattle. In the first 
place, the vaccine is injected intradormolingually and the animals are 
kopt under observation for four days. rrhis first test v1ill show the 
probable virulence of tho vaccine by tho occurronco of characteristic 
lesions at one or several points of the inoculation. 

In the second placo, if tho result of the first tost is negative, 
vaccine shall be again injected in tho samo animals under tho usual 
conditions of its administration? but three times tho dose being used. 
object of this second test is to show any probable pathogenic action of 
vaccine which could arise fror;1 any toxic su1)sto.nces conto.inod in it. 

B. Co~trol of Activity (Potonc~) 

' 3) Bases and norms 

tho 

Tho 
the 

The efficacy of+~~ v~ccl•:o 12 ox~rossod Ly tho porcont~go cf cattlo 
7lhictJ. this vaccir~c is cnps-b1e cf :;:::r.~\Jtecting ::::.t3r:J.ir1st ttto apposra11co of 

Tho degree of protection corrosponaing to thu 2inimal activity 
required is bet~oon 70 a~d 85 percent. 

It should be remembered tlw t tho choi.co of these nor;ns originated in 
tho interprotation ~f the rcs1tlts oI the mot~od of oont~ol called 
";)r0toct:i.0Y: }( I:nciox �~�~�~�~�~� c:~t·:·.:.c~" �~� 

~; diFJO:-::,so -,/,"[1S ilOT(/ 

t0 C'.)lli!:,,qro t1'i.G 



- 49 -

of immunity breaks did not begin to cease almost entirely until the time 
after the vaccines in use were shown to have minimal values of log 2 between 
o. 6 and 1. 2. 

These values became "ipso facto" the norms for the minimal efficacy of 
the foot-and-mouth disease vaccines. This way of expressing the efficacy of 
the vaccines caused some surprise. In fact, in saying that a vaccine is 
sufficiently efficacious when it has a value of log K 0.6 - 1.2, it means 
that this vaccine protects 50 percent of the animals against all occurrences 
of primary or secondary lesions following intrad.ermolingual injection of 
4 - 16 Diso• 

In many laboratories1 the efficacy of the vaccines is expressed as the 
percentage of cattle protected against generalized. foot lesions only and this, 
following the intradermolingual injection of a very large amount of virus 
amounting to several thousand cattle DI50• 

The two systems seemed to be so different from one another that one has 
the right to ask if there is really any agreement between them. 

The reply to this question was the relation which was established 
between the variations in Kand the corresponding variations in the degrees 
of protection against the foot secomw,ry lesions during the 8 - 10 days 1 

observation when they could occur. Tho first results obtained in 1961 have 
since been completed. They are now shown in 11able I and in the graph in 
Table II. 

Table I 

Agreement between the values of Kand the percentage of protection against 
foot lesions 

(An animal is considered as protected if no foot lesions occur) 

Log K 

K < 
1.2 (K < 
0.6 "K <o 

< < 

lifo. 

1,2 

o.6 

.6 

of cattle 
tested 

28 

52 

112 

160 

301 

1if O. of cattle 
protected 

1 

4 

22 

141 

Percentage 
of protecti•n 

4 % 

8 % 
of 
;O 

% 

88 % 
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TABLE II 

the values of log Kand 
rotection against foot lesions 

' ' 
i 

e 

• 
C!) 

0 __, 
c:.c ... 
M 

"' .... N 

c.o .. 
0 

%¡� 

N ... 
�~� 
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The graph in Table II corresponds well with the percentages which 
are shown in Table I. The two curves between the lines show in both the 
limits of the threshold of confidence to 95 percent. Only tho lower curve 
interests us, in that it shows tho minimal percentages of protection. 

These tvve tables si10,r the ""greoment ;7hich exists oetween the two 
systems of expression of efficiency of tho vaccines and it can be seen at 
once that, for the values of log K b,yt,,-;oen 0.6 cmd i .2 which have boon 
talrnn as norms of minimal efficacy, tho degree of rrotoction against foot 
lesions is 70 - 85 percent. 

b) Strain of chal lenp;o virus 

It is anticipated that for each vaccine valonco, only one strain of 
virus shall be used, the choice being fixod by ~ho req_uirod foot-and-mouth 
disease prophylaxis. This arrangement is different from tho usual action 
taken up to tho prosent whoroby for challongo tho stro,in used is that with 
which the vaccino is prepared. It is necessary tc ensure, in fact, that 
tho vaccine protects, above all, against tho strains of tho virus found in 
tho field when it is usod and not o.gainst strains which aro perhaps no 
longer present. 

c) Mothod of Protection K Index in cattle 

Tho only point to which wo will refer is the intorprotation of the 
results; i.e. the classification of the vaccines within the framework of 
tho presont controls, the vaccines are divided into 3 classesg 

for 
for 
for 

log K); 1 • 2) tho vaccine is "accepted - class 
log K<o.6 - 1 .2 9 tho vaccine is "accepted 
log K(0.6? tho vaccine is "rofusod11

• 

I"~ 
cl1.1ss II" 5 

Tho q_uestion might be asked why two classes havo boon established 
among tho "accopted" vaccines with the limitation of production for class 
II to 5 percent, since fiold evidence of vaccination has shown that from 
tho time log K has boon between 0.6 and 1.21 tho probability of immunity 
broaks have tended to become almost none, showing that the degree of 
protection is about 100 porcont. 

Tho reason is that a vaccine to bo considorod as truly efficacious~ 
it must not only protect o. sufficient number of animals soon after its 
administration ~ut must also protoct thorn for a sufficiently long period 
of time* 

'lVo ::nust al f30 remornbor that t[10 rosuJ.t of tl10 e11qt1:Lrios made in 
oonnoction \\'"i t11 tl10 vc~ccir~:-:.tirJ11 ca~1ro.it;ns cl::;2,l t "'Nit}':. :1 1J0riod of obsGr­
vation no longer than fi~o 2ont~s fol �~�~�e� vaccinetions. Thero is 
no evidoncc that tho results wore still good over 2. longer period. 

It seems prscticall,y cortain thc:;t the ciu:r·2t.i.O!, of tho irnmuni ty after 
vaccination will be in direct relationship to the degree of so-called 
11 immodiate11 irnrnuni ty, i.e. t"·o imJ;1uni found three 1voeks 2.fter the 

111JJDbor uf t~Yiimals r:_:~~s l;0c:1 
ti:_ t Cd t}" ~l t ,,~rt t~·-,_ ... V :_CC i !~:.t; 8 1 ,,,_ /-,,. 

J . .Jt.:-

t~-- i O ,,711,·:_ 

it ce.n 2.lready 
:Ls oxtremoly 
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much risk of breaks i;:1 tho prophyl2,otic campaigns. 

This is why we consido.r t}1at a, special class ni th limited production 
should be ,tablishod. 

Within tho framenork 0f tho cmtho:cization ,md ir:1IJ0:2.0 t2tion controls, 
the vaccines are divided ~nto two classes: -

for log K),, , n t!'10 ~vaccine is "£:iuthori2,ed 11 , I •L..; 

for log K( 1 • 2' tLo v:::.ccir:o is "prol1i l;i tocl 1t o • 
Here, thero aro more sovoro present controls, Tho reason is very 

simplo. It happens very often th2.t uith a 11nmv typo11 vaccine of which the 
control tests are satisfactory3 it is necessary to bo assured that the pro­
ducer h2s the technical cnpaci ties for regulc:r production on a large scale. 
It seams logical to require that tho sample ho submits for control tests, 
is abovo, from its quality point of vio,·;; ~l1G v2ccinos ·which are :::.ccopted 
normally in the present control9 but with rosorvo. 

c1) Method of soro-noutr[~lization S in coll cul turos 

There aro throe poinLs wlnch LtO;:,v.L·vo commont; tho dogroo of virulence 
of tho suspensions; the sorum-virus ronctiorq the intorprotation of the 
results. 

1. Virulent suspensions 

Those 3hould contain 500 DICT50 per ml so that in tho final test, the 
cul turo tulies receive 50 DIC'r50, this amount 3,ppoaring to be necessary and 
sufficient. 

It appears that from one ro2.ction to tho othor9 all tho control virus 
culture tubos should ho,vo tho coll structure entirely and regularly 
doGtroyod, so that, thoroforo, the interpretation of tho results can be 
made without any ambiguity. It seems sufficient to have the amount of 
antibody oven slightly raised, like those which can affect vaccines of 
feeble efficacy. 

2. Serum-virus reaction 

The cluration L, fixou 2.t 1 b.our at 37°c. Thjs is lc.rgely sufficient 
i)OCause 9 

r::c1x imilm. 
for a givc:n sort.u:-1. 5 tt;.G n.eut.r:-i.lization. of the virus rcaol1os its 
It hc~s 8.lso L'oo:~ ccni~i~mocl t}1at ci. "IiI'ulor.t su.f,;JY.:nsion \Vi thout 

2.riy ~:,ddccl soru:n) kcr)t r~t 37°c for :,:,11 11ot~~r, :r-.ot~.:,inc: :.ts titre to Bbcut Oo1 
or 0.2 log 10. Thus t}G f~!l of th~ titro �~�~�i�c�~� is c:inractcristic of 
sorc-no'l_,.ltrJ.li.z::t:·~c,n il~ t:· .. (; t-~:~.::.I _r:•e.·::ct~Lo~: : s :~:10 :v~:Jt t 2:.,~.y otl~or thing 
th~n tho s~ccific sctio~ of th~ �s�c�r�u %¡�.� 

3. Interpretation of tho results 

Whon log S L3 Gbovo or ClCJ(.l",l to 1, 5, the -;o.ccine c::1n bo considered 
:1,s "accepted - class 1 11 , :::elo·,7 -c1-::.is vcuue, it is r1.ot possible to draw 
:1ny co~c}usicn ~nd rccc~rsc s~c~ �~� be ~d tc Index~ i~ c~ttlo. Thus 
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This wasj in feet, dono during a timo whon tho 01:iizootic outbreaks 
of foot-and-mouth diso::iso ·i101°0 dying do·an ::end tho nurnbors h2,d bocomo vory 
small. It ~as no longer possiblo, thoroforo, to comparo directly tho 
c,mounts of :;.ntibody e,ftor vc,ccination nith the: rosulk1 obtained during 
tho vaccination campaigns, using tho samo vaccines. 

Tboro was ono J)ossic,lo solution: to tc,ko 2 sufficiontly lc1rgo numbor 
of vaccines ·:1hoso offico.cy ,·;as bot·;roon tho loc,st ::1nd tho groatost and 
compare for each of them, tho amount of noutralizini:'.· a1,tibody ·which vlas 
dovolopod, "v7i th their officncy exprossod cs by mo3ns of e, q_u&Y!ti tativo 
method taken as the roforonco method. Thus, by taking Index K as tho 
reference, the relation between log Kand log S was established. 

This relation is illustrated by the dispersion diagram of Table III 
which has 166 points, corresponding to 166 vaccine valences, each point 
being determined in tho c',1:Jscissa 1)y log K :md in tho ordinate by log S. 

1110,ble III 

Relation between log Kand Log S 

( Soc page 54) 

Each point of tho rir;ht of regression AR of tho dic3,gram gives tho 
theorotical average of tho different values of log S for n value 
determined for log K. It can be seen ctt once that tho vaccines having 
values of log S oqunl or aro above 1 ,59 also hc,vo values of log K equal or 
al:~)vo 1 .2 and -v1hich mn;y· thoro:Coro bo considered as "accepted - class I". 

On tho other hand, tho vaccines with values of log S below 1.5, have 
also values of log K distributed in a manner whereby in about 2/3 of the 
cc:,sos5 they arc naccoptod. - cL,ss I", in 1/6, 11acceptod - class II" and 
in 1/6 11 rofusod". 

Such a result has thoraforo no significance since it is not possible 
to place a vaccine in one class rathor than in tho other. For this reason? 
under these conditions; it is bettor to hnvo rocourso to Index Kin cattle. 

Being given tho avorase quality of th vaccines now boing produced, 
by tho method of sore-neutralization Sj more tl1an 1/3 of tho cases would 
not have to bo passed over to tho virulent test in cattle. 

dose of the vaccine tho ti~r-tior:) :!nd t~c ~ntorfrct~t~on of tho results. 

1. Challen~e virus 

The virus has to be ada~tod to tho guincarig, mnximum of 5 - 7 
.f)C!,SSagos boin.~; tl:c lirni t:-: tior: of t~: sso.gcs. It is import2:r .. t to limit 

.:f:"or tho 
Oi12 °:;oul d 
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TABLE III 

Relation-,etween log Kand log S 
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would no longor be in agroomont only with those of tho cfficacios of the 
rospoctivo vaccinos being tostod. 

2. Doso of vaccine for ~ho guinoaPig 

This is fixod at 1 /20 of tl10 c 01ttlc: doso rocomrnonded b;y tho producing 
or importing L~borntory. 

This volumo should bo neither too largo nor too small. It should bo 
o,1Jlo to be injoctod easily ui tl:out ony mnrkod orro1·s. Tho general or 
local �r�c %¡ �c�t�i�o�n�s�i� �c %¡�u�s�o�d� mainly by adjuvants in tho vaccines nro quite 
small and do not nffoct tho health of tho vaccinated animals in any way. 

Alco 1 and this is doubtless t1:1e most interacting _point, the volume 
::1ufficiont to csk,blish tho ti t:rc) of tho virus in tho vaccinated guineapigs 
~ill almost nlways also %¡�h�o�1�.�7� tho immunizing value of tho vaccine. 

3. Titrations 

'.I'he challenge virus is ti tr:::.tod in guinenpigs t},roo woek,3 c1ftor their 
u~ccination. This timo of throe weeks must be fnitl1fully observed because 
oxporionco shows thr~t it corresponds with tho maxim::tl post-vaccination 
v:o,luo snd th3,t, aftor this timo 5 tho immunity docroo,sos very rCipidl;y. 

Tho ti tros aro oxprosuod lw tho inverse of tho 50 percent generalizing 
doso, i.e. the amount of tho virus required to cause generalization (foot 
losions) in 50 porccnt o:f tho guinoapigs, gonor2-lization being accepted 
if a single secondary foot lesion appears. 

This vmy of oxpros13ion is more exact than tho.t Hhich consisted in 
t3kint into consideration tho 50 percent infective dose. In fact, 
oxperionco shows that 9 to lie calculnblo, it vms necossary v1i th this 
method, to use dilutions of virus up to 10-9 and this 0ivos rise to 
possible errors v,hich are by no moans nogligi blo. Ago.in, ths difforenco 
in titre between control and vaccinated animals was not moro than 102 

which roprosonts a small enough margin. On tho other 1rnnd, using tho 
DC~o, exporionco shows that all titrations are practically possible with 
dilutions not moro than 10-6 and that tho difforonco in titrss may roach 
1 o-4. 

Tho roHding of tho titrations should be carried o~t at tho 72nd hour 
in both the control and th v~ccin:itod guinonpiB27 for ~oro again, 
oxr:sridnco ;3}10:,::rs th.r-:~t ,~:i't.c:r tL.i2. tirno: t1~~c; 11v.rr/ocr of antrfl.~tls dovoloping 
soc~ndary lesions docs not increase. 

V/bon log C is al;ovo or oqu"J to 2, tho T1ccine ctm 'JO considered 2s 
11c:,ccoptod - class I'1 • 2?clcfri this ·,r.1110; it is not possi blo to draw 2.ny 
co;:clusions and recourse should oc h 0:d to tho K Index in cattle. 
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Tho diagram in Tablo IV comprises 147 points corresponding to 147 
vaccine valence controls; oach point being datorminod in tho abscissa by 
log Kand in tho ordinate log S. Tho right AB is the right of 
regression of vvhich oach :;,oint "" tho thoorotical o.vorLlgo of tho 
different values of log C for a value dotorminod log K. Tho right 
A1B1 marks for tho values of log C9 tho upper limit of tho 

95 percent). 

It is seen at once that tho vaccines with values of log C equal to 
or above 2, havo also values r K equal to or above 1 .2 and soi may be 
considered as "nccoptod - class I 11 • 

tl1oro 
is 

On tho other hand, with those having values of log Closs than 2, 
is no roason to co thorn in ono class rather than another. This 

here again, it is bettor to havo recourse to K Index in cattle. 

It should bo noted, howovor9 that do,3pi to this limitation, vri th the 
mothod of Protection Indox C in gs9 about 2/3 of the cases may be 
pnssod by cattle. 

* 

* * 



- 58 -

PRACTICAL APPLICATION OF THE OFFICIAL TEXTS 

While tho official texts esto.blish 
quostion is whethor9 ,d th tho uothods t::-1oy 
is possible. 

zation of tho control, tho 
indicate, this generalization 

It should bo omphasizod in tho first co that, concerning tho 
mothods9 tho decroo only consocrc.t0s a sto.to of u,irs ·J'.lich already 
oxists. In fact, tho pr2ctical use of Indox K 00:::-cn t tho beginning of 
1960: that of Indox Sin tho middle of 1962 that of Index Cat tho begin­
ning of 1964. Using tb.eso motb.ods of control9 tho numbor of batches 
controlled wore 40 in 19609 69 in 19611 99 in 19621 166 in 1963 and 190 
in 1964. It is ox:poctod that tho number in 1 5 v!ill considor'.:lbly exceed 
200. 

But 9 since 1961-62, ,vhon gonornl vaccination of co.ttlo began to 
become effective, tho 2,nnual production of vaccine has roached a little 
over 300 batchos9 corresponding to nearly 20,0009 000 doses of trivalent 
cattle vaccine. 

Now9 taking into o.ccount tho prosont average qunlity of tho vaccines 
produced in Franco, vvhich has improvuu. considerably in rocent years9 and 
because of which nearly 80 percent of the batches arc roloased by the 
Index C and Index S method, the ostimo.te of the number of animals 
required in the control of those 300 batches will bo about 30,000 guinea-

is 
of 
of 

and 1,600 cattle. 

Thora is no difficul 
also every roason to 
tho Decroo of 8 Juno 1 
foot-and-mouth disease 

in such numbers co,ch ye::ir. Thero 
that from next yoar9 tho integral application 

be ctive and so? official control 
vaccines ,-vill h,wo its full significance. 

* 

* * 
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- 59 - A?FENDIX IV 

Some Studies on Different Inactivating Agents in the 

Preparati~n of Foot-and-Mouth Disease Vaccines 

by 

l1-.H. Fagg 
The Animal Virus Rest.':arch Imititute) Pirbright, Surrey, U.K. 

INTRODUCTION 

routi11e 
Studies en the inactivation of foot-.:1nd-mouth disease virus in the 
production o~f ·vacci11cc ccr:1bj_ni:r1~: forr0.alin ac,:i :1lu~minium hydroxide lead 

to the conclusion that the 9rocosses involved are complex and probably incapable 
of precise definition. To attempt to simplify this situation we have been 
interested in studying agents which uoulcl. regularly inactivate the virus in the 
absence •f aluminium hydroxide under well dofin.ed conJ.itions. Two of these are 
Beta-propiolactone (BPL) and aoetylethyhmeimine (AEI) and the present paper 
contains the results of inactivation rJtudies with these agents and with formalin. 

Virus, of type SATl Strain SA.13/61 or type A Strain A-119, was derived 
either from tongue epithelial cultures or from BlfK cell cultures. The source 
of virus did not appear to influence the iuactivation results though the 
relative sensitivity of the assay system used varied, as discussed below. 

In order to control the conditions of inactivation as precisely as 
possible, inactivation of virus samples was carried out in magnetically stirred 
glass vessels maintained in a water bath at the required temperature (Smith 
and Burrows? 1963 - Lab. Practice). The virus ,ms pension was mixed with an 
equal quantity of a solution buffered at the pH of inactivation and brought to 
the required temperature before the inactivant was added. In inactivations 
where the virus was pre-adsorbed on to aluminium hydroxide, an equal quantity 
of this was added to the mixture 3,bout 15 minutes before the inactivant to 
allow maximum adsorption to take place. pH was controlled by the buffer used 
and not by c:asc;ing, For pH 7. 6 the buffer was M/25 phosphate, for pH 9.0 0.05 
molar glycine prepared as follows:-

Soiium hi·dro.x:icle 
Sod.ium chlcride 
GlycinG 
Dir~til11:;d. 1;r:1ttYr 

6.5 
9.5 

1,035.0 
g. 

ml. 

'1'he viru.s ,:1ubstra te ,r,1~: ir:c ::o t cs,s0
:;;; L;,cta,lbumin hydrolysa te/Ty:rode 

coLtaining 0.2 per cent sodium bicarbonate instead of tbs usual 0.1 pev cent 
( Morrow and Buckley; 1964). When two or :1ore inacti van ts were compared under 
cimilar conditions of terr,rJerature ':Ud i tb.:i_,.:; was doLe using the same batch 
of buffer in the same wat r bat~ at the samo time, Comparative inactivations 
were done using 0.05 rer ce~"\t ac tylF,thyleneimine, beta-J>ropiolactone and 
t,,;~maldehyrlG 9 the ~.~•ere be 1.:i_-:.1-·· C:::-:,_l._- .... �~� tnci c:•r~ \/"Oltl!~C-for-\rol1--1:11~'3 basiE:. 
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Samples taken at intervals during inactivation were prevented from 
inactivating further by the addition of one-tenth volume of 20 per cent sodium 
thiosulphate for AEI, by 0.04 per cent final concentration of sodium bisulphite 
for formalin and by rapid freezing in a mixt~re of solid carbon dioxide and 
alcohol for BPL, in tho latter ca:c:,e s,:,,,::i)l 3 befr.,_g dilutccl before freezing and 
kept frozen until titrated. s were iilutod in all cases, re~ardless of 
pH of inactivation, in H/25 7.6, at lo0 intervals. 

Samples wore titrated in 5-6 aa~ old 1 P1 strain mice using 4 to 5 mice 
per dilution in the e&rly stages f the inaotiva~ion cycle anl 20-40 mice for 
undiluted material around th3 1:cint of iJ;activ0_ '.:ion. 'l11h: f3ame dilc1tions wero 
also ti tratod in 48 hour BI{K nono , the vir'-ls Ceir:r:: 1.vJ.sorbarl for 30 
minutes at 37°c, the plater, there be cverlai,i with a r:1:.xturc consisting of 
7 4 per emit 1. 3 x co:vicontr2-tecl E:::c;:le I r: ,'1cctiuu 9 1 pee' cs,nt serum and a Ewlution 
of 1 g. 11 '!:lifco J3acto-Agar11 in 25 ,,11. 5irotillecl w,itcr. 'I'lw plaques obtained were 
reacl 48 hours la te:r after stain inc for 30-60 r1inut,0s ,,ith a colu tion ,.f 1 g 1000 
neutral red chloride. 

In some cases undiluted samples of inaotiv:1ted :naterial 1rere rmt 'On to 
48 hour BHK monolayers 1 aisorbed for 30 minutos, them Eagle I s medium added, 
t'he culture being incubated for 4t3 hours. r:.1hey were them ,,xamined for cyto­
pathic effoct. Nega tiYe cul tur8S were. 2,eodod on to fresh monolayers and 
incubated for a further 48 hours. 'l1his was repeated if necessary. Cultures 
which showed no sign of viral growth after the third passage were presumed 
negative. 

RESULTS 

Inactivation 

The comparative inactivation curves with 0.05 per cent AEI, BPL and 
formalin at 25°c and 37°c1 pH 7.6 and 9.09 are shown in graphs 1 - 4, the assay 
system being mice. Prom these curvos it will be seen that, as expected, 
inactivation is faster in all cases at the higher teCTperature of 37°c. At 25°c 
pH does not appear to influenco the race of in3,ctivation by AEI or formalin, 
the slightly faster rate at pH 9.0 probably being due to pH inactivation of 
the virus rather than to the inac ti vant as sucb.. It will 'be soon, however, 
that inactivation by BPL is n;reatly prolon0 ed at pH 9.0 compared with pH 7.6. 
Thit:, is en:tiroly due to a p·opt:,rty of the glycine buf:for7 the buffer being 
strong enough at tbc r:1olari ty ,,.seci to ;-r,0Vt)'.1 t rr:q;id hydroly,:1 is of the BPL, 
an essential requisite for viral j1.cacti va tion. At 3 7°c, pH inactivation at 
tho higher pH, :;.O, pla;y::1 .01n rtartt ;•art in ,:a,u:; rapid inactivation of 
the ,,-.rir-:..is but a.ge...in tl1d i11~1c·ti\-a.t:Lc!'.:. J3?L :it. ~:1i2 it) prolor15·cd cor1pa:r:·ed 

extr2..nE'~o1..1-2 1;~,..st ir .. ;natcri:_:..l, ill:?0:.>~-. -.7 ::~-ji::_~•n ot· 1ri1·--u.E; ·o~y tt:_(""i tl11;r~t: in2.cti-._-;~:.!.ts 
1;ras studied i:r: tl~e pres0}r1C2 ;_;f .) I' c~.e11t ;r~orr.1:Ll b'.Jvi:ne z:3r=,r1-1m. Gr::.,ph ) sh011lS 

that se1~m has r10 effnct 0!1 tbe iY1aotiv:1,t:Lon by- AJ~I or .-Corr~:2.liri. (fornali:r1 
differing \fcr;f sl ~ly f:rcr1 tl1c:: c:::r:.t;:co1) bu.t 'i~)c;;~ 1.Jr0long t}~e inactivation 
tice by BPL. Alternatively, to ob~~i~ ~activ~tion in tl1c sa~c p~riod of time, 

�~� concentration o~ J~L 
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Although it is an object of this experimental work, of which the present 
paper forms part, to avoid the difficulties involved in the study of adsorpti~n 
plus inactivation in the same system, it was of interest to determine how the 
addition of aluminium hydroxide along with the inactivo,ting agent affected the 
reaction. If aluminium h;vdroxide is added at the same time as BPL, the pH 
falls at once below the r-;,,nge of virus stability (Graph 6). If the aluminium 
l'.:.yd.roxide is added during hyd.rolysi:J CJf BPL, the pH fall does not take pla,oe 
unl0ss the addition is too rapid (Graph 7). After hydrolysis is complete, 
addition of aluminium hyclroxile hc1s no effect on pH, No such effect is 
observed with AEI and inactiv:i,tion c:1n bo effected in AEI-Al(OH) 5 mixtures 
(Graph 9). 

As mentioned above, samples have been assayed in mice and BHK cells. 
F'or the tongue epithelium pasoat':·ed viru::, usE.Jd, the BHK cells proved less 
sensitive than mice, giving generally lower titres and often not detecting 
virus when it could be detected in mice. This may be due to the presence of 
inactivated materi3,l interfering in soE,8 wa;;:7 with the growth of the virus in 
the tissue culture system. In later e~q:;,)ri;:1ents using type A virus strain 
A-119 which had been passaged in suspended BHK culture, the method of serially 
passaging material in BHK monolayers proved to be the most sensitive method of 
detecting live virus (Table 1). 

Potency 

To deteroine whether the resultant inactivated virus retained its anti­
genicity, vaccines were prepar,::d. from virus of typo SATl, strain SA.13/61, of 
the 10th tongue e1)itehlial tissue culture inactivated under the following 
conditionsg-

1) AEI 25°c pH 9.0 30 hours 

ii) AEI 37/'c pH 9.0 10 hours 

iii) BPL 25°c pH 9.0 48 hours 

iv) Formalin 25°c pH 9.0 48 hours 

Vacc inos were mado oy add.ing :.;iC) pe:r cent aluminium hydroxide to the 
material after inactivation e:x:copt in thC: case of foroalin, where the virus 
w1s pre-adsorbed on the a,luminium hydroxide. All proved innocuous when 
inoculated intraperitoneall;y into 6 day cld ,dee or by nul tiple tracking of 
the planta.,r pads of gu.in.ecJ..-pies. Tl1esc ~v-acci:ncs ·wor·s tefjtsd by i.::.'locul2.,ting 
1 rEl. s~tc-u.tansousl:r into ;;·Tou1Js of 20 0;-u.ine3.,-~~it;s of 500-700 g. 1,-reight. These 
pigs were challenged 21 days later by i~tradsr~al inoculation into one hind 
:_p3,d only of a l, 50 EK-fi.l tra te of the 4th �p�c�,�s�3�a�E�-�- '”� cf tho hc:molor:;-ous 
1raccine vi::c·usc LesiDns "'.1er~· scored l-3 on Etll fc;ur· paQs a'(J.d t'.Jnf;ue and pigs 
assumed ~o be imnrune ~ith a scoro of 4 or :ess, i •• 6lidht generalization 
to on0 pad other tho,D tr:e primary inoculation site. Rc;~ml ts are shown in 
'i1ablc, 2. From this it will be seen that ~,ril·us inactiv3,ted by AEI and BPL not 
only retains it1:: antigenicity but appoars to proiuce ':t ::-,ore efficic;nt vaccine 
than the standard inactivation with forl:lalin in the )resenco of e,htl:liniun 

1,i.roxiie. 



To investigate further the effect of inactivation prooedure on the 
res-y.ltant potency, further vaccines were made with the same virus inactivated 
by AEI and B?L under various conditions. 'i'hos wore again tested by sub­
cutaneous inoculation into guinea-p , ei tber undiL1ted or diluted 1 ;5. The 
results of this ex:r,;eriment e,re shovrn 2.11 'i'abl 3. 'I1his S',ows that the method 
of inc1ctivation is as rtar"t a:c; the inactiv:J,11t in that the longer the 
inactivation period, thin limits defined the rate of and temperature 
inactivation, the better tho rosultant vaccine. 

DISCUSSION" 

It has been shown Brown at Pirbr t and .B\cllow0s at Plum Island 
that successful vaccinos can be m.aclo from foot-and-mouth disease virus inacti-
vated' by AEI and BPL respective Th0 r;rc:i work confirms the results. 
Both these inacti vat 0:.t vacc �i�m '”� which is c rtainly not inferior 
.1,nd m:iy bo superior to thcJ st;i,nd.'trd for::,1,lin incNctivat0d v::i..ccine using virus 
cultured by the Frenkel in Lhelial cells. It would also 
appear that the conditions of inactivation are as important as the inactivating 
agent in relation to potency of a vaccine. A BPL vaccine, inactivated over a 
48 hour period at 25°c, pH 9.0, was more pote:r1t than an AEI vaccine inactivated 
in 24 hours under the same conditions, which in turn was more efficient than 
a vaccine rapidly inactivated by BPL in 60 minutes at 37°c, pH 7.6. 

The choice of system for detect non-infectivity is also of importance 
and laboratory methods must depend on the previous passage history of the strain 
used. 

The present work suggests that AEI and BPL offer the possibility of 
preparation of foot-and-mouth disoase vaccines of equal or greater potency 
than the formalin-aluminium hydroxido vaccine. The control of innocuity is 
l0ss open to criticism in that it can be effected without the possible inter­
ference of thE adsorbant~ and the kinetics of inactivation make it more certain 
that the product is innocuous. 

These results require confirmation in cattle and experiments are at 
presont in progress. 
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Table l 

Detection of Residual Foot-and-I,Iouth Disease Virus, Strain A-119 

(}3:HK Suspended Culture Mat0rial) after Inactivation by Ch:~mical Agents 

Baby Hamster Kidney Pig Kiiney Cells 
Inactivani:; Mice Cells (1 ml) (1 ml) 

(0.03 ol.) 1st 2nd 3rd 1st 2nd 3rd 
pass.age passage nassag·e nassage passage nassage 

AEI 2 2:2°c 2 pH 2•0 

12 hours 2/4* 10/10** 
I 

10/10 

16 hours 0/4 0/10 10/10 10/10 0/10 0/10 0/10 

20 hours 0/20 0/10 0/10 9/10 0/10 0/10 0/10 

22 hours 0/20 0/10 0/10 0/10 0/10 0/10 0/10 

24 hours 0/20 0/10 0/10 0/10 0/10 0/10 0/10 

BPL 2 2s0c2 EH 2.0 

30 hours o/8 0/10 0/10 10/10 0/10 0/10 0/10 

36 hours 0/20 0/10 0/10 1/10 0/10 0/10 0/10 

40 hours 0/20 0/10 0/10 10/10 0/10 0/10 0/10 

42 hours 0/20 0/10 10/10 10/10 0/10 0/10 0/10 

48 hours 0/20 0/10 0/10 0/10 0/10 0/10 0/10 

* No. of sic it d 

** • 0 
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Table 2 

Protection in Guinea-Figs frorr, Foot-arni-Viouth Diseas0 Vaccines 

Inactivated by Variouu Chemical Agents 

Guinea-pigs 
protected 

i) 0.05% Formalin, 25°c, pH 9.0, 4t-'. hr. (pre-adsorbed) 4/20* 

12/19 

9/20 

11/20 

0/10 

ii) 0.05% BPL, 25°c, pH 9.0, hr. 

iii) 0.05% AEI, 25°c, pH 9,0, 24 hr. 

iv) 0.05% AEI, 37°c, pH 9.0, 12 Lr. 

v) Controls - vaccine base only 

* No. protected/No. inoculated. 

Guinea-Pig Potency Test of SA.13/61 Foot-and-Mouth Disease Viru.s grown 

in Tongue Epithelial Cell Culture, Inactivated by AEI or BPL under 

Varying Conditions 

Method of Inactivation Undiluted 

AEI, 25°c, pH 9.0, 

AEI, 37°c, pH 7.6, 

BPL, 25°c, pli 9.0' 

BPL, 37°C, pH 7. 6, 

Virus titre~ 

Total comploment­
fixing titre g 

24 

10 

48 

1 

hr. 

hr. 

11:r--. + 

hr.+ 

Tor1gu.s t)f:i tT10liu.!~ 
rass::1(Scd virus 

T.E. virus 

* lTo. :;irotcctel/7To. chall 

Vaccine 

17 /1 p: 

13/rr 

16/17 

11/18 

32** 

Vaccine 
diluted li2 

9/16 

5/17 

13/18 

9/16 

, 
~l.D lrrl r::01 ,., • 

_) . 
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QUAl'\fTITATIVE CONTROL OF FQOT-AND-M:OUTH DISEASE VACCINE 

STUDY OF 'IRE DOSE-EFFECT LAW AND CORRELATIOlJ BETWEEN THE 

50% VACCTl'TATIEG DCSE IN GUINEA.PIGS AUD IN CATTLE * 

by 

c., M'~(;;;kowiak, J. Fontaine, J. '.Perre, C. Stellmannj 
M. Rouminntzeff, H.G. Petermann * * 

The control of the activity of a biolocical IJroduct and in particular 
that of f'oot-and-mouth clise:ase vaccine which is the !Jubjr::ot of this report, 
can be considered from two points of viuw:-

that of the controller who has to accept or refuse the produ~t, 

that of t·he producer 1.'J-110 mal:.c;s the product, al·w3,ys l1aving 
improvement of its c:uali ty in mind. 

The controller first establishes the acceptance threshold which corres­
ponds to the minimal valu0: required for a vaccine considered as utilisable. 
In deciding upon this threshold, accourit is taken of the average protection 
to be guaranteecl under experimental conditions~ 70, 80, 90 pf,rcent %Ê�r� more, it 
being understood that in practice thi,~ percentaf;e will be higher. 

Norms differ between countries, mainly according to the development of 
production techniques and the prophylactic requirements. Vaccines are classi­
fied in two large categories i "accepted" and 11r0fusedr1• It is evident, 
however, that in biological control9 the answer is always given with a certain 
amount of probability, which is naturally related to the conditions and the 
system of control which is useu. It is therefore necessary to have between 
these two categories a zone of insecurity which applies to indifferent or bad 
vaccines, concerning which it is difficult to take a definite decision. This 
zone should have zreator importance attached to it than does a possible 
mistake by th,? control s,yctem used ir, order to :.· ,,:r"' .'~ ,::;. 0•r(,d:j(:t b,:L1e, ,~c;:, c: 

* 

** 

DVC • 50· Cuineapigs v~ccinatir~ daue ~rot~c\l~g 
carried out t ~ay~ a£t~r v~osirmtion. 

of at challenge 

DVB50: Cattle vaccinatin,.;: rlose protecting 
out 21 days a,fter Vi.WCinatien. 

of ca~tle at challenge carried 

Work clone by the Ins ti tut F'ran9ai;::; cle la Fnvre Aphtouse, Lyl')ns 
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at one test and then refused at another. 

Briefly, the principal r;Jle of the controller concernc the Gstablishmeut 
of the minimal value of a product, in order to know t', .t :Lt ,,.,ots:-·tl1...;. __ 

The point of view of the producer 9 on the other h,rnd., is q_ui te :iifferent. 
He has to produce vaccines which-3Xeofcourse above the acceptance threshold1 

but he must also know as definj_tely as r,oscible their activity value, even if 
it is very high. This is absolutely rn:cessar;y if he wishes to compare two 
vaccines and improvE:, the quality of his production. He must tr1erefore undertake 
not only control but also titration of the vaccine. 

We, as producers~ experience diff'icu1 ties ,dl the time in distinguishing 
between two satiGfactory lots of vaccine, one of' 1-r:1ich is better than the oth0,r~ 
so that we may know if any variation of any factor in the technique has had some 
effect on tho quality of the va,ccin.e. 

On this point? we have considered. that tLere should be a unit of measure-
ment of_ immunity and have chosen the vaccinating dose (Dv50). -The idea of 
using the DV50 in the control of foot-and-mouth dise1-s vaccine was introduced by 
Henderson and. Gallown,y (1) and9 adoptin;:; it 9 they were able to compare the 
ir:1munogenic values of two vaccines ,o:i. ,,.:i.fforent origin. '11hese uuthors also 
reported that, using 3 DV.:- 09 about , protection was obtained. in cattle, and 
with 10 DV.- 1 there was a~ least 95% protection ( 2). The progre;::rn made with 
production)~echniques i;:3 such that no·,, tlw preparation of vaccines containing 
10 DV50 and even more per dose can be envi~;aged. It would seem, therefore, 
that further improvement in their quality need not be considered, 

However, there is another problem: all activity controls of foot-and-mouth 
disease vaccines are done by tests carried out 15, 21 or .30 days after vaccina­
tiong a static answer is obtained giving the value of the immediate imr::uni ty, 
It would be of very great interest, after titrating the vaccine, to be able to 
estimate the duration of i:;1rnunity conferced by it with relation to its quality. 
By using the DV5o unit for control work, a dynamic character is obtained and the 
kinetics of the immunity can be foreca,5t 9 since it c:1n be ascertained how much 
DV 50 ~s "lostH each m~~th. In other worcls 9 the t::. J~e of a va~c~ne ex:pre,ssed as 
nv50 is not the same lI tho tests are carried out 2.Ly 60 a:r1d LlU days after the 
vaccination7 and it decreevr:Jef3 1ri th tl~e tirr1c ir1te:rval. Thif3 ;::;t11dy in btjin.g rr1ade 
now and we Hill report the rEcsul ts :i.n a, ls.tor communication. 

Tl1e productiori of the ~vaccil1e ::.·1~ 01~.I' Ir~stit1 A.te _i.s lJ:=J..E3ed csser.:.-tia .. 11:y- on 
mcnovalent vaccines wtich are t}1e1i ~ixed for ths prep~ration of trivalent 
vaccines. From the combination of s0ver~l o~s i'r the sac1s valence, we have 
beer1 ::-J..ble to o~:Jta.ir: \tGl'"'y· hou:0;3eneol1::3 p._,<:,_y-•va1ot1t J•roJ..u.ctj_on[; fer a lor1c ti1110;. 

We know by expGrionce that aGi~c cood ~,cnovalent vaccines, iOOd trivalent 
vaccines are produced systern.::i,tically. It is ti:8:.neforc essential that we use 
a sure 9 exact~ ropro(lucible 3,nd oasily n,,_o.Lied :;echnique in the titration of our 
r1onovalent prod.uctions. For this, we trh,d guineapigs in a tter:-!r,ts to e3tablish 

�~�~�~�~�l�~�V� 6~ ~;;:c~~~:~~~E,;;: l~, S~,~ f c~~~~:!~1.;:z ~:,:'\ e\,~;l~},;) J;,c~~~" :oJ ;s~~~:~in the 
,~:~~t'.j,bli~·:}: -~[~~, TJ'V , -11 r- '!},_ ·r· ·- , ~~-i...l~ .. (~) ) .. 
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This article deals essentially with the study of the dose-effect law, 
the correlation between 50~ vaccinating doses in cattle and in guineapigs1 and 
thuc.0 i the possibilities :l-ni limitations c;f using guineapigs in the c1uanti tative 
control of monovalent foot-and-mouth disease vaccines. It has seant studies 
ever a long period, begun several years a;o and in which, up 
about 15 1000 g~,ineapigs c1ncl 1,000 c2,ttle have bc·en r2quired. 
yet finished and some final experiments are in progress. ~e 
vely withg-

1. l,fateri.2..ls5 
2. Methods~ 
3. 50% vaccj.nating ioses in guinf:,3,I-iGs; 
4. 50% vaccinating doese in cattle; 

to tb.e present 
The work is not 

will deal successi-

5. Correlation between DV 50 in guinoa1Jigs and in cattl8. 

After discussing th~ results which have been obtained we will point out 
the possible praoticcll applications a~d will make conclusions. 



le Materials 

1. Vacci'1.e 

Commercially- ;n'oclu0ed monoval.c nt vaccines aro uc ed i prepared by inao-
t i vat ing the virus h �~� - + :0,,0 •

1 ·
0

0 ~mo 1 and ac1.d:i_n::::: :;aponin and aluminium 
hydroxide. The virus is grown on living ton{sue epithelium. The average 
cattle dose is 1,6 ml. Al the vaccines used in these experiments had already 
been te0 Cui i.1.:. Cd v v..1..v ;.\;_,_ 1..11Y10~uity 1;rith satir;factory resl1l ts. 

2. 

In our earlier experiments 9 we used g1_;_ir1Gapigs which came from different 
breeders and lie found much irrogulari t;y in the results l1etween the different 
groups. 

Ubertini et a1. ( 6) 9 Luc aw et al. ( 7) ha:ve alroady drawn attention to the 
importance of tho selection of guineapigs for tests with vaccines and our 
observations completely confirm their findings. 

After seve:r0,l tests, .re -.rnre ablE:, to show that the guineapigs, in 
addition to being about 500 g. in i;re:ight, should be perfectly healthy, should 
come from the sa1:10 1:1::-,cOG;L.L:,ot:;U i:;,11u. ,.,u.1,c:;,.c ,1.'-''--'-'- u.LG,;;CLulg estc1blishment1 should be 
the same strain and should not be subjected to changes of maintenance �c�o�n�d�i�t�i�o�n %¡� 

during the experiment, For these various reasorill we established a breeding 
unit of cLlbir0 c:_:uinoapigs (the strain ,me provi:iod by the Pi:rb:right Institute) 
which h:"ve given :regular rosul ts in the <~xperiraental work. 

All the adult cattle cor;e from the Department of :B'inistere which has lieen 
free from foo·~-0,nd-mouth disease for many years and where the cattle are not 
required ~-) umle}"go annc:_al trivalent foot-and-mouth disease v3,ocination. On 
arrival a ~c our quarantine farms, the cattle are bled and absence of foot-and­
mouth disoa~e antibodies in their se1um is confirmed before they are used in 
the experiments. ·fi,0>-.>•--' "'- v ~.L'° �~� ccS we bav0., ,~l:r0a,uy shown9 are highly suscep­
tible to foot--ard-mouth disease. 

4. Vi:ms 

Ths str~i: u: vi~ _ ~=ol :o~ th~ ch.tllongE tests are those also used 
for -:;he 11,:1,c:ci~nc p2~:_:cl1 ti::.:n: :·~'-· __ cl (1T:==: co:1t::;Ji1-1c<~L ~tl ~}it:_: -\.rf;sicl ~, 1_)f c3,ttle, gro1.in::l 
up, distri~ute1 in b0tt es in lot·: fl ~raD~c, aLd kept at -70°c. All the 
viruses 2~(; t:i_Jvra tecl pcr·io-lic:~~1::r j_r1 c:J~ttle l)y t·hE~ liendorso11 method. ( t?i). 
The challenge str:?.,inG 11 .. :~ 0 ar:.~i ncti [1rc th(; llrtlt pasDae;e i11 cattle; tl1e "0" 
strain i2 tha 7th rassa:e. 
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II. Ifotb.ods 

1. Vaccination 

(a) Cattle 

The cattle are injcctod subcutaneously with different doses of vaccine. 
The volume of the inoculum is always 1.6 ml, buffer t tho of the vaccine 
being used. The buffer consists of: 

Na CO 2 3 

NaCl 

DiE:tilled 
water 

0.530 g 

16.800 C 

85,000 g 

10,000 litres. 

For the dilutions in geometrical proJression, a four-fold di:ution 
has been chosen so that t~o 

The vaccine, the diluent and bue dilutions of the vaccine are all 
kept at refrigerator temperature unti..l just before the vaccination is carried 
out. 

Four groups, each of 5 cattle are used~ each animal receives, in a 
volume of 1. 6 ml the followingi 

Group I 1.6 ml vaccine 
Group II 0.4 ml vaccine 
Group III 0.1 ml vaccine 
Group IV 0.025 ml vaccine. 

The cattle are kept under observation on our farms for 22 days. 

(b) Guineapigs 

'l111e guineap 
for cattle, but th 

are vaccinated intramuscularly with vaccine diluted as 
dilutions are two-fold. 

II 
III 
IV 

Group V 

d r1 rec i ves 

o. 
0.4 rnl ... vacci11cj 
0. ·ml 't::i.c ine 
O.l ml vaccine. 

ion for 
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2. Challenge tests 

(a) Cattle 

On the 22nd day after vaccination, all the cattle are brought into 
isolated stables ::i,t the Ir1~itituto~ blood sar;:ples are taker.. aml thon o.l rr,l 
of the challenge virus is injected intraderrnolingually at two places, i.e. 
10,000 IlIBr.o per anim:11, of the viruo Hith whici1 the vaccine was prepared. 
Only two c6ntrols 2"ro used in each clrdlenge tGst because our experienoe 
o·,.rer rr;any years ha:c; shown susceptibility of our control e1nimals to be over 
98'{ ( 5). 

(b) Guincapigs 

On the 10th day after vaccina1,ion, each of the vaccinated guineapigs 
and 8 controls are injected intradermoplantarly with 0. l ml suspem,ion 
containing 10,000 DG50 of tho virus with which the vaccine was :prepared. 

3. Reading of the results (lesions) 

(a) Cattle 

The :1,nirnals are slaughte:c0d L~\~, days after the challenge injection 
and lesions on the tongue 1 hoa,i and feet are noted. 

An an1nal is considerecl aG "not Yaccinated" if one or several foot 
lesions are found. All the lesions are controlled by complement fixation. 

(b) Guineapigs 

The lesions are noted in the vaccinated guineapigs five and seven days 
after the challenge and in the controls? after tl:ree and five days. Two 
readings have to be made1 particularly for the vaccinated animals because some 
slight secondary lesions which have undergone some healing may be missed. 

4. Calculation method 

Calculaticns are ma,d0 by the, Litchfield method with a probability of 
95% (p = 0495) (9). 

DV-o • - 50% vaccin':;,t ,lose, 
fD) pr,::::c 1:non or: tl•. 'JJV �~� t c = O. Si 5 ( 95~·.), 
s 

fS 

;.re tt:-lk a,}.>01.J.t 11 :·~l;:.JpG S" ::.11 or(ic;r to ligl~_ten 
the text. 
prooisd.on ·on tho s1s:::pe S !\t p = o. 95. 
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III. Guineapig DV50 

After having studied the pro:L1ction of ;mtiboJies ( 3) we c'.<"L ·, ·o•:ci. 

in our research the DVro ·,rhich h, core pr,=;c irJe than the. di~ec t test. . Its 
r\_.;;,:.', ,L:cti:·.:..lit:- a~ld i?s v:1lue boi1:g cor1trolled b;y statistical analysis, we 
tried to compare these results with those obtained in cattle and began a 
study of the parallel Dv

50 
in cattle and guinear>i~;s (4). 

To con:J::"j_:·::; c\3 �;�.�'�( '” �f�I�·�c�~�'�,�u�C� ci ::i1i t:,· of the riethod5 we controlled several 
vaccines two or three times successivuly. Tlw rec,ults j_n :F'igure No. 1 r,how 
that the true answers are always uithin the limits of theoretical calculation 
errors. 

2. Statistical anallsis 

(a) Comparison of the "S slope:c,11 of the laws representing the 
dose-response curves of the same valence. 

The test of narallelism does not show any significant difference 
(at p = 0.95) betwe~n the slo1ie~; of Gt.,~ clorn,-response curves of vaccines of tho 
same valence. It is therefore justifia1Jle to compare the different DV50 
results for one vn.lence and to calculate the average slope (Sm) and the precise 
slope (fSm). The formulae used for obtaining the results shown in Figure No.2 
have already been described (9). 

(b) Estimation of the average slope S~' and its precision 
fS I for the three valences. 

After having shown that there was no significant difference between the 
slopes of the dose-response curves of the three strains of viruses studied, ,re 
calculated a '\common average slope" (Sm') (:F'igure l'To. 2) and its precision 
( fSm, ) • 

(c) Estimation of the degree of reliance (p = 0.95) of the DV50 
for a titration. 

The "average slope1r calcuL,tecl in 75 t01c;ts, n1 which about 3 ,ooo 
guineapigs wero used enabled us to trace the bet theor8tic~l sl•pe of 
ovr foot-a.Yid-raouth i.ir3r::,ace nea:,,ig· ,,~,wcine :3y" tc:-;; ar1il to orc:inizc, rationally 

01.:tI' ::1.tter::-1pT~~ to obtain. a rsi-·;;-(~':t: t>I'ccinion for tt::.e DV5C)• 

TJr_:.der o-ur c ndi tie:r:r:; :::::o e~:~ tt1J:.<~iu~1cc1 ( ,ios -v-~_1ria .. ti_c)~1 2 
per dose and 5 io6cs), wu btuin one to t~r~ ' . u s [ ,, 

en.tt:!ring into tht:) calcula,tio11r~ of fDy i:~: fD ·oetw·ect1 1.55 :=:: .. ri.d. 

is the ~vera~e decree of reli~nce in 

1.66 



DPBOWoirmT'Y = 0.95) of the nv50 in Ouineapige (oaleulated 'by the Litchfield method) 

DV 50 I 
I 

Average of DV 50 fD Theoretical limits of DV 50 

0, 20 ml i 175 ml 
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M 
0 n° 53 

I I 0, 16 ml 2 0,08 ( DV 50 ( 0, 32 
I 0, 19 ml 0, 183 ml l, 9 0, 10 ( ( 0, 36 

�~� 
0, 20 ml l 1, 5fi 0, 13 ( ( o, 31 

I 

0, 35 ml 1 ' :) 0,20 ( ( 0,50 

J,, 0, 40 ml 
I 

1, 7 I 0, 235 ( DV 50 ( 0,68 
0, 20 ml 

0, 30 ml I 
0,125 ( ( 0 32 1, 6 I 

I 
, 

I 

I 0, 20 ml ) 1,65 0,12 ( DV 50 ( o, 33 

0, 30 ml 
0, 22 ml 

1, 68 I 0, 18 < ( 0,55 
0, 16 ml 1,66 

I 
( 0, 275 

i 
i 0, l 0 ( 

0, 20 ml : 1,70 \(0,12 \ ( 0, 34 

I 

Figure If> 1 �~� 
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Estimation average slope Sm of the Dose-response laws obtained in guinea.pigs for eaoh. 
valence and the Sm' obtained :for the systam 

--"- -

For ea.oh Valenc,e For each o:f the three Valences __ ,, ___ ,_, ___ 

No .. ot .lveTage Average Limits of Sn' ts.• Limits of 

tests s fS average S - - :fSm' 
-

··- •-"""•-· 
1,--, ___ 

Valence 0 18 2,21 1,27 1,74 - 2, 81 

Valence C 34 2,15 1 19 1, 81 - 2, 56 2, 15 1, 11 1, 94 - 2,39 

Valence Al 23 2,10 I, 18 1,78 - 2,48 

I I 
- ---- -"''"'~"~'~""'-" 

Figure If ,0 2 
I 

�~� 
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Litchfield 1 s charts indicate that under these conditions we can 
differentiate with this system, two vaccines, one on an average at least 
twice more active than the other (p = 0.95). 

3. Preliminary confirmation of the a,_:;reement of the rusult2: of the DVC50 -in g:u.ineapigs and the percentage of Dro1;ection in cattle. 

For this obj ec:tive, ,rn arrant;ed the vaccines in three groups, according 
to the guineapig DV5os: 

0.025 ,1,t 0.1 r.il 

0.1 :,·e; 0.4 r::l 

0.4 rt ·tz; 1.6 rril. 

We then confirmed the percentages of protection in cattle obtained with the 
vaccines of each group (see :B'igure lJo. 4). 

Examination of these results shows that the percentage of protection 
in cattle increases as the value of the guineapie; DVC50 decreases. This 
finding led us to carry out work. to ·,2 tabl ish precisely the correlation 
between the results in cattle and in guineapigs. 

So~ we began the systematic study of a certain number of vaccines to 
establish the Dv50 in cattle, in parallel with the Dv50 in guineapigs. 

IV. Cattle DV50 Results and Statistical Analysis 

1. Dose-effect law for O valence 

The results of titration of the activity of five monovalent vancines 
are shown in Figure No. 5. The parameters are given in Figure No. 6. (Here1 
it zhould be noted that the controls for the three types have always shown 
generalized lesions in all four feet (5)). 

The test of parallelism showed no 
between the slopes of the five vaccines. 

significant differences (p = 0.95) 
'I'herefore9 it is justifiable tog-

Compare the different DV.::;Q results ar~ci to reckon their relative 
value wi~h their degree 6L reliance at p �~� 0.95, if they are 
significantly diffe~80t; and calculate the average slope with 
Sm= 2.15 and j_t::; ;)rccic;:;_~Jn °,1ith fSm = 1.23 (p = 0.95). The 
formulae used :for- ot0°.1ining these values have been described 
el;ewhere (:,;). 

2. Dose-effect law for A valenc21 

The results cf tb, titrqtjon ,f activity of five 2onovalent vaccines 
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As with the 0 vaccines, the test of parallelism dicl not show any 
significant differences (p = o. 95) between the slopc,G of these five vaccines. 
While these identical deductiorn3 have bc,,m macle, in this case the average 
slope is 2.03 and its precision 1.21 (p = 0.95). 

3. Dose-effect law for C valence 

The results of the titrations of activity of five monovalent C vaccines 
and the values of the parameters are sho,-n1 in Fii_;urec; :No[;. 9 arnl 10. 

As with O arnl A valences, the sar:1"' conclusions have beC:)n made. The 
average slope for this valence is 2.03 and its precision is 1.18 (p = 0.95). 

Dose-effect law of the system 

(a) Estimation of tho average S1:u' and its precision 
vaccine valences. 

fSm' for the three 

The test of parallelism did not show any significant differences 
(p == 0.95) between the average slopes of each vaccine valence. The average 
Sm I and its fSm', characterizing the inactivated monovalent cattle vaccine 
corresponding to the three strains of virus studied. The result is: 

S I "' 2. 06; m 

(b) Estimation of the degree of reliability (p - 0.95) in the 
average slope balanced for a titration. 

The fSm' precision of the average S ', already described, corresponds 
to the precision of a balanced average, caTculated from 15 titrations. The 
precision :Ci'Si •n the,slope-:for ono titration is V 15 times greater (nearest 
log.). In Litohfield's system, log. fS1 -= V--r5 x log. fSm 1 i thus, fSi is 1.52. 
As already said, there is a 95 percent chance, since a titration under our 
conditions9 for an Si slope is between 

and 2.06 X 1.52 

AlltheSslopes of the 15 titrations which were the basis of these 
calculations are within the degree of roliability at :p"" 0.95 (Figures Nos. 
6, 8 and 10). 

(c) i!nation 

The average f th2 15 t~l v~laes ,f the fD pr~cision is 2.04. 
Under our titrci.tion conj_i tion:::, �~� t~cc: DV:50 is k:::om1 to bE, fDitJ:2 ar:d, i:n 
decimal logarithms± 0.3. In assimilating the population of experimental 
15 fD to a Gaussian population, one can calculate 2 on an fD average 
"" :;I: 0.32 (p = 0.95). 
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Mo noval e nt " 0 " VJ.CCines: r esult ti o f th e 50% cattle vaccinating d o se& 
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the different parameters for monovalent vaccines 
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1.Ionovalent "J." vaccines: results of· the 5~ vaccinating dose• 
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Vaooine ?fo. 

dif:f'erent parameters for "A 11 vaccines 

DV 50 (in ml) fD 
Theoretical limits of the 

DV50 (in ml) 

• 

s fS 

>----- ----------+--------------+---------+-----------------------+--------+-----------! 

0,62 2 0.31 1,24 2,3 1, 5 

-----------------~-------~---------
224 0,07 1, 7 o. 04 - 0, 12 1,6 1, 9 

----------------~-------~---------
~26 0,09 2 0,04 0,18 2,2 1, 5 

�-�-�-�~�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-'” �-�-�-�-�-�-�-�+�-�-�-�-�-�-�-�-�-

227 0,25 2 0,12 o, 5 2,25 1, 5 

�-�-�-�~�-�-�-�-�-�-�-�~�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-'”�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-

228 0, l �~� 2.2 0,05 0,26 1,75 1, 4 

Figure ll° 8 
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Monovalent "C" vacciness results of the 50}h vaccinating doses 

1 Dose 

Ton i Feet gue 
. ··~ 

i 
I 
I 
I 

Ton 1:)1 
Feet hue ¥1 

"' 

Ton Feet gue ti 

·-

Feet 

1/4 Dose 

Tor 
ti Feet guE 

,· 

' 
Tor rt Feet guE a:'ri 

~· ....... -.,.._ ___ ,___ 

Feet 

To 
gu 

1/16 Dose 

Feet 

Feet 

Feet 

Feet 

1/64 Dose 

Feet 

Feet 

Controls 

Ton 
gue 

Ton 
gue 

Feet 

Feet 

Feet 
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Value of the different parameters for monovalent 110" vaccines 

--------r---~---~~--i----
Theoretioal limits of I s I fS 

DV 5o (in ml) 

0, 16 2 0,08 o. 32 2. 3 1, 5 

----------------r-------+-----------
0,20 2.2 ,09 44 2,3 1,5 

·-·--------------!--

0,1~ l, 9 0,06 0,23 1, 8 1. 4 

------~---------r------------------~------~-----------
0,18 1,95 • 9 36 2,5 1, 5 

----1------------
0, 43 1, 85 0,23 0, 80 • 7 1,4 

Figure lf° 10 

co 
t-.:) 
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By and large, Litchfield 1s charts indicate that a difference can be 
made with this syste~ between 2 vaccines, the average activity of one being 
at least 2.7 times that of t,12 cthel' (with a 95 porcentJ.p~9-iision). 

5. Reproductivity 0f the r:,c,thorl 

Two 0 0" vacciEes were titrated tv,icG~ t:rn re;:,ults are shoWt1 in 
Figure Ho. 11. 

Vaccine No. 105 had~ nv50 of 0.27 ml with an fD precision of 1.9, 
at the fi~st tit~ation •. ~our :o~it~t, late.:', the "'.aJJ~ vaccine_ha~ ':1- DVso of 
0.21 ml with an fD precision 01 2.5. The slopes being not significantly 
different, the test of relative power did not permit of differentiation of 
these two nv50 values. 

Vaccine No. 119 had a DVco of 0.10 ml with a precision of 2 at the 
first titration. Seven months later, the same vaccine had a ])V'50 of 0.10 
with a precision of 1.9. From the same %¡ �t�a�t�i�s�t�i�c�a�l� tests, conclusions 
similar to those for vaccine No. 105 were drawn. 

In addition t0 the reproductivity of the technique, it is interes ti:ng 
to note the good preservation at+ 4°c of these two "0" vaccines for four 
and seven months. 

6. Use of the Dv50 system 

(a) Comparison of two monovalent vaccines. 

After calculating the parameters of each vaccine, it is confirmed that 
the slopes are not significantly differ2nt (test of parallelism 2t p = 0.95). 
The relative strengths and their precision for the two vaccines can then be 
calculated, if the nv50s are significantly different (p �~� 0.95). 

( b) Calculation of ths', average percentage protection of a vaccine. 

Tl1G pc:~ra:}~O~G,:rr:: r~ \/ e. c0J. '0 U.J_ ·s:_ .·.;r;~· ~i . .:~~}__;d �~�~� :·: -~ L its :::-.; ) 1 C,),~; 

slope is not significantly different from the average S 1 slope = 2:06. Then 
the number of DV c:;0s in the full dace of 1. 6 ml of each ;1}.accine is calculated. 
The figure so obtained, i.e. the average strength of the v::wcine, is plotted 
on the abscissa from the DV-~ uoint in Figure No. 12. With Sm' = 2.06, the 
average _ercenta0 e of prote2~i~11 is read directly on the ordinate. 

1l'he p:i~r;:,~~c'.ctern of ti1~: \tncci:i8 ::·c--~~{; ,.r~ ,'\'ln, its Si f;::.ope i2 confirmed 
as not signif:i.cantl;y different fro,a to(: a'.rc1·,•1f:e lope Sm' "' 2. 06. 1I1he i:,Lci,::n11:: 
strength of th,3 vaccine is t~1•2n c::1lc~1.latoi ,,;hich, in thi:1 caGe 5 is the 
number of 11limits 2:bov0 DVr:o~ pcrL,tPL' nv50 x fD" fv'J.rd in th,, full 1.6 ml 
d oc:• e The rn 7 1' 1.:r;i."ri01 c• +r•L, ..,g+ ·1,:.> is "lo"".;. ;o,l .: r th,., ;a 'h ,, C 1· ,:, .. " 1~ ~om +,, ,, ·:',\C -o .,..,-1· n.;. Ll • ..- .>- - L>t V V VJ.,l. V 1. J;, l: V ,.,........_ ..L -• ~-•- 'A't.,J;_; , ~~·h.)C,,_, _L .a v.:._~t:· J.J V �~� 1:''J _.,_ l) 

in Figure No. 12. With Sm' x fSi = 3.14. i.G. th0 upner li~it f fhe S 1 
l A ) +;--: •,-.~.,.... or1t,-, tJ' r·r-.""', t ·' t • ,...., :. ,, ·,-i.. '} rl J ,,:; • y~,·,,-1 t·': ...... ,--. ..,,-.- ·: t\ ,-,.,.~,,rl • '; ',--. rr- ---.,. rn S vJ:.e, v .. e i)~-C-_. c,,oC ek~ LC l·~lc. l.•' ~,,Ca,~ ,.l-.-....~· .l.J ,)_l Va,e '"·"'~ino..tv. Lh<.:: 

estimated perce1:tage protsction, ~nd~r t!0 cc~1itio~s we tave definel, has 
a 97. 5 poroout oha.nao ')f b0i:ne. bs.:i:t0r. 1i:ith, thi:.~ :::ys t0m., th0rnfOi'0.;.c::c,.minimum 
activity •it\1 91.5 pcroont cL~nue of 
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PERCENTAGE OF PROIBCTION 
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Following FigurG He. 12, Ficure :To. 13 w:1s made. 

Percentage of r,rotection in terr,1s of the minimum strength 
o:· tb.e v:1cci1~0 

Minimum perce:nt.s,ge protec~io11 IJumb0r of DV, 0 X fD" per 
of the vaccine (p 0.975) close g 

. . ) 
strength of "" oinimum 

vaccine 

60% 1.4 
65% 1.5 
7oct 1.85 /" 

75%, 2.3 
80°1 j, 2.7 
85% 3.4 
90% 4.5 
92% 5 
95% 6.7 
97.6% 10 

Theoretical upper limit of DV50• 

full 
the 

In Figure No. 14 there if:; coll 13cted together the average percentages 
of protection (p = 0.95) and the minimum percentages of protection. There is 
better differentiation of the activity of the vaccines by considering the 
minimum rather than the average protection. This is particularly evident for 
good vaccines. This test of rtminimum percentage of protection"leads to a 
gain of "strength" in the statistical sense of the word. 

(d) Conclusion. 

Two methods of use have to be retained: 

for the producer of Llcnoviient vaccines: classification of 
these vaccines in orier to 
mixtu~rGSj 

every homogeneous trivalont 

for t~e controller: dot~rsination of~ th~~shold of activity, . . ' i.e. rnin.1:::rur:1 1;erc toc~io:n. 

The po3sibilitier:l of 0.sii1g the DV, 0 ::.;ystera u,re dcosoribed, the absence 
of all generalization (foot lesions) bDiig taken as the criteria of pro­
tection. Other criteria are to be c;t1,~,::ticd acl r'iay still f:,J.rtti,3r i:nprove 
the syster::1 and enable work to oe dons c1~ct:c,tatively '.JYl the characters related 
to the strains of the vir1.<.~,. The DV,"iC tech,1iq_u•.3 ::q)plied to trivalent 
vaccines is to be ~:_,turlierl 3,r1d. ~rill b(; t~~~c; 21 .. (b,joct cf :1, l~1t,::r comrrunicg,tion. 



V;1ccine 

No.. 

Colil~~,l;vmcn the averaf:;e 1;ercent;::,ge o-Z' ]Jrotection and the minimur:1_ _pcrcen_t~e o:f lj!~oteotion 

0,05 

0, 10 

0, 18 

0,21 

0,35 

0, 07 

0, O!:I 

0, 12 

' 

0,12 

0,16 

0, 18 

' 

, 

' 

, 

' 

_, 

' 

' 

pper limit 
:°)0 

0 X 

0, 10 

0,20 

0,41 

0,49 

0,77 

0, l 1 

0, 18 

0,26 

0, 5 

1, 2 

Avera6e strength 
of vaccine 

1, :0,05 3,2 

,66:0,10 G, 

1,66. 0, 18 9,2 

1,66 21 7,9 

1 l, 66 0,35 = ,7 

I 
1,66 

,GG 

7 

0,09 18,4 

, 66 2 = 

1, 25= 6, 

l,GG 2 = 2, 

---- ----- ~r---- ----, -- ---------
Minimum per-

Minimum strength Average per- I oentage of 
of vaccine centage of protection 

protection 

= ., O(-, I (p = o. 975) 

,66 0 16,6 

,66 0,20 = 3 

1,66 41 4 

1,66 0,49 3,4 

1,66 

1,66 

1,66 

77 2, 1 

0, 1 15 

18= 9,2 

1,66 26 = 6,4 

1,66 5 = :3,3 

1,66 · 1,25 = 1,3 

r,, J S = 3, 14 

> 99, 4 % 

> 99,4 

> 99,4 

) 99, 4 

98.2 

> 99, 4 % 

) 99,4 

>. 99, 4 

> 99, 4 

90 

99, 4 % 

97 

89 

85 

75 

99,2 

97, 5 

95 

85 

58 

% 

---+--- -------------------- _,____ ------·----------+------- -------+--- --

0,2 

0,3 

0,36 

0,44 

Ll,8u 

1,66 0,12=13,8 

1,66: 0,15 = 11,C 

1,66. 0,18 = 9,2 

1,6G:0,20= 8,3 

1, 6 6 : 0, 43 = 3, 8 

1,66:0,23= 7,2 

1,66:0,31= 5,4 

1,66 : 0,36 = 4,6 

1, 66 : 0. 44 = 3, 8 

1, 66 . 0, 80 = 2 

Figure No~ 14 

) 99, 4 % 

> 99, 4 

) 99, 4 

) 99,4 

97 

96 

93 

91 

88 

7 

% 

00 
'-l 



1. 

v. Correlation betwoen the 50 percent Guineapig Vaccinating 
Dose ~Dvc50 ) and the 50 percent Cs.ttle Vaccinating Dose (DVJ350). 

Comparison of the dose-0ffect la,rn linkin,:::; the imr:1unovenic oower 0f 
foot-and-mouth disease v~ccines in guineapigs and cattle. 

Comparison of tLe slopes of the cLor,e-ei'fcct laws est:1blisheci in cattle 
and gtlineapigs �s�h�o�u�: '”� tl'1at there i:: no aignifica11.t ,j_iffc,rence in tb, thre2hold 
of p •"' 0.95 (Figure lTo. 15). He ::1re tl1crcfore .justified ic1 cor:iparing the DVso of 
th~se doso-effuot ,laws to estil:nto thcJ oor:0 clation betwl:On the DV1.3so and tho 
DVC50• 

2. Correlation betwc-;en tho DVCso and the D\lnc,o:_ 

For reasons of symmetry and mathr2::iatical cohen~nc8 1 \,u have changed tt.e 
original data of the nv50s expressed in ml in our calculations into decimal 
logarithms of the DVso in 1/100 r:11. 

Example~ If DV50 ""0.20 ml, then log (DVSO 1/100 ml)= 1.30. 

On the other hand, we have calculated the average precisions of the 
DV50 (p = o.95)i -

nvc50 

DVJ350 

fD 

1.66 

Log. fD 

+ 0.22 

+ 0.3 

In our corr2lation rvc 
0

/DVB,-", each pair of values will be arranged in 
a rectangle with the sides as5 ioll~~s: -

+ 
± 

0.22 for the DVC50 
0. 3 for tl~e DVBr::,, 

),) 

The calculations of the correlation is 11asod only on the average values 
of the Dvc50r" and the Dv'1l50s stj_mat(,cl for the ,3ame vaccine (Schwartz, 10). 

(a) Calculation of the laws 
Of -1--h"' 1ovr 

of correlation, giving the DVB50 in terms 
- t.,_ . .:; _-,vr-o• 

We made s~rarato culc~lu~ions Cor U5 A 
17, 18, 19, 20, 21). iho correlation coeffio 
at least at the t~reGhold of~~ O, 

Co:11pariE,on of thee slopes of th(:: Dosu-s(t'0ct Laws ,)f the 
immunogenio po1.rer f foot--and.-nou th dissase vaccines in 

-

I'Jos. 16, 

S2/Sl S2 f 
Conclur, ions 

G-...i.ineanigs 
~(2) 

"1 7 7 
..lo, ........ -L. I 

I 
i 
' 

"TT:" 

l.ll 
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Correlation between the DV050 and the DV:B50 s "0" Valence 

,,_ 

DVC50 DVB50 
: J 

I 

Vaccine Ho. -i 

in ml 
I 

X = log.(100 ml) in ml 1 i Y = log. (100 ml:, 

1105 (1) 0,40 1,60 0,27 1, 43 
1105 (2) 0,25 1, 40 0,21 1, 32 
1118 0,22 1,34 o, 18 1, 2 5 
1119 (1) o, 11 1,04 0,10 1,00 
1119(2) 0, 11 1,04 0,10 1,00 
3131 0,22 1,34 o, 35 1,54 
5132 (x) 0,27 1, 43 0,05 o. 70 
5134 0,27 1, 43 0,16 1,20 

515 0,20 - 1,30 o, 13 1, 11 
1108 0,20 1,30 0,07 0,85 
1109 o, 40 1, 60 0,50 1,70 
1110 0,40 1,60 0,20 1, 30 
1111 0,45 1,65 0,20 1,30 

-

(½) Aberrant oase: not used in the calculations (further wo:rk on it in progNss) 
r = 0, 60 significant at p = 0, 95 - ddl = 10 

Formula of the law of corrections Y = (0, 77 X + 0, 19) :t_ 0, 42 a p = O, 95 

Variance : 

Figure N° 16 
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Correlation between the ovc50 and tht:>VB 50 : VALENCE A 

Vaccine 
DVC50 DVB 50 

J'o. 
in ml X = log. W:- ml) 1n ml y = log. (-1- ml) 

100 100 

5220 0.20 1,30 0,62 1,80 
5224 0,09 0~95 0,066 0,82 
5226 0,15 1, 18 o.o9 0,95 
5227 0.14 1,15 0,25 1,40 
5228 0,12 1~08 0,12 1, 08 
5233 (x) 0,06 0,80 0,75 1, 87 
1203 0,06 0,80 0,07 0,85 
1209 0,10 1,00 0,07 0,85 
1210 0,06 0,80 0,20 1,80 
1211 0,05 0,70 0,07 0,85 
1212 0,04 0,60 0,20 1,30 
1213 0,08 0,90 0,30 1,50 
1216 0,07 0,85 0,07 0,85 
1217 0,14 1, 15 0,82 1, 62 
1218 (1) 0,07 0,80 0,20 1,30 
1218 (2) 0,09 0,95 0,20 1,30 
5221 0, 11 1, 04 0,20 1,30 
5229 0, 10 1, 00 0,07 0,85 
5230 (x) 0,08 0,90 0,50 1,70 

{x) Aberrant case, not used in our oalculati011•1 (further work on it in proga:ieaa) 

r = 0, 665 �- % �i�g�n�i�t�i�o�a�n�t� sp = 0, 99 - ddl = 15 

Formula ot law ot _ oorrelatioau 

Variance·: s2y = o. 064 

Y = { 1, 12 X + 0, 11) ,: 0, 52 a p = O, 9 5 

<:1 y = o, 26 
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CCRRELATION between DVC 50 and DVB 50 - VALENC:2 �~� 

I I 
DV: 50 DVB 50 ' 

! Vaooine I lTo. ml X = log ( 
1
1
00 

ml) ml Y = log( 1~0 ml) 
j 

I 354 0, 10 1,00 0,07 0,85 
I 355 0, 10 1,00 0,07 0, 85 
I 1307 I 0,25 1,40 0,50 1,70 
! 1308 I 0,25 1, 40 0,20 1,30 ; 
I 

1309 0, 10 1,00 0,20 1,30 

I 1311 0, 10 1,00 0,07 0,85 
( 1312 0,20 1,30 0,07 0, 85 ! 
I 1313 0,35 1, 55 0,20 1,30 ! 
! 1315 0,09 0, 95 0,07 0, 85 
! :. 31 6 0,06 0,80 0,07 0,85 
I 13 J 7 0, 12 1, 08 0, 16 1, 19 
j 

I 5319 0, 13 1, 11 0,20 i, 20 
i 

5320 0,20 I 1,30 0, 12 1, 08 
! 5322 0,07 0,85 0, 18 1, 25 i 

5324 0,27 1, 43 0,43 1,63 
i 

r = 0, 75 significant atp = 99, 9 o/; ddl = 13 

Formula of correlation law - Y = ( 0, 94 X + 0, 08) ± 0, 39 a p = 0, 95 

Variance s2y 0, 038 CJy = 0, 195 

Figure 5° 20 



* 

CORREIA T!ON 

I 

' 

I 

$ 



- 95 -

We are justified in stimating the DVBCSOJ usir:g the DVC 50, taking 
account the related variance, i.e. as we mention above, the precision of 
DVBso estisated by this techr;.~q_u.e should tako into account two errors in 
measurements (cattle and gu igs): we therefore lose precision of the 
( Figure lJo. 22). 

t of 'l, v:1cci~h: of 6 i vc·n v~t 1 enc(, , 

into 
the 
our 
DVBSO 

the Ir1 actual fact , 
most prob:1-bl'-: DV:Si::o C.H1. 

on0 of the 1 ',,-::: (~igur,._ 
0 l:'.'l 

DVC50 
: t0d ' l' = \ 0.95) by the. 1.id of tb.G formuL1 of 

no. 2, \ 
'- I 01' tte :1.il of 

To illustrate our conclusions, we uill in 
Figures Hos. 16, 18, 20. 

"0" Vaccine No. 105 

DVC50 e 0.40 ml with X 

Replace in the formula Y 
whence Y = 1.41 ! 0.42 

1 ( Y < 1.83 

1. 60 (log. 40) 

(o.77x + 0.19) 

G lTos. 17, -, ,-.-, 21. 
l. ::J ' 

t the three examples in 

whence the theoretical DVB.:; 0 = 0.26 included between 0.10 and 0.70 ml. 
Tho experimental value found. in cattle: 

at the first titration; 0.27 ml included between 0.14 and 0.51 ml 
at the second titration: 0.21 ml included between 0.09 and 0.51 ml. 

"A II Vaccine Fo. 220 

Dvc50 �~� 0.20 ml with X 1.30 ml. 

Replace in the formula Y '"" (1.12X + 0.11) + 0.52,x by its value 

whence Y 

1.04 < Y 

whence the theoretical d between 0.11 %¡�l�a�n�d� 

0.6 81 nc d en 

11cn Vaccine i10. 322 

h 

Re e in the fornn.J.l Y (o.,94x + o. ) + 0, 9 X its valtte 

whence Y �~� o. + O. 

< < 
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Correlation law p;i ving the DVB5.Q_and its precision in terms 
of tho DVC50 

l'Tu!T'ber of Free is ion r;7hreshold of 
Valence V2,ccines 1'1orrrn.-1.la e;f the 1a1, }_) ,cc 0.95 . . :f. eigni /canoe 

2 er-
0 12 y o. 77 X 0.19 + 0.42 0.95 = + -
A 17 y 1.12 X 0.11 + 0.52 0.99 ·- + - i 

C 15 y 0.94 1: 0.08 + 0..39 0.999 := + -

y DV13so in log (1/lDO 1\ m J 

X DVCr::o 
) 

in log (1/100 ml) 

(b) Comparison of the l:1ws of corr0,lation betvreen 0 2 A and C valences. 

The three laws arc ~athematically different and it is difficult to 
·compare them statistically (Figu.ce J\To. 22). 

The formulae of the laws arlc Y = a X + b. 

We compared the "a" :::,lo:peu between t1:;c" three valences and calculated: 
F226 = O • .3 g thus there i.s no ,3i,'inificant diffenrnce bEtween these slopes at 
the threshold of p = 0.95. 

Fac.:tor 11btt is riorc, ~:iffjcvlt to ,~ompare becaus(~ we d.o not know its 
variance. 

We think it preferabl~ t~ eonsilsr th~ forcrulae of the laws of tho 
three valences ;:w be inc :liffercnt 1 �b�e�C�'�.�'�:�' '� �l�H�,�e� ,re: loE,o precision if we calculate 
only one law for the three val~os. In fact 5 in this case, the variance of 
the DVB 50 becomes oq_ual to s s': = 0.06 (26-~ ± 0,50). 

(DVC 
bee 

(c) 

2..[ld 
. .j.. 

" 

li'.l t 
t1 e in.,~... r:·. o ~~·:; 

tl1~: If/Cr,n c1.nd. the: aver~1gs �p�e�r�c�e�r�1�t�.�:�1�,�g�,�-�: '” �s� of 
protection in cattle. 

('---
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of cattle for oach valence (I'igure No. 
different data, is cc2parable with 

23). (1foto: 
l:o. ,~ ). 

Fie;"Ure No. 4 made from 

(b) Cornnarison of the average po~contages of cattle orotecticn estimated 
in cattle and in guinoapigs. 

In Figure :Io. , 1:rr1ich C'.)ncerns a ueries f vaccines, there are 
shown tho average perc s of cit le protection esti~atod in both cattle 
and guinea}) in general, these two cstir:10,, tions 2,re comparable. 
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vaccinatin 
dose and the aver of cattle 

protection 

Average DVC 50 (i D ml) Average percentage P 
------------ ------------- r--•---------- ot cattle protection 

Valence C, Valence A Valence :::: 
-·-·-

0,43 0, 16 0,30 99,4 

0,80 0,24 0,47 97 
: 

1, 00 0,28 0, 59 95 

1, 50 0, 35 0,80 90 
! 

1, 80 0,42 0,95 85 

2, 10 0,47 1, 18 80 

2,80 I 0, 56 1,40 70 
I 



Vaccine N ° 

: ~rn·ovalent 0 

UJ 
1 B 

.1ovalent A 
24 
2G 

27 
20 

=1I ::rnovalent C 
20 
17 
2 

- 99-

Comparison of the latimation of Average Percentages 

ot Cattle P.roteotion, using the DVB50 and the DVC50 

Average Cattle Protection 

Estimation in 
Cattle 

�~� 

~-

--------

--

-----

99, 4 
99,4 
99, 4 
99,4 
98, 2 

99, 4 
99, 4 
99, 4 
99,4 
90 

99,1 
99,4 
99 4 

9 ' 

lf 24 

Estimation in 
Ouineapigs 

------- 99, 4 

' 99, 4 
----

------ 99, 4 
./ 

-----
99,4 

----·-- 99, 4 -

> 99, 4 

> 99, 4 
- 99, 4 

99, 4 
�~� ... ~'; 99,4 

-~-:.. 99, 4 
99, 4 
99,4 
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DISCUSSION 

The main objocts of the experimental work in this report are: 

1. Attempts to titrate the activity of a monovalent 
foot-and•-mouth disease vaccine by establishing the 
DV

50 
in cattle (DVB 5o). 

2. The use of guineapigs for similar titration (Dvc50 ). 

3. Establishment of the parallelism between the guineapig 
and cattle vaccinating doses. 

4. To make conclusions and practical applications. 

If we analyse the results obtained, in how far have these objectives 
been met? 

1. With regard to the establishment of the DV50 in cattle, we were 
able to confirm the value of the method first put forward by Henderson 
and Galloway. Titrating 15 monovalent vaccines (five each of types O, 
A and C) in 300 cattle, we were able not only to obtain the DVJ350 for 
each vaccine, but also to establish? by our system, the slope of the 
dose-effect for cattle (Figure l'Jo. 12) 9 i.e. the immunological response 
of cattle to Jifferent doses of a vaccine. We have been able to conclude 
that, according to our system, there is a general law for all vaccines and 
that from this slope it is possible, knowing the number of DVJ3r0s of a 
vaccine, to evaluate the percentage of protection it will conf~r on cattle, 
as shown in FiQ..1.re lifo. 25. 

These values reflect the immunity obtained 21 da,ys after vaccination 
and havea static character, b,:ocause after having roached a maximum at 
about the 30th day, the immunity decreases and the DVJ3ro of the vaccine 
will be greater if the challenge test is made say 60 d~ys after the 
vaccination, ac3 we already showed in 1959 (11). If we c3,n trace the 
kinetics of the DVJ350 from the results of the experiwentf.:~ now in progress, 
it would then be possible to give a dynamic character to the titration of 
the vaccine and, knowing the resul tc", of ths control, to deduce thereby 
the duration of the il'lmunity conferred by it. 

From tho establishment of the dose-effect slope, a v~ccine can be 
titrated:, usin[; not four dilution;:, as ously in 23,y 20 ca,ttle, but 
only two dilutions in 10 cattle and obtain sufficient accur3cy (! 0,37) 
at 95 percent ?robability, for whict the method ~ay b~ used in present 
practice. 

Again, we e,an compare two vaccines ani state which is the better, 
taking into account the separating power of our system, with an average 
of 2.7, always with 95 Irnrcent probability. He can therefore state that 
a vaccine is 2.7 times better than another. Above this limit, we cannot 
have any sure in,dices. It is cv2-dcnt t~1at if wE:; -c1.ccept a e,reater risk, 
the separating ro,1er will become better (e.g. for a one to throe chance, 
a separating power of 1.6), for there is a compromise between the 
property of definition of the 12~thod and ti,e accepted risk. 
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Values of DVB50 in terms of minimum percentage of 

cattle protection 

---~---
Minimum percentage liumber of DVl350s in th 

of protection f'u+l dose of vaccine 
( S = 3, 14) 

50, 1 

70 1. 85 

72 2 

75 2, 3 

78 2. 5 

80 2, 7 

83 3 

85 3,4 

86 3, 5 

88 4 

90 4, 5 

92 5 

93 6, 7 

96 8 

0 

N 25 
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It must bs poin+;od out, fit12,1ly 9 that :"11 ::mr calculations h:1ve been 
made, taking into account only zcneralization foot lesions. It is very 
probable tll::1t by- consiL?rinc; other criteria, �G %  �e�.�; % � the r..ur:-1ber of feet 
affected, it woulcL be. 1J03sible Lu h::we ;;10re ~•recision. In addition, the 
titre,tions of tho '?,ntiboiiss i::a cittle ussd in est2blishing the DVB50 
could also pro"vid.o co:c1plc.::r:i.:_!,t:__.ry ,;~lGVients. 

As this work has not yet bGsn c 
account at this time. 

2. The 1:1se o~ thu Dv50 c;1, in [;uine;:1pi,:;s (rVC5c,) ho.s given us encouraging 
results. Guineapigs become well vaccinated wltl1 divided doses of vaccine 
and their immunological r,3sponse is coi:,~i.stc,nt 1 rcg·ular and reproducible, 
For this, howevor1 certain conditions have to b:=:, fulfilledi 

it 

'1'h0 animals must come from a kno·,m sourc01 must be of similar 
weight and in a state of good health. 

The results are capable of comparison on tho condition that the 
same virus is use(i in th8 preparation of the vaccine and in the 
challenge to~)ts and the:, technique of preparation of the vaoc ines 
is exactly similar. 

Guineapigs do not react similarly to different viruses. We have 
had many oxamplos when adapting a :natural virus. It is therefore 
probable thnt sor.wthing similar concc.rns the ir:imunological response 
to the injection of an antigen. A ch;1,nge in the chc1.llengc virus, 
or in the virus 1.::sed in thG preparation of tho vacci.ne or even in 
the technique, introduces a new eler:icnt which ha,., to be examined 
each time by cattle tests. 

In order to study the corroL1ti.on between Dvc
50 

ancl DVBc:: 0 , the 
laws relating to each typo of virus have been eztablish~d separately. 
It is very probable th3,t within the same type9 the samG separation 
has to be made for each strain. 

In our study, ,;;J 
after vaccination 
being oarriod out. 

Ir1 
ized 

:·rcro c~u bj ,·:ct ed to c; ruJ.l t,r1;::;e tcs ts ten days 
cc~pari~on of tests at ten ~nd 21 days is now 

+, · D';(' ····i ti.-,. "VB ., .. ;; , ,,)o cClc_ ,.,cc J.J "-'",0' 
:;orr·::1·:t on ::tL.L _::: __ 7 

cattle, i.s. 2ti:n.2,-cing thQ or a v~ccinc, we wish to 
deduce the perotmtage of r;rotectio:r, L: 03. ttl , :1s ,:xrr,:SSCli by the DVCi:;o, 

Fig"u.rc r:o. 4 shows, for e•1,cr: 
protection obtained in cattle, i0 
i~ another form ~~low. Vaccines 

_,, 

of viru_;; 5 the:! ~asL; rcer~tages of 
i·,'"'' •+' "- ,)VI' •.:o ro:;.:roduce this 1Ji~~:-~~ Y~C:" ., ~)-.i~~O~r equal to 0.4 ml 
f v;_Jc:ci:L~~ ~~J·.~ 1,' t~~;;_.,.~;t)~;r 1,:::;:f' Gattlc3 



t 

- 103 -

Vacc inc Numbcr,·,-,f b3,tchGS I.~·urabcr of 1:;llL1b,__;r ..... Percentage ,J.J.. 

Typs of v::1cc inos t0.:,tcd c:,tc;lo c,3, ttlo of 
G:{t1I~ in.(; d. r;rot~~ctod protection 

f'\ 24 130 127 97. 6 

A J3 175 169 97. 6 

C 31 160 159 r- 100 

In consideration of thcs~ rcs½lts from the co~trol of the produced 
vaccines, it is _?ermissible t~ c~ncluJc that a v3,ccino w~ich_has a nvc50 
below or equal to 0.4 ml L.sivo;: aoout 100 rorcont 9:rotootion in cattle and 
that this applies to th thrco typos of the virus: however, Figure No. 23 
.J.nd the rosul ts obtainud with current vaccin-,:,:'. ch1ring the _past year c:i,use 
us to introduce, :'l. 2°e::::,triction insofar as A an1 C va.lences aro concerned. 
In fc-wt, it scerno tlnt it :,1ay bo advisable to have as the limit of ths 
value of tho Dvc50, 0.15 ml for A valenc0 and 0.3 %¡�l� for C valence, in 
order to be certain of obtainintr; protection in cattle approaching 100 
percent. '11hh3 prooaution is even more rucomr:,cndablE, when Figure No. 18 is 
consideredg here, among 1 7 rnonovs,lont A vo.cc ines uhic h ·were titrated 
in both cattle and cuineapigs 1 thsro we,re tuo "pairs II of aborrc1nt results 
which we have not included in our calculations but which we are now 
studying in great0r detail. 

If, in our opinion1 it is nov poDsiblo to ded.uco frcrr1 the Dvc50 
(0.4 - 0.3 or 0.15 ml according to tho types) that a vaccine is good and 
that~the protection it gives to cattle approaches 100 percent, it would 
be unwise, at lsast at tno present ti.m::, to draw crny other conclusions 
from titrations in guincapigs. There has to b3 taken into account the 
fact that tHO differcmt f3J:'3tur::,3 11C"cttl and {":; ig'' are used, each 
having its own ,,tatistical lr:,,ck cf prcci,~ion. In ,~stc:iblishinG the 
correlation, thors aro two errors attached to each other with tne result 
tb.at th,? in.securi t~l ~:: · is. L":r,:,(:t,~.,r, t-~:1.3,ri in t~,·:J ce,2.:-.: ,_:>i' e2.,,ch s,::rarate 
syf.~ton: (b1 ~f;'liru r:o. ~2). It t:::~) fo..ct 9 ·r:l1i:3 ,;·v1it'-; l~),,rgs insc;curit:r 
zo1:..c 1/rhicf'.. ss2 tb•:) i~:itc; tL.'-. :·:::-:th:,d.t, Chi~.:1 ~·Jl~e; 11otl:_i!1t; to lirnit 

t?~ti::,r.,_ a .. l'ld :i,Ccv::--~-,.~l:..1--t,ic,r~. c:_r rz:.:·:L1l G~? ~~::~.•-i l(;:1cl t:; 
bu0 it is :.Jif3u :tt press,r1·t t~) c~:~·1t.~~Yn)_c ·v:-i th t~"": l_:_Or!Jf) inJ.icated. 
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PRACTICAL APPLICATIONS 

This oxporimenta tion ha~, enabled us to ;:c1,ss fros quali ta ti vo controls 
in cc::.ttlc which did not give us precision, to c;_uan°:i ta;tive control in guinea­
pigs ,:by the establish:-r:ent of a corrE.,Ldion bccc~,f>::n tl:w DVBso and tho DVCr 0 of 
a vaccine: cattle being aluays the anims,ls :fer referoncc. At the present 
time control in guineapigs is w,,?d in trw Ir1sti tute for t'HO objectivesg 

1. For ~he mono-vE'~lent vaccines ir1 routinG productiono 

(Monovalent cattle dose: 1.66 ml). 

If tho DVC.:;0 of monovalent "0" vaccine is less than 0.4 ml, of mono­
valent "C" vaccines h,ss than 0.3 ml and of monovalent "A" vaccines less than 
0,15 ml, we consider them satisfactor~ and use them to prepare trivalent mix­
tures which are systom.atically controlled in cc1,ttlc. 

When the value of the Dvc50 is near the lir:li ts which we hEwe fixedi 
we carry out q_uanc.i-tative titration in cattle~ using two dilutions. 

Thus, while economisi:r::.g in the use of ca,tth,, we obtain a q_ua;nti ta tive 
answer for each monovalent vaccinc and can YTJake our })reduction very homogeneous. 

2~ For exoorimental vaccines. 

It is perhaps in connection with the,3e v2.,ccines that this technique 
renders us the greatest service: as a matter of fact, for economic reasons, 
it has not baen possible up to the present time to carry out all the indis-
pensable controls for our ,iifferent te,~ts. 'J11e c:stablishmcmt of the DVCr.:o 
in guineapigs enables us to have a, quantitative answer for each vaccine iind 
to compare vaccines they are grouped according to their activity value and 
then we havG only to carry out qucE'.'.tit•:,ti';,, <:;:i"~ · ,iuns L~ 0°,.ttL, usjnci';::; 
representative of Gach group in order to ascertain the corrolation botwGen 
the DVCr.:0 and thG DVB50 and to have an exact answer. Thus, there is great 
progres~ in that a practice,1 1;1ethod of q_uanti tativc., cor:ctrol has been placed 
in the hands of research workers. 

Certainly9 tt1cc-e are still 'lla.ny points to be cla:cified: we are sure1 
however, tlnt the tE:ohniq_ue use:l -;ii thin tlD liEi ts 'lS indicated, is of much 
val~e in the control of vaccines. 
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Deterioration of the Value of tl"1e F'oot-and-:Iouth ::Jisease 

.Anti1sen already evaluated in In-:i::red I.lice, 

by Georges Ga;yot; Leon0 Dhennii: :;,ncl Louis Dhennil--1.. 

We have alreaciy shovm that when mice c57 }3 1/6; 12 weeks old are 
vaccinated. against foot-and-mouth dise3,se and challcmged 15 days later 
by the inoculation of mouse-adapted virus1 the Josee, of antigen and virus 
being properly chcsenJ it ir:1 11ossible b;i, stud;yir:c the results by the probit 
method9 to obtain a dose-effect law with the m average at pro bit 5 
corresponding to the dose which protects 50 percent of the animals against 
a determined dose of virus. 

This method of determininb the :1ntigenic potential of inactivated foot­
and-mouth disease vaccines may be applied man;t tir:io s and following its use 
during the last year in other experiments on the evaluation on three different 
occasions of the sano vaccine kept in the refri6 er2,tor at an average temperature 
of +4°C, 1 it seemed that its valc1.e decreased.in the course of time and tha:t it 

, .. '. 
was possible to qalculate this loss in quantity in terms of the time. 

It is this experimental work which we propose to report, 
the Laboratoire Central de Controle et cle Heoherches du Servioe 
(Direot-';ur Dr,A" Lucas), 

Work done at 
Veterinaire 

Table I shows the results of ti tratine.;· the challenge virus in baby mice 
born from white Swiss mothers four - six days old and randomised, The 50 l)ercent 
lethal dose (LD50) was calculated by the Spearman-Karbe:c method: this we 
may mEmtion, is justified since there are the s2J,1e m.1.mbers of mic,3 per dilution 
and the 0-100 percent mortality doses are included in the results and9 

corresponding to the avsr2,g'e LD50 there is :1 rcplic::i, of the deviation of the 
averat;e9 intended to determine the 95 percent rclia11ce c;,nd it is evident that 
the titrations_do not give different results. Mice c57 B1/6 vaccinated with 
1 ml. of a 10-) suspu1sion were cl~i;,,ll:.:m,-eli in tl1<:, diffe~·en-t ex1]eriments 1-li th 
r, 100 r, r,oo ' l c•"n •1- T' h. h t . . -. . 1 .. ~f t d d C.9 , C:.9c. a:nc1 ..c,, __ u~ ,.,_,,Qi WulCu wer,::, no Sl_)'1J.11_Cilnt-'-Y d.ll er,':r:c OS9S an 
ms·,· 1· n r- 0-t -b,., r•, -.. ,.-· ri c,..::;,1 
J. C,,,N,,/ 9 - _a,__, 9 C: v-___..'lL,.._).....:.+>...L'-'..l..' ... n--'- izie:ntioal@ 

11.1iBLE I 

Diliticns. -.:'11- =5 / - ' -d -') 2 Sm -o :n 

r '6 146 6 / -- I/ o/6 016 7~33 Exp.I iJ/ ;b )/ 0 I 0,33 

Exp. II -17 ( I 7/7 7/7 "+ /•7 • I I 2/7 D/7 7936 0,55 

Exp. III 7/7 7/7 7/7 4/7 r;/7 v,. 0/7 7,07 0,40 

s) Fer ~oh inoc~lation 
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Table II shows the i'esul ts cf the three exrerimGn ts" It may be said 
that if the first two Eweratc;es are quite justified; the determination of the 
third may to some extent lend itself to criticism, because at the dose of 
0.16 ml. with 31 :r:;ercent survival with t 4,51 the threshold. of the 
aver2,ge, probit 5 is net r0a.chccL Eowever5 the slight anount of extrapolation 
,;hich we have given9 is largely justifi d b,ocause this clctermine,tion was part 
of a series of exp8rimentc; in whic:Ci diff'erer,t forumLce :::,f the same vaccine 
1·rnre being compared a:nd tl,e 
least active, it seemed ri 

usual :::'or,nula being su1)posecl c'11d shovm to be the 
to have somewhat lower protection titres for it. 

TABLE IL 

Dose cf Vaccine 
in 0.01 ml. 4 

,, 
0 8 12 lL 24 m b 

Survivals 

Exp.l 15.4.64 2/11 4/15 8/15 

Exp.2 16. 6. 64 o/u 5/13 9/16 

Exp.3 14. 8. 64 1/16 2/16 5/16 

Experimental results of the dose-effect la;;rn with ·the same vaccine at 
intervals of two months on three occasions, 

From these results it i,J possible to muk0 out a rogTession of the 
50 percent vaccinating dose with the time as has been done in Table III 
11here "y" is the log of tho 50 percent vaccinating dose and ":x:" the time in 
months 9 the first e:x:1lerimen t havi:1g "x" "" o, 

'l'ABLE III 

X X,' 2 xy 

15/4 0 0 1,1871 1,4092 0 

18/6 2 4 ld059 1) '7053 2,6118 

1 4 16 1, 1,9706 5, 6152 

20 1 

1 1 89 = 0 1 
I 2·) \ X -

Y ·= 0,0541 X + 1 9 
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The avera6 e slope of the, thre doc:,e-effoc t 12:ws; '.:,,: .·,, c,_,c, by the inverse 
of their varianci::s is stablishecl at 1.9798 ( s:0,,y ) ,Jo w8ll th9,t a law constructed 
with this slope in a Sc;raph (Figure 2) with the abei ua of logs of DV50 and 
the ordinates of the percentages of protection expr2ssed as probit, considering 
that the degradation of 0.05 per month. allows tte percentage of protected 
animals to be forecast at any tir::e clurint .;he perioci c,f study, by the vaccines 
the specimens of which under study :1re rep re sen tati vo, 

Thus9 a vaccin,3 ,,hose DV
50 

is 1 ::i,rici which at zero day5 wit11. a dose log of 1.4 
gives rise to 79 percent protection (probit 5 o ) rrocluces four months later and 
after prescnvation t an averagd temJ)c:raturc, of 0 c, 1 at the same dose log of 
1.4 no more than 65 percent protection (probit 5"4) 9 Le. an average loss of 
15 percent of activity, 

These results, it should be noted9 h,::ild good only for the mouse and for 
a period of only four months which shoulc1 tai:e into considercLtion tho dato of the 
preparation of the vaccine : they indicate, however1 certain feeble loss of 
activity which9 nevertheless, is not negligible. 

(Centrs,l Control anci R,,searoh Laborator;y of the Veterinary 
Service - Director~ DrcAcLucas) 

S1:JMIVlARY 

In a commercial trivalent vaccine whose 50 porcent vaccinating dose has 
been determined in C57 B1/6 in-bred mice on sever;:11 occasions, it was shown that 
the antigenic potential became significantly reduced (r=l) during pres,nvation 
of the vaccin0 over a period of four months at +4°C., this reduction oi' 
activity being capable of being calcul~ted quite simply. 







ia l 2NDIX VI I 

vrrns 

by 

J. Terrf, C. Dubouclard, P. Bornarel, M. ~oumiantzeff, 
J • Fon t a i n e a n d C . l\l a c k ow i a k ( * ) 

In a former note (5) we reported the results of study of the law on 
dose of monovalent vaccine-~rntec~io~ of cattl0 .. This Jresent paper 
deals with work carried out on establishment of this same relationship 
for trivalent vaccine. 

For some time (4) we have been working on the possibilities of the 
control of trivalent vaccine by simultaneous challenge with the three 
viruses in the same cattle. The encouraging results led us to undertake 
a systematic study which is now in progress. ~e felt it would be useful 
to give an account of this work, always remembering that it is to be 
regarded as preliminary only. 

It is of course quite clear thar before embarking on this problem 
it would first be necessary to study the behaviour of our three strains 
of virus inoculated simultaneously in susce1,tible, non-vaccinated cattle. 

In 1958, CUNHA et al. (3) showed that infection could be established 
simultaneously at different points of the tongue where the three types 
of the virus 0, A and Care injected. The disease then developed in the 
classical way, These authors were unable to recover the three viruses 
in the secondary foot lesions of the same animal in any of the six 
cattle used in this work. 

In a similar experiment, 1I~T:;~:~::::;r,:J, quoted by CUNHA, succeeded in 
demonstrating two of the three viruses in a mixed sample of blood of 
six injected animals. 

In 1959, A~MBJUSTE~ et al. were unable to show simultaneous 
multiplication of their three 0, A and C strains of the virus. In fact, 
the strain 02 which they used dominated their C and A strains. These 
authors came to the conclusion to inject the viruses in the order of A, 
C and 0. 

In this ~resent article, after dealing with the disease following 
the simultaneous inoculation of the three types of the virus (0, A and C), 
we will re~ort, in the second part, the i-reliminary re8ults of the 
quantitative contr~l of trivalent vaccine in cattle. 

!. . :,,aterials. 

fter Inoculation of the three viruses 
in cattle 

Details concerning: 

1. The cattle and their susceptibility to foot-and-mouth disease 

* Work done by the Institut de la Fi~vre Aphteuse, Lyons 
Director: Lr. Vre C. ~ackowiak. 
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viruses C, A and C, and 

2. The challenge virus 

are described in a former article (G) und ~ill not be dealt with here. 

B. Methods. 

1. Challenge. 

The animals are brought to 1solntion stable~ at the Institute. The 
three viruses are injected simultaneously at ti1ree separate points of 
the tongue. The volume of each suspension of virus injected intrader­
molingually is 0.1 ml. containing about 5,000 DIBso (DIBso = 50% cattle 
infecting doses, titrated by the method according to HENDERSON). Figure 
No. 1 shows the points of the injections. 

t 

I 
V; X 0 
\, 

Fig. No. 1 

A 
X 

C X 

\ , ,, / 
Tl ·a k' . 1 -~~h . ~e avo1 ma in& 1nocu at1ons at t e tip of the tongue so that 

results. The viruses are 
develo~ment of the primary 

reactions will not be squeezed when reading 
injected in three se~arate spots and so the 
vesicle from each strain can be followed. 

2. Demonstration of the virus. 

( a ) Point of injection: ~rimary vesicles. 

Specimens, 

Exp0rlments in 17 cuttle huve shewn that, under our ccnditions, 
readings shou.Ld be :.1ade :,t .1n r:v1..>rage of 2 ... 1 hoursafter the 
inoculution. This seems a little bit early i.:ith our "0" strain 
(virus FLrndE:rs 0) but i.t seems to be the ntaximum time in the 
case of the 11 C11 strain and especially the "A" strain, if the 
running together of the primary vesicles is to be ~revented. 

Examination 

Each s;ecimen taken fr0r;, the point:J of ino<:ulation (which ar0 
clearly marked) is subJccted tc tht' con;;·i..er,1ent fixation test, 

(b) Feet: seconda~y fcot lesions. 
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Specimens 

The animcls are slaughtered on the 4th or 5th day after the 
inoculation, depending on the individual case, and specimens 
of the vesicles fror,i euch foot are taken. Because of 
precautionary ,nea~ures in force, ¾e are not permitted to take 
specirrH:,ns on several occasions from the same animal. 

Examination 

The:.;;e Si,Ccimens 
100% haemolysis 

Blood: vircwmia. 

8r0 subjected to the com~lement 
(2) or 50¼ haemolysis (5). 

fixation test: 

Cn the occasion of each challenge, 15 ml. of blood are drawn 
into flasks containing 15 ml. Alsover solution. Centrifugation 
at 4000 r.p.m. for 10 minuten is carried out and then the 
plasma is collected. 

In the ~reliminary study, G cattle were used 2nd samples of 
blood from them were collected at 24, 48 und 72 hours after the 
inoculation. Th1::: plasma wa,; frozen at -30°c before being 
tested. 

Then 9 cattle were studied in exactly the same way, but blood 
was colJectcd ut the 18th, 24tl1, 40th, 48th, 64th and 72nd 
hours. Titration of the ~l~sma was carried out at once 
without itG being frozen. 

Ext,,nination 

Monolayers of pig kidney cells in Earle medium containing 0.5% 
lactalbumen hydrolysate and 5.0% calf serum, 2OG,OCO cells per 
ml., are used. 

For the plasma, the medium is Hank's ,ncdium, contnining 0.5% 
lactalbumen hydrolys;,te but t'ieru;n is not addE:d. 

Two tec:i1niques h:n't· b(:1::n tried succ ssively: 

1, Serumneutralizntion of two vi.ruses to 11ncour8.j e multi--1.ic::,tion of 
the third viru!,-;, 

Plasma, dilut,cd to 1/10 and 1,1 100 arc mixed with ti11'ee: groups of 
two anti-foot-and-mouth disease sera prepared in cnttle (C + A; A+ C; 
0 + C). Th~se 0airs of sera ar11 Ud~d in dilutions of 1/8 and 1/32. 
Following this serumneutralizntion, th~ virus ~res0nt in the positive 
tubes (*) cannot be directly demonstrnt~d by compl2ment fix3tion reaction 
because the ;:rt:'.<:nct:· ;_;f tnc• bo;:1n1· (,!1tisr,r,t gJV\:b ris,· to E:nticornplen11:1n-
tary- rer;ults .. assa6C' .:.-:,f tht: virus y.;ithou,t antis8run1 in the san1e cell 
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system is necessary which, theoretically, should enable isolation of the 
non-neutralised virus to be made. The ~roblem, however, is more complex, 
because the titres of each of the viruses change with each specimen and 
it is impossible to know the titres which each one will have. It is clear 
that, under such conditions, the neutralization reaction cannot be strict­
ly balanced for the three viruses brought into contact with a pair of 
antisera. The presence of a virus with a high titre requires the use of 
only little diluted antisera and, under these conditions, non-specific 
neutralisation will occur for a virus with a slig~t titre, of a different 
type. On the other hand, if the antiserum is diluted too much, it may be 
that, after eliminating these non-specific phenomena, the virus of the 
same type as the serum will be incompletely neutralized. It is not 
surprising to observe, therefore, that following passage in the positive 
tubes, the virus as shown by the results of complement fixation may not 
automatically be that which should be found, 

Because of the results which have been obtcined, we have given up 
this method and have tried a simpler way of demonstrating the three 
viruses in plasma. 

For practical reasons we have not been able, up to the 
time, to take up this technique with fresh plasma which has 
previously been frozen. 

2 • Direct titration of a fresh plasma. 

~resent 
not 

The plasma is diluted 4-fold. Six tubes of culture are each 
inoculated with 1 ml. of each dilution. By working quickly, coagulation 
phenomena are avoided. The virus in the positive tubes can be 
identified directly by the complement fixation reaction. 

In rare instances of anticomplementary ability, i.e. sometimes with 
low dilutions of plasma, it is necessary to carry out a second passage 
in the same cell system, which entails the trouble of selecting a virus 
with the highest titre. This virus infects the majority of the cells and 
because of this, multiplication of tho other two viruses is hindered and 
their presence is not shown by the complement fix tion reaction. In 
order to have a posi ive result in this r action, minimal concentration 
of about 106 DECP50/ml~ i required •. Blow this concentration, it is 
difficult to demon tr t he virus n om~lemunt ixation reaction. 

* DECP50; 
t 

n to of th 
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C. Results 

1. 

Types 
of 

virus 

0 

A 

C 

Multiplication of the virus at the point of inoculation 

Figure No. 

Multiplication of the three viruses at the point of 
intradermolingual inoculation 

Clinical vesicles 
(No. of animals 
with lesion/ total 
number of obser­
vations) 

13/17 

17/17 

16/17 

Specificity 
confirmed by 
complement 
fixation 
(100% haemolysic) 

12/13 

16/17 

15/16 

Notes 

One specimen was 
accidentally destroyed, 
but "0" virus was 
found in foot lesions 
on the 5th day. 

One Sfecimen was very 
anticomplementary. 
There was a suspicion 
of "A" virus in foot 
lesions on the 5th day. 

One specimen was 
accidentally destroyed, 
but "C" virus was 
found in tongue and 
foot lesions on the 
5thda-. 

The cattle in which there were no primary vesicles from viruses 0 
and C will be referred to later. 

2. Spread of the viruses in the animal body. 

F r e 1 i mi nary w or k w a c'; c a r 1 · i c d o u t i.; i th G c; t t t l <: • 
were made for the presence of virus: 

(a) at the points of inoculation after 24 hours; 

(b} in the plasma after 24, 48 and 72 hours; 

(c) in the secondary foot lesions on the 5th day. 

Ex r:rnin::t t icns 



Figure No. 3 

Spread of the three viruses in the animal body after 
their simultaneous inoculation by the intradermolingual route 

Number Primary vesicles Viraemia 2 ft er 24, Secondary Foot 
(cattle) after 24 hours 48 or 72 hours vesicles after 

(mn3s results) 5 days 

670 A " ii C fa. C V 

674 A 0 l,. A C 
514 0 A C C �~� C V 

831 0 A ,-, r>, A C A C v \_, 

832 0 A C 0 A " A C V 

833 0 A C r, 
0 A C 0 A C 

In two cattle, only two of t~e three viruses were demonstrated as 
having sµread (viraemia and secondary foot lesions). Serumncutralization 
was used in studying the viraemia in them (Nos. 670 ~nd 514). As we have 
already said, however, this technique doe13 not new seern to us to be 
highly sensitive. f~gain, in the second r:nimal, "A" viru:3 multiplied at 
the point of inoculatiun and tnere ~us susµicion of its presence in the 
foot lesions. These ,,ncouraging r0su1ts led us to perfect the 
technique for studying virus throughout the animal body, by increasing 
the number of blood specimens, by preventive coagulation of the plasma 
and by using 50% haemolysis in the technique for virus in the foot 
lesions. 

In vn sion of th c· ,'. nii;w 1 boclv 
inoculation of the three -,; ruses 

Number 
(cattle) 

Toncuc b 

lesions 
(4th day) 

AC 
OLC 
OAC 
GA.C 

1240 
1260 
1267 
1637 
1639 
1643 
1666 
1684 
1687 

AnticGmpl. 
OAC 

18 

OAC 
0 C 
0 C 

OAC 

24 

(J () C 

AC C 

r~ 0 
\j \J ,,., 

c.v 

C 
OAC 

(; C 
C C 
0 C 
Oi,C 
o;~c~ 

r 
V 

G C 

OAC 

(EC 

follcwing siinuitnneous 
t'l"'_ .:i.ntrndcrrriolingual route 

(hours) 

ti4 

C C: 
() C 
G C 

C 
() �~� 

" L, 

0;,c 

72 

;, 
\j 

Ol1C 
AC 

C 
()A 

OAC 

0 

9C 

AC 
C 

A 
AC 

r v 

AC 
O::~C 

Secondc:ry 
?oat Lesions 
(4th day) 

0 
AC 

OAC 

C 
OAC 
OAC 



,. 

- 117 -

D. Discussion 

1. ~ultiplicntion of the virus nt the point of inoculation. 

Virus ,-':. 

f;i u 1 t i p 1 i c at i c, n ><a,, c c, n ,, t n 11 t r or our st r 1:: in in 17 c at t 1 e 
testc,d. 

Virus C 

There ¼as one ~rcng recult (~:;. 674 in FiJure 3). However, 
althou.f:,h no rn~1crosco~,ic i,ri:nc:ry ve8icle wc,s recorded at the 
24th hour, virus C wae recovered frum the secondary foot 
lesions. 

Virus 0 

In 4 cf the 17 cattle, we did not find evidence of 
multiplication of this virus. In the first animal (No.1684, 
Figure 4), the virus W3S demonstrated as a viraemia and in 
the foot lesions; in the second nnimnl (No. 674, Figure 3), 
only ns a viraemia; in the third (No. 670, Figure 3), the 
technique used was not very sensitive (three blood samples, 
freezing cf �p�l %¡ �s�m�a�,� serumneutralization) and perhaps was 
incapable of detecting the virus. The virnemic stage of 
the 4th animal (Figure 2) was not examined, only serum­
neutralization tests with foot vesicl6s being carried out. 

2. Spread within the animal body. 

By this, we mean the presence of virus in the blood and the 
foot lesions. In the preliminary work with the 6 cattle 
(Figure No.3) 1 the results Ghow that the three viruues were 
found 0nly four times in the Harne animal. On the other 
hand, using the technique deucribed in the sec0nd part of 
the virnemia work, the three viruses were found in all the 9 
cattle (Figure ~o.4). 

Frcrn tho I'8~3ult:~_; Gh,j¼'n in L·iLtirc' T'-.!(;.:-t, :Lt is sct::;n th.=1.t the 
t y [ e: ,J f t h t: v i r u f, i n t, u c c '"' :,; t.: i. v t: s p " c i n c, n s i s n o t t: l ,.;r ,:: y s t h e 
S,'.-.tilt~· f\.)r· th.t· ir1ui\--i(n..1c·:l n_·t;::~:1~ 1'i1t: titr·es c,f Lhe three 
::y~,e:" ,L t,H, vj1'uc, in tll,. vi.1'.",,1rntc rh ,sc varied :,cc,:rding to 
~:.1c tii~'l ~-"~,J-~_.n Lh~:y i,- rt: :~.c,1lcr:t-~_c!,. I'h, St·n:::;it.1-vity of the 

it rn E ::/ !i -:··L: pc n t n. :_. ~: \-- J t" a :::1 pr r st~ n l in th t) b Joo d >;h C· n 
c d 11 c c t \~- cl c ( .- u 1 ci , b c: c ,.~ u s c t.J f j __ t: 8 1 \_J ~.: c o n c ;__; n t r a t i CJ n , b c 
m2skLd by the others. T::is ii:; m,;r~, lik0ly to z.,ccur whc,n 
th\..::rc ~:re; �f�2�1 '�� L-loocl f:;,~·irnp1 �~�~�- :1nd ;,"'1hcn thl~ pl:·~srn;·;. is fruzen 
b 0 f 0 r c i no c 1.1 L. ti<; n • Scro l c i:, i c ,:; 1 cc n sider at ion of the 
secondnr~ foot ,·csi~lEs thcws it is l~ss BGnsitive than that 

. . 
v J_ r ::-1 e1n~1- ;_: hut ,,tit} it v cry c o n v ,_: n i ~- n t t\ n d s u r e 
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Conclusion 

This expcrim0nt ~ith ~c c~ttl, cn~bled us to: 

1. Point out th2 t0chnique3 fer ict~ntifying the virus0s in specimens 
t ,:: ken f r Gm c a t t l e i n v c u l t e d ~, �~� ,, , u l t n 0 u u ,,, 1 y i< i t h our t :1 r e c s t r a i n s o f 
types 0, A and:. 

2. Show th2t simultan'-ous r.1ulLiplic:;ticJ11 of the three viruses ::it the 
p o i n t s o f in o c u l:1 t i c n ,:: n d i n t h E .1 n i m z:: 1 b o d y u c c u r ~, i n th ,., s am e an i m r: 1 • 
It was net pcssible t2 shew nny t'Vldencb of_ systematic interference 
phenomenon: multiplication of �~� struin cf the virus being able to be 
prevented purely nnd sirnply i .. n :in ;:nim::l, 

In the present stdge of our research, the fact that the failure 
to demonstrate n virus seems tG us to lie rather in a lack of sensitivity 
of our methods than in an interference phenomenon. 

II. Quuntative Control of Trivalent Vaccine 

A • I,la t er i a 1 

The cattle and the challenge viruses have already been descrjbed. 

The Trivalent vuccine N 2067 was prepr:red by mixing equal pnrts of 
monovalent vaccines C (No.11S), A (No.220) 3nd C (No.319) whose DVB50 
(50% cuttle vaccinating dose) (6) we know. The average dose for cattle 
of this v~ccine is 5 ml. 

B. Methods 

1. Vuccination 

The cattle were vaccin;1ted subcutaneously with different doses of 
the v:1::cine, but in simi.1.::r volumc,s of 5 ml, m de up with the 
buffer ,:::, fc1r ti1c DVEso (6). Tll, v,:cc ne, dilunnt end 1 tor, 
dilut:cd \/~_lccinc1 -i,,Jf;re k_t..~·;-)t ~·:t 2\.:friger:·-,tcr t:;;ri1perr_:turc. 

same 
the 

ruup nch f 5 CE:ttlc �\ '� �E�?�r�c� 

used, C.' cl1 

th v:,cc1_n,: 

Th 

J_ rec ivingin f ~) 1 I (.) h" .i n g :1 rn Gu n t s ~) f 
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by "monov2,lent chetllenr,e"; or ,,t tl1ru..: t,c;ints '.:Jf 0.1 ml. for ::rnimals 
challenged by our throe tyies of virus 2s described in the first part of 
t h i s a r t i c 1 e i . e . " by t r i v :, L::: n t c h ~1 11 o n g c " . 

For e ::1 c h c h i.111 c n ~: c, 2 c u n t r , 1 c :: t t 1 c 1..: e r- ,_, u :s c c: , t h e h i g h s ens i t iv i t y 
of our anim~ls tu uur str2ins uf virus bLing t2kcn intc 2ccount (6). 

3 • Reading of results 

The animuls were t;l11ughtcrcd :J d·:ys :.'ft,.r the viruient challenge.· 
The tongue, head and feat lesions Wbrc noted in the way ndopted at the 
Institute with r,;cnov:!lcr.t chall<:.:nges. 

Concerning the nc,t::tion ,.f the triv2.lcnt clic111,;n/,,eG, in tho first 
three squares are recorc'ied the prini,:ry tcngue l(:sicn1s. The SCJcondary 
tongue and mouth lesions aro r~corded in th0 4th and 5th squares 
respectively. The four last squares show the readings concerning each 
of the four feet. 

Each lesion wus systematically controlled by complement fixation. 

An animal was considered to be "non-vaccinated" if it showed one or 
several foot lesions. This is the only criterion used in this work. 

4. Methods of calculation 

We used the Litchfield method, whereby we could define tho 
following four puramc,ters: 

50% cattle �v�c�c�c�i�n %¡ �t�i�n�g� dose 

fD 

s Slope 

DVB50 (p = 0.95) 

fS Frecision o( thu Slop0 S (p 0.95). 

C. .::.esul ts 

In Pigur..:: :"ic. 4 the:re ::re ~,,jJc_,ct.d Uu ;•,.sult~, .,r the re:,dings of 
the titr::ition of mun V.\lent O v .. cc-1.H· ", • l.L 1; which tu;v,.: ,;__l.r~?n.dy been 
published elscwher~ (6) Lnd thL~~ ,;[ the O v.~l net· f triv~l~nt v~ccine 
~o. 2067. Fi'.Urc~s >~ si! 6 ,~nd 7 givt=,, thL, ;~:::n1(: inf\:rtn,:,~1,i.~1n en A nnd C 
valences rcs,.cct.ivc.Ly. 

hy 
8 tn,_•1',· .. re tht· rl:sults 
"tr i. \" ·'.. L '., n t ch 01 l le n g <"" • 

I n t h i s c h a 11 8 n g 0 , th (: (: ;:; n t r () _-t ,: �~� n j_ rn _ �~� 1 :::, s h '--; \-J t.:: ci µ 2 n e .r , , l :i s D t i ~.J n t) y t h e 
presence of lesions in the f0ur fs~t. In Fi~urc Nc. 9 the values of the 
different par a.meters f c,r t!:H:S< 7 ti tr.:. ti ;ns re t>,l] tiC t ul t ugether. 

D. Sto.tisticDl An-:ly::sis 

St::·.tisticc:l ·.1, 1:,'<'-i:-: f Lhi: r s,.tit::c ,bt i·i,,d up tc the 1;rcs,int 
s t age c f cur r e s ti . r c h s :1 w : 

1 . Th e c () 11 C: c t e d 7 t J_ -c r ·: t. i () n ::._; ( :~ i g il r t ?~ (; 
which i~j nGt signific nt:Ly di_ffc,r(:11t (~~t: p 

9) Lorm •, ~>.,hc,rent system 
C. r15) fr\;rrt th .,t L1i.d down 
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for the monovalent vaccines controlled in cattle (6). 

2. There are no significnnt diff0renccs (at p = 0.95) between the 
values of the DVB50 obtained for a monov&lent vncci~e and the value of 
the DVBso (expressed as the volume of monovalent vaccine) of the same 
valence in the trivalent mixture No. 2067 (Figure No. 9). 

3, The value of the DVB5Q obtained by the trivnlent challenge is not 
si~nificnntly different from the greatest value of the ~VBso found in 
this case for A valence (Figure No. 9). 

In Figure No. 8, there may be seen in the groups of cattle 
vaccinated with the full and the 1/4 dose one and four animals 
respectively with gen er aliz e d f c,ot lesions: "A" virus is p romi nen t in 
these lesions. If theso results are compared with those of the monovalent 
challenges (Figures 5, 6 and 7), it will be seen that they are of the 
same order of magnitude as those found in the A valence control (Figure 
No, 8). 

The mean value of the DVB50 found with the cattle which received 
the trivalent challenge is 0.80 ml. The mean value of the DVBso for the 
A valence is about 0,60 ml: it is less although not statistically 
different. In our work, therefore, the trivalent challenge is as severe 
as the most severe monovalent challenge. · 
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Figure Ne. 9 

V,,lues ,/f c:he diff1::,rL'nt 1 .. ,1r:1metL0 rs of the mcnov~·:lent 
V H C C i n C s ' t h 0 V ,l 1 C n C (; s 0 f t h e t r i V [t l C n t V �~� C C i n C C C; n t r O 11 e d 
se-_;arc:tl.,ly ·:nd cf the thr,0 c va.lcnccs ccntrolll;;d 
s i mu l t El n (, u u s l ·,.· . 

Vaccines Ch a 1 l c~ n g e D~./B5() (ml).,, fD DVI:Lso �l�i�m�i�t�s '” "� s 
virus (ml) 

f,ic1nov:1len t 0 
(No. 1i9) 0 0.10 j_ • 9 0.05-0.19 1.7 

0 Valence(No.L1.9} 
in trivalent 0.45 
mixture (2067) 0 3 0.15 2.0 0. 07-0. 30 2.25 

Monovalent A 
( PJ o. 220) h. 0.62 2 .o 0,31-1.24 2.3 

A Valence (220) 
in trivalent 1.77 
mixture (2067) ' 3 0. 5 :) 2.0 0.29-1.18 2.7 ;;-, 

Monovalent C 
(Ne. 319) C 0.20 2. 2 0.09-0.44 2. 3 

(' Valence (319) ,., 

in trivnlent 0.96 
mixtur(~ (2067) C 3 "" 0. 32 1.9 0 . .17-0.61 2.1 

0, \ & C Valences n 

in trivalent 2,4 
mixture (2067) D+A+C 3 0. 80*1< ') (' 

,;..; . ,;..) 0 /I . ,..,, -1.6 2. 3 

i)V'::15() V :., 1 )_; t.c ill in 
~3 tu cl yin g th:_,-

in tiiu ;;:ixture. 

fS 

1.3 

1.5 

1.5 

1.5 

1.5 

1.5 

1. 5 

In t h "' [' -Lr st p :, c 1.: u [ t h i :·, r c p ( r t , F c- ch . .1 t hi i t h Ct 0 n1<> n s t r a t in g t h c'. t 
/nu 1 t i p l i c n t i c n c f ,~J u r t h r t_,, :..-:·· s t r r~ i n s _ ; r t h t: vi r u s y; n s p , ./ s 8 i b 1 c i n t h e 
same suscc~tible bc-vin~ 3nim~l. 

b r. r·~lly fcund" 
;/[tc.n fnir1y ;-;irnuJ t:.n;: 1J:~l~1, ,::11 -,\ . ..:n l;:,. f-.:t~--•C!~. 

t3 f: r -1 ,J fs i c , i 1 .--,; ~_, r~ k t,: L L 1 th ( �~� ::-;, ,_ - :_ �~� n d . r_· \_: f:, ;) L j c} ( · 
th< \:ir~1t:.~n1i::-: ;~nd f>y 
c , 1 u '3 '--' u by t h '- t il r l: 
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In the second part, we give an account of the preliminary work 
carried out on titrating the activity of trivalent vaccine No. 2067, 
using in all, 126 cattle, excluding the control animals, This vaccine, 
composed of three monovalent v11ccines of kncwn DVB50 was titrated: 

(a) for each valence, scJarat ly by monovalent challenge of three 
series of vaccinated cattle; 

(b) for the three valences, by the simultaneous inocul tion of the 
three types of virus in one series of vaccinated cattle. 

The following conclusions can be drawn from this work: 

1. The activity of each valence in a trivalent mix~ure seems to be 
of the same order as that of the corresponding monovalent 
vaccines. 

2. The trivalent challenge gave results in keeping with those 
found for the lowest valence. 

3. Serological work with foot vesicles of cattle in which the 
disease has generalized, enables the lowest valence of the 
trivalent vaccine to be identified, 

4. From this first bit of work, we were unable to show either 
synergy or competition (at p = 0.95) between our strains of 
virus in trivalent challenge. 

If further work confirms these first results, it would be possible 
to control quantitatively the activity of a trivalent vaccine, using a 
limited number of cattle. 

Indeed, in the control of a trivalent vaccine, if one of the 
valences does not correspond with the minimum demanded, the vaccine 
should be rejected, even if the other two valences are satisfactory. 
The trivalent challenge enables the lowest valence in a mixture to be 
identified and its DVB50 t b ostablished and, therefore its minimal 
protection to be stimuted. Thus, if lhis v lenc corresponds to the 
established norms, i n b c et d s quit rt in that the other 
two r r ter. 



MONOVALENT O TEST - 123 -
Monovalent vacci ne O Monovalent vaccine 1.,_', 2 O(i7 

ronQ1e 1101: 

t:b 
Feet Tongue Feet 

Feet Feet 
1/ 4 Dose 

Do:::;e 1/ l G Dosl' 

1/ 64 Dose 1/ 64 Dose 

Controls Controls - ou Feet 
th 

Fig. N° 5 



1 Dose 

1/16 Doae 

Legend : 

Fig 8 

TRIVAUNT T:8ST - 0 A (' 

Trivalent vaccineN° '.20(;7 

Co?ltrols 

Virus 0 

Virus A 

Virus C' 

- l?(, -

1/ 4 Dose 

1/64 Doae 

Presence of a lesion but of non-identified typo 



.. 
, 

TRIVAUMT TBST - 0 A (' 

Trivalent vaccineN° 20G7 
1 Dose 1/ 4 Dose 

1/16 Doae 1/64 Doae 

L~gend ;: 

Fig 8 

Co:tltrole 

Virus 0 

Virus A 

�~� Virus C 

�~� Presence of a l esion but of non-identified t ype 

- 1?6 -
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Dil"FERElIT PARA1IETERS of liOlIOVALENT VACCTh""ES, of' the VALENCE of TRIVALENT VACCINES 
SEPARATELY and of the 3 VALENCES CONTROLLED Sil!ULTANEOUSLY 

---r-----· 

VACCINES 
i DVB 50 in ml (x) fD Limit of DVB SO n ml (x) s fS I TEST VIRUS 
i ·--·,--- I-

"\Tonovalent O ( 11 9) \ () 0, 10 l, 9 0,05 - 0, 19 1, 7 1, 3 
I 

ow• ~-w"""' 

Valence O (lf 119) 
in the trivalent 0 _Q, 4 5 = 0, 15 2,0 0,07 - 0, 30 2,25 1, 5 
mixture N° 2 067 3 

. -· 
\lonovalent A (N° :~20) A 0,62 2,0 0,31 - 1,24 2,3 J, 5 

Valence A (B0 220) 
in the trivalent A 1, 77 = 0,59 2,0 0,29 - 1, rn 2,7 1, 6 
mixture 1° 2 067 3 

-·-·-·--
,\1 onovalent C (N ° 3 l 9) C 0,20 2,2 0,09 - 0,44 ~;, 3 1 , 5 

•-•m•o•M•-"'--

Valence C (Jf 319) 
in the trivalent C 0,96= 0,32 1, 9 o, 1 7 - 0, 61 2, 1 1, 5 
mixture N ° 2 067 3 

Valences 0, Aand i 
C in the trivalent 0 + A + C 2,4 = 0, 80 (xx) 2,0 0,4 - 1,6 2,3 1, 5 

mixture N° 2 067 3 

(x) reduced to monovalent doses in order to facilitate the study of the results. 

These A virus which is the weakest in the mixture. 

f-' 
rv 
-.) 

- -
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A~f.;B.1.USTER C, BJ3CIC PILZ 
3CH~ECXENDISK O.E. 

Herstellung und ~irksumk~i snnchweis mono- und trivalenter 
,,,. . . S • V 2. k z i n Ii :~us 2. r u :::; v o n I\ i e r e n z e 11 k u 1 t u r en . 

Etude s6rologiquo des ty)eS et de v&riantes du virus 
2cphteux par 1 re:'ction de fix:1tion du complement. 

These Doc t. Vet., n 1S53, Rose Edit. 

CUNI-iA TORTtBEL A I.' SAILEJ.L., SEE(.:(AO U .bl. 

Experiment:,1 "'ixed. infection of cattle with foot-and-mouth 
disease viruses. 

Am • J . Ve t . :~ e s • 1 9 5 8 , _!2 ( 7 0 ) , 7 8 - 8 3 

4. IETE1LlANN E.C., ~&CXO~IAK C., CALlANC ~-, LANG a., 

Experiment&tion d'un vaccin trivalent concentre prepare 
avec le virus ?renkel. 

Symp. Int. Virologie, on, 27-29 juin 1958 

5, RCUMIANTZE?F M., STELLMANN C., DUBOU8LA~D C. 

Techniqu qu n it:-_i_;.:ivc de fixatior1 du coinplC:111ent appliquee 
a l'~tude du vi U3 a;hte X 

Bull. Soc. Sci. Vet. on, 1 55 (in cnur of publication) 

6. TE:i:Ci.E J.' . ' 
n tion 



J 

- 129 - APPENDIX VIII 

by 

J. Fontaine5 C. Dubouclard and P. Bornarel (*) 

There are not r:iany rofenmc:is in the liter2.ture to ex11erimental 
studies on forJt--and--nou.th cli_sear;c or on ~.1accination s.6G.inst it in 
sheep. 

VIVIANO ( 7) studied nore particularly the looalizo:tion of lesions 
during the course of the naturally occurring disease antl the appearance 
of virus in the blood. 

DELLERS and HYDE (1) studied tho c1ovelopment of che experimentally 
produced dise2.se, workinc on the viraemia and on cor;1plement-fixing and 
neutr3.lizing anti bodies in the f,erurn of rocoverod or sick animals. 

r!YlTOHR.ADNTL and POPOVICI ( /3) showed tho presonco of complement­
fi:x:ing anti boclies in sheep vvhich wero convalescent or v1:hich had been 
immunized with a saponin inactivated vaccine. 

Iv.Iore recently RIV::I;ITSON, SEGURA nnd ZAKHT (4) worl:ed on ne.utralizing 
and complement-fixing antibodies in the serum of convalescent and 
vnocinated animals. 

For our part, we uishecl to study vaccination of sheep against foot­
and-mouth disease and tho first problem to settle Tias a method of 
dowonstr3.ting irnmuni t:· 9 L:: po::::,iLi.e by s1x:,e direct rni:::thod of test. The 
main difficulty we @et at first was tho irrogul~rity o: the clinical 
losiono obsoJ~--:.r?1.1Jle in. gor-.,_:re.:.izc~O J':.:;o·G-n.r:(,-c-rne,1~1t~---_ dicoas2 in inoculated. 
suscontiblo shccv; for t\i~ reason, dS ~orkcd sn a curer %¡�e�t�h�o�d� of· 
~~8~TIOl"J.;Jtr·ntir1{.-=' in1r::~·;_1:1ity 5 -1~.i .. :~: q ,,i~--t~:1 i11 tl:c h1c)o<2 c:f :Ln~·octod t111imn.ls. 

::;_i_r re )or~c" 
1-11'!de :.-•-·y.~n ti cn..f_;(;_ 

is cGCLY::Lca1 collnboration. 
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I. LlATERIAL AlJD ~I:BJ'fi:IODS 

1. Sheep 

2. Vaccines 

3. Virus 

A. Research on the route of inoculation 

Virus t~,rpo C 

Virus 0 

B. Adapting virus to sheep 

Virus A 

C. hlothods of demonstrating viraemia 

D. Preparation of virus for use in tests 

to demonstrate immunity 

E. IVIethod.s o:f. demonstrating immunity 

(a) Vaccination 

II .. RESULTS 

(b) Virulent ch&ll\on{:;o 

(c) Readin~ the results 

(a) 

/ \ 
\ 

D11ration 

c trol ::mimals 

viraomi 



I:,,muni ty rosul irom v~ccinsting sh~ep 

III. DISCUSSION 

IV. COlTCDUSIO:tir 

I. 11.A TERI.AL AND I8TilOJ2.Q 

1. Sheep. Adult animals ~1ich h~d not boon vaccinated against 
foot-and--moutlJ. disease,, b t in tho L'larl:et in 1ots ::1s homogeneous as 
possiclo. 

2. Y.accincs. 
in ca ttlc. Tl1c dose 
is 5 ml and for sheep 
cattle is 1.6 ml. 

'I'h:::,se -v-:ore ino,ctivc~tod v0,ccinos prepared for use 
oi t:o trivalent �- '� �a�c�c�i�n�o� for cattle of 500 kg. weight 
2 ml. The average dose of ~onovalent vaccine for 

Tho trivalent :.md i:1o:c10v'11ont v0,cci11.(c:S arc tostsd out in cattle by 
c:1c,llongo ·with virulent 1:1,:::00I'i:.-.,ls in E'.dllition, rnonov2:lont vaccines are 
tosted by asco:rtaining tl 1<1 50 j;>orcont vae,cinating doso in guinoapigs (5). 

Virus. 

A. Research on routo of inoculation 

Our first work vms to f:incl a rout,3 o:f inoculation whereby 
foot-nnd-mouth discnso lesions would bo produced in 100 
porco11t of --cJ1(_; t2'0c~ tod r:nimals. 

~3> '-;ci1 :L11trDdeI,r:'t<r~J-l:y·· or~ ttu: 
i1:1:)idu c:j: -~t:.c thi 

int 

ir.. tc tl1 or.J.gu.c iilUCGSS. 



(b) 

132 

Th9 C type virus
0
h~d boor pass2god 3 times in cattlo and 

its titre was 10L•~/g. E~ch shoop recoivod 10j000 DIE 50 
in n voluriw of 1 i,,l (s::,o te.bL Ifo, 1), PIB 50 = 50 :,crcant 

' tl · -· · -r d I t' , ) "'h · ' d · · t l ca~ c 1n1cc aoso~ hon orson s me ·noa. ~-o in~or 1g1 a 
or tho tonguo inocul~tions protucad tho most clean-cut results. 
E}:porin1e:r1.ts ~~\iGY:0 tl1on c,:-~rriod out vti th vi~')d.s t~,-1;os O o.nd A. 

Ten shoop wore inocu!2tod ~ctwocn tho two digits of tho faro 
foot with 109 000 DIL 50 0 f virus rrhich hac3. boon passaged 6 
times in cattle: only trro of the sheep, ci1on slaughtbrod 
5 days r,.f-cor the inocuL:ition, showed lesions of foot-and-mouth 
disease. 

(c) Virus type A 

Ton sheep vrnre inocule.tod with virus passaged 3 tim0s in cattle9 
tho routo being r,s that usod for virus type· Oc 5 of the sh0ep 
dovolopod losions o:f foot-2,nd-mouth clisoaso. 

From those observt,tions we concludod thnt to set up tho di.soaso 
rogularly9 thoso ,,irusos require to be adapted to sheep. 

B. Adaptation of tho virtl.§_es to shee:12 

(a) Virus typo C 

Using virus passaged 3 timos in cattle, successive passages 
vmre made in shoop as follows s 

V0sicuL:1r n:d.c.:rial is groun( up and sus:i_)ondod in phosphate 
buffor at pH 7.5 conto.ining '..mtibiotics9 in a proportion of 1 g:r. 
to 9 ml buffer. Tho sur:ponsion is centrifuged for 1 0 minutes ' 
at 6,000 r,p.m. and 2 - 3 ml of tho su:,.Jo1°ni':,tsnt fluid is in­
joctod nt scvoro.1 poink, of the tongue ri1ucosa of 2 - 3 shoep. 
In 20 - ;:~. huurs, tl-1-: woll c1cvc)lopocl vosiclcs with the containing 
lymph aro colloct::,d c,nd a-ro 1.1::ood for tho noxt passago inoculation. 
After 8 ;3c1c::~ ~x_-..t:.r.>;:zos 1 soncre~1ist1tion o/ "tl:o c~incaso doas not 
occur 
gcnoralization ~a 
blood • 

2,ll th inoc:;.L, tccl shoo:o; 1.70 thon verify that 
occurred by lookinc for virus in tho circulating 

... 4±-.tc::r tl-1. ... ; 1 Ct\ ::-:::-:s<·.0t0 5 -.7'J ~~in.cl a. \/il,..c.smiEt in the 
inocuL::.t0ci ncn-v:1,::ch1s,t0d sheep. ':Vo con2idor th2.t at tho 
13th ,assaJO; tic virus is sufficiently adapted to sheep for 
use in immw1ity ch~llon~c tests. 

(b) Virus t-Qo_Q 

17i""v--- Nt-r,,.,..-;,1 ito ti's-1 ··•,.."'"",-,rt ir-;01--·+ .. ~d -·~ 1c·!')Ll' ~n,.J n,,-,c-1 .... !.J'C'd 'J .c. ~I~": ,.;:i - c.,,.c..,._, , J..'.J;,. .:._,<".;,C,_J.\J .J ,_!. \)'._; ..'....~.-. l .,}\ n ::...'. '._t �_�i�. '� �t�.�.�.�-�.�b�o�C�. �0� -.,, 

t,·r4 C"' i11 ,·· 0 t+~ r, I r::r, 1,·y•e;--cnt ccc-'·+1· ·, t-.1· +rn - ·1 o-.J.2 / .. ,T' '\ ··•c,Cl 
VJ.. V �~� '-"'-·~ v._(_; \..}'-' .,:._;'-'-- \_.'.__ r., ••• Vv V '-' V - ' /~_)-$/ \;(.4)-1 

inoculated as ~~ave i~to two shcof. As ~s tto first 
112sso30 0. virr.,3:Dio, ·.:J.s ro,~;Ul'l. found. 1-..d:;pt;:.ti:m ,.1· this 
virus to she~ �~�~�a� stcp~od 3fter tto 4t~ ssago. 
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Table 1 
----·-- -----·---- - ----·-t_i.op._.~of ;_f o.9_t,:-_a_nj.._-mot~tp. _ _Disoaso virus~-~·ff_o_r~~~i::_,.E.o.::!,,t_?_~ l_} esj-on,.:,s~ ... o.bs-5:~ry_od __ _ 

! - ! 
route sions after different times follouing ii:iocu-l· lla.x. !- Lesions found at ,:,.utopsy 

- ____ ,...lu:tl..Qll-.• Tompo-! 6 dnys aftor tho inoculation 
__________ --· !___ . ! 48 . ..h..9J:lrs . __ . ! 3 d..9.JC_s _. ! __ 5 dnys __ I r.r,tui:c;L _____________________ _ 

! I ! ! ! ! 
nil tongue 

bnnds 
nil tongue 

foot 
nil nil 

tongue 141.6°C! 

tongue 

tong·ue 

!40.6~0! 
l 
!41.4°Cl 

Tongue and rumen 

Tcnguo, 1 foot and rur1on 

Gum2. and rui:1on 
--~---•~---M-------------------~-~<••--,,,~••-------------~•~-----• _____ ..,. __ -~-

t 

fore foot 12 faro foot ! 1 f'oro :foot 

fore 
) i 

ft.,tong!1 faro foot 
! 

140.8°C! Tone,1.10:, i~;ums,4 fuot c:mcl rwuon 
! 
!41.2°C! 

y 
Tonguo9 4 foot, rumon foro foot!1 

! 
fore foot !1 fOT'Q ft., tc:1:1~! 1 f.ft., tongue !41. 2°c ! Tonguu 5 gums, ruJ:1on 

--------------~-----•---~--.. ~,>,~--M---------~-----•---------- •-- - - -

routo! 
! 

nil 

nil 

nil 

nil 

nil 

r:il 

! 4 �~� 2°G ! a11d run:un 
! 

139.5°C! ~o lesions 
th~-f;h } ! ! ! ! 

,., 
<:.,l 

c,:i 

·1 ., ·1 . .. 1 ° t"'1o C' · 1 ! lll ! Dl ! 0110 fllllC. ::i. 00 ! t+ ! 1 ,:_;;urns o.n.c, ri.:ui1on I 
-~ -~~~-~--~@ ____ , ________________ ,._.,_, _____ ~,_,,,_ ____ ,_ ______ _, __________ �~� m-• ~--,_.,._,..----•---~---••-----• .-~--~,-----~---•-• -r••---~---• •----~~. •-----------------• -------

routuJ 
! 

" 
! 

l"OUto 

! 

) 
) All 

vor;) 
small 

nil 

tongue l vosiclo~ mw3zlo + ) 
_____ i :t_o_n.:::2.0 ___ .2. ____ ! __ 

! ! 
nil ! nil ! 

nil ! nil ! 
! ! 

nil tongue ! 

nil ! 41 • C ! 'l' m1g1.w 0,nd rur:ron 

nil l 40. 9°c 1 'rone,uu m,d rurncm 
! ! 

1:il !41.2°C! ? gums ::mc:l rrn:wn 

! 
nil t40.9°Cl ) one foo-t 1 rwnen 

! ! 

nil !41.2°C! no losions 
! ! 

nil ! 41. 6°C 1 1l1ongue / gums~ 4 foot? rumen 
-·- ··-------------------···---···---·-··-·----- -----------.. ·-·----.. ------·-· ----------· ---·-···------· ·---·-· -----·--· -· ·------ ·--·-------·-· ·----·-·----

Toni:;uo ! tongue ! tongu.e !41.2°c! Tonguem gums, rmnen 
! ! ! 

mucosa ! Ton&,uo l ton6.rue ! tongue ?40.8°C! Tongue, g'UffiS 9 rumen 
! ! 

! Tongue ! toneu,<3_ ! ton@_~ !41.2°c! Tonguo2 gums,; rwnon " ·c:: 



(c) Virus typo A 

The virus usocl hc,C:. boon p2ssagcd 3 times in cnttle (50 percent 
cattle titro = 10 �6 %  �7�/�g�r�)� and its adaptation to shoop TTas 
carried out as abovo. Viraomia TTas present in all the 
animnls after tho 6th passa2;0· and adaptation to ,,hoop vras 
stopped after the 9th passage. 

c. Method.§. of examin2t_i_or1.!or viraomia 

D. 

A sample of blood :fror,1 t 110 jugul::o,r vein in Llsovcr anti-coagulant 
is centrifuged at once for 10 minutes at 4,000 r.p.m. Several drops 
of the plE,sma are then need in oe.cl" of /~-6 tubes of monolayer pig 
kidney cell culture and tho cytopathogenic· results arc examined at 
24, 48 and 72 hours later. Tho typo, etc. of' ·cho virus is confirmed 
by complement fixation. 

Preparation of-___:tho yirusf oT immunity challonge __ tests 

Up to the present, our work ha,s bcon mainly with virus typo C. Tho 
tongue vesicul.e,r material of 3 shoop inoculated -.ri th the 12th passage 
virus is ground up in Hank1 s mediw'TI to vvhich lactalbumin hydrolysate 
is added g the ratio o:f vosicuL::,r material to modi um is 1 gramme to 
9 ml. 'rhe supernatant is introduced to a cul turo of sheep kidney 
cells and left in contnct for 10 minutes; than this liquid is removed 
and roplacod by Hanl:1 s medium+ lactalbumen. 'I1:1e cytopathogonic 
effect is completed in 22 hours and tho liquid of tho culture is now 
disptmsed into small flasks and frozen. A flc:1s:z is used for each 
test. 

Tho 50 p:3rcont titres of this virus (per ml) areg­

- 107•2 on sheep kidney cells 

- 107•4 on pig kidnoy colls 

105•2 on cntt1o tongue (Hondorson1 s method). 

E.. Ni:othod for octim,~tini_~ i rnrnuni t;v 

(a) Vnccin2tion 

Tb.o vc:cci:r10 :Ls i~~:jcctvcl .stlbCl1ta110(:>L1s1y i11 t},.c) Jroast. If a 
fixed dose is used, it is 1 .6 ml for trivclcr. v2ccino, 
i.o. 3pproximatoly o~o third of the caitlo dose. 

In order to establish a 50 porcont vaccin~tinc doso, tho vaccine 
is 2.1vrays injoctod i:1 n voluco oi' 1 .6 ml, tho dilution being made 
with a simple bul'for oI the fol l_o,.Jin,3 cou:)osition 

Distilled \Tator 
ITc.,2 C03 
l-i"a H co3 
N2.Cl 

10 litros 
Oc 530 5r 

16 .eoo [;r 
85 gr 



r not to use diluent con-

3lrod 3ac~lcs for 
· ~,.·c~ ... :_11:_ ~:Jir1r; ::11ti tcclies, are ta:cen ·before 

o~o t~o ctallsnge test. 

In our 
early '.'i·~rlr crs in,4cctod 1 000 m:n 50 cn.ttle virus betvreon the 
clD:r,7'S of t:~e fern 1"'ec-t, e ~To;.;. ·,/c :J.SO vii--us r)rodt1cod 011. sheep 
ki~noy cultGros1 inocuLatud i~to tho tongue mucosa. A dose of 
10 000 F:;C~' ,,() ( ·i r '."0 i)"'l''Cl-"''17' ,~H-'- .,,y,t}1oc..,-,i ,~ cffant ti tr,,ted on 
pig ·~;:id;1;~ . c~"LJ. /):' ui 2 ~-;Lu;~;, or'1 ·1"·'~1 i ~f:i~~j~cted '"'~t' a tout c; 

20 places. �D�~�~� turos of the injected sheep are 
roco1-"fded .,., 

( c) Rending Results 

In tho earlior ·c,ccts, in ,il'.ich tho E:hee11 we-r.-e inoculated vrith 
cattlG virv.s 9 c:r:.12" rn·ir1;:u;t or secondary foot-and-mouth disease lesions 
vrere noted, post-,~ortoE1 oxacination toing carried out 5 d2,ys nfter 
ch:1llenc2:e. In th2 ff,t:,thocl nm: used9 samples of blood are taken 
24, 48 Emel 96 h:JuE, afto:::· the challonc:,;e for ex:cmination for the 
l)resoncc, or abscnco cf vL:us, In shoe;> in which the samples 

ta~~n at 4· hou~s show viraemia, no furthor blood samples 
arG roquirocJ. 

II. RESULTS 

~e havo uJ CG!1~~do~atio~ of visible marroscopio lesions as 
cri torir." i'ccau~,o ·":h. _,._,::;.o_~:ularity· o.f th0 occurrence of secondary 
lesions c),"G t'.1:,--C -Jo found. tl-.at 22 non-v:,ccin0,ted 
shee~) i11jccted '/Vi t}1 ::;110 t~\~1;e C viTu.s into tl1G tor1g~t10 c1ucosa 
d,-:welo110C1 inucuJ.c:cion 1-.~'.:i_(.:lrn, t,d; ,·nly in "12 of thsm did secondary 
losioL'."'"'. occt1:i.~,, C-:i t.}:_·_~ tYt,·,; ? injoctl~d ·r.Titl1 tl10 C t:y-20 
virus l;2t•::r:;or1 -Llic clc:..-~,.,~17 dc;\rcJ1 '.J~-~-::,c1 ut?i. j)rirn~~ry ,:111d soconcl:.1jry lesions o 

1 arg·c; :~>J..'() .:.JC~ ·t j. t;~1 

CJ':.3ri:=L n.a ~c i 0'.':'.1 .) 

Vi1"'.13c.~~13-a - ------•-'·---"-

I ' \ ,1 _; ',, 

.;;1 ::.::.2.:J"_,,_:~~.t:. ;icr. Ji' ,;'), r.:r1d 0 ... liTllSGS c;e.:vG 

- .:; _ _ ·c)",Oi'C_;:j)JCs c:1do:vtod tho .::;tucly of 

,--:(y •::. i:c:j cct ed ~,,\ri t~·1 :C cot-2.~li-n1outh 
tu:.c•;~:;~:< z:.r1c~. l:.1~:o t}1Gir ::-~1;roti to ",-ilhile a 

v:i:..:it_l: c~ir.:.icaJ. lesions a:c :-:icst-mortem 

11:~ ~,cr.:.~~,1 .. :. . ..; 1I:ucot::a -s·/i tb. 
'Ji:r-liornia ·;;;;;_~s foun"·1 in 

10
1 
00() 

53. ~1i z . 
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in 43; there was viraomia 24 hours aftor inoculation~ in 10 of 
tho remaining 11 sheep, viracmia was found 48 hours aftor tho 
inoculation. It is to be noted1 however, that in somo of tho 
shoop posi ti vo at 24 hours, tho viraoni:, hnd disappoe1rod when 
tho further oxaminc1tion °~t !;.8 hours was ce.rriod out. 

(b) Duration of viraomia 

To obtain information about tho duration of tho viraemic phase 
we inocul2,tod 5 shoop and took blood samples ovary 24 hours after­
wards, with tho followinc; resultsg-

24 hours af'tor inoculation virnernia ~n 5 shoop, 

48 II ff It fl It !I 

72 tJ ,, 11 I! in 4 sheep 

96 ti 11 II - no viremia in any of tho sheop. 

These rosul ts are in c1groomont with tho so recorded by other Yrorkors ( 1). 

{ci Degree (intensiJ,z}_of viraomia 

Sovoral titration (on pie kidney cells) of tj10 plasma of inoculated 
sheep at 24 hours after injection shovrnd that tho average titre 
varied from 103•5 to 104•5. Tho results of titrntions of tho. 
mixod plasma of 6 sheep injoctod into the t,onguo mucosa vrorog-

Samples 23 hours aftor infoction 104•8DECP 50/ml 

ti 50 ll I! fl 106.2 DEC!' 50/ml 

11 1 i 0 If If r, nil. 

B. Vaccinated animals 

Anim2ls ,_,;1ich roccivod Y1orm1.l t:oso8 of v8ccino (1/3 - 1/4 cattle doses) 
showed no evidence cf virnomiG, 

s on. 1 -. ' . 
.~ rE~C\;:LC;'.;.,S cl -cnosu doses In imr:mni ty 

(see tt.o noxt section), 
2 days aftor challenge; 

34 shcTTcd virnomia in 24 hours a~d 55 in 
only 2 l::,,tor s2.mplo s sho0::in6 -;iraomia. 

We, t.rrnroforc :;xai21inod for viracr:1ic:o nt 24 °,nci 43 1-'.cui·s nftor 
challenge nna- to be on tho safe side, at 4 days. 
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IMMUlUTY OBT.ADJEI BY 7ACCIITATIOl! OF· SED:iJP 

A. Trivalent vacoino in a sin~le dose 

(a) In a preliminary exp~ri~ont, ~~_inJ.·ec~ed 10 s~ee? with 1/~ cattle 
(1.6 ml) si.Lbc·.1t,meously oJ. a c1J.ioror,uly prouuced trivalent vaccine. 
These o.nimals to,§:ether vri th 4 controls '.7ore challenged by injection of 
10~000 DID

50 
tyIJG C virus bc:t\"1.?-0~: t~1c;, clas!S 14 days after vc,ccination. 

Blood samples ~ore taken before vaccination and sftor challenge and the 

doso 

serum n°w ox2,minod for nrmtrc:li 2,nti-bodio3. Tho rosul ts7 5 days ni'ter 
challenge, aro givsn in table No. 2. 

(b) In a second oxporiment, 19 sheep were vaccinated as those in (a) and 
were challenged v,i th i o, 000 DECPr; 0 virus C prepared on sheep kidney 
cells. ·Immunity �v '� �a�s� examined t?r obsorvation;:, concerning viraemia after 
24 9 48 and 96 hours. Lesionu ;_rnro noted at post-mortem examinations 
carried out 4 days after challenee (Table No. 3). 

It may be concluded that thera was no viraomia in the vaccinated sheep; 
and one trivalent vacoinc,tion :,ccords very· effective protection from 
the 14th day after tho vaccine is injected. 

B. Monovalent vaccinntion2 usin_g di:i:'feront doses~ determination of the 
50%. VRCCinated d~ 

.After Lavine: est8blishod R gooc't method of c.leternining immunity by 
examination of viraemia, we bocan a quantitative study of the vaccination 
of shoo1), We ur:cd monov'clont C v,2ccine9 lTo. 19; the results of its 
quantitative estimations in catt1o 0,nd guinoapigs are given in Table 
No. 4 (2? 31 5). 

In the first ilwtm1co? \VO invosti3at0d the size of the 50)6 vaccinating 
dose of this vaccine for shoc:p, tbon the developr:Hmt of its v::1luo. In 
this ·.-rork, 250 ~,;h0ep ';:oro vc.1cci:::s,t.:ocl Yti th different docrns of nonovalont 
type C ~o. 1) vuocinL ~nd the v3ccinnting dose for sheep vas 
ostab1ioh2d r::cnth by m:,,ct}1 for 3 :;,:ont}-:s by 0Ti:::-ul 0mt challone::o and ox2.mi-
y.,,·~i· "'"' -•~n")"' vi' rclP1"'0l0 

".) (rp.,1-.·; ,, ·,,~,; r, 'J r.,ii•,"•rr, +],r ,,,c;rnlt:""' ,;•e ,.,.,,")"',, ,.,'oln to 
J.J.•--,u _,~1_ ...L\_.,.,.._. , '"'""'~'j_ c'$ , ...... ..,LJ..1..., _,,,. _,1 • J ,.f~-+ v.._-4<..., ..,_,_,,;.:)\ .. A .. v~JJ .J ,,v_....., 1.-t ""' ,, 

ostn'.Jlish. th,:: civ,rr~ti~Jll :·i' j_::~-:,ntr1i t.:r ir: to~,.2;71 o~· tho nun~bor ol 501c 
~,2.0 ci11ct tiY:.t?,' c~c SGS~ ~.1l1c �~� .. ,J ,~-~ (:;r..;i:,..,.' t, in::: i:·l() :.:_;.G f DY ::>l!G op i S :J. "l) ·'JU t 
j O ti!11G~ ~-~-~ss t}1ar1 thn t .r ~:~-· C'.'. Ltlu &f� 

III. IlISCUSSIOlT 

Study of foot-:3,,-_(l-r,:,:iutL CtLo<.1c:.r'. :: v·,ccin,,ticn ol· flhoo:p ,7r:,s ursot, in our 
early '.7ork: 9 e;ce,"G.80 oi:' t:r_o [,;r0:;t di.'.'~'ict,::. ty i.ri se Vt inc ur c,a,Jily anc1 regularly 
an obsorv2-blo di~,o,,::ic in ncm-ir,,:'r,nic,d::i. cnimc,L,. Aftc,r 3t~dyir~.:: different 
met11ods aimed :_it =-•rc 1~~ucir1g :fco·t-:-,,~,;.J-~!'HJl:~t~ 6-if;ca:::Jo lesio11s i.n 211 CO!!trol 
a11imals ( f;·,,:.c'.Jc;sr::i_ .. �I�e '”� r•~sn:-1_~·c:J t~·1 s}1_: __ ;•.3f: 7 diff-: .. rc:1 ... .;.t r:::,utcs of i~:cc'J.letion9 
etc.), direct ,t20rv2t:;n l~ni;n~ ;:')~~ virulent ch~ll~ngo 3fpeared 
to ~}C ins.cleq_~lf~ tc: t .i'.:C::~CJ}OSCr; C .· 'i 1 ~--:.11. ,._-k,:, 

fC\re or:::.;y· l}Cl ,~-::.:_ .. JG ... _.,.r,;.::!_11c i~1 j vC1.·:,:1:~~: 'S T2:3ttl ts. Iitr~tion of serological 
a11tiboclics1 -:.-.,-~~._iJ ·~.r' ::::~1.1c~1 ir.1.t:.,rc~-~t:; .., , .. 
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Investigation of tho presence or a~sonco of viracrnia in inoculated 
sheep soer:1s to oo a sure ancl relatively 02.sy method of �d�.�e�t�o�r %¡�i�n�i�n�g� tho 
susccptabili t:;r of shocl) to fout-;_:,r1lt-1:1outl1 disoaso. 
505'~ vaccinatinc; dose, v7e havo booL :::,t,Jo to mc1ko 
of foot-ancl-moutL diso1:1su ir,,munity of shocp. 

Uoterrni:ning· the 
itativo evaluation 

Tho position is that e'1ery 2nir:1al ·i1hoso serological antibody titre is 
measurable, fails to sho~ viraornia after the inoculation of a pathogenic 
virus. On tho other hand, anir:12,ls Yii th virus in their circulc1tinz blood 
after such inoculation, al1mys ;:;ho·ir sor:10 symptoms for ,:;ovoral dc1ysg high 
teml)Brature~ dojoction, loss of ari)otito, ate. 

By considering tho 50% vaccinating closo for shoep of a vaccine -v,hose 
activity is rrell knorm for cattle and giuncapigs~ 1!7e have something ,vhereby 
the immunogenic power can be compared in those three spocies. On the other 
hand, by determining tho ovolution of tho v0,luo of this 50% vaccinating 
dose over a period, we boliovo that precise information can bo obtain~d on the 
duration of immunity in terms of tho irmmnogcmic por1er of tho vaccine. 

IV. CONCLUSION 

Clinical genoralized foot-nnd-mouth disease lesions are not ahvays 
present in shoop and, therefore, cannot be used as evidence of tho disease 
in all susceptible animals. 

By study of the viraemia in ,mimsls inoculated �·�; '� �i� th a shoep-o,cbpted 
virus, distinction can easily bo mndo 1x)tvmon protected and non-protected 
animnls. 

By t}w establishment of the vncoin'3ting dose for sheep of 0, vaccine 
of known q_uali ty 1 th0 q_uanti tati ve va:Lue of the immunity of sheep from foot­
and-mouth diseaso vaccination can bo ascertained. 

From tho evolution ovor period of this 5 vaccinating dose, tho 
duration o:;.' i:-1'.nuni ty t foot-,nd-mouth disease cc1n bo ascortc:dned in 
terms of tho ir:nn13-nor;crlic value of the v:c,ccine used. 

From tho Institut 
(Director - C. ; 

cuso 
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Table Ho. 2 

~'hi1.LL,n;,:e of lU ~;hcer lt1 clays after trivalent vaccination by inoculation of 10,0CO DIBr-o, betwccen the claws _,.. - - ) 

I! 

Tl 

!I 

II 

!l 

!! 

;1 

1; 

II 

ted 

t::::c_p i~ e f.'. 
T?.o,mlt reJ,cl 5 

r:ec·t 
. . 3. 

j_l 
LL 
il 

~';il 
.:,t:_1 
'Til 
:il 

;;n 
d.l 

1 

L•.:SiOllf) 

Rurne:q 

Hil 
Nil 
Nil 
Nil 
lhl 
1Til 
1Til 
Nil 
Hil 
:Til 

+ 

+ 
+ 

fill 
fill 
fill 
Afl 
fill 
fill 
~l 
llil 
fill 
llil 

+ 
+ 
+ 
+ 

Gums 

Nil 
Nil 
:1Til 
J'Jil 
Xil 
~Jil 
Hil 
lTil 
lTil 
]Til 

Ji ... nti-0 

�~� .1;_ 
J.3 
l. J 

.8 
L7 
1.5 
7_. 7 
C) 
(._\) 

.7 

lo ::Jf the dilution of the ::::erur:i noutralisint.S lOU :DE 
after the challenge 

.Ar2.ti 1Jou 1. ---~ 

i,nti--A 

1.6 
l. ~) 
l 0 - . / 
L5 
'·' ":z 
L . • ...,.I 

2. 
l.j 
2.1 

'~)0.i•l.,~.1<1 lost 
2.,2 

* 
Anti-C 

Oo7 
1.2 
()" 8 

�~� u.4 
lft-~­
L O 
u.5 
0.8 

0.7 

------------------·--•--·-- ---------· 
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897 II 

c,08 fl 
,. _.J 

271 control 
272 II 

273 11 

274 II 

275 fl 

882 
885 
887 
888 
891 
892 
893 

vaccin;_1, ted.) 

276 
~j77 
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279 
280 

fl 

fl 

.ft 

I! 

II 

control 
Ii 

ti 

II 

II 

881 v,:-1 eci:r:.::,·SC?d. 
823 11 

'.)CJO 

22) 
230 

232 

I! 

11 

ll 

ii 

control 
1l 

11 

I! 

) 
) 
) 
\ 

l 

::4 

Nil 

+ 
+ 
+ 
+ 

+ 
+ 

+ 
T 
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'l1ablo }fo. 3 

72 
ho1 . .u·,J hou2.·:..; 

+ 
+ 
+ 

48 

+ 
+ 
+ 
+ 
+ 

+ 

+ 
+ 
+ 
+ 

T' l. 

Hil 

+ 
+ 
+ 

+ 

+ a vesicloc 

9C 

Eil 

+ 
+ 

+ 
+ 
+ 
+ 

+ 

+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 

+ 

+ 

+ 

Lecic110 

+ 

) 
) 
) 

Nil) 
) 
) 
) 

+ 

lJil 

+ 

) 
) 
) 
) 
) 

+ 

7Til 
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8 

8 
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::>f the serum dilutions noutra.li 100 DECF 50 in 50?~ of tr:.e cell cul t\lre tubes ( ~~). 



,-v'J+' 
.:....;. u ~est: l month after 

'"" 

• 

- ,3 -

�~� 'l ·•r r:; 
, :LU 8 "'JO • .L 

Test 2 munths ~fter 
·•,,,,,t.;., va·,·.;-y,ti~-- \ V">:•r·in"tirYi ·------·~1: __ .... J..~: _i_l-11, n , l.i~---1 .... ~.:1, v~ . ..:. ' =4 - �~�:�-�- '��·�.�,� ... �~� -~)..1.... 11,- 1 -- q r - �~� . ,, 

'.i7e;_;t 3 i;:ontL; ::i,fter 
11 etc CJ_ :rt}}, t l C) h 

''iUc;J~e1· , o.:: • J!1.:i.r:1DeJ:• i Le .L \ Do:,:e _ cl \ :n.1rr:~or l":•.~:t~i. 1 _;_,o;•, .. o.'!. ,u.r:1t),,;:r_•; J,1ea1_1 
·v·1 nc·•11e I o·: 1•u;,;t·1- '1 V"''•··ir10 f-v,t·1}:·•,l,, '-1/'--' ....-.. •'- _.. ~~-. ,___,,..,, - .cl.J..I.. _._,u,Lt/ ( :· o:C 1\I~t5._-

Titre• Titr~ 
(rr,l) / shc,.c:;i, t! (:~,J.) : 'I1itre 

_______ _:_ _____ .__ ___ -l, ______ .,_ ____ l--____ ..,_. _____ 1-----~-----

l/- ~, _,-,. -~ ~I ri ! P / 0 1 .;_ e 6 _.;;:. u. ..,.u_c. : "'· 1..., 1= ~•1 · 
i ! 

6/6 ' ' I 7/7 \ < • . ~. 
I ' 
I~ r· ! n :Y)' i 3 /7 }- • ! ,.·o·,L) i / . l 6/7 < o. ; r· :. c;12 5/7 

: 
6:. �~� 28 

. 
.5 I 3/7 6: '7 

& C125 ,< /7 • I "I"/ 

,- I I') I'"' .t'- ; . :· /7 
J '--, I . ,:.; 

I 

j ' 5 ,,::: u. ,-
1 

C.) 

o ·)r:1(' 

c·1 .1 

3 /,,), I ,, i~ C;. 31 
l 

�~� .!) 

• 1 c/7 1.\F_;i n 
• C: 1 /o 

I,/ �~� 71 

l .1., 7/7 < • L ,,- Cor1-:::::..•1Jl ~-; 
I 

7/7 
k., ,_ :;. (.lnn:t:t·c 1 :J 7/7 !< ".).15 

--------.----------------·---'-------------'-----------------
. ··, n7 '? 

_;'. 1._,,_j nl < *·\,. ~136 < (~-, tt•·')-1 
Va '-'L._L __ r:11·<2-.03/r -------

1-~~ tl· 2,i't2r test 
'.i'v C 'cl .rlUJL 

�~�~� )(· 

D.Cl 7<0,;~_5 r;,~ < o. 03:'. -)'..,;,'') r, • ,·, () '7 ,J_ <"' -\7 \_..,. •,,,· <.. ,,,'-' • •1 r:L 1

• ' ..... 



- 144 - M:: PEND IX IX 

TEST OF INFECTIVITY AND DOSAGE OF FOOT-AUD-MOUTH DISEASE LJ SF.EEP 

"by 

Dr. J. Carcla:crnis, .Dr. C. Pap1oous, Dr. J.J, Ilrovas9 Dr. P. Stouraitis and 
Dr • . L Soimonis 

T"no do sago of foot-::md-mou th disoa,so vaccin0 for cons ti tutos 
a serious pro'blom \:hich, up to no·:r, ~cs Y!O i:cnO'c'J9 h:_u, not 'boon doal t 
with systematically as can be soon from the lack of rosoarch carried 
out on tho su'b jcct and from the di vcrgonc.r of tho vaccinating dose 
recommended 'by the institute producing the vaccine (dose of vaccine 
bcinc 1/3, 1/2 or one cattle dose). 

For Grooco, vii.th more than 109 000,000 sheep and 5,0009 000 goats 
(as opposed to 1,200,000 cattlo), tho problem of vaccinating these 
anir,1als ·,;hich vary often aro responsible for tho spread of tho disoase 
in particular during movement to summer pasturoo,a,s,mmo:J aspects of 
much importanco9 (,inco it of ton nocossi tatos tho avail;.:;.bili ty of 
enormous quantities of vaccino. In a:::sociation vrith F,A.O., wo have 
carried out scvoral oxporiments on this subject and tho ~reliminary 
results arc givon in this roport. 

Technical and material difficulties as well as tho invasion of 
Greoco l')y tho typo A virus (7'.hddlo Bast strain) has had a bearing on 
tho roaliza tion of thi:3 ro::rnarch ,vhich cons ti tutcs only a small 
contribution to the study of tho problem. It roproson~s mainly 
orientation for future rosoarch. 

ASPECTS OF TH:C: PROBLEM 

Before C1pproachinc tho problem 01 c1osar=;o of foot-and-mouth disease 
vaccine for shoop, there had to be resolved, in tho first place, the 
question of oxpcrimontal s;Dco1iti1Jili ty of this animal nhich at one 
time was considorocl onl;y c.;l:i.ghtl;y suscoptiblo to tho foot-and-mouth 
disc,aso virusi. an animal in which :foot-and-mouth disoaso develops in 
a mild form which may pass unobsorvod, there being oithor isolated 
lesions in the feet or in tho mouth, with only raroly tho cornplotc 
clinicr.~l 

In tho ·vorty :f'c;,"~; f:1 t~uli i:_; ·:/l-1i ct \"IG fou~d rcJ)o::·"tl Li -1.~~ tho l i tor a turo 
on+-}•" ·x·---~ 7 DQ•rt" 1 is-f'~ci-·ion o··" r•hn·•1· (cto-,kmn'<Y, "Y'; 1,-,-,nt-Lf Vivi"r 102 v.,1"---· G J/0.L ..... 1... _l....,. ,.1~ _,.l __ -~; u . .;.. J.. •• L 1--)rtVV J \ ~-) \__, cl..:..LJ . .J.. '-1,, -·~<- ~· ..L~-,.., lJ ;1 . Cl.,,,. ' 

7,--1 7 " c, .--,c~ ;~-,, _.j D-;-0~"'' "" ···t' nl __,) --~,,, ,--, -, ,~,-c1,- , .{' 0 -7 ,- v- ," ~rn 71 1.,,\:)....1..J..Vr,::> {.1,, ... 1C. .. ----JUi__;' .<~..LVI.J.L,-:-0.£1 u c.....,. '�� l_t_;_:)\,..,'. ,,cl~_; i~lc~ u Vi. n.Ly ~:.:t. vr,J ,Ju~a_..._ 
rn1m·bor of a.nioa,::..s, oc tho a;u,thor_s dc,.:l t ·:;i th other ac,1:octc of -;;he 
problem (vira@mia, route of inoculation, antibodies, etc.) On the other 
hand, TTith regard to tho vaccin:1tion of shcop, tho studios o:f 
'J;ynohradnyk and I'o:!'>OVici4, Eivcrrno~1 "'t al.5 1::.ro limito,lto serological 
research and do not inclJdo tosts for comparativo virulen~o. 

Fro~ thcso tiolo cal d~ta, 1t c to ocn that littio uork has 
tooD c~rricd out 
loast in so f~r us tho cli11ic21 iso~sc i~ concornod, d t~at in no 
c~so, tas the officioncy foot-·~d-mouth disoaso vacci~o ~ocn 

• 
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with which we wore confronted was mainly the follo~ing~-

·vii-·us in. to 
clinical Jisc2cc; 

to oDtatli,~;J.": c1 c.ci tc:ciL1!-:1 for tL~,- .~_:rLfcctior~ of ~::;huc_p for tb.c 
0ub-cl ir:i cal :~-: c~ t:~1.1:,. c:~ ir1i cc..l (~ i 0 c a~1 c :. a.11d i--i.r:.(111 ;;-

(c) to o;::;to,olisli 2, 50~ (DP 50)protoctivo ,fo::,c ol.' tl10 root-and­
~uuth diccaso 73ccino for �s�h�e�e�r % � 

1,':AI1ERIALS AlJ:D ivIETHOLS 

1" SI:cop ;~:goci 2 to 6 ;your.s, thoy ca,:-Jc i'rora tho Grc0t:. 
l:.avo noon free fror:: foot-:1nd-r:iou th diso2,so [or r:,o,ny yuc1r~;. 
not show the pros once of 0-ny scrum-nou tral iz:1-ni; :,n ti lJOd:l.os 
insignificant titre. 

i[-;lands \':tich 
They did 

or oven an 

2. Virus. For tho inoculation of tho Qnima~s, vaccinal strains 
of viru::.1 typos O and A Hero u;:;cc1, whicl: wore rr:;aintc:d.ncd in our Insti tuto, 
p~1s:,agod in cattle:. Tho tongue ca ttl u c.pi thclium W'L3 mi Lead, 
cuntrifugcd and d:Li.u tod to 1 h 0th in ,1.:ho;:,ph.:1 tc; bu:ffur f3uhl tion and tad 
a ti tro of 1 o-8 / gr ( type O) ~.nd 1 o-7 <·0/gi· ( typo A) in h:b;v mico 
(DL 50). Each animal received 1 ml o:i.' the Jilutucl viru.:J at ono, tHo 
or several places, ~ccording to the routo of inoculation used, with 
tho czco~ tion of animals 811 :rnd E\12 rrhich, for thG 1:1-;.1'::,rnu of 
C)rl'·,1°t··•+·'o1·, ?>•c··,"v~,r:I lO"f('•T (1"''1•~+1·t1·,-.,:, o·f' "l0

]"'''' (,,JO ,C\~ 0 .I'C,C"'l',rr;a' • 1..._,..,J. ctv..L .c 9 -1..t,, 1..;.1.. 1._.:s..t. ~,,..,,. 1_/4<....,J_.L.J. ' •. _.a .J. ,; __ .. l,t,.,.· \·L • "---l,~- 1._,,,i.._. vt_,, 

3 9 000 DL). 

3. Routes oJ' inoculation. F'o,~ tlw cxrorir:1c·ntal reproduction 01 

tho di.soaso, the, follow:ir,! I'U'.~tcs v1crc tri,:,f! out:-- ~1.pLtJ.;;:;at:ion, 
intra.lingual injoction c:.ilonc or cornbin".d v1i th .ic1tramwJc0.J r1r injGction, 
injection in to tho irtto:rclit!i tRl spc:co or the corona.ry b.md 9 in,joctior: 
under the mucous mcmt)runc of th..:, uprJCr, lip vd. th D~>1"l wi tho1,1 t simul tancous 
in trnrnu.scul ar ir1 j uc ti 0119 tr~ tx\.~ tr:=Lcl1c;1,l in_ ,~j cc tion �~� L'I~c~1 t· . .ro ,...01.1. tc: D 
\tfcrc 1100Ct ~->irnul tctncour;l;y 9 tL(, vi:ctts 1?rar: u.i v·iJud l.r i.:-, J:~t:;.uso 
routos (0,5 + 0,5 ml). For tl10 i;"1tratrach0:cl ,:•out. t2L:: \'i.n1i] ,;;~:,;, 

diluted in 4 ml phosfh~tc tuffor solution. 

1 :-:1ti::..:.l GU'b-r:11-. .1.cou!::) rou to a] OYlU or ~;im1-il t:_1.::1(':01J_:=:J:,- ""i.1- bl~ t:·~(~ .·L ... "' ·:;-:·r;...:;:_iC\J._: c .. 1~ 
ro~tc ~a3 ;rcforroJ. 

-~~·r•o~~J,c·/~i.or.c in 0,.12." In;:;tit}:¾t9 cc:Jntair1ii1g· ~57/- cell cti1.t:~L-r-·c \tir1...u:; oI t~it:rc 
1:·)-/•12 \f+··n,- n\ ,,.,.,,., ~0-1,02 (t·,·,··c A) 7Y· 1,,.,1-,, rni·cc ·,"'('. / 01·.·· 

\. \ VJ l_-'V V / -. . .,,~~..._ j J .t-' , , ...i.J._ LJ,.., It.;- �"�~�~� c.,~_-..... -f 

3.,::..u . .:.iD.iur:1 .xirj~(: 9 _in-,ctt\1 at(:c4 ·t:;y 1/1101_)() ,:,-o~:u~:0r·ci~:I f'c_r-r:1:~J_in (D,t 

40 "':fo1") and }-:.Gpt :-i,t c~ tornpoi·at:.J..rc of 26° C .L'or :+··:) ~~\,_'.JI·:-:. ·J~T· 
·vc~,cct:r1,~i dose is fi.:{ocl at 1 r::l fo:r· CL-~"t-tJ. ,-!,~-_( .) "" 1 LC''n :".~C._-. 
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wore vaccinated (ono for each typo of vaccine). ~ach ncrics 
cor:iprisod 3 groups of 5 c:mimals and oc1ch ::mimal in the rcsr:,cctivc 
groups received 0.509 1 ana. 4.5 r:d of vc:ccLw O or i, J 2x:d 9 ;_,l of 
vaccine A. A group of 5 animal~ for each so~ics served 2c control 
rrnimal s for tb.o c!10,ll ongo cc~:rricJ~ out 21 c3.:.:.~y2 ~;,ftc:=- \racci~N~n tio:::.. 

5. ·viraornia. Vir2.ornia \'•Tau d0t0.1--.!I1ir10d i11 1 1
). ~r.i.irr!,.lls i:'"~OCUl ],tud 

with O virus a,ftor 19 9 43 ancl 72 hours follo',,ing the i1ioculation. 'rho 
blood in sodium citrate (10 mg/r::.1) ,-;ac; injected, undilutod r::1d Ulutod 
(1/10 - 1/1oc) cly the subcutanoom, routo into 5 groups of :~1icc. The 
50% infective ti tro 'ii2S cslcul0,tod ,1ccording to the Ikcd and r.iuunch 
technique. 

6. Sorur:i-noutr,::::,lizo,tion. Sorum-ncutraliz:1t:Lon wa:, carried out \-'i tn 
the sura of tho animaln boforo experimental infection or vaccination 
and on the 21st day aftor vaccino,tion using stationary tubes of primary 
calf kidney cell cultures, o,ccording to tho technique of fixed virus 
( 100 DICT 50/ ml) and pro0rossivo t,.-,-o-fold di.luhon,3 of scrum. Tho 
'vl2:~us-sorum mixtuI·c;> rno.,iY1tainoc1 f';)X' 60 miYJ.11tos at 26°C9 �Y'� �a�s� introduced 
in a dose of 0.2 ml into each tube of cell culturo contninine- 1 ml of 
culture medium (Hanks medium without scrum). 

Tho ti tros woro cal cul a t0ti according to tho method of Rood and 
I!Iuench and expressed as tho decimal of the loge,ri thm of tho inverse 
of tho clilution of tho scrum giving a 50% ~J~':'etoction. 

RESUL'rs 

Tho rosults of our oxpori;;1onts 
have to bo exQJYlinud separately. 

Experimental infection 

arc ' snov,n i:r1 t,~blos I crnd II. 

( a) Value of clinical symptoms. Tho analy.:Jis of clir,ical 
symptoms obsorvod aftei' the inoculation of b.r:0 foot-c1nd-mou th disoasG 
virus in non-immune sheop shoi-rn tho,t it is difficult to o1:)ta.in a, 
complete clinical cturo of tho diseasu in ~11 tho inoculated �a�n�i %¡�a�l�s�,� 

dospi te tho uso 01 largo ::mounts of foot-,md.-1:'outh disc:~so virtw ur: to 
107 DL 50. On this point, it may be said t~at durinc tho �o�x�p�c�r�i %¡�o�n�t�a�l� 
disc9.,co 7 1.vo ol)sorvsd 9 ~orhar,0 to a 1o·v,er duc;·rou, tl.~u sc.~[Ji:..-: fi.~1"1 as 
i11 r10, tural disoar;o, i. G. \78 faun.cl sor:10 ani:-:10.,l 1,71:.:Lcl~ ',iid r-1ot sJ:10-v; an:~r 
lcGior:s9 ar1im2.ls 1tvl:.~:_c1: sl1ov1cd losior~s at tl-10 roii:t of i~1ocu1atior1 
( '' t"' o~ _,(\ ,-, ..J.. \ - ""'I r'.J +-) ._.:: 1'T"' --., -~ C '' -, _; .-..1"' _'./ V> ...... �~� f'.l ,• �-�-�1�- '”� -• ,,--..y -+·o ~•-• 1-, T'- �~� ..; n ffi01..A.. LL ..L 1. vG i.,) a1.n<. ~-_,.l.D .. L~lc ........ ._; ,/11...Lt_;J . .;,' ~.:_;, ,_:;...u1...l~ .... '...,j_,.J,1_.l l,,,, '-'.:.LI.,_,. J_ ,:J~"3..LOrl.:,' 

aho7od 20condary localiz~tions of ization .. �~� consirter such 
secoY1dary lesior.~s a CJ tl1onc -r;·;hich occu1.· o;vra;,r fron:1 tl-10 poin t;3 of 
inoculation (for instance lcrions in tho mouth or in tic foot other 
thaL thoso inoculated when the inocul~tion was made into tho 
intordigital spaco, foot lo~io~ fo}lo~ing i!1ocul tion in tho mouth, 
e,; tc. ) • 
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from the jnoculation of ttc virus into sheep do not soom to dopond on 
t}-10 route of i.:1oc1_,i.l:--:,tio1~J bu·t rather 011 the pa.rtic~:c.:T· C'ol~c.1,viou.r of 
cc:t:iin iLrli Vi(.lUJ.l :1:::1:i:n~-_:., 

-'...}·1 the tLirC:i c:~pcri;:-:c:!'1t, llSlt:~-:; tl:e lr.:1,bit1.l 1·01,,:.tc of inoculation, 
v:c hc~d 4 out of 5 ::;~:cGf ':.:1:_icl: sh0\7Cd g·or1or~,:; .. l iz,::,t.Lor1 OI.1 t.ho foot. Il'1 
tb.o /0L1Ttl1 o~xr:.f1:~~:1c1:t 9 -i""-~~~.1or tho s.~-:-iG co'.lci:.tiono, 3 out of 5 a,r1irn:..1.ls 
3h0\"f(;c~ similar ::ror:e:rn.lj_, ~,,;.ti,)r1s.. I·t i:1 ssi1Jlc, tl:011 oi'o:ro1 to take 

CLS n, ~.:~:.si2 t}~o _c>2:··c 0r1cv ()I"' tl1c: J.,Dooccc of gor1crnlizod locions i11 

judcing whether a snGo~ t~s really bocomc infected 1olloTiin& challongo. 
=:111iD :~olds f!OO:l al Go .f:JJ: tl1u 2·:r~irr::-,,r:y~ lor:.;ior .. ;::, ~1.·iLich aro :·nor0 8ft011 

found- l/1 th.o~:;o e:-::.0c;s of a~3J7Wptomc~tic d.cvelor:ff1ent or \vit}1out 
\OnGralization of tho infection, other tests havo to be used, as for 
iEHt,\ncG tho dotor:;iina t:i or! of vi1·ac:~1ia and mainly the ti tro of 
nuntralizing antil,odic,, of tlic. inocu:~·1tocl c1nir:n1ls in ordc,r to evaluate 
thoir dogroe of infoction. 

Vlith regard to body tomporatur:),, of i!1oculated n.nimals, wo did not 
i11c111do tt0;11 i11 t::~Clc I, boca0_[:1C t]_·1.c\'.1 1.vorG so irro§;ulr1r ir~ i11dividual 
animaJ.s and varied greatly :frorr. aninal to animal. ii/hilo tho 
tomreraturo in ono or tho other of our animals roached 41.7°c - 41.3°c, 
in others it ror:1ained l;olow 40° or rose above this figure to a small 
dogroo cvon though often ccnorc1li'.;;ation of the disea.so vms evident in 
the inoculated animal. 

(b) Valuo of viracmia. Wo examinocl 14 anir:,al s fo:r virc.omia and 
found it in 11 ,1 t r,ignificant ti trcs within 19 and 4S h0u1·~, n,ftor 
:i.noculation of tho s,;{imds. Ir! one "mimal (Ho. 998) dospi to gonordization 
of the disoaso, the virus could not bo found in tho blood. Since we 
lnvo also soon fluctuations of 0rir2-cm:i'.1 in the hour~, fc,llowing tho 
inucuJ 2, tion of the a,nimals and bocc11,00 of di:f:ficul tios of tochniq_uo, 
vrn consider thir, tout ,~;, :m :mxilLi.t1ry in examina t:i.onc; for the sta to 
of infection of tho anirrnl. 

(o) Value of the titroc; C)f ncmtralizi:-1g .:cntiborlio::::. r:r,i tr~,. tion 
of nuutralizing anti1)odios w2,s carr:i ed out on the; 21st cL:t;y jn ordor to 
obsorvo tho same conditions '3.s Li tho vaccina tc(L c.ni1:1al t:, bu fore 
cha1lengo. Dollerri and Hyde (3), ho•.'10vc,:r, report a rr:axirrm,J titre on 
t~:o 1 Otf1 da:y- af'te.r ir1ocul s tio:n of tl10 :tnj_wal s, r~nd indicti tc n, r3l j_{;ht 
dccreaso bctwoen the 10th ~nd thG 35th und �~� f~£thor rise on the 
9i st da,y. 

~t.:icl-oou th disease v·iru.s �~� tl10 '-\,r11:.~ boCty t~ t::r:·0 a.ro :...l \';a~;;-:, 't-rcr;/ },.~igh .• 
1.1::1e bottom lirnit ot,tainocl ,,rr,.,s a'\:;out 1.94 (despite gc:,nerri.liz&t:io;:1) c.ncl 
tl:o tor limit 2.80. T'ho r:wst frequent titres vrort~ Lighor than 2.50. 
It has to be pci::it0d Ollt 9 110\"/0'.r\~:r, th:_:t c1r1i~;:'l:s :i.11 
gunera,l i za ti on sho·;;od tr,e same er.ti tc i o,n ti tod.;y 

\ �~� . 
etc.; • ..Lt is, therofore~ a goocl tc,;t of infection 

\-;hicL. ·tl~oro v/as :no 
titre (2.70 - 2.50 
ir,. tho ::=rniea1 

cr·--vico 
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epizootological research. 

Dosage of vaccine 

The results of dosage of foot-and-mouth disease vaccine in sheep, 
according to tho Handerson and Galloway method (6) (determination of 
DP 50) wore somewhat inconclusive in view of the smill 1mr:i1Jor of 
anir:1als usod in thor,o 8XpcriI:1ents, as well as tho l::i,ck oi' r~·onoro.lizcttion 
of tho disease in ~111 tho control animr1ls, dospi to tho use of high doses 
of foot-and-mouth d.:Lsoase virus (107 DL 50) inoculc:ttod by ttc m.1b-
l ' . 7 t ( . t' . + ' . 1 \ aoia~ rou o as in no vaccinauoa anima s;. 

As can bo soon in the uxarnple in table II, in tho anirw,1,3 vrhich 
received 0.50 ml of vaccine, we had two out of five protected (40% 
protection), with a doso of 1. 50 ml, throe out of fi vo p:::·otoctc:d ( 60% 
protection) and with a dose of 4. 5 ml, which is o,bout the usual dose 
of our vaccine for sheep (5.0 ml), there wore four out of fivo 
protected (80% protection). On tho other hand? in tho control croup9 

only three of tho five animals dovol gcnera1izod lesions (foot), 
that is, to tho samo extant ,1s the animals v1hich recoivod 0.5 ml of 
vaccine. Thus, tho princip1o of tho Hondorson cmd Gallovray method 
which, in addition to tho considorabl;y 1.s·roa tcr numb or of anima.1:::i, 
requires gonoralization in all the control animals, cannot bo 
considered in this experiment. Because wo hav0 not found tho clinical 
disoaso in a11 tht., inocu1atod shoep, the Henderson and Gallov:ay method 
seems at once to bo rulecl out e,s being applicable to sheep. Fur-thcrr.:i.ore, 
the fact that certain sheep havo not thE., tendancy to dovolop lc,sions 
of genora1izod foot-and-mouth disease is a serious obst~cle in 
interpreting the results of cha11onge of Vii.ccinatod ::mimals ·;ri th virulcmt 
virus. It cannot tJo explained whother the fai1 ure of gonoralL:0a tion 
in vaccinated animals is because of th()ir state of immunity or v1hethor 
it is simp1y o. coincidcnc:.: ::.:onco:;."ning the imll vidua1. Under t?icse 
conditions, the dosage of foot-and-mouth disease vaccine in sheep by 
the method of the DP 50 determination and on the tJa,3is of c1inic,?,1 
symptoms in challenged and control animals seems risky. 

rvo believe, however 9 that this troubl o may be surmounted by 
considering tho titres of tho neutralizing antibodies of th8 control 
and tho vaccinated animals. In our experimontnl work, tho 
oxpcrirnonta11y injected anima1s all shovJOd antibody ti tros of high 
ordor, r:1ostly round :c:.tout 2.50. It -mule.~ ~1pvear tLc~t t:Ltro,3 above 1,94 
constitute a good index of infection ~Lother gonoralizo.tion �~�~�s� or has 
r:,_ot occurrod. 

Interpruto.tion of tho significance of 2,ntibody ti trcs i:a 
vaccinated animals is more difficult. A glo.nce at table II civcs tho 
impression that there is a corre1.c:ctio,., oetwcon the antibody ti tr0 and 
tl10 degree of ir.nru~ni ty ::-if' thL-, a::iirnnl o 

It is secY-s l.'ro!Tl t2,-Dlo II, in fact, that antibody ti tr0s :2.l:ovc 
1. coir1ci.d.o 1.:ti t~ a11 tmrnt1r1izatior1. y;l1ic}1 is c.lucst corn.;1lcto 9 tht~.,t 
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gonoralization, ttat ~tc 
,,,..,N+ 
_._IJ t,; 

to Cl 

it i D no co;:; Ear--:;;- to ~J_ f:.~G C(JL E)~ .'i Cl~ :::.,'t :_ ,:· ::;.,--;_1 I~._:_;_ -_ (_' C :_~u (3 C- O~lT 

rosu:_ ts ;:1rG e,rc:,l J;_:.,toJ st::, ti 2 t:2- cal}:/. It i :.1 ;:~c CL:_:'.-_~ ai\r 7 <j 1·- ~, ci :1-2. l,1/ 9 to 
ir:ci~oasc the .nu:Bbc;r vf :::Oll tr~1l izi11{;-2:.~1til o(:~::,~ ti tratio~L;~ c,~:,rricd out 9 
r1s ',:,ioll a.s tho Y'.:.U~bLr- o:!.' ttc ch:.111 c!lF~'GE3, �i�~�~� o:r(:cr to ftx c t::1,nd,'_:rd 
rul1,tior1:=::1~._ir l.otr.1ocr1 tl1c Lc;u_tra1i~inf;-:.~~-:tito t:l-~rc ·1:1j t?~-
i~t'::un.i ty of thu <:iY1izi2,l~3 9 ~'..S i1~ ·t}ic caso oi' cattlu r,·; 1..;c1 

,,uthors, no-tally t,;1• l!i:c,ckowi,k at al, (7), Luc·:;:1 :rncl Fuc1i::.n 
G:cgliardi ot ::-"l. (9), l;'ronkol (10) and oi.L-::1:lv,::3 (1·1). 

D ·t."i tc of 
L~1.J\tlJr:J1 

It soor::1s oviciont that in sx10Gp th:i.;.1 1·:ork bcc)r,ic;:, stiJ.l :·or,, 
coE:.manding ·bocau..;3c tho 1:rosont &xportrnon tal cla �t�~�~� cJ.oos :not .~)orrnt t 
judgcrncn t to 1)c ;.1adc of tho iu;:1uni t;r s trt to of tl:.c animal on tl,c l1,asL1 
oi its antibody tltre in tho majority of the cases, as we tavu said, 
~no l1avc boon ur1al)1C to ·stc1.t•.__. ·.~,11ctl1.~;1· tl~.c rc:~:i:·lt:~r\c(, o~{ :J.I! ~2,:r1ir:1c.1,J_ 

i.noc11.latod v:i tl1 viL1 UG coinciftos \'ii tL ·L}1(., ti t~r·o ~t1 01.,1.r1C~ er -.:n~c-tl:(;r ~~-t is 
·=1,11 individur1l rG:::~ista,.:1cc ~,v}1j_ch :i.~3 so ofton foiir1d i11 shuo~ .• 

If thosCJ proolc;1rn :::c,rc solved we lJolievc tL:,t •:,o nLll be allo to 
arnw:or tho question of tho docc1{;'C of foot-an'l--nwuth diso::,,so v:wcino in 
shoop vith more precision. 

Sl.n!IMARY AND CONCLUSION 

Exporimontal i1dcc tioL ol' :::r,oc;, �l�i '�� :1 f''cront rou toe~ ( crinciJJn.1ly 
sub-labial, intralii:;,-,;u:,1 :nJl f0ot), dcc;ritc tho u,,c ,)f l1i doses of 
foot-and-mouth dLwal,0 virus ( un to 1 o7 DL SO /:nl), '.::is not al Y.c\Ys 
followud by genor~,liz,.:;,tion of tho c!.i,rnn:~o L 1 the inocul.s,tcd anim:11.J, 
somo of tho animals ~1 

primary lesions at tlw sito cf :L~ocul~tion. 

C or:1_;) q~i f~ on ·,,'f i tf1.. \t :_:-;_,CC i [1 a ·t;lJ (; [:lY: irn ~\l �~�~� Ori t lt (; 1 ;3 t ,~: ~:.3ir z~f t t__,:]; "',r -~c Ci r~~r1 t :l on.' 
sl10·,7od ti tTufi up to 1.~J!}. - ~2. :),·1 (:JQ;?t}.::,- :11:ovo ?. ) , r~_1fn1.~:;, tL.ir:1 
ti tr--r~~tior~ fJl;orr1:3 to y,,,: t}1u '.:'(; :;t i:;<~~':~. ") t~h.• ~;-~~~·c 1~"-ci.:)1:. o~I' ariir:1::11.~;9 

lesions after natural or tal ~nfcction, it is difl':Lcult to 
fi_::: tho :ir 50 of foot--a.11c-J-:nor1t}~~ di;:;c:1.[:,J \)".qcci:':c for.· hoor :i:;_ tl1,_·; ·.:.r!::c: 
v.:r;.::·- EL::: ·t1>.., lc',lG:l ()f :·~L.ti1o titr-2 :~I'G0~_:or: 1 to .J.:L.ffcront 
d0t::1~,:)0s of imr:nu:::1i t,~/". 
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·TABLE I 1Si 

Recml ts of Inoculation of Sheep with foot-and-mouth disease virus Type 0. 
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ox.p. usod i:noc. ir1oc. ..:.~<)u.G:: "~;;..>~ 'I ---L. 72.L. i:1oc. i:doc~ 
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I I 
type 
pf 
vaccine 
' ! 0 
! 
Series 
l 73 i �~� 

TABLE II 

Exarnple of dosE1ge of foot-and-mouth disease vacci,1c in sheep. 

Group 
of 
animals 

A 

B 

C 

,, 
Jj 

IJo. : })o GG 

of I of 
animalsj vaccine 

835 II 

6 II 

837 II 

839 II 

828 

830 II 

II 

[332 !I 

4150 

824 ti 

Q0i::: II 
vc__; 

826 ff 

II 

trol 

I! 

n 

II 

310 II 

;~i -:~re 1.)f 

virus of Llouth Foot 
vaccine losionsl lesians 

+CYJ 

000 

+00 

+00 

+00 

ooc 

+00 

++n 

+00 

·+00 

+00 

·+00 

+UC 

�~� 

1 u-' 

JJO 0 c. 

Sub-· +00 
labial 
2~0:1 to OC>O 

xoxo 

•,)00() 

O:X.00 

()000 

0000 

0000 

0000 

OUGO 

ocoo 

oooc 

0000 

OUDC:i 

XOOJ 

0000 

0,53 

0,30 

0 

0 

C\ 30 

0 

G,37 

0 

0 

C; 

0 

i ' 

1 9 

-1 0--
1 '.} _/.) 
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TEE 1:IF:UE:JCZ OF F'JOT-AIID-1.TOUTH DISEA'.3E VACCIIJATI01J OF 

At the Central Vet 
invosticated fer two species, 

Ir.:.:_:ti t1-,1t0, ..:-~G-CGj_~clr:L15 
-..:-i • ~a .. ttlo :1n..i:,,. 

In both of these, 
the time of birth. 

young anirnc:l ia practically dcv0il 

Antibody derived from the mother ia usually ao~uirei af~er �~�~�:� ·" 
1-:ri th colostrut~, :~. Jnorrtion frrJrr1 tl1e [SlAt c·nl:T t,J,lcinr~ pl::1ce clt1:r:Ln:~:: i)10 _,,i=::';:.~·~­
days of life. 

The colo3tral antibo,iies appear 000::.:- .. ',~L li::f'ere,1t r.::emic,_.L13° .::·1·ur:1 
tb.ose cire:,u .. la., ting i11 ths r:-1otl1er' G 7J:aod ~;.,nd thcrG is no i\:11 {),\':.~~r0:?r1c11·~ 

their origin. 

IE a f'TO\lf of 10 heifers whose ::1ntibocly level:; vari 1 i 0cLL1 .. , .. ·.• 
rc~nge GRAVES ( l) found. the corrola tion bet,;eon tho ::Hmtl0 

·.: i ;,ati !r~ J_ l 
of tho riertun e,nd thof,·ie of the colostrun of t!1,J ir1clividt1:-},l -~ �~� ... -;1 to uc: J1~;-G 

tG sit~'lificr:tnt. A.ccorclinr: t, __ J i~-1 t:l.:t1~n.: 
(i11arterls f tht: :SQ.InO u.cLior. r~

1J:1is r3ll{;:_~osto a, ot -t:_ 
colostral antibody c~ntent on the a~tivity o~ tho quarter invalvs1. 

:_ ~_' l~ . ..._; ·.- �~� 

l.J.J .. 

The ncutr::liz::::.tion index of the cc-lo::~·~rur:: -1:::;ua,lly 
of th0 ;JOrttr1. 

'1 
i 

+~-. , .... L 
u _.!..,., L, 
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A ,:J' ' T1]7V ( '\ • .1 +r e,c.r,-.-.~t~. -~ .p •Y·--t · -,7 r. ··lr,r•:l '·r.~ ~1.ccor;.ing -co 1:.u1 4) ina':"-equav"' EL"",u~.:' .L<JL o-'- ,.:,.t ern-... .L g""r,1ma c, v0~,.LJ...L, 

:f'rorr1 t}1e inte;.-·ti:·1Q,l tra.ct i:-.; co1_·J:1on ir1. c3,l--:t,-:: e,~irl r:1D.~/" be ·.1, ma,Jor lE.,~:t ,:.:• i:!":. 
tha 1Jatl1oc;·3rtesi~:'. of coJ_iba(:illosis. J1-t1· ci\;!-::. 0:s.::rJerienc0 r:;ho\,JS tlL1:t ~~:·:L:8 :1:-J~--: 

b0r11 cc1l ves, al tl~ot.i.gl.1 f0r1 · 1·1i th 1_~olost:r .. 1J~r11 ::_~::c.JL~ ix:1L~ur:i..ized_ (_:J1.rs., 'ft:; ~-i -:.:tl 0 ·:::~ 
:10 serum titre. 

tl1at oome so1-rs9 2,l thougl1 tb.GLliJOl~1/Gt~ 1.:.(.·:., 

transmitters oi immune proteins. 
hi;:L c.iJti body 1 svol 

i-!o 11a,d little opf8rtu.:1it;:r to ~~tucl~T difi'o1·ent litt0ro ci tl1-J �z�~�,�c�. '� �r�·�:�c� -~:01:·c, 
-Ot.1t cc..,11 cor1fi~c-n1 that not a .. 11 rr:.other pit;D C .. o t:2.',::,1_,j:;.sf\;r al'~~tibocly b<111D.ll~,;- ~\,roll~ 
:ie furthor re1'leG.t0clly observ0d a, difference botw0-:m :pie~ c•1· t:::.c SG.nc) 1i tJ~.:n·. 
Sone piglets c=.cquired much lower cerw:1 titr23 after fe,:::c'i.inf: wit'.,. :.:clost:r:•1..,1_,- ,: ... 
Ji~ their litter mates. 

'171w effect o:f the y;;,ccination st,dur.:; o:, tI10 1 ovel of imnun::. t:'.:'o.rs-
mi tted to the offspring w:is particulo.:cly woll illus tr~~ tod in ono e::::r•,.crL, s: ,·c 
in wr:ich two li ttel'S f':,rrowecl by the same sow~ uer,;:; availz:1,ble for ciri:nu 
fo\ror ex~periments. 

'Phe first li t.ter W,J,S born three 1,ed:;:; ,sdtor <;".~ i·1:..-ci-J:1 o, ~-·;o s 
injection of 2. s0cond or tLird close of Cl'yst::,l violet vac:::;iYw cc1t:s 
m.:J,rked serological rosponso and in thi;:; c::i,30) this wa.3 rc.'. lectod in tL:, 7aL1_3 

found for the sera of the baby-pigs. 

Whether tho oolostral enti1Jo'1iss are 
the;t c:1,re of mater112.1 origin and it t1'1ei-·ef'oi}c seer:-1.0 lc:rfiCi'.l-1 tz..; o:::;..::y:ioct ::1. 

rolationship betueen the vaccinatio:1 hi o:!.' the dan and th, am0unt cf 
antibody available for its young. 
contradict this hypothesis. 

011.r so 

Consequently any factor affe::;ting tho irr.G,..1.n:; r;tc. tuc:: of the mo tho::.' m"';y ,~c 
expected to in.i'luenco the level of anti1)ocl~/ t11c:,t r12:;- b:., accrc~irecl by- it:; 
offspring. 

1:Phis will for in::;t,xY1ce ::,,J;rily to the tT- :··1c1 (i.c:;::1,;c of VE1cci::1c:,, t>2 
number of injcction::1 ,c:,ncl thcil' sp:s,..:in:"5 tL,c ~.;,·s.:,:::-·vr:.l hc,t.1:0cn ,::"::L,i~:t1'e1Gi .:.1 

of tho vaccine ar1d. :part:)_r-·itic::11 and. tl~c ~~:.:t:::::·~ t:) ~<-hi J1l th:.::: in:_:_i\"i,_iu_;~~l c1.,1J.i.IcE:·_.l 

is .\-:~ bl o to I·e ,-·::por1.d. to \.-~:c \ .. :i:n.~·i.t ion.. :,"'~-::.:_~ t �~� o:-.:.r; iY2, th a 1101,;:_11:~ .-_, •,) c :. 
t 110 ~-. "..;s01~1_1-t i or1 of t 1-~ '": · n, r1 ti b frorr: t ~· i:r-~ t "'.~ -~ i:1~J,l l 1.1r~1 :-:,~~ cf -t L (: ~-·o 1.,-; .. !1~~; ~--, ,: -: 1 ... <-, l; 

Both in ca.,ttlo a,11(1 :Pif:S t1~o 21.,-Q;._:c;i~~tiox1 G:.:.cl:5 c·;,J't01'l t·Ho oi .. t}-12•30 cl::/·n. 
Tl1e u..nti bocly rnolocul ~_:: a.,21 0 slo~·rly- "br~Jker'~ J.c.111: ~.1,,ncl co~1:;c.:q_~l8L.tl;y tl10 n·:: . ..:··~s: 
titre droris a::d, unlc~::~J tho anim~1..l ie:: :-:,,c:t:L,, - ~i!:~- · -tcd ~-:i~_:1:, :~-- oci:;~~:.,~ 
ar1tiger1, c;-...,,-ur1tu.o __ ll;:r i-.0~··,:;t~~0s Z{J1~i). _; :.".~\t{-::. r:-~:. ; i11-_; <:.~,_:: r ... i:'f::i--0::t ~-.. -,.., 
v:::.,ri u~: s1,-cci 'J • 



The half life of uaternal F.U.D. �a�n�t�i�b�c�i�i�e %¡� in calves is stiteJ by 
(~llt~.,fSS :_18 __ nc: fro~;;. 15 to 1si ( l) �~� ,,tl2: c;~,/Ti. cstir:-,:?,t ~·:::0:-2 c:ii':;~ ,.·:;~_•;.:;1"_t 

czperimonto �i %¡� �f�r�o %¡� 12 to d~ys 2). 

ine ha.If lif 
tc 14 d::1,rs (.3). 
litters the v~ri bili 

13 

80WS tl1:-::vt l1~iC( i:·•2c0i·-;u,i -t~10 ir-.1j,:;:.:;tion::: o:i:' :T:OYJ.o-va,l0r1t v~cjci11,:; bccu:~10 
11e,~~,,J.,ti'ire after .JiZ to t:JYl -v:0oks, but :1.ftoi., t~_;_roc oi--i n:;~r·u vciccir1e,~tic•:::".0 :,:,1.~ti":J 
might p0rsist for as long as tweaty �.�r�e�e�k %¡� �~�~�d� occasi)nally langor. 

l~ri:)1:-1 tl1e abo..,,e it \·Till be: a1;pt1r:311t tL..at or1l;y v-,:::,y_•y r:::on0=·al x·t~l,:,:;:3 cc:.n 
·G ,:.;i VGil for tl10 c:C:~·c;ct ~c1.1:~t \T ', .. c,:~i~c:,_ u=..:: e; )j_· tL.c; dr~r;~: H1a.;r lla\70 011 tl10 :~(~l,LJ-.·; 

titre of her yo~nc. 

\Tttccin,:) a:nd partu:ci ti 011, et8., i:rrtrolluc.", su~cl1 
I·atl101, va1;uo upper lir:1i ts ,_ar1 1)e :J0t. .J:rid.or 
defined as follows: 

upper 

In yo unt; pi c;ci ancl 
field ccLc1i tions �~� 

as long as 150 to 
i.u. 
160 clays. 

oxroct those �p�o�r�i�n�1 %¡� tc 

Howover~ it should bu pointed 

orv,_,,l ootwoor0 inj eotion of 
:: widu ve,rL.;,ti::m that 
o,..;.r c0ndi tioE;3 ,thoc;o ccc,ld. bv 



i 
tJ 

,;; 





Table III 

INACllWI~ OF FMDV STRAIN SA 13/61 10th TOOGUE EPITHELIUM llSSUE CULTI.fiE AT __ 37°C _ !?M 7 6 

------------------------------------A CONTRCL 
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Table IV 

r--w:; CUL~E AT 3'/°C H 9 Q 
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Table V 

MTMTIO--J OF FMl;;N. ST8A~ SAl_3/61 10th. TONGUE EPtTI-ELUv1 TISSU: CLLTURE AT 25°C p 9 0 + S..:lc, OCNINE SERUM 

)( l.<, 

. -----------X-------- ________________ X ______ ---
....___ --- ------X BPL 

....___ 
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HOURS OF INACTNlrnON. 
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EFFECT OF AWMINIUN,1 HYDBQXIQE q;-J AH I NACTIVATIQN AT 37°c PH 7 6 
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