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IHTRODUCTTON

in accordance with the request made

sars have bsen of tho greatest interest from points
and control of foof-and-mouth disease.
sZtensive Furopean cpizootics: in

thare heve also been a number of

regional epizootics: 1n morthern Italy in 1945-48; din Gresce, Turkey
and Yugoslavia in 13513 dn france and the Foedersl Republic of Gormany

in 1956-533 in Spain and Portugal in 1955-59; in Turkey in 19573 in

gagtern Burope in 1959-603 and in CGruocce in 1960-61, Thers was also
the epizocotic in Tsrael in 1959-50. It has been possible to Tollow

many of these cpizootice closely and scvoral of thoem are of p%rtioular
interest.

During this period, alsc, it has become possible to control foot—
and-mouth disease in continental Furope by the suitable application of
vaccine. During this period fho complement fixation technique was
developed and so, much assistance has becn given in tyring the virus.
After the war, there was a merked advance in foot-snd-mouth diseasgs
ressarch and much knowlodge hes been gained, e.g. cultivation of virus
in tongue epithelium and in kidney tizsue cultures, susceptibility of
wweaned mice, modification of virus, ete., much of which has already
found practical application.

In this rTevicw there is some statistical data. They have heen
taken from the Bulletins of the 0.T.%., the Report of the UK. Depart~
mentel Commitiee on Foot—and-Mouth Disease, 1952-54, and Reports of the
Segsions of the Burcpean Commission for the Conbtrol of Foot—-and—Mouth

DHesecase.




BPTZ00TICLOCY  OF  FOOT—AHD-I DISHASE T  EUROPE
A, Patvern of Foot—and-louth Disesse in BEurope

Tntil 1920, the pa %tcvw of foot—and-mouth diseasc cpizcotics in
Furope scemed quitc clear: new oxbensive cpizcotics swept across
continental Turope from the Basv and moved wWestwards aond gouthwards.
German records ga0vW that, on many occasions, az in 18929 1899

1910, eplzootics enftered Lurops acrosz the sastern Jermen borders from

-

Rusgsia. T+ is also Imown that some epizcotics entored murcpe from
Asia Minor fthrough the Ballzan countrics. In 1920, thers was o change

in the epizootioclegy of the dimease in Furope, for an spizootic
originated in France and wmoved over Burope frop the south and west of
the Continent towards the north and sast. A similar occurrsncs tool
place in 1937 when infection entercd France from Norih ﬂfrioai The
epizootic of 1951-52 was first recognised in the middle of Burcope and
spraad to practically all European countrics. The regional eplzooflo
of 1956-56 also began in the middle of the Continent znd apread to a
limited extont to some Eufoycaﬂ couritried,

e

Since 1910, up to 1959, no invasion is known to bhave taken place

from Russia. In 1959, however, outbreaks again apocared in some

\.—\

countrics weat of Ruseis - Bumaniz, Poland and Finland - uncoubtedly

ag a result of Invasion from Fussisa, Thig invasion seoms o heve heen

1

limited and the control mcasures taken in the invaded countrics to have

o

been very sirict. Probably for +the

m
[0

reasons no wide—gpread epizootlc

r
I

occurred,




The Buropean Epigootic of 1537-39
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infected along the Channcl coast; and the discasce crossed the Franco-

Belgian border of Flandors, luxembourg and the Netherlands were also
invaded. From the castorn part of France the diseaso spread to
Switzerlend =nd to the Gorman bhor d gt the Ehino. In August there was

spread in all directions in Irance and Belgiuvm, and the first cases
appeared in western Germany.

The spread continusd during September and October and in the latter
half of Octobor ths dissase crossced the ranco-TI+alian border =nd also
spread within Switzerland. In November, there wes ropid extension towards
the sast and north in Germany. In the late summer and aubtumn cases began
to appear in Demmark, In November also, the first outbreaks appeared in
Yugoslavia.

At the end of December, fthe Tirst outbreaks appsared in Poland and

in Cgpechosglavalkia,

gpread in 21l direcctions

During early 1938, foot—and-mouth

in Central Europe, while in France, Bolgium and Holland +he disease had
practically disapocared. In the middle of the yoar the discase reached

its peal in Germeny with an overwhelming number of cutbroaks in northern
.Cermany. The number of outbrealss in Denmarlk also increased raplidly.

During the sccond half of 1%35 practically all ofher Turopean countries

became infected. The disease spread from Donmark to Sweden, and some
few outbreaks cccurred also in Norway. The epizootic continued castward
through Poland to Rus:ia, fugtria became infected from CGermany rat the

beginning of 1938 and spread into Yugoslavia. Hungary became infected

in May 1938 from Czechoslovakia. Tn Rumania the first outbreaks appeared

in August 1688, probably as a result of invasions from both Hungary and




Yugoelavic. In Octobar the reoched Bulgeris from Yugoslavia,

e

Groece also becaime infected in October i938 and Albania in January 1639,
There was spread in Italy, and the first casus appsared in Spaln and
Portugal. Some few outbreaks also ocourred 1n Finland.

The virus which caused tais ortensive wove of foot-end-mouth

disease ves identifiesd in scveral cduntries as of the O type. I+ was

Wetherlands were overrun within a fow months, Tn 1938 sproad was

considerably slower and at

2]
o
=
o
)
W

reached ag as the Hussian border. This O wvirus which, in
northern Africa had causcd a benlgn disease mainly among sheed and pigs,

caused an episootic of hitherte unknown scoverity ameng the highly sus—

ceptible livegtock population im Kuropc. N

Tn 1938,;when thoe first wave oI infsction had ceased in Trance, Belgium

and the Netherlands, and had continued ite way towards the north, cast

and gouth—-zast in Eurcpe, new splwmootics ay
countrics, In Vrance and Hollend these new epizootics, which were caused
by virus of type A, reached about the same intensity es the earlier ones.

Later on, epizcotics caused by type A appoared in several other Buropean

countries but were not generally so sovere ag the first srave of infection,

w

Later, during the epizootic, some sporadic outhbresks werce caused by virus
of type C.

I table I the number of outbreaks in mest of the Durcpean countries
is gilven. Tt should be roted that for a number of countries the epizootic
Was still in progresss when the last reports were made. Howsver, in
countries like Poland, Czechosliovaliia and -Austria the spizootic was in

regression (1, 2%), .3

*) These reference numbers refer to
attached to the final issue of this

he bibliographie which will be

4
Lil
nocumsnt.
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Owtbreals during the 1537-39 Epizootic

 France (1937-38)
378,703

Belgium {1537-38)
102,763
Iuxembours (1937~38)

5,089

Wetherlands (1937—39)

265,113

Germany (1937-39)

703,602

Denmark (1938-39)

105,910

Sweden (1938-39)

75253

Switzerland (1933-39)

19,134

Polsnd (1938 — 1 Mareh !'39
, 7 i

2345506

Czechoslovakia (1938 ~ 1 March 139)

240,118

fustris (1938 - 1 March '39)

38,474

Yugoslavia (1936 only)

17,568

Hungary (1938 only)

Rumania (1938 -~ 1 March '39)

20,951

Bulgaria (1938 — 1 Tebruary '3G)

244

Ttaly (1938-39)

31,696

Great Britain zlso becems involved in this cxtonsive continental

Huropean epizootic.

In October 1837 a s:

rieg of ocutbreaks started and

(i

continued until Farch 1933 during which time thore ware in all 265 outbreaks.




Thoy were in the south-eustern, southerrn and south—western parte of the

o

country, and 1% U migrating birds gryed some pert in the

transmission of the virus Tfrom the Continen

Between the two large Burcwsean evisootics of 1937-3% and of

1951-52 the foot-and-mouth dizmsase sifustion in Hurope was comparatively
quiet. The digease was_enzootic in west Turopean countries and the
types of virus found were mainly 0 and A.

Duriﬁg that period, however, there iere two Tegional epizootics
of much interest, one in northern Itely in 1945-1948 and the other in

Oreece, Turkey and Yugeslavia in 1950-F1,

The Epizootic in Northern Ttaly in 1945-48

c

At the end of the Zzcona World Var northern Ttaly was reportedly

free from foot-and-mouth disease. Ilowsver, as goon as imvortation of
2

iivestorck was restored, the Do Valley becams infected, The first
outbrealks were caused by virus of types 0 of low viruleonce. At the

end of 1945, however, & Very pathogeric virus of the € ityne appeéred in
th;t aTes. While the O virus disappearcd, the C virus spread all over
the Po Valley where i1t dominated for three years and +then suddenly
'disappeared. The disease caused by the virus of the type C was

extremely severe and there was a high mortality even among adult cattle.

This epizootic is of special interest because it is the Tirst time -

that foot-and-mouth diseage caused by a virus of the ¢ type ig known

to have spread throughout an area and caused an epizootick( 3 7).
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The Spirootic in Greece, Yugoelavia and Turkey in 1551-52

In 1950-51 fhere wos 2 Teglonael epizocotic in Jresce, Tugoslavia
and Turltey and probsbly Syric and Troq were alsd incinded, T table IT

is given the snumber of monthly ocutbreaks during 1951 in Greece, Yugoslavia

and Turkey, as well as monthly numbors of disecsed animals in Irag in

1951 and the number of disessed animels in Syria in the whols of 197/1

and 1952,

Table TT

1201

Grsece, Tugoglevia Turkey Lrag . Syria
January 36 0 ' 4 733
February 65 0 5 325
Marech 131 O 7 3,233
April 4,404 0 9] 4,530
May 17,547 277 3 6,251 106,818 (for the
: whole of 1951)
June 24,568 230 152 2,498
July 1,444 632 51z 1,535
August 828 1,183 1,271 574
Sepntenber 474 €59 &896 37
October 477 212 480 289
November 191 205 453 150
December 361 61 352 217

1952 ' 124 (for the
whole of 1952)
The table shows that there was a flare-up of the diseass in all five

countries in 1951, There iz good Teason to belisve fthat there was a

regional epizcotlic in these five countries.
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In Greesce the spizootic storted in 19%0 im theé district of Attike.

Vacelnation was carricd cuv with o bivalent vacclne. Jowever, a month

after wvaccinetlon T Tere some ruptures of dmmunity. After virus

of type C had been dearn a trivalent vaccine 0, A and C was usged

for vaccination with good results. In the beginning of the epizcotic,
virus materiasl had been gsoat to a CGerman foot—and-mouth disease

-

laboratory where it was t

ped s2 A and finally identified asg the

varicnt A5, A vacclne produced with this virus was Then used, with
favourable vestults. However, in dae beginning of 1951, foot-aund-mouth

disease spread beyond the district of Attilka and with great rapidity,

invaded large parts of Grocco. From table IT it wrill be sgeen that the
peak of the epizoctic was in June ( 4, §),

Yugoslavia was free from foot—and-mouth disease from July 13550
until the las® day of Anril 1951 wien the aouthoern part of the couwntry,
Kacedonia, wag inveded from Jrecce. Bivalent voceinc O-4 was used

against thisg invasgion but the immunity runtured within a short time

after vaccination. The invading virus wWas shown to be of the A type
and later was identified as the variant As. From this virus 2

Vallée~Schmidt-Waldmann veccine wse produced locally and gave good
results, With ths help of this vaccine, combined with the application
of strict velecrinary measurss, the irvasion from Gresce was brought

i T

under control {8, 7).

In Hay 1951, the disease spread from Greece into Bulgaria, There

is reason to believe that virus from (recce also invaded Albaniz.

T




3ease- in
1951, The digsasc T nundred reported
outbraaks (infec of outbreaks in

1350, 1951, 1952 and 1553 were 71, 2,891, 1419 and 284 rasvectively

gituation through 1951 wiil be scon in table IT: it will

P

S
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be seen that the epizoctic had iis peal in Ausust 1951, In the
begiming oF 1952 sanples ol virus from different parts of Turkey were
typed { 9 ) and virus of the

pes Oy 44, A5 and C were identiried.

It is impossible to msceriain the true oriin of this reglonal

epizootic, It would appear, howevor, that the infscition possibly
criginated, as go often previously, in some sastern countriss. It

4 o

ig remarkable that this epizootic wag arvestoed in scuth-eastern

Europe so that no movement ncrtiverds into western Europe took place,

The Furovean Epizootic of 1951=5¢

During 1950 and the beginning of 1951 the foot—and—mouth disease
situgtion 1n western Huropean countrics remained fairly'steady'compared
With previous yaars.. The numbers of outbreails in 1950 in France,
Belgium and the Hethorlands and the Fedceral Republic of Germany wers

8,0943 408y 2,485 and 583, respe t’“ély, During the spring of 1951
there were some outbreaks in the Federal Republic of (ermany caused
by the virus typss O_and A4 (10 ). In Manyune seversl outbreaks
cccurred around Hannover caused by virus of type Ag. It was found

that thig new type was the same tyoe ag that which had b&uSCd outbleﬂks

in Greece. The German authoritize thousght thet this new A5 strain Wa.s




probably of Jocal corigin and a variant of ‘an A type insids JGermany.

e

Virus of type O wes olso dowcastratsd in nors at this time.
Thug, gimultansously thore were ln Jerwany the Following four tyvess

O, A A5 and C,

The new variant Ls, however, dominated the picture, Tt was
extremely contogicus and spread rapidly in U Germany. It also

spread northward te Denmarl, 3weden and Horway, wesiward to Belgium,:
Netherlands, Luxembourg and France, from France inte Spain, ond from
Spein into Portugal, Switzeriend, Ttely and Austrio were invaded and
spread tock place into Bastern Germany from whers the disease entered
Poland and finslly Russia, Later, the digease cntered Finland,

-

i part of Burope, Hungary vrobably

O0f the countrics 1n the Eoste

remgined free Trom the infeection. o information is zvallable concerning
Czechoglovakia and Rumenia, The position in Greescs, Tugoslavia, Bulgaria

and Turltey during 1951 hag already becn referrved +o.
From the Continent the virus spread to Great Britain where, betweon
Kovember 1951 and Wovembor 1952
Az stated above, virus of the O type was also demonsirated in tho

northern part of the lederal Republic of Germany in May 21951, It also

showed a tendency to spresd, zlthough mors slovwly than Ars and invaded

e number of countries in which it appearsd 2 - morths after the A5

invasion. Thus, as occurred in Italy in 1945, C virus assumed an
episcotic character and spread over s wide area. The spread of fhesge
viruges (As and C) 1s of considerable interest. Dxanples from some

_) ki

countrices may be guoled.
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The first country to be lavodsd from Germeny was Denmark, where

thers were, in all, sone ; Somae 500

outbreaks -were

Belgium wes invaded by A5 virus fror Jermany ot the beginning of

September,m;951 and by C virus in January, 1852, probably from. the
Netherl@ndsu In all, some 55,000 herds were infeocted.

The Netherlands was invaded by Ag virusg from Uermany at the
beginning of Septembsr 1951 and by C virus during the Secoﬂﬁ hal® of
December, Here two waves of infection could well be d@monstratéd.
During the first wave of infection caused by hg virus gome- 20,000 hexds
were infectleds dﬁring tie zecond wave some 7,000 herds.

France was invaded by 55 virus at the end cf 1951, and in tha
beginning of 1952, ¢ virus wag demonstrated. The total ﬂﬁmbgf of

outbreaks was some 320,000.

The gituation in Switzeriand and Sweden during the 1951-52 enizcetic
L € & _ I

-
e

is of gpecial interast, witzerland became infected with Ar virus at
the beginning of Uciober, 1951 when fooct-and-mouth discase was found

-

among cattle imported from Deunarlk. Later on, outhreaks were found

wlong the reilway line of thoe St. Gotiard caused by Danish and Dutch

cattle in transit to Ttaly. In other rogions outbreaks were caused by
imported agricultural products, From October, 1951 until the end of the

year there were, in a2ll, 181 outbreasks, and in 1952, 109,
Sweden became infected from Denmark in the istier half of September
1951, I'ron Beptember until March 1952, when the zpizootic ended thers

was a total of 840 outbresks in Sweden, all of which wers cauged by

virus of Ag type except 6 of which C type was the cause ( 11 ). .




Tablie

Number of cutbreaks in the 1951-52 epizcotic in scme

Luropean coumtrios

Portugal (1952-53)

15,045

Spain (1952-53)

11,031

France {1951-52)

330,056

Belgium (1951-52)

59, 302

Luxenbourg (1951—52)

1,329

Netherlands (1951-52)

27,805

Germany (1951-52)

204, 300

Denmark {1951-52)

27,765

Sweden (1951-52)

833

Switzcriand (1951~52)

426

Ttaly (1951-52)

43,690

Finland {1952-53)

121

Polend {1951-53)

106,800

Austria (1951-52)

12,607

Hmgary (1951-52)

Gfeeoe (1950-51)

\Jt
N
G

N
™

Yugoslavia (1951-52)

3,657

Bulgaria (1951-52) .

32 _
Turkey (1950-51)
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The Huropsan foet-znd-mcouth disease egizcotic.of 1951-52 was
certainly violent and cauged a large number of outbreaks in differvnt
countriss. However; a compariscn of the figures in tables I and 11T
shows that the epizootic of 1937-39 was s%ill more viclent. The
position inthe group of countries of France, Belgium, Luxembourg, the
Netherlands, the Federal Republic of Germany and Denmark is that the
total number of ouibresks during the 1G37-39 eplzooctic was about
l% million while in the 1951-52 epizootic there were lsss fthan half of
thafﬁﬁﬁm%ef? © Tt should also be noted that iﬁ countries like Swiﬁéeriahd
and Sweden the incidence in the latter epizootic was élmost negligiblei

It hds.already been mentioned that the foct-and-mouth diseése virﬁs
of the A5 %ariant'whioh appeafed in the Federadl Rebﬁblic of Ge}many in
June 1951 was considered as being of German origin. Rowever, Uﬁertini
{ 12 ) ﬁas cast some doubt on this assumption. At the beginning of
1951 he had examined virus harvested in Grecce in the autumn éf 1950;
and ideﬁtified it as type A without any diétinction of variant. In
1953 a mér@ precise deterﬁinatioh of this virus from Gréeoe was made
by Ubertini. He came to the concluéion that fhe G:egk straiﬁ was of
the'A5 t&pe and was ideﬁtidal with the étrain“isolat;d some ﬁonfhs later,
first in Germany and‘theﬁ in many other Eurﬁpeén countrics; : Thus, the
virus of type A5.héd appeared.in Gresce in 1950 and in Germany in 1951
and the t%orstrains were shown to be identical from both & serolggioal
and & clinical point of view, In Ubertini's opinion it is; therefore,

highly probable that the sxtensive Eﬁropean eplzootic of 1951-52 had its

origin in Gresce and not in Germany.
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There hes been no major epizootic in Eurbpe since that of
1951752; However, the disease has ocourred as minor oplzootics iﬁ'
©osome regions:. France and the Pederal Republic of Cermany 1956*58;
Spain and Portugal s 1958-~59; Turkey 19575 Rugsia and eastern
Buropean countries 195%-60; Gre.ce, 1960-61. There was also the
eplzootic in Igrael in 195960 which was of great intevest for

Turope.

-+

the Pederal Hepublic of (Jerma Y 1456—58

The Epizootic in France and

| Tha fmot and-mouth disease situation in westorn Turope, dqr%ng
the Ilrst half of 1956 was very guiet. Some“countries were completely
fres from the disease and in others th@retwas only a very limited
number cf outbreaks. The Fo@eral Ropublic of Germany was, in fact,
ffeelduring April-énd_May. | | . |

In thQ middle éf the year, howevei, the iisgase flare@ up in

France and the Faderéi Hepublié of Germépy.and Boon agsumed an
@pizootio character, The numb;r.of outbrbakp 1ﬁ France were: in
1956 — 6;800;7 in 1957 - 99?424 aﬂd in 1958 - 14,127, reupectlvbly
The number of outbrecaks in the Pkdbral Republic of G@rmqny weres
in 1956 — 31,4015 in 1957 - 6 3839 and in 1958 - l 65? respeotiVQly.
In both countries the number of outbrfaks during this regional eplizootic
was low ag comparad with former epizootics, In both counmtries the

three classical types of the virus U; A and O were present during

the epizcotic.
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The spread of the infection from France and the Foderal Republic;
of Cermany into neighbouring countries could not be avoided, The
digease spread into Belgium, Tuxembourg, Switzsrland, Spain and Portﬁgal
ag well as into Penmarlk, Czechoslovakia and Auetrié; Some of the more
" eastern countrics such as Poland, Hungary and Rumaniasraiso had owtbreaks
which wers attributed “to invasion from western hurope, ‘The iﬂfeotioﬁ
“also spread to England causing outbreaks along the Channel coast,

Most of these countrics were:omly slightly infected. There weTe
probably two reascns Ior this: the measurts taken in France and the
Federal Republic of Germeny made infection lese heavy than in former
eplzootics; measurss taken in the invaded countries,

T table IV the numbers of outbresks during this limited epimootic
ars showns N

‘Table TV

Number of cuthreaks in invaded countries

Belgium = 1,589 . Czechoslovakia 2301

- Luxembourg ©20 : Avetria 145
Switzerland 285 o ' Poland 26
Spain 35343 - : Bungary 1 16
Portugal 5,454 - ~ Rumania CooaT
Denmark 62

T+t will be seen from table IV that the number of ouitbreaks In most

of the countriss, except Spain and Portugal, was limited compared with

the two former epizootics. |




The epizootic in Spain and Poritugal in -1958-5Q

Whon foot—and—moutﬂ digesss ocours in EEQEE it is usﬁélly Tound
first in the North of the country where thefé are conmon gfaéings with
France. Farly in 1957 goma small outbreaksrc§used hy virus type A5
ocourred first in %ho mof%h and later in the center of the country { 13 ),
In J;me—July of the samé year gome outbreaks caused by virus of type C
occurred in the Pyrenean region near France, During 1958 an epizmootic
developed and auriﬁg 1957n58~59 and 160 there were 161, 1887, 1265 and
244-outbreaks, respectively. In addition to the ftypes A ﬁnd b, type O
was also identified during the eplzootic. Siﬁce March 1961 no outbreazka
have been reported %rom Spain. Rl Should Be ﬁote& thét séme cutbreaks,
especiaily in pigé, may.have had thelr origin iﬂ imported infécted
meat. -

Foot—and-mouth disease has occurred fairly frequently in Portusgals
invasion as a general rgle having %aﬁeﬁ.plac@ from Spainf The overall

position in Portugdl ig not odméi&éreduﬁémbé-ééfiqﬁé aﬁd.theldisease
has Showﬁ a tendency to die out ( 14 ). In Maf 19589 an épizoofic
gstarted in Portugal as a resuit of invasion froﬁ Spain of“virus type A,
During 1958~59 and 160 theﬁe were 3,912, 1,489 and 53 outbfeaks,
regpectively. The last outbreak in Portugal was reportsed in Décember

1960, It should be noted that also in Portugal dlmported meat consiitutes

a potential source of infection.

The epizoctic in Turkey, 1857

Independently of the flare-up of foot~and-mouth digease in Westlern

Eurcpe, a severe epizootic ocecurred in Turkey in 1957, The fcot—-and-

mouth discame situation in Turkey is of special intercet to Burope,




H'lji;:

because that country is & link between thé continents of Asia and

Europe. Foot—and-mouth disease 1s enzootic in Turkey and, azs a rude,

of a very mild character. An outbreak in Turkey refers to an infected
village, and in Turkey there ave some 0,000 villages. ‘The normal

foot-and-mouth disease picture is 300-800C outbreaks ahnuallj with a flare-
up efefj 3=4 years. There has ﬁever been an epizqqfic in_fhe_Europeén
sense of the word in Turkey, as far as is known. The 1957 epizootic
gstarted in May in the eastern part of the country, probably as the
result of invasion from Irag wherd there was a flare~up af that period.
(The number of animals affected in Iraq was 2,073 in 1956, 898,941 ih

1957 and 3,683 in 1958).

The disgease spread from east to west in Turkey and soon reached the
European part of the counitry. = The epizooticllasted from May £0 Deceﬁber,
reaching ites peak in July with 3;390 outbreaks: in =211 thére were some
8,000 outbreaks; . The epizootic was caused by virus of %yﬁe Oza it wasg
very serious and caused a high mortality ( 15 ),

From Buropsan Turkey the discase spread also into the ﬁéighbdmiiﬁg

countries of Crsece and Bulgaria, where further spread was arrested.

Foot—-and—-Mouth disease in Russia and eastern Buropean Countries

Earlier féot—an@nmouth disease in Russia was gf,muchrimpo;tance,to
the rest of Hurcpe., Until ths epizootip of 1920, extensive Buropean
epizootics alwayw moved ACTOSS the continent from cast jo wQst as a
result of infection from Russia and in some cases also from Asia Minor.

The last extensive epizooitic invading Hurope from Ruseis was in 1910,

From 1910 to 1959  no spread of foot~and-mouth discase originating in




Russia is known to have taken plece to her western neighbouring countries.
During.l 9 59, however, there vas undoubtedly agaln a spread of the
disease from Russia westward, althqugh it.se@&s to have béen on g
limited scale.

Some information on the epizooticlogy of the diseasg in Rusgia was
.given by Griﬁanov in 1958 { 16 ) and by Bdiko in 1960 (17 ); During
1955 and 1956 meny samples of virus from many places in Bussia were
examined, 0f these 30,2 percent were of the 0 type, 64.6 percent of the
A tbype agd 5.i percenf of the C type., The A tpr wag demonstrated in
the éentral part of Furopean Russia, in White Russia‘and in the Ukraine
and it was this virds which invaded Fussia from_the wast in:1952. The
viruses O and C were demonstrated ig the Republics of Central Asia and
types U and A in the.Republio of Géorgia.

or g number of years no information was available about‘the “
numbexr Of outbreaks of the disease in Eussia., HOWever? from the
beginﬂing of 19061, Rﬁssia hag reported the monthly number +to the OIE:
January, 75, F@bruary'439 March, 25, April, 22, May, 39, and June, 44.
The ﬁumber éf outbreaks must be regarded as extremely limited in S0
huge an aresa.

In 1959 it was reported from Russia that~virus-of‘typ@ QO wasg
yresent in the Ukraine and the Petiograd district, Tt wag from here
that spread westward took place.

fumania was the first couniry to be invaded. The country'had Been
free during 1958 until December when the first cutbroaks cccourred.

Puring 1959 the disease spread throughout the cowntry, In April, 1960

the country was again free and has remained so gince that time. The
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casual virus was of type Ca The number of cutbrezks were: 1958 - 5y
1959 -'4195 and i960 - 24;_ From Rumenia the infection spread to the
héighboﬁring countries ﬁf.ﬁulggriag Yﬁéoélavia and HDungary.

Bﬁlgaria wags free from foétmand—mouth disease in 1959 until April
when 1t was invaded froem Rumania. In August 1960 the country was again
free aﬁd ne outbfeaks have been reporied gince that time. The number
of outhreaks were 1959 - 70, and 1960 - 4; The casual virus was, as
in Rumeania, of type O. |

Yﬁgoslavia was invaded from Rumania in November 19592, before which
the country had been free for five yeérs exceplt for one outbreak in
Februdrj‘1959. Yugoslavia was again declared free in Ap?il-1961.

The number of butbreaks WETe: 1959 - 50, 1960 - 41 and -the firs?lhalf of
1961 - 10. | There were, in Tfact, thrée groups of outbrealks in Yugoslavias
near the Ruménian bérder in November 195%; near the Bulgarian border in
Juné.l9éO; and near the Hungarian border in November 1960. In all

three groups virus of itype 0O was identified.

Hﬁngarl wag free from feot-and-mouth discase during 1958. In 1959

there were some few outbreaks in March. In November of the same year,
cutbreaks occurred near the Rumanian border. Jince February 1961,
Hungary has sgain been free of the disease. The number of oubtbreaks

were: 19H9 —21; 1960 ~ 22 and the first half of 1961 - 2. The causs
of infection in November 1959 was as in the outher countries, virus of

type O,

It i not known if there wag an invasion inito Czechoslovakia from

Rusgsia in 1959. It seems, however, as if infection appeared in a

digtrict in the cenfer of the country in the autumn of 1959 causing a




congiderable number of outbreaks. Four oth,r digtricts beoame

infébté&ﬁ A1l three tjbes of the virus 0, A.wmd d_ﬁere demonsti%ted.
The number of outbreaks Were: 1959 - 1439 1960 - 85 ﬁnd the first half
of 1961 ~ 48 Czochoslovakia has rccbntly been declared ffee of foot-
andumouth dlSLWoe- - : o | o

Poland was ffeé.aufing 1958 ana aléo duriﬁg.l95§ until Octoher/
'Deéembera when & nuﬁbor of outbreaks occcurred, first neéf thg Crzechog—
lovakian bordsr and later neér the Pussian'bor&er.rr Vi:us bf:types AB
and O were identified. The number of outbreaks Wereé 1959 - 333,
1960 - 373 and the first half of 1961 - 15;' o

In Finland aofe ouuhreah& occurred in NOvémbér, 1959 nbar.the
Russian border; The owu@al Virus was tyned ag O, Thc.numbcr of .-
outbreaks were: 1959 ~ 41 and Jaﬂuary 1)60 - 1. Slnoe January 1960
up to ths mldule of 1961 no Luftﬂbf ouubroaks Havo oooufreq. There is
gome doubt whother all the reportad CaSeS were actually foot—andfmouth
disease, | | | |

Austris was free Trom foot—andnmoufh digcage for mdre thaﬁ tWwo
years when some outbroaks ocourie_ in 6;fober5 1955 near tﬁ;wbééchf
osldvakian border. In Octobaz, Novcmbof and December, i9599 thére Wwerd
A, 1 and 1 outbreaks “eSPfC+lelJ Virus type O was d?agnosed. Daring
1960 Austrla wags again free from the digease until Deoambér when.fhe
disease was identified in slaughteréd aﬁimals imﬁorfod fﬁom Hﬁngary,
The infected animals werc found in the centrai cattle market in Vienna
and virus type 0 was identified, this was the same type that hadlpaused

the recent outbhreaks in Hungary. During the first half of 1961 no

outbresks occurred in Austria.
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T+ will be ncoted that the rmumber of cutbreaks in the abovs
countries was very limited compared with former days.

The epizcotic in Greece 1960-61

Sivece the extensive foot—and-mouth disease epizootic in 1951 until
1960 there were only a limited number of outbreaks in Grsece. They seemnm
to have bheen caused mainly by invasion from Turkey and by infected
frozen meat imported from Scuth America. Virug of types 0 and A werye
demonstrated. Tn 1960 and 1961, however, a new dangerous situation
developed in the country. Ureecce was free during 1960 until September,
when the disease was demcnstrated near the Turkish horder and the casual
virus was typed as O, Alsc in September, foot-and-mouth diseass
ocourred in a plggery in northern Oreece whore the pigs had becn fed
with swill from infected frozen meat imported. from South Amerigao
Virug .of type ¢ was demonstrated. In Pebruary, 1961, the disease .
broke out in another piggery also in northern(reece where the pigs
again had Veen fed with similar swill, The type of virus demonstrated
was A. During the rest of 1960 and in 1961 uwntil July a number of
cutbreaks occourred mainly in the norfhern fart of the country but
there Were alsc some in the centrsl part and near Athens. The total
number of outhreaks during the epizoctic was 297, .

In September the country was again declared Ifree from foot-and

mouth diseass { 18 ).

The epizootic in Tsracl, 1959 - 60

An epizootic of much interest to Europe occurred in Israel in
1959-60. Israel is under comnstant threat of invasion of foct-and-mouth

disease from her neighbours, Lebanon, Syria and Jordan, where the disease

occurrs and where effective control measures are difficult fo carry out.




uring the past few years Isracl has had goms outbresks: 1 B3 - 23
& - J ) 4

1954 - 15 1935 - 93 1956 = 94; 1957 - 3d. An outbreak in Tsrael

refers fto an infected farming community: thore are 950 such communitiess

in the country.. In 1958 the first outhreaks of the disease in Isragl
wera in March, undeubtedly ag a result of invasion Trom Syria. Thare

Wwere some difficulties in typing the causal_virus and it was not until
September of that year that it was finally typed as Asia T, a itype which
had been demonstrated earlier in many parts of Asia, in Hongkongy Thailand,
Burma, India, Pakistan, Afghanistan, Iran, and more rvecently, in Syria and
Lebanon.  TFrom Mardh-1958 to 1 January 1959 in alllthere were 13 outbresks
¢f the disecase irn TIsrael, of whichl? were oagsed‘by virus of type Asia I
and ons by virug of t¥ps O. The Asia T outbrsals were of a somewhat

mild characfer and the virus shoved little tendency to spread. - During
1$59 there were cutbreaks in Lsracl caused by_virus of *ympe O,: Thern

in the middle of Octobar, virus of thq Asian type was again found. On
this occasion, the disease started with a.seriousloutbreak in a Tarming
community near the Lebanese border and soon spread to other parts of

the country. It was guite serious and showed considsrable tendency

to spread, causing 100 outbresks in 18959 and 193 in 19560,

This epizcotic 1g of special interest to Durove because i+
p iy

occcurred so near to Turkey, which is the link between the Near Rast

e

and Europe. The Asian virus has, as already mentiocned, been demon-—
strated in Iran and Syria and may pogsibly appear in Turkey on some
Tuturs occcasion. 1T foot-and-mouth disesse caused by the Aedian type

of virus developed into an epizootic in Turkey of a severity similar

to that of the epizootic in 1957, the situation would be very dangerous

for Burope ( 199 20 ).
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Epizootiology of Foot-and-Mouth disease in the United Kingdom

The epizootiology of Poot—and—mouth discase in the United Kingdom

has special‘characteristiose A true. gleaughter policy has been cperated

there for many years and vaccination has never boen applied. The
livestock, therefore, is highly susceptible to the infection. The

United Kingdom is invaded from time to ime by foot—and-mouth diseass
and during many years there have heen outbresks each year. Ag already
mentioned, the BEuropean spizootics of 1937-40, 1951=53 and 1956-538 also
spread to the United Kingdom. Imported meat from South America is
elso another source of infection.

The patvern of eaoch of thess twolkinds of infection is clear.

When the continent of Burcpe is heavily infected along the Channel
and the North Sea coasts, infection is coanveyed to the UhitedyKingdom
by indirsct means and outhreaks occur in the southern, south—castern
and eagtbern cozstal arsss of England. Thizs was clearly shown during
the epizootics of 1937-38 and 1951-52. During +the epizootic of
1956—58-in France when the number of outbresks was negligible in
Denmark and the Netherlands, and limited in Belgium, nearly all the
invesion from the Continent was Ffound in the south and south-western
coastal areas — opposite France.

On the cother hand, primary outbreaks, the source of which is’
considered to be imported meat from South America ocour in any pari of
the oountry'iﬁ which such meat is distributed. In 1558, for example,
there were 29 primary outbreaks in the United Kingdom, of which 1t was
concluded that 17 were due to invasions from the Continent; probably

northern France and in 10, the virus was introduced into the country

with infected meat.
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Over the vears a1l threc types of virus have baen demonsirated
e, s : 4 i
in the United Kingdom.

Epizootiolegy of foot—and-mouth discese in the Nethorlands

The foot—and-mouth diseasze situntion in the Netherlands_has,be@n
very satisfactory since 1953 when systematic vaccination of practically
the whole cattle population was introduced and this procedure was
combined with slaughier of infected and susceptible animals. The
number of outbresks has been: 1954 = 343 1955 = 48:; 1956 — 47; 1957 ~ 403
1958 ~ 113 1959 ~ 63 1960 - 3 and during the first half of 1961 - 2,

It ghould be noted ?hat mogt of the outbreaks have been among plgs
which are not vaccinated and among oalvehor Over the ysars all three

tyvpes of the virusg havye bsen present in The Netherland

[#4]

Recent outbreaks in Turope

un

Since the epizootic of 1951 - 52 the foot—and-mouth digease gituation
in Belgium has been very satisfactory, undoubtedly due to extensive
vaccination. The number of outhreakg, mostly in pigs which ave nod
vaccinated and in young stock are: 1954 - 7003 195h — 19%; 1956 —~ 693:
1957 — 328 1958 -~ 568; 1959 — 573 1960 - 180, A11 three types of
virug, O, A and C have been identified.

Tn Wovember 1960 there was & Flere-up of the discese caused by
virus type C, which zpread from some important markets to many parts of
the country. Compulsory vaccination was extended throughout the

country and the resulis were highly satisfactory as the disease was

rapidly brought wnder control,
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After the small epizootic in the Tederal Republic of Germany in

1956-58 there were only 118 ocutbreasks during 1959. Howaver, duriﬁg
1960 and 1961 bhere was a flare—up with 1,399 cutbreaks in 1960 and

2,763 in the first half of 1961, It is understood that most of the
outbreaks were in pigs Which were ncot vaccinated and that they were

cauged by virus of type C.

It was menticned above that the situation in Fastern Germany

during the 1951-52 epizootic was very gatisfactory because systematic
vaccination hzd besn introduced. I+ 5.¢ underatood that this vaccination
hag been continued‘and that the results have remained satisfactory.
However, as in the Federal Republic of Germany there was a-flare—up
caused by virus type ¢ during 1960 and 1961 and the disease belng
oonfined lorgely to plgs. The number of reported outbreaks ﬁ;re:
in 1960 — 189 and in the First half of 1961 - 342.

Probabiy in connection With.the flare¥u§ in Qermany there were: also

gome Tew outbreaks in Denmeark and Sweden.

Recause of its central position in Burope Switzerland is much

exposed to the infection when the diseasec is prevelent in neighbouring

countries. In 1960-61 the situation in Jermany and Italy was reflected
by the incidence of the disease in Switzerland. In 1960 there were

96 outbreaks and 131 during the first half of 1961. In 19€1, mainlj
virus of the C ftype was demonstrated.

Since the epizootic of 1951-52 until the sutumn of 1960 the
digease was engootic in Italy with numbefs of annual outbreaks varying

from some 7,000 to sone 13,000, A1l three typses of Virusg 0, A and C

in different proportions, have been presant. .In 1960-61 a flare-un




- 26 - .

nainly caused Ty virus of type C occcurred.. . This splmootic started
dvring the last months of 1960 and the number of outbreaks kn October,
Wovember and December 1960, were — 572, 928 and 1,810 respectively..
An dncreases in the number of outbreaks used to ﬁe normal in these monthss
on this occcasion, however, the virusg of type € showed much teundency o
gpread and had a marked affinity for nigs.

The epizootic reachod 1te pealk with 4,795 outbreaks in March 1961

and then began to regress and in Avgust only 274 outbreaks were reported,

With the virulent epizoctic of 1937-40 the Toot-and-mouth disease
situation in Europoqbccame more and more serious for the nuﬁber of
infected herds. steadily rTose and the diseage apread in a severe form fo
more and more counirics. The position in Gormany and its neigﬁbouring
country, Denmarik, illustrates this point. Tn Germany the numbsrs of
outbreaks during five eplizcotics which occurrsd hetween 1896 and 1940
were 350,000, 240,000, 800,000, 240,000 and 940,000 respectively; in
Denmark during five epizootics which cccurred between 1311 and 1940
the numbers of outbresaks were 1,300, 7,000, 8,000, 160,000 and 100,000
respectively. - This position is probably velated to the sieady up-
grading of cattle ir Lurops, the growing traific in livestock and perhaps
inherease of the virulence of the virus. There sre recent examples of
this increased virulence. Foot—and~mouth diseasge in Turkesy is enzootilc
and usually of & mild character. In 1957, however, O virus invaded
Turkey and caused an epizocotic of a hitherﬁo_unkﬂown high virulence,
There is also ths example in Israel where the virus of tbe Agia I type

had invaded the country in 1958 without showing any  tondency to spread.

In 1 howevor, a ne¥Ww invasion of the same types of virus caused a
7 9
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real epizmootic. A Turther example concerns the epizootiological change

which type € has undsrgone. Until 1945, virus of type € is known to

have caused only sporadic outbreaks in Burope and had showm no tendency

to spread,. In 1945, however, virus C appeared in Italy and caused a
real epizootic, mainly in the North, Algo,during the epizootic of

1951=52 virus of type C camused the second wave of infection which gpread

from the Federal Republic of Germany to meny Eurcpean ccuntrics, Since

then ¢ virus has been present in several Furopean countries where it

has not been previously demonstrated. It has repcatedly shown some

tendency to spread.

At the end of 1961 most countries in Furope were free from the

digsease and in those in which the disease was present the incidence Was

low,

However, the situation is in some ways dangerous because the

cattle population in many of the countries is highly susceptible to

the

and

(1)

(2)

(4)

disease gince there hag bhoen o low incidince for a number of years
only a limited vaccination has been carried out.

There are probably five main sources of infection for Lurope.

The existing centers of infection within Burope may flare up and
the disease may Spfead to many countrics.

Russia, which in former days wag a source of infection and from
which again in 1959 infection was introduccd.

The Near Rast through Furopean Turkey; the existence of virus

of the Asian type in this region is of speclal importance.
Africa, from where the Buropean epizootic of 1937-40 started.

Trom Africa there ig also the threat of the introduction of three

South African types of the virus.
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(5) Importcd meat from South American countriss is a source of
infection for importing countries,
"Thege sources concern fToot-—and-mouth dissasze in Turope, It must
net be forgotten, however, thob the infection in ﬁurope is a source of
the diseass for other regions in the world. Russia, for example, wWas

invaded from Furcpe in 1938 and in 1952, respectively, by virus type

0 and virus type A5. It is also known that the disease has bcen

introduced into Noxth Africa from Europe.
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MODES OF TRANSMISSION OF FOOT=AND-MOUTH DISEASE

Many'investigationé have beeﬂ‘carried out at different times on
probléms concernea with the mode of +transmission of foot~and-mouth
digeass. TFrom time 1o time, the resulté of surveys have been
published: .égamples.are the articlss by Trautwein in 1929 (?2) and.
by Waldmapn and Nagel in 1939 '(23), the Report of the United Kingdom
Departmental Committee (1952454) (24). Sven‘ﬂndersen and the writer
alsc studied this problem in Denmark in 1940 {25},

The infected animal, which excretes virus is the soﬁrce of the
infection: +he excretion occurs in the acute stage of the discase and
possibly in some cases, periodically, aficr recovery from the disease.

The coursc cof the discase and the highly infeotious_ﬂature_of
the virus are of importance in the rapid and wide spread of<%ootfaﬂd—
mouth diseass. Tn thig connection it may be recalled that the virus
ig present at first in the specific primary lesion wherefit multiplies
greatly and from where it enters the blood and so invades all paris
of the body; I+ ig excreted in tﬁe galiva even before the
appearance of mouth leslons with a very large increage in amount when the
lesgiong burst. Following invasion of the blood, the virus is excreted
in the milk, urines and dung; Becausce of its high infectivity, only
very small amcunts of the virus are reguired to set up the discase
and. becatse of ite high resistaence in the dry state, the virus may
remain infective for relatively long periods and may be carricd for
long distances.

The direct and indirect metheds of spread from the infectod

animal on infeoted premises are well known: movement of animals,

through infected markets, by contaminated vehicles, efoc. Such
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methods are not consgidered in detail in tﬁis raevicw, Soﬁe further
information, however, has becn obtained during the past 25 years on

some modes of transmission ond fthey will now be described: tranemission
by human boingss by milk, by meat and offal, by wind, by birds, by
fodder and vegetables and by escapeg of virus from laboratories, The

subject of excretors of wvirus will also bs congidered.

Transmission of Foot-aond-Mouth Discasc by Humdn Beings

Tt is generally accepited that foot-and-mouth discase is a typical

exemple of a disense spread by an intermodiste carrier, and that man

ig regarded as fthe most important carvier. This conviction is based
on circumstantial evidence which, in mony cascs, 1s overwhelming. This

questioh wag studicd alsé by Sveﬁ Andorsen and the writer. - It ig#not
alﬁays easy to tracce the movements of people from farm to farm an& muich
crosé—exaﬁinaﬁion may be roguirced to extract detalled information. T+
is always begt tc ascsricin the movement of the‘people ot the beginning
of the epizoctic when thers are only vory fow outbreaks. 0Ff tho
soversl examples of spreand by human belngs during cepizootics in
Denmark, two are now given as illustrations.,

Denmark had becn completely froee of foot-and-mouth discase during

1935 except for ome outbresk in November on a large island

o

where all the animals. in  the infected herd were gslaughtered,

In December 1935 and January 1936 fthore wag 2 small epimootic on
another ieland with a total of 11 outbreaks and where all the infected
herds also were slaughtcred. The origin of the primary outbreak was
not known.. Throughout the district thore were a further 10 outbreaks,

spread ovor a Tairly wide arca, separated by distances up to many
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kilometers. - It wes ascertained thatAin one of the outbrezka there
had boen direct contact by mevement of infocted animals: in 7 of
the 10 outbroaks movement of people was invelved, while in. another,
this was sugpocted. Tn only onc of the cutbreaks could no origin
be determined. No other explenation for the transmission of the
virus could be found,

The other was in December 1937 and concorncd the occurrenco of the
discase on another lerge Danish island which had been froc fox about a
yenr when scven outbreaks occurred on 10, 17, 22, 23, 25, 28 and 30
Decombor, respectively. The crigin of the primary ocuthreak was not
nown end no connection was found botwoen it and the first of the
scoondary oufhbresks, The last five outbreaks, however, had @irect
sonncotion with the sccond outbreak. A person visited this farm
on 16 Decembor, the day bofore the discasc was diagnosed, and he then
visited the other five farms betwoon 16 and 18 Doccmber and footb—
and-mouth diseasc appearcd in them botween 22 and 30 Dcecombeor. In
three of +the five outbrenks the person was in close contact with the

animals in which the discesc was firsy demonstrated. In onc cass he

was only in the horsze stable. No othor explenation for the transmission

of the virus fo the five farms could be found.

In Norway there is an interceting example of gpread by man which
‘seems to indicate that it may be possible te introducc the virus into
a stablc after walking across infccted ground (26). During ths
Second World War whon the Oslo Pjord was blocked by icc and when the

country was free from foot-and-mouth discase a shipment of plgs wos

sent from Denmark 4o o southcern port in Norway and from there by rail
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to Osglo, The vans which conveycd the pigs wore not waoterproof,

When the pigs arrived in Oslo they were found to be infocted with
foot~and-mouth discasc. Ten outbreaks occurred on Tfarms situated
along ths railway line from the southcrn port to Oslo, =ome on the
wostern and some on the castern sido, £11 the cutbrecks heod the
following in commeon: eanch infected farm was within 100 yards o

lesg from the railway tracks; 1in cach the discaze appearcd about

a Week after the infecicd animals had passced; the poople of -ach of
the farms had to cross the railway tracks te reococh the highway. It
has also to be notced that no farm bocame infocted where people did not
have t¢ cross the railway line. No explanation could be found other
than that tho inhabitants from the forms which became infected, h?d

to cross the presumably infcctéd track and brought virus on their boots
into the stables,

The outbreaks in Norway heve much similarity to those in Switzerland
in 1956 when pigs in transit caused five primary'outbreaks between Basel
and Chiogseo on the Italien border (27).

Two examplos will illusirate sprea& over long distonccs by human
belinge. Tho first wos during the BEurcpean opizootic which started

in Frence in the spring of 1937 (28). During the summer, France

became heavily infected and the disease bogan o aprear in its neigh~
bouring oouﬁtries to the north and east. On 1 November a group of
workers from Yugoslavia returncd to their country from France where they
had been employed during the summer. At that time Tugoslovia was

free of foot-and=-mouth discasc. The first two outbreaks in Yugoslavia

appeared in the herde of two of the returncd workers, in two difTsrent

communitics.
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The other exemple is the outbresk in Canada in 1952 (29); There
igs a great possibility that the virus was tokon from Germany to Canada by
a Cerman workcr, whe had left a farm in Germany while foot-and-mouth
disease wag prescnt there. He wont diract fo’a hard in Saskatchewan
and 17 days afteor he had left the infectod hord in Germany he was working
with susceptible animals. He azdmitted that he had not cleancd his
working clothes or his working boots befors leaving Germany or before
starting work in Canada, Pigs on the Caradian farm in question
ghowed the first syﬁptoms of footw-and-mouth diseasse 10-12 days after the
arrival of the immigrant al the farm. The virus wes of type A which
was slso the predominant virus in Germany at that timc. No other
explanaticn of the introduction of the virus into Canadsa oouldspe found,
so there is covery reason to beliove that it was coﬁveyed by thé immigrand.

Following an cpizooticlogical study in 1938, Waldmann and Hirschfelder
(30) stated that rats, wild animals, birds and inscchs play 1ittlc part
in the sopread of foot-and~mouth dissage. The moat important
intermedinte cnrrier of the infection iz mon, who comus into close
contact with cloven-focted animuls, and who enjoyvs greatest freedom of
movement.,

It would scem thot the above—mentioned exemples emphasise this

staotement.

Spréad of Foot-ond-Mouth Discasc by Infocted Milk

Wilk and skim milk cen be very dangercous sourcos of infection, 17
milk is not sufficicntly hoated at o dairy, all farms belonging to the

deiry may bo contaminatoed. A striking oxample comes from Norway (31).

In 1926, milk from an infocted farm wasg sent to a dairy and this resulted
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in the spread of the disoasc to over 100 farms. Sinco pesteurization
of milk has buoon controilcd in Norway, however, there has boon no
further ovidence of spread of infection through this mcdium; When
foot-ond-mouth discasge appears or whon the country 1s threatensd from
the disease the tempersture of pasteurization of milk is raiscd by
500; throﬁghout a wide arez.

From Denmark many cascs of spread of the discase, perily by infected
milk, partly becausc of insufficient disinfection of milk-—cang,
waggong, etc., arc knowh. There are examples where almost all the
herds in o singls distiict ha%@ contracted foot—and-mouth digeasc
shortly after the fifst outbreak within the cooperantive had been recorded.
Thoe following.is a striking exomple of the oonsequencos of‘négleofgng
the heat treatment of milk, During an epizcotic in 1914-16 i% |
happened that the machinery at a certain dalry broke down so that part
of the milk could not be pasteurized. © Tn accordance with the reg-
vlations the dairy informcd %ho farmers concerned that the returned
skim milk was untreatoed and should be béiled. These instructions
were ignored by 27 of the farmers and 2ll their herds oontfaoted foot-
and—mouth diseasey which appoared first among calves and plgs. The
infected milk originsted from o hord whore foot-and-mouth discaso had
not yet béen diagnosed; Many occurrences are known whore single milk
routes within a2 dalry district hoye becoms infectad beqause of insufficient
disinfection of milk—-cons, etc! An exomple during the épizooti& iﬁ
1920 should be mentioned; A deiry had three milk routes and in two
of them 3/4 - 4/5 of tho herds becamo infected, while all herds boelonging

to the third milk routc remained completely free.
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In tho RépOrt of the Departmental Comndttee on Foot—~and~Mouth
Discaso milk as o carrier of the infoction is alsc dealt with. Tt
is stated that collection of milk from infocted premises is prohibited
but that it continucy from cther farms in tho-infceoted arca. There is,
therefore; = danger that some of it may come from cowslin the incubating
stage of the diseacge at o form whore no symptoms of the discase have
beon demonsirated. ‘Thus, the feeding of infected milk. to calves in
transit at (rewe was tho cause of the discase being spread to Scotland
during the 1951-52 epizocoticy also infeoted milk from another source

that was fod to calves was rosponsible for the discase being spread

from Cheshire to Derbyshire,

Transmisgion of Foot-and-Mouth Disease by infected Meat and Offal

Maat and offal infected with footmandmmouﬁh‘disea§e virusshave, for
many years, been congidered as a source of infection fér suscepiible
animals, ¢hilled and frozen moest snd offal from South American
countries whero feot~and-mouth disoasé is prevaleﬁf ig exported on a
large scale to some Eurcpean oounﬁriés and is considcred to havé caused
many-outbreaké in theﬁ. There ié overvwhelming oiroumstanti#l eVidendé
to this effect, mainly from Great Britain,

4 considerable amoﬁnt of rescarch on the subjcet has bcen.oarried
out in the laboratory and iﬂ Ono:singlc iﬂs%anoe it was possibls to
demonstrate foct-and-mouth discasc virus in imported frozen moat,

Laboratory cxperimonts were carried out first by the British
Foot—and-Mouth Diseasc Commission iﬁ_1927 and in 1931 (32, 33). The

resuults showad that the virus of foot-and-mouth digesse van survive for

long periods in bone marrow and in blood at temperaturcs ordinarily used
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in the medt trade. Since the ﬁar the subseot has been investigeted by
several authors using modern‘méthods, and the resﬁlté‘have heen in
- keeping ﬁith those formerly'obtaihed {see AppendiKI)u

It was ”Mobshruggef (34) who sﬁcoeeded'in demonstrating virus in
imported frosen meat.  An outbreak occurred in Switzerland which
probably could be attributed to imported frozen pork. TLymph nodes
were removed from six hams of the suspected meat, and af“ter injection of
extracts into cattle fongues, two of the nodes Wefe ghown to contaln
virus of type A. Thus, it has been possible for the-first time to
demonstrate virus in frozen meat from %he ordinary trade and as far as
it is known, this hasg not been repsated. |

The epizcoticlogical importance of infection from meatl has clearly
been shown iﬁ the Uﬂited‘Kingdoﬁ and Greeoe..

In the Thifted Kingdom (35) chilled and frozen ment imported from
infected South American countries 18 thought to be responsible for more
primary cutbresks of foot-and-mouth digease than any other single
CaUSS. For instance, during the yearsfbetween 19239 and 1950 there werse,
in ally, 355 primary outbreaks in Orest Britain, of which 243 were attributed
to imported meat, In the United Kingdom (36) it is considered that there
are two sources cof infectione from the gontinent of furope, especially
at certain times of the year, c.g. when large migrations of birds are
ocourring, and from imported_infeoted meat and meat products. The
patterns of +the infection from these sources are clear. Since the
diseasge has néw bean well controlled, largely by vacoination in most

western European couniries, invasion from the Continent is now found

oniy in the south and south-sastern coastal areas of Creat Britain.
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Or the other hand primary outbreals, fhe gource of which is considered
to be imporied meat, occur in any part of the country in which imported
meat is distributed.

The total number of cutbreaks in the United Kingdom in 1957, foxr .
ingtance, was 184 of which 43 were considered asg primery and 141 as
secondary outbreaks. The probable origins of infection in the 43
primary oubtbreaks weres

Continental o o« o s s s o a » 8 s 5 s o 4 s 2 s s = 17

Imported meat from South American countries . .« . 23

Continental and imported meat equally possible . . 3

Tn Greece (37) a number of outbreaks have also cccurred which have
been stiributed to imported infected South American meatb. Dyring.”
the 1960-61 epizooiic (38) there was clear evidence that suck ocutbreaks
hod telcen placs. This epizootic started with some Qutbreaks in
September near the Greek/Turkish frontier and were caused by Virus
of type O. Also in September, 1960, outbreaks occurred in a region

in northern Cresce in o piggery where the plgs were fed on waste

naterial from frozen meat; on this occasion the outbreaks were caused

by virus of type C, Later, similar outbreaks, caused by virus of
type A appeared in another region in piggeries in which the pigs had

=lzo been fed on woste material from frozen meat.

Poassible Transmigssion of Foot—and-Mouth Disease byLWind'

The possibility of transmissioﬂ'of foot-and-mouth disease virus
by air has been studied in the #ield and in two well—controlled

lakoratory experiments. The southern Scandinavian region is the part

of Wurope vhere this guestion scemg to have most importance and it is
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here that the field studies have mainly been carried out. Veterinary
authorities in the Secandinavian countrics are strongly of opinion‘that
air-borne tronsmission of the virus accounts for thelocourrenoe of
primary outhreaks: +this in fact is the only feasible explanation.for
the origin of geveral of the primory ocutbreaks on some isolated farmé
in these countrics. Together with Sven Andersen the writer (39)
studied this subject in Denmark and he also obtained information from
the Danish veterinary authorities (40} and the views of the velerinary
authoritics in Sweden (41) and in Norway (42).

When northern Germany is infected; primary outbreaks of foot—and-
mouth disease appear on the Danish Islands opporite Cermany. These
outbreaks have occurred far ffom the usual routez of commerce andutravel
end at times when no migration of birds was taking plaoca. Primary
outbreaks on the islands hove usually becn found when thgre were strong
gouthern and south-westorn windsg. A_study'of the digtribution of
cutbroaks in Denmark shows thot infectlon from Germany finds its way
across the sea to the islands more often than across the land to
Jutland.,

In the gtudy mentioned aobove the Qxﬁension of foot-and-mouth disease
in northern CGermany and the dircction of the wind during thg last 14 days
before a nunber of outbreaks occurred in Denmark was investigated fqr
the period 1910-1938, It wag found that, in the 14 days preceding the
primary outbreaks in Denmark, south-western; sﬁuthérn'and south~eastern
winde Elowing from northern Jermany ofer"tho Danish islands had been

prevalent, The distance fréom northern Germany to the Danish islands

is 40-60 Km.




Whon Toot—snd-mouth digecss has resched a certain exiension in
Denmark, Sweden becomes infucted, Studics in Sweden (43), which
werc carried out when all infected herds were being slaughtered, have
ghown that there isg a close relationship between the numbers of outbreaks
in 3weden, the extension of the disease in Dermark and the direction and
strength of the wind. = The distoncoe betweon costern Denmark and Swoeden
is some 5 ~-30 Km. and betwcen Jutland and Sweden, some 100 Km,

Primary outbreaks of foot-and-mouth disease in Norway have always
occurred in the late autwm, and only when the infection hag been present
. in the most northern part of Denmark.  They have besn found on both
gides of the Oslo Fjord and on the ciast coast down to the southern tip
of the country, and often in very isclated farms ncar the coasft. I
should be noted that it ig the practice to slaughter all infeét@d herds
in Norwzy.

The question of alr-borne itransmission has, as mentioned above,
alsc heoen investlgated by leboratory experiments.

Traub and Wittman (44) cerried out two experiments in which
susceptible calves and piglets ware exposed to a current of air from-

a shed harbouring infecied animals. Under. the experimental conditions
chogen, outgoing air from. the sheds harbouring infected cattle did not
produce foot-ond-mouth disease in exposed susceptible animals.,

Malmguist, Osteen, Johnson and the writer (45), in the collaboration
between the Danish Vaterinary Institute for Virus Resesarch and the United
States Department of "Agriculiure, carried out four laboratory experiments
2t the Danish Institute, - In them air was blown from a box in which

there were infected cattle to z box in which there were normal’
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guscaptinle cattle. The distance betwéen the boxes was about 10 metsrs.
In each experiment Tive cattle were infected by intradermo-lingual
incculation of virus and five wers used as control animals.  All

the 40 cattle used in the experiments were proved to be highly susceptible
to foot and mouth disease.,

in the first experiment the five donor animals were inoculated
with +he Mexican Pueblo strain of type 4 virus; +$he. five confrol
animals did nct become infectad.

In the second experiment, the donor animals were inoculated with
virug of type O3 t@e control arnimals conitracted foot-and-mouth disease.

In the third and fourth experiments some changes were made in the
experimental conditicns: the muzzles and tongues of the contrel
animals were scarified +to increase thelr susceptibility, and 48;£ours
after the inoculation of the five donor cattle, a cloud of sierile hay
dust was introduced inte theé box as o poseible mechanical carrier of the
virus. In thesge experimeants the donor cattle were inoculated with the
Mexican strain and with virus of type 0, respectively. In both
experiménts the control animals contracted foot—and-mouth disease,

These leboratory experiments showed +that the virus of foot-and-
mouth disease can be transmitted by air, under certain COnditions;'
Although the distance over which the transmission cccurred was only
gome 10 meters, 1t would appear possible that the virus can be air-borne
over considerably longer distances under certain circumstances.

Favourable conditiocns seem to exist in the northern German and

Scandinavian areas which are divided by sea and where hight winds are

prevalent during the dark period. of the year in late sutumn and winter.
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Transmission of Fpot—and—Mouth Disease by Birds

For many years il has bheen congidered highly probable that foot-
and—moutﬁ digoase can be spread by birds. Tn the United Kingdom it
is believed that "apart from infected imported meat, birds are the mpst
likely cause of primary outbreaks that occur in this country" (46).

' Diskstra in the Netherlands (47) also studied this problem and
came 1o +he conclusion that meadow birds and water birds play a great
part in carrying the virﬁs. In‘Denm&rk, slso, it 1z believed that birds
moving from northefn GQermany +to the Danish islands can transmit the virus.
It ié, however, meinly in the Tnited Kingdom that this guestion has been
the subject of siudy. Tn connection with the many invasions of foot-
opnd—mouth dizesss in CGrect Britein in 1937-1938 Eeeoles carried out some
laboratory experiments (48). The rosults did not show much &vidence in
Favour of the hypothesis thet birds were of importance =g Virus carriers
in naturc, but, on the other hand, the thoory was not cxcluded.

Tn comncotion with the many invasions of Groat Britain during the
195152 epizootic the subject was sxamnined by Wilson end Matheson (49).
They concluded thqt Yivailable evidence 1s adeguate to establish a prima
facie cose againét birdé‘and capecially starlings on migration, as a
mcans whereby foot-and-mouth disease ig introduced into Britain; further,
that the freguency of ite introducticn is dependent on tho exiont of the
disecase in certain‘ooastal 5reas of the Low Countries and nqrthueast
Trance at the sesason of bird migration”;

In the spring and summerl of 1952 many outbrezks occurred in the

aouthern coastal countiss of Bngland, At the same time there was much

infection in the northern coastal counties of Prance. The evidence




suggosts Ythat in 1952 for the first time the spring migration may have

been respongible for introducing infecticn into this country®.

Transmigsion of Foot-and-Mouth Digseasge by Fodder and Vegetables

‘Thislsubjecﬁ hes been investigated mainly by Moosbrugger who
reported on it on three occaslons - at the 14th International Veterinory
Congress in London, 1949 (50); at the 22nd Seesion of the 0.I.E, in
1954 (51); aﬁd at the Sympesium on Vesiculer Digeascs ot Plum Tsland
in 1956 (52). In several insgtances he found virus in fodder- and
vegetables imported into districts in Switrerlsand which had hitherto
been free from foot—and—mouth disvase., The epizoctiological imperitance
of infected Todder and vegetables ig ohvious. For instance, 11 primaxry
outbreaks wore reported from 1947 +to 1953 in Switzerland in Whioﬁ thers
were present all the conditions that prove the ftransmission of foot—and-—
mouth disease virus by plants. These 1l outbreaks couscd several
secondary outbreaks which, in the most scvere instance, totalled 92 in

a gingle canton.

Foot—and-Mouth Discase Institutes asg sources of infection

During recont ycars there have boen official reports that foot-and~
mouth disease virus has escapad from foot-~and-mouth discase institutes
in the following countriesg: Yugoslovian in 1959 (53), the United Kingdom
in 1960 (54) and the Netherlands in 1960 (55)‘.

In Yugoslavia in Februarj 1959 an outbrezlk caused by virus of type
0 cccurred on a farm some 24 kilometers from the Subotica Instituze, A1l
the animals had beon vaocina{ed elight days previously; It was thought

that the infection was brought to the farm from the Institutc by an

Institute worker who had failed to observe the nocesgary precautions,
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In the United Kingdom in Januaryhl960 an outbreak cousced by virus

of the SAT TT typé oécgrred on a farm Wi&hin about & mile of the
Pirbright Institute. iﬁ Wag qooopted that this outbresk arose from an
esoépe of this type of virus from the Pirbright Institute. There waé
no evidence. of any:direct ooﬂﬁmct but it soeﬁé possible that the virus
escaped through ventilators in o barn containing cattle infected with
the virus and was conveyed fo the infected farm by pigeons which were
prevalent in & grecn croy near the institute.

In the Netherlands in February 1960 three outbreaks appeared
30 ~ 40 kilometers from Amsterdam, in eanch of which virus of type O
was ldentified. wFrom coreful enquiries it scemed highly probable that
all three outbresks weroe agscciated with the cscape of virus from the
foot—and—mouth institute in Amsterdam through the Amsterdam abbatolir,
part of which is reserved for accommodating cattle ussd in teéting
vaocines;

It is highly probable that such escapes of virus have taken ﬁlace
in -the past also from other foot—and-mouth discase institutes in Europe;
However, in countriss whore foot-and-mouth discase is enzootic, guch
outbreaks might not be thought to be connectod wifh the institutes and
therefore have not been invegtigated. Foot—-and-mouth disgcase institutes
certainly congtitute o latent danger of infeotioﬁ. it is forlthis
reason that a joint mocting of representatives of the Europesn
Commission and the Foot-ond-Mouth Diaease‘CommiSsion of the OIE was
held in January 1960 when it was strongly recommended that no Buropean

institute should engage in the preparation of vaccine firom cxotic types

of footwand-mouth disease virus without approval (56, 57)
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Transmissgion of Foot-snd-Mouth Discasc.by Virus Carricrs

The qucstion of virus carricrs iz of the greatest eplizootiological
imporfanoe, ond has, thercfore, been under investigation for many years
and subject to much discussion and differencosmof opinion.

Hver since thé.study of foot-nnd-mouth discage was inititated
outbfeaks have beon observed in the field in which animals recovered
from foot-and-mouth disesse were brought together with susceptible
animals. OQutbreaks have beon obscrved when recovered animals were
brought into clean herds, oe well as when susceptible animals Were
introduced into herds whére previously there had been foot—and-mouth
diseassa, In many.éuoh outﬁreaké it woe beliceved that‘the'inf@ction
wag cauged by the recoversd animals, oithor by simple fransmission of
thé virus or by its oxcrction. i

However, it must be pointed out that, in studying‘the'qucstion of
carriers, only outbreaks caused by rocovered animals introduced into
susceptiblo herds in clean stablos or in pesturcs can be accepted and
only cccurring under circumstences in which there is no other possible
gource of infection. Tn stablcs where thebe has been foot-and-mouth
disecase proviously it is impessible to oxelude the prescnce of virus,
and in obuntries wheore Toot-and-mouth disessc 1s cnzootic the
poésibility of infoction froﬁ gources other than recovered animals

cannot bhe entirely excluds

Over the yueors, meny well-controlled obscrvaticns and investigations

have been made, so it should now be possible to Torm o clear opinion on
the importance of virus carricrs. Some of the obzervations will now
be referred to, beginning with thesc made in Sweden and the United

Kingdom, at times when they were completcly or practically free from

foot~and-mouth disease,
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Fpom Sweden, Forssman (58} roeported an outbreak in 1897 and another
in 1898, both at tim;s when tho country wog completely free from foot-
and-mouth dis;ase. In 1897, a bull was ilmported from the Neotherlands
and_was_introduoed into o herd in which the discase appeared two weeks
later, In 1898, cnother bull wes imported ff;m the Nethorlands and
introduced into o herd in which foot~and-mouth diseaéa Was fouﬁd'five
moenths later. Tt secms likoly that‘these two animals brought the
infcction from the Neth@rlands o Sweden.

In the United Kingdom during the epizootiorof 1922-24, when there
were over 4,000 outbreaks, the traditionslt slaughter po}ioy wag partly
given up and 105 discazed herds were dealt with by isolation. Frém
these hords later on, animals were sold and intreduced into herds in which
there had never been foot-and-mouth diseasc. Outbroaks occurred.in four
of thesge herds and nre reported as possiﬁly having been caused:by virus

parriers; in three of them details are given (59).

il

- In the first casc foot-and-mouth discase occurred in a herd in

November 1923 and from it o bull and 2 heifer were sold in July 1924 and

introduced into snother herd in which foot—and-mouth digecase broke out

33 deys later, i.e. about gight ménths aTter the two animals had reéovered

from footHand—moutﬁ‘diSoase. |
In the sccond cnge, the diseose wos present in o herd in November

1923, In July 1924, =z bull and a cow were sold to & herd where foot-

and—mouth disease broke out about eight months after the introduction of

these two animals, i.e. 15 monthe after they had recovered from foot— and=-

mouth disease.
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The third case-ooncerne o herd in which there was foot-and-mouth
diséase‘in NOvember,'l923, and from which o bull and o heifer wers
gold to snother herd'aiso in Juiy, 1924, About eight months after foot-
andeouth'disaaée broke out in the hord inite which they hod beun intro-
duced, i.,e, also nbout 15 months ofter the two introduced animals had
recovered from foot—and-mouth discase,

Observations were made in Switzerland in 1927 by Blirgi (60) in a
report on the general measuresz of control of foot—end-mouth disease, in
which he cxpreséed hisg Opihion on the cpizootioclogical importance of virus
carriors, His 6pini?n was thet foot-snd-mouth discasc virus can persist
in the organism‘éf the rocoverced animal,  He believed that virus can
bive fér some months in the hoofs bofore 1+t is eliminated, n theory
first ﬁresonted by Zschokke {(61), Avcording to experienco collected
over & number of years, Blirgl esfimated thot wbout 3 percent of
recovercd animals remaln virus carricrs and excrete virus intermittently.
Most infections from them usuallyltako place five to six months after the
original infection, but casses zre described in which they occcur much
later. Such infections were observed under the following conditionss
1. When recovered animals are mixod With animsls which had never had

the discnsze,

2 When susceptible animals are introduced into a rocoyversd or an
apparently recoverced herd,. -
3. Among calves born from cows which have had the discase and which

have remained in the same stabley din this case the infection

coecurs only when other animals from outside which have ziso had

the disecse arc introduced intc the herd.
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4, . When animals are brought together in a herd in which fthe disease

-occurred: at different periocds.

. In coneidering these observations, however, only outbreaks
occurring when recovered animals are introduced into clean stables
(herds) should be accepted =23 being probably'ogused by virus carriers.
0f Blirgi's four conditions only number 1 probably fulfils this require-
ment. Tt applies to only five of the 16 examples quoted by Blirgi.

In 1928, Oliteky, Traum and Schoening (62) reported on experiments
carried out with 20 cattle from the field zelected by Blrgi as suspscied
of heing virus carriers and also with animals which had recovered from
sxperimental footeand~mouth disease.

The following is a summary of Ths first group of cxperiments:~
"20 specially selected recovered catile, from 58 to 234 days after
infection with foot—and-mouth diseasge; did not transmit the diéease
when plaqed in contact with 35 oattlé and 4 hogs. The periods of
contact in these cases were from 56 to 87 days.

The. bile from 13 of the recovered cases was injected subcutaneously
into 16 ecattle. Material from the footl lesions of 10 recovered cases
wag injected intoc the mucous membrane of the lips of six cattle. A1l
these injectlons railed to infect,

32 cf 233 catile and the 4 hogs were proved to be gusceptible o
type O virus, and 11 of 13 of the some cattle and the 4 hogs were
infected with type A virus one month after exposure to type O virus.,"

In the experiments with animals which had recovered from experimental

foot-and-mouth discase, 21 cattle and one plg were uged. They were

slaughtered from 20 to 186 days after the infoction and material was




taken from the foot leslons and injeoted intradermelly into fThe posterior

pads of 68 guineapigs. Foot—end-mouth digcase ccourred in one guineapig
which had hbeen inocculated with material ftaken from o heifer 34 days after
infection, The suthors stotes~ "The guestion arises in this instance
Whether there is g femote posalbiiity that virgs may have oontamihated
foreign material which entered the space between the old and new horn
where it-was retained and was later included in the inocculum. The
hoofs, however, were washed, scrubbed, and were othesrwise carefully
controlled against contamination with outside virus, but sgince the

latter may be active in a dilution of 1 : 10,000,000, the quostion as to
whether such contamination ocourred, in this single instance must remain
unanswered at present',

In 1928, Brendt (63} carried out nine serios of experimentd in
Germany for the purpose of demonstrating virus in the hoofls of animals
recovered from foct-and-mouth discase, The material to be tested for
virulence was taken from 103 recoversd catile (12 to 159 days after
infection) and nine pigs (5 to 123 days after infection). The material
Wwes inoculated into guineapigs and swine. In only one case-wos virus.
found and as there wesg some possibility of scoidental infeciion +this
occurrance has no dscisive wvaluo. Brandt stotes that 1t is possible
that animals in vory rare cases, can become virus carriers but that
their number is much smaller than that believed by the Swiss suthorities.

The feot that animals recovered from foot-and-mouth disease can

excrete virus over a period of several months has, however, been proved

by some laboratory cxporiments.
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~The first experimsnts were carried cut by Waldmann (64) and by

Waldmann, Treutwein snd Pyl in 1931 (65) end resulted in the demonstration
of foot-and-mouth disease virug in the bodies of recovered gnimals after
the material had baocn goncentratgd sccording to the method of Pyl (66)
by which virus can be demonstrated in apparcnfiy non-infective doses
after concentration up o 1,000 timos. These workers used a large
number of guincaplgs and cattle which had recoversd from foot-and-mouth
discase. Tn experiments with guincaplgs, Virus was dpmomstrated in
some cases 1ln kidncy, bladder, blood and urine Somo time after infection.
Tn experiments with 500 rccovercd cattle, virus wag domohstrated from
time to time in blood of 13 cattle (2.6 percent) from T to 158 days
after infection. In o sccond experiment, 44 cattlc were slaughtered
and virus was found in the urine in threc cascs, the last case belng
33 days after iﬁfeotion. In o third cxperiment, urince was tdken from
eight cattle over a pericd of many wseks ond examined for the presence
of virus. Virus could be demonstratad in urins from six of the cattle
at different intervals from 18 to 246 days after infection.

The suthors made the following comments on their experimentss
the catile which had been ussed in the experiments had preyioqsly been
used for the production of hyperimmune seruum; they had, therefore, been
exposed to from 2 to 6 sinfeotions of different virus strains in qpick
quccossion and they had, furthermore, been injected with extra doses
of virus.

However, Waldmann states that the cxperiments show in an
incontocstable marner that there exists in foot-and-mouth diseasc real
permanent sxcresters of virus and that the virus is excreted through the

urine. The sxperimonts do not permit any conclusion ag regards the

aumber of psrmanent exorcters under natural conditions.
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In 1937 Galloway (67) éarriedloutvsimilar types of experiments
in the United Tingdom, using guineapigs; howaver, ail were negative,
In 1958 Micheiseﬁ (68) in Denmark roported on some experiments
.similar to those of Waldmann, TrautWGin and Pyl, Hz dnvestigated 321
recovered guineapigs and 44 recovercd cattle, using Pyl's method of
concentration of virus. In cxtracts from diffcerent organs of the
guiﬁeapigs he found virus iﬁ two coscs 22 and 30 days rcsPGGtively, .
after‘infootion. The cattle were investigetced for the presoncc of
virug in ﬁhe urine from 10 to 50 days after infection, but all the
gsamples of urine were nogotive.
In oonngotionuwith the eplizooiic in Denmark of 1951—52 Michelsen
(69) investigated 25 cattle from the field which were suspccicd of
being virus carricrs. Samplesg of urinc were taken during o périod of
10 to 14 days and examined for the prosence of virus5 after concentration
sccording to Pyl's method: in no casc could virus be demonstrated.
The following fiesld obsérvatiou reported by Michelsen in 1951
(70) mey algo be mentioned: a herd which wos vaccinonted with o
bivelent QA vaccine contractod foot-snd-mouth discase six weoks after
veccination. Virus moterial from two of ths infectod cows was shown
to contain both O and A virﬁs. Ag thore was no wpizgootic in Donmark
at that time it scoms likcly that the vacelnes had containced free .
virus which had multiplicd in the snimals and ceused foot—and=-mouth
disense.
In 1959, van Bokkum, Frenkel, Froderiks and Frenmkel (71) found
that o large proportion of cattle which had recovered from Toot-and-

mouth discase excreted virus in the salive over a period of several
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months, The virus could be demonstrated in meterial collected from
the Gegophogus by inosulation into uwawesnsd mice oT intoe tho tongucs

of susceptible calttla. Aifter contect with clinical cases of foot-

[

and-mouth diséase, vaccinated animals could develop a gimilar carrier

-

stage without having shewn symptoms of the digessc. However, suscepiible

[]

cattle kept in conteoct with such cxercters remained unaffected, even ifT

"

the oral cavity was swabbed with infocted saliva. o cagscs of foot-
end-mouth digease cccurred in vaccinated or unvaccinated cattle or in
unvaccinated pigs when imtroduced into a hord known to contain such
carriers or if kept on the same premiscs with such cattle.

Some oxperimeﬁ%s which included very large numbers of racovered
animals have been carried out and observations have been made in the
field in diffcerent countrics. =

Th thig conmmoction Olitsky, Traum end Schoening (72) in their
report referred to a report by Mohler {73) about an cxperiment made
during the 1914 and 1915 outbreaks of foot-and-mouth discase in the
Taitedr Stotes. They steates=

"Iy the carly part of Nevember 1914, fopl-and-mouth dizcose
appeared smong 747 cattle on exhibition at the Netional Dairy Show
in Chicagos Special permission wos grentod by the Scorotary of
Agriculture to rofain those cattle under absolute quarantine until
they hod fully recovered, ond by test proved not to boe disseminators
of the virus. On 26 Decomber 1914, arrangoments hod been made to
remove all but seven cattlc to Cicero, I1l, Those zoven COWS Wore

slaughtercd. ive had persistent mostitis and two roected positively

to tuberculin. The other 740 catile were gprayed and scrubbed with




3 percent crescl solution, werc taksn through o foot bath and placed

overnight in cleoned and disinfected quarters, and were thon placed
in box cars and transported to Clcero, 111, On 25 March 1915,
50 head of young cattlec wore ploced in contact with the recovered
cagses. Tn eddition to this contact exposure, injections of saliva,
facces, wrinc, vaginal discherge and scrapings from the interdigital
spaces Wore made into the susceptible animals. 0n § April, 50 hogs
were added to cxtend fthe tegt. They were fod on millk from the
recovered cows and were s=iso allowed o consume the leavings and
droppings from the cattle. Until 30 May no cases of Toot~and-mouth
discase had develoﬁed and the animals werce released from qﬁarantine.”

Thus, in this porticular group of 740 animals which had recovered
from foot-and-mouth discase no carriers were fount. ”

~In 1931 Forssman (74) reported on gome fisld observotions im
Sweden in connoction with epizootics during 1924-27, mainly in the
gouth of ths country. There were two waves of infection, the first
caused by virus of type 0, The second mainly by virus of type A.
During the first wave in 1924/25, 4,849 farms bocame infected, of
which 3,896 were situated in the district of Malmd, en arca in the
extreme south-west of Sweden facing the Danigh lgland of Zealand,
Turing the sceond wave in 1926-27, 6,512 farms bocame infected, of
which 4,665 werc situated in the digirict of Malmd, Among the farms
infected during the first wave, some 32 percont bocamo reinfected

during the sccond wavoe. On 1 July 1927, the district of Malm& was

declared fres of foot-and-mouth discase. After this there wns one

new outbreak in December 1927, one in February 1928 and one in April
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1928, ond in egch of them the infeetod herds wore slaughteredo" On

15 Way 1928, the digtrict wos agaim’dtclﬁrod‘free of foot—and-mouth
digeasc. After that date thoe whole of Sweden remained free until

4 December 1929, when a now outbrock anpeared in the district of Malmd,
on this occagion ceuscd by virus of type O, Thug the district of Malm8
had beon free from foot-ond-mouth discose for l% yoors, or 2% yoars
except for the three outbreaks mentionsed above.

During the two waves of infectlony 205,136 cattle in the Malmé
district had becn infected. However, 28,944 of +these animals had Boen'
inféoted twice, 9,855 had boen slaughtered and 8,312 hed died, which
reduced tho numbe£ to 158,025, representing 65.5 percent of thé total
number of cettle in the district, Among this considerable numbor of
recovared cattle, ‘there was o pogeibility that virus carriersfoould be
prasent.

When the discsse was over, the decimated herds in the Malmd
district, in which thers had boson o total loss of some 18,000 cattle,
were gradually renswed, the repleocement beginning one month afier the
end of the dissase and continuing for about two yeors. Important
parts of the replaccment were the introduction of susceptible cattle
Trom outside, and by brooding in the hords. Apert from the thrce
cutbreaks mentionucd above, no outhrecks took place in the Malm® district
during 2% years (tharu ig no information og to whether the three
outbreaks were in recovered herds),

Furthermorc, whon the eplzcootic of foot-~and-mouth discasce was over

in Malmd this district was again opencd for normal trade in cattle on

1 July 1927 ond from then onwardg'about 100 cattle wore sold monthly to
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other;mainly central, parts of Bweden, where the whole cattle population
wag highly susceptibles to foot-and-mouth disease. Thus, during 2%
years some 2,500 cattle, of which some 65.5 vercent had recovered from
foot-and-mouth disease were placed in susceptible herds: mnot a single

outbreak of Toot-and-mouth diseess waz reported.

2] experiment on a large scales

o
i)

Thie was & practical episootiologl
1) normal susceptible animals were placed in recovered herds, and
2) recovered animals were plzced in susceptible herds. What is
reported here proves that the chronic virug carriers did not play any
part in the spread of foot-and-mouth disease in Sweden during the periocd
mentioned., It should, however, be nobted that the purchase of animals
did not begin until one month after recovery and that no sale was
permitted until 20 dayes aftcer freedom from the discase, The cohcdusion
therefore, bearg no refersnce to the period within about twe montﬁs
after infection. FPurthermore, ihe conclusion is wvalid for virus of
type A and for virus of type 0 if it 1s cxcreted after 1% years
follewing infection.

In 1551 Sohang\(?E) reported from Argentina that he had worked with
problems of virus carrviers for many years snd that he doos not deny their
existence, but only in excepltional cases, In 1926 he made the following
obgervations: 1in a group of 600 cattle all had had foot-znd-mouth
discase and 20 daye after their recovery, 50 susceptible catile were
put ftogether with them by mistake and remained with them on the same
pasture for several months. No foot—and-mouth disease was observed
among the 50 susceptible animals so there could not have been any carriers

among the 600, Similar types of experiments were reported over 20 years
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at different breeding farms of cattle and pigs. In one of the farms,
experiments werc carriced oub overy time there had been an outbreak of

foot-and-mouth diseanse; in six cases with discosed cattle and in nine,

with diseascd plgs. Aways, aftor a period of 10-15 days after the
last caze of the discase, the animols wero considered to have recoverad
and were permitted free movement and mixing within the.broading station.
These mixings had never causcd any outbresks of foot-and-mouth

disease; Thezse experiments vwere carried out with groups ﬁarying from
100 to 800 ecattle and from 10,000 to 18,000 pigs, Ir 1959 Schang

(76) reported that there is no evidence of the existence of virus
carriefs in Argen%ina.

In connection with the foot-and-mouth disesce eplzootic in Denmark
in 1938-39 the importance of virus carriers was gtudied by Svén Andersen
and the writer. The position in Denmark up 4o the epizootic of
1938-39 was that {rom Fovembor 1929 until September 1933 therc had boen
& limited epizocotic which had caused some 19,000 cutbresks. After
October 1933 all infocted herds in Denmark had boon slauvghtered. The
large Huropean epizootic of 1938-39 started in Denmark in the autumn
of 1937 and until the beginning of July 1938 =211 infected herds were
slaughtered. In July 1938 when general slaughter was abandoned, the
200,000 herds in Denmark posesgeed; therefore, = high'degree of suscepi-—
ibility to foot-and-mouth discase. The diseasze had alsc o very scovere
COUTSe, The number  of monthly outbreaks from 1 July 1938 until
31 December 1939 is given in the following table. Duriﬁg Juiy/October

1938 slaughter was continued on o limited scale and in ally, 312 herds

were slaughtered,
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TABLE

Monthly numbors of outbreaks

1338

July August Septenmber October November' Deoember
880 5,113 6,035 19,924 44,112 22,262
1939
January February March Aprdil May June
5,415 887 478 270 142 55
July A éﬁ%ﬂﬁi ‘Septembef October Novembor December
30 25 9 30 83 270

From the table it will Dbe gseen that the epizoditic had its peak
in November 1938, with cbout 44,000 outhreéks, that it had o normal
course and that it wor practically over by the middlce of 1939.. JSome
105,000 herds were infectoed during that pericd, or a lititle more than
H0 percent of the total number of the herds in Denmark. Practically
all outbreaks during the cpizootic were caused by virus of +ype O.
¥rom November, 1938, some few reinfections caused by virus of type A
coourred and up to 1 April 1939 this type was domonsirated in 126 cases.
From thoe table it will also be seen that there wasg an increase in the
number of cutbresks in thoe Last months of 1939; This was the
begimning of a new epizootic caused by virus of type & which lasted.
until the middle of 1940 with some 4,500 outbreaks.

As this eplzootic, dus to virug type A could be predicted, the

development of the foot-and-mouth discase situation was closely

observed between 1 July 1939, and 31 December 1939. Guestionnaires
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were sent To the vctgrinary rractitioncers in order 4o obtain as much

informatiéﬁl;s poésible on the nature of the 447 ocutbreaks during the

period andlﬁarticularly on the number of outbrozks caused by virus of

type A, The data collceted also gave some infermation on the role

pléyéd by possible virus é&rriors in the sprgad of foot-and-mouth

diﬁease, Satisfactory invormation was received about 352 of the outbreaks,

which couid be claséified into four different groups.

1. | In 86 outbreaks none of the onimals hacd had the discase during the
lerge, earlier epizootic, nor were ony of them in the region where
there were reinfections caussd by virus of type A. The 86
outbreaks were, therefore, congidered as being part of the large
Q eplzootic. liogt of these outbreaks had occurred in districts
which were infected last and lcas+t heavily in‘the summer «and
autumn of 1938 end the winter and spring of 1939.

2( In 111 outbreaks the herds had_bo;n infected during the 1qrge
evizootic amd‘the animals which were slclk at the ftime the report
was made had either-boon purchased or had been bern in the herd
§inpe the last-ﬁﬁtbreak, These cuthreaks were distributed fai:ly
‘evénlytthroughouﬁ_fhe country.,

3. in 44‘outbfeaks the herds hod not had foot-and—mouth discase
previously and animals which had recovered from tho dissase had
been introduced into.the herds sometima befo;e the outbrgak,

Dufing the outhreak tha introduccd recovercd animals did not.as a
rule wshow any symptoms of the diséaﬁez An some.few cases, however,
thoy were mildly ;ffected, Thesa 44 outbresks cceurred in the same
districts as the 86 mentioﬁed under 1. It iz, therefore, very
gquestionable whether those outbresks were caused by the introduced

recovered animals or by circulating virus.
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4 ‘In 111 outbreaks the herds had becn.affected in the aufumniof
1938 or in the winter of 1939 and now had foot-and-mouth disease
caused by virus of type A.
Of the four groups only 3 ig of spocial ih?ereét Trom the point
of view of carrvicrs: the outbrosks occurrod in hords whiéh never had
had the disease and to which recoversd snimals were introduced.
However, thesc 44 outbresks appcared in rogions where, at the seme time,
86 other new outbreaks occurred. Introduction of virus by other means
then the introduced recovercd animals can, ﬁheroforeB not be excluded,
As already mentioncd, Blirgi stated in 1927 that, according To
obgervetions made in éwitzerland of animals recovered from foct-and-
mouth disease, about 3 percent became virus carriers. ‘During the
Danish epizootic from July 1938 <o July 1539 some 105,000 herds ogt_of
a total of 200,000 ‘became infected. That means that about 50 percent
or some 1,500,000 cattle had foot-and~mouth disease during the eplzootics
thet would again mesn that thore would be some 45,000 possibie vifus
carriers distribufed in the Danish herds by 1 July 19395 thousands of
recovered herds would thus contain onc or more such carriors. It is
obvious that this large numbeor of carriers would cause = iarge number
of outbreaks in different ways: in the recovered herds among introduced
enimals, or among susceptible calves born into the herd after the First
cutbreak, or on being introduced into somc of the‘SO percent of the
susceplible herds, According to Blirgi the great proportion of outbreaks
caused by virus carriers should occur 5 to 6 months after the first

outhreak, If this were true for Denmark, as the large number of first
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outbrecks occurred in Ootobur/Dooembcr 1938, when, in all, some 86,000
herds were infected, a large number of secondary oufbreaks would
probably occur during March/iune-i939. Tho t#bla giﬁes no indication
of such an incrense iﬁ tho number of outbréakss on the contrary, it
will be seon that the episootic had & normal courss and that fronm

1 ¥February 1939, the numbsr of outbroaks rapldly decreasced. Tt must

be notsd that ne racords about reinfections alter 1 February until

-

1 July 193% are avallable,
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CONTROL 0" FOOT-AWD~MOUTH DISEASE

Different Mcthods of);ggﬂtrol

- For many ycars the control of foot-and-mouth disease has been a
problem of much economic imporfance in mozt Durcopesn countries. The
methods have veried in different coumtries but %h; objectives hove
been similar: +to prevent outhresks and, when they occcur, to eradicate
the source of infection and try to arrcst aprscd. The prevenbtion of
invagicon by such messures os quarantine of snimsls and control of
importations of animals and products of animal origin is, of course,
an important cbjective,

During the periocd dealt with in this review the following main
methods of control have been used: stamping~out, isolation of infected
herds, use of hyperimmunc or convalescent serum, vaccination in different
forms, i.e. mass veccination, ring vaccination, border Va@oinatioﬁ and
vaccination combinecd with slaughter of infected herds and the application

of strict veterinary messures,

The Stamping-out (Slaughter) Folicy

By the stamping-out policy inm the control of foot-and-mouth disecase
is meant slaughter of infectod herds combincd with the application of
gtrict veterinary measurcs without vaccination or serum itreatment.

Only a few European countrics with sgpecially favourable geographical
positions have successfully applied this method over a number of years:
the Unitod Kingdom, Ireland and Norway.

The stamping-out or slaughter policy was introduced in CGresat Britain
in 1892 (77). It wos partly abandoned during a serious cpizcotic in

1922-24 and isolation of some infccetod herds was permitted, Since

then, however, a stamping-out policy has boen strictly maintained.
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Every year since the 1922-24 cpizootic some outbruaks rﬁnging.from 8.
to 670 have occurred. The livestock in the country are highly
susceptible to the discrnsc bocause no veccination or serum troaiment
is used.  This, together with the heavy concoentration of animals and
the omount of movement of boih livestock and pcopl¢3 increnses the
risgk of spread of the dimgeasse following its introduction into the
country. Muich experience has now boon gained in the United Kingdom
in the epplication of a stamping—cut (slaughter) policy and all the
problems relsting to it

The pelicy and its problemc LQVG beon discussed at several of the

Sessions of the Furopcan Commission for the Contrel of Foot-and=Mouth

DMsease; and the sxporicances were very veluable in formulating the

Commission's overall plan of control in 1957 (78). It is ééressed in

the plan that the following pointe are cssentizl for a stamping-out

pelicys—

1) Barly notification of a suspioioh of the prosence of +the dissase
must be available.

2) A very meticulous systom of dealing with such reports must be in
force and must be readily put into offect - the system must
includc rapid dimgnosig, immediatc control of movenont of stock

ovVer an arca, Lmmodiste qﬂafantiae of the suspectcd or infocted
Tarm, trzcing of all contzet animéis exd élaughter of direct
contacts on other farms, e;g: eninals rcecently movad off the
infected placé and animals handlcd by the owner of‘the infected
place or his veterinary surgeon after contact with‘infactibn.

3) There must be rapid moans of glaughter ond disﬁosal of cercascs

on the infected place.
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4) It ie essenvial to have an organisation capable of dealing with
all the deteiled tracing of stock which is nccessary.

L

5) A systoem of recording movemcnts of stock must be sermanently

in force and cnforcod to 21low of ensy tracing of animals.

6) Vigite to sxemine stock in the vieinity of outbresks must be
mede to discover secondary outbreake a2s carly as possible and
also $o discover whether the first reporiod case ig, in fact,
the primary one,

7) There must be considerable clasticity in financiol arrangcements
to allow of vigorous pursult of the nolicy.

8) The farming oommﬁnity mugt bo willing o cooperate in overy
agpect of the work,

When the Gommissionfs overall plan of control of foot_and—mdﬁth
discase was drawn up it was coneidered that in most Buropean countries
a stamping-out policy, not suppicmonted by vaccination, was impracticable,
but should be the ultimete objcctive.

Some further dotails of the stamping-cut (slaughter) policy as
operatod in Creat Britnin were explainced at the Dighth Session of the

Commission (79) in 1961, The following cxtract is taken from the

Report of that Sesgion:-—
"The proccdure followed in Crest Britein during cutbresks of foot-

and-mouth discase is well rccognized and the Mnfooted arcal procedurs

is adopted. This inv:’ “ie stopping of all movements of animals in
an arca of 10 milcs radius ocround the sutbreak, Thaiz is maintained

wtil 14 days have elapsed since the last outbreak cocourrcd; then the

ares is reducced to five wilew end this, in turn, is meintainod for a

further seven days, Infeocted and in-contact enimals arc slaughitcred




and destroyed by burial or burning, ond disinfcction of the infoected

premisce is carricd out. The movement of swimals onto and from
infected farms isg traced, In thoe two-milc rediuve around the infoctoed
form all the premiscs are vislted and fthe stock inspocted. Thisg is

done +tc ensure that oll the animcls in thoat ares are free from disease
and that the farwers are alurted 4o the nocd of reporting any susplcious
casge as soon og it comes to thelr ncotice. This procoedure of inspocting
ferms in the two-mile arca ieg also of considorable assistance in cnscs
Where no specitic crigin has been found for the original case ond,
oceasionally, the source of infoction is discovered during those
inspections,

When markets have been involved and thors iz dangor of widespread
distribution of stock, tho controlliocd area procodurce is adopt;d; this
arrcsts the movements of animals over wide arcaes snd eneblos the

voterinary staff to carry out an inspcction of thusce animals until

movement restrictions on individual farms have boen inmpeeaed. Whon' this
is accomplished theo controlled aren rostriction is withdrawn, his

controlled arca regiriction is somotimes uscd whore thero is Widesproad
distribution of cases throughout the country and in crder to prevent
the possibility of infected animalg wntering markoets, Thig control

crea is maintoined until the incidence of discasge has boeon considerably

reducaed,
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Isolantion of Infected Hords

In former days imolstion of infectcd promizcos was the most
essential part of control of foot~end-mouth dissnse in meny countrics.
The velue of this methed ag compored with the stqmpingmout policy wos
studied bylForésma (80) in connuction with cpizootics in Denmerk and
Sweden 1n 1929-33. Thoso cplzootivs, coused by virus of O typs started
almost simultancously on.the southern Denish igisnds and in'southern
Sweden and werc a rosult of invasions from northern Gormany. In
Denmark infected herds were isolated:; in Sweden they were slaughtered,
Throughout Denmark there were somu 20,000 outbreaks, of which the lergest
part occurred on tho Dénish islande, In Sweden there were in all 216
outbreaks, mainly in the southorn part of the country. . On the Danish
island of Zealand, with an arcz of some 7,500 =q. km., ond which {é
cppoeite the southsra $ip of Swedon? there wers soms 10,000 outbreaks,
In the district of Sweden facing Zealand, with on srea of soms 4,700
sqg. km.; thers were 146 outbreaks. Agricultural conditions in these
two parts are very similar. Forgsmon concludes that the roason for
the great difference betwesn the course of the two cpizootice in these
arcas must be the methods of control which wore applied; in Denmark,

isoletions in Sweden, sleughter; +he value of isolation seeming to he

pv

doubtful, while the stanping-out policy giving brillismt results,
Although the results of Forssman's study indicato thot under the
given circumstancoes, the stamping-out policy was much supericr to lsolation

of infeeted herds, the following points should =lsoc be noteod, In Denmark

during the 1929~33 cpizootic there wers only some 20,000 outbhrenks

comparcd with somec 160,000 during the epizootic in 1924-27 =and some
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105,000 during thot in,1938—39. While Sweden also applied slaughter
of infcoted herds during the epizootic of 1938-39, this policy did not
prevent -invasion and somu TEOOO hords becane infocted. The roason for

the success of the stamping-out policy in Swoden in 1929-33 is probably

that Swedish cattle wers Iose susceptiblc to the infeotion becnuse of
the eplzootic in 1924-27 and algo the invading O virus was probably of

1ow virulencao.

PABSTVE TEMURTZATION WITH HYPORTMMUNE AND CORVAL-SCUNT SuRUM

During the serious Toot-and-mouth discase eplzootics in the
twentics, trcetment of animals with hyperimmunc or convalcscont serum
was introducced on o large scole in soversl countrics. Trautwein (81)
desperibod thc rceults of this mothod in Germany. When it was first.
introduccd the eanimals werce injected with hyperimmunc scrum at their
home Farms just boefore they woere sent o shows and the results wore .
very sotisfactory. Even during poriods in which thoere was widespread
foot-and-mouth disoasu’outbruaks never appeored ot such
shows. Animals arriving ot large morkets wore adgo troeated with
serum ond outbresnks ot morkets bocame VOIy ToaIiG. Whon thoy did occour,
as a rule thoey wore mild in charactor and did not sproad. This woe a
great lmprovement bocause bofore thig serum treatmont was introduccd,
shows and markeis pleyced on important role in the upizootioldgy of foot-
and-mouth discoss and oftcn causod cxplosivae spread. serum was also
uscd in the ficid in differont ways: dircetly, in infucted horde for tho

protection of non-infeoted animals, in surrounding districts near

infected herds and olso sirategically., . All the roesults wore vory good.
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During the vieclunit epizcotic of 193740 hyperimmume scerum and convalescent
serum were clso used on o small sealo. Serum thus became an important
weapon in tho control of foot-and-mouth discoasa, The pogegive immunity,
however, lested for only o relatively short timq and gorum is oxpensive

to produce; this method of protection, thercfore, could never find

general application in the control of the diseoae.

CONTROL MEASURES DURING THE EUROPBAN EPIZO0OTIC OF 1937-40

The msasurcs taken to control the scvere Murcpean cpiszootic of
1937=40 varied in the different countrics. Throo countrices with
especially favourable geogrophical positions succeeded in controlling
the invasion by operating o sloughter policy: the United Kingdom,
Norwey end Finland. The United Kingdom was somewhat heavily inveded
and from October 1937 to March 1938 had 275 outbreaks. Norway énd
Finland became only slightly affected ot the ond of 1938, with 21 and
6 outbreaks, respuctively.

sceveral other countrics on the Continent applied slaughter of
infected hords: Switzerland, Poland, Donmark and Sweden. Although
this slaughter wos undoubtedly of some value 1t could not prevent the
disease from pencirating into the countrics and causing rogular
eplzootics, although it sscmed to limit the spread.

Switzerlend wos inveded from Fronce at the boginning of ceptember
1837 and although slaughter of infccted herds was practiscd until the
the epizootic was over, the discasc gained a foot-hold and spread to
a conslderable extent throughout the country. From Secptember 1937

to 26 Fobruary 1939 a2 total of 2,025 hords wers slaughtered, while,

during the cpizoctic thore wers smomo 19,400 outbreaks.




- 67 -

Poland was invodoed from Gcrmaﬂy in Dadumbur 1537 and an ~ttenpt
wag madc to follow tho cxamplc of Switzerland, Howsver, the progsure
of tho diseage on the fronticr soon bocame so intensive that thoe slaughter
policy had to be abondoned cxcept undor spucial circumafancéso In all,
411 hordes were slaughtercd. Some 11 porcont of cattle in Polond were
affectod.

During th. cpizootic Demmerk was first invaded in August 1937 and
until July 1938 all infocted hords, some 300, were sloughtored. In
July 1938, however the intensity of tho discase in northern Germany was
overwhelming and the number of outhiesks in Denmark bodamg 80 large that
it was impossible 1o continue slauéhter of all tho infected herds.
However, until November 1938, when the peak of the eplzcotic wae reached,
slaughtor wos céntinuad and in 211, G670 herds were sloughtered, Puring
the eplzootic some 105,000 or somewhat more than 50 percent of all
herds in Denmark wore infeoted.

Sweden was.invadud frem Denmark at the beginning of October 1938 and
until 7 Wovember all infected herds woere sloughtercd. Then, also
Sweden had to abaondon the slcughtor policy and limit it to sporadic
oufbreaks, In 211, 801 herde worc sloughtercd. In southern 3Sweden
some {,000 or 20 percent of hords were infocted hut the continued
slaughter policy provented tho discasce from spreading much to the north.

In Norway there were 21 outbrosks, 10 in November 1938 and 11 in

Decemboer, 2ll of which were dealt with by slaughter.

In Finland all +the six herds infceoted in Docember were slaughtered.
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Thus, only two contimental countrics,

positions, HWorwey ond Finlond, and with v.

with oxcoptional goographical

vy fimitod numbors of outbreaks

virus Dbocnme too grant.

In osher countriecs the control of Hhc
application of voterinary police MUSBULT LS,

how much this mothod influoncoed thoe courso
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Soon after thisg, a new principlec propossed by 3ven Schmidt for
immunigation ngeinegt foot-and-mouth discase was worked out in Denmark -
;mmunisation‘with virtsxadsorb;d onte aluminium hydroxlido.  Schmidt
had a}feady inifiated aome work with Raman}s diphtheria anatoxin,
Togother with ﬂinderstr%mmLang (87) he purificd the anstoxin by
adaorption onto aluminium hydroxide followod by coluticn and =o obtained
a very concentrated antigen. Sehmidt ot ol (88) nleo showed that
following the addition of 10 porcent aluminium hydroxide to e purificd
and cqnoéntratod anateoxin, very small doses could induce a gtrong
immunlty. During his work witlh diphtheria anatoxin Sohmidt
reazlized that the syperiencso goined could be used in Virus rsscarch.
In 1934, Sohmidt‘initiated collaboration with the Foot-znd-Mouth
Digease Insgtitute on the island of Lindholm, Denmnrk, Duf&ng thig
;oollaboration between Schmidi, Hansoen and tho Director of the Lindholm
Institnte, Schmit-Jenson (89), o number of oxperiments were carried
out in Whioh guinea pige were vaccinoated with foot—ond-mouth disezse
virusg adsorbed onto aluminiuvm hydroxide, The progont writer had_
the very interceting experionce in the summer of 1935 of secing these
cxperiments brought to o conclusion. The resulte were brilliant
and therc could bo no doubt that this now principle opencd up new
-possibilitice for veccination againegt foot-dnd-mouth disease, Later
on, Schmidt (90) inveztigated tho vaccinating cffect of virus
adgorbates attenusied by hoat, and also the vaccinating offect of
virus attonuated by Tormelin and then adescrbed onto oluminium’
hydrexide. Furthermore, he demonsiratcd that culture virus could be

used in a vaccine producod according to the new prineiple with good

results, provided that the virus titre was sulficiently high.
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Thé next step was fo ihvastigaté fhé immuniéing effect of such
vaéciﬁes on naturdlly suscoptible animals,‘firsf‘of all, cgttle. The
iﬁvéétigafions Ware stﬁrtcd on Lindholm in 1336 and, at-the gsame time,
Ooht@ct wes made with soﬁe foreizn foot-and—mouth ﬁisease institutes
for the ﬁufpose of accelerating the investigntions. The large
German institu%é on the island of Hiems toolt up the new problem, where
alhumbef of laboratory experiments wsere carried out on cattle by
- Waldmenn and K¥be (91). Tn the spring of 1938 tﬁe sxperiments wers
50 advenced that the vaccine could bhe tested cut by a large field
trial and.the fifst“results were reported ot the Twelfth Session of
the 0.T.E. (92).

Waldmann and K&be (93) also publisghed details of the experiments
which led up to the preparstion of thoe new vaccines Strodthoff (93) gave

further information on the results of the field trial. A description

of the method of prsparation of the vaccine was given by Waldmann (94).
The position weas, therefore, that following the resulits of work in
France, England, Denmark ond Germany, the Vallée-~Schmidt-~Waldmann

vaccine became a reality.

Regulis of the use of the Vallée~Schmidi-Waldmann Vaoccine

The Vallége~Schmidt~Waldmann vecclne appeared in the middle of the
1937-40 intensive Buropean foot-and-mouth discase epizootic, and so
Goqld have no infiuence on the general course of the spizootic, partly
also Dbecause of the very limited available amount. The epizoctic,

however, afforded an exceptionally good opportunity to test i4s value in

the field. This was done first in Jermany znd soon afterwards in




Denmark. At the firet loarge field frizl in Germany some 40,000

caettle were voccinated. Teo first results vWere summariscd as follows

1) The voccine was shown to be ilnnocucus: . no infection was caused
by the vacoine a2und no leceal reaction of sny importince woas
observed under the field conditioms.

2) An active immunity against field infection developed within

12 to 14 days: aftor thet time the diseasec did not appear

o

in any premiges, and already affcr 5_to 6 days thore was a
markgd d@grqé of protection. In premises wﬁore the disease
appéared 5 o 6 doys after voccination only some of the animals
became iﬁfecw’:@d_e | |
3) Iﬁ heavily infeeted localities mo for the immunity iasf@d 2 1o
3 months.
hLatergwaldmang (96) réported that the vaccine creates almost
100 percent prgtection of a duration which is =2t least 4 to 5 months,
in.the pressnce of an epizcotlc.
A Turibher report by Waldmamm at the O.I.E. Segsion in 1939 (97)

stated that veccinated cotilc were protected agalnst infection for

£ 4o 10 months. He described the field use of the vaccine in the German
province of Eagt Prussia in 1938-30. In this province there wsroe some
136,000 herds. The infoction entered Iiast Prussia from the west and

south-weet and voccination wag, thercefore, first of all carricd out

along the weslern and south-westorn borders of the province, I+ should

be noted thot very sovere sanitary measurcs were applied during the

vaceination campalgn. Although the amount of aveilable vacocine was
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limite -%ho roaulh O%Ithe éampaigﬂ wos that only 2 porcent-of.fhe herds
ih Eaéf Prussiaxbooame infeétéd, whilc the neighbouring regiohs to the
west and south-west, where conditions wore similar but where nc
vaccinntion was carried'outj 30 o 40 porcent o% herds became infocied.

Withoﬁt any doubt the vaééimatiom along tho bordof weg of the
greatest 1mportance for thoe wheole of tho proﬁinoegi Tho résuit of
this vaccination lcd to the opinion thot it would be‘possiblo o obtain
total protaotion by tctal vaccinatiéﬁ.r

At the same 0.I.E. Session Potorsen (98) doscribed the resulis of
the use of the vaccine in Denmazik, where largé—scﬁlo production begn
inENbvémber,rl938.- From tho mi&dle of ﬁovombér untidi the end of
December 1938, some 74,000 cattls in 4,170 herds were vacclinoted®with
a véccine of type O. At this time the epizootic hﬁd reaéhed ité peak
in Denmexk and, thersforc, the denger of infection wos v@fy greant.
Following the vaccination campaign, 431 of‘the veccinated herds became

infocteds 192 during tho first 2ix days after vnocinatioh, 142 from

10 to 12 days after vacecination znd soven after morc than 14 days. In
most, the discase was roportod cs being moderate, The results of the

il

vacoine miet bo considered as highly satigfactory as 1t was carricd out
in heavily infected roglons.

At this sosaion of the O.I,E.)(99)9 the importance of the now
vacoiﬁe wag thoroughly discussed when the following statement was ma&og
"0.1.E. rocogniscs thot control of foot-and-mouth disease has undérgone
o radicnl changs by the use of active immunisation and that in the future

the protzciion of a country can be envisaged and an epizootic can be

eradicated even if it is widcespread™.
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In 1942, Weldmann (100), in reporting on tho usz of the vaccine
between February 1938 and April 1942, stated that 4,601,880 animels
in sgome 460,000 herds had beoon vaccinated and thot the lmmunity lasted
for at least six months end, in goncral, eight monthe, the numbor of
breakdowns in herds which had boen vaccinoted loss than six months
previously being 0,177 percont. The veoocinos woere propared against
virus of both O.and A typoes.

Petersen (101) also reported theat in Deommark botween the middle of
November 1938 ond the end of Aprdil, 1942, 1,765,547 cattic in some
88,000 herds hod busn vaccinatsd: soms 122,000 with O vaceine, some
263,000 with A vaccine and some 1,380,000 with bivalent OA‘vaccine.
The rssults were excelient,

In 1948, in discussing modorn control of foot—and—mout£ discnse,
Flﬁokiger (102) stoted that vaccinotion sgainst foot-and-mouth disease
is mogt effective when combined with slaughter of infeocted hords.

The following system of control was precitised in Swilitzerland:
1) Immediatc slaughter of infeoctcd animalsy

2) Vaccination of oxposod caltitles

3) Tmmedincte disinfection of the infocted and cxposod farmssg
4) Guarantine meaosurss.

Soon after itz appearance in 1938 several countries took staps
to produce the new vaceilne on a large scalo and within a few years,
voceine wag produced in Italy, the Netherlands and Switzerland, in
addition to Cermany ond Denmazrk. ATter the wary and mainly after the

large epizootic of 1951-52 foot-and-mouth disense institutes have been

eastablished throughout Burcve and existing institutos were expanded.
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Résﬁlts of Vécci;@tion during the Européan Eﬁizootis of 1951—52

The contfol-of The cxtonsifg Eurofcaﬁ épizootio in 1951=-52 was
baséd:mainly on fm@oinatipn i@ most L ropoan bountriesa However, the
suddenlappearanogs of tho no% variand® oflfootfahdwﬁouﬁh disease virus
A5 and of virué.of thoe C type in the.middla_of Burope tock the
countries by gurprise and complicated the éﬁntroi MeagUT e 3normogsly.
In addition, the foeilities for the prodﬁotion‘of vaccine at that fime
wefe not nearly.adequate to deal wifh ﬁhg situntion,

The 1951-52 opizbofic started in fhe Foderal Republié of Germeny,
It wos found that &niﬁais vaceinnted with vaocings oont&iﬁing the
ofdinary A types of thé firus worce not Satisfaqﬁorily rrotected ageinst
the new A5 voariont:  vocelucs produced wifh that variant, on thé@other
hend. had a very sotisfactory aff@oﬁg and their usc in the Fedefa}
Republic of Gormany, althoush limiﬁed, was undoubtcdly of considorable
impdrﬁmnoo in the contr@i of the discasc, In this connection,
compariscn belweon the epizoptic of 1937—38 and thaﬁ of 1951=52 shows
that in 1937-38 there wors some TQ3,000 cutbreaks in Germany,_while in
1951~52  the number in tho Fodoral Republic of Germeny Waslsome 204,000,

Denmark wag the first country tc be invoded {Ton the chefal
Republic of Jormony and hore the control of fhc cplzcotic was basged
on tgolation ond vaccination. At the Beginnimg of the cpizootic there
was o congiderable amount of bivglént vaceine OA ready for use, and
it proved to hnﬁe somo lmuunising velue ~2gainst the inveding virus
A5. Lerge—scale production of A5 vaccine wasg bogun'gnd tho cont:ol of

the diseasge becomo o roco botweon tho gproad of A5 virug and producticon

of Az vacecine, Undoubtedly, the voccination limited the losses to o
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marked cxtent. Ia many of the infoecied herds the discasg wag extremely
mild bocause of previous vacoination-and_ofton only‘some fow of tho -
aniﬁals ﬁerc infbcﬁcda It 1g highly probable that without vaccinaticon
ngainst A5 virus theore would have been a repetition of the severity of
the disease ag in the‘l938m39 op_izoofic9 Whon some lC0,00D herds bocane
seriously infqoted, When tho epizéotio cauged by € virus storted in
Denmark a considerable amount of vaccing ongalnst this Type was available
and 1t wos possible to vaccinate on & large zcnle with the result that
the numbef of outbrecks cousged by € virus wag limited to & few hundred.

There was 2 marked shortege of veccine in Belgium against As virus
when the country was invadéd from Germany and the spizootic sxtended
widely. As in Denmark; hOWUvofs a conglderabie amount of wvaccine
‘against the C type wes available, and following the invasio£ of this
type its'spread ﬁas OOﬂtIQlle$ Gonerally spcoaking, vaccination.iﬁ
Belglum was veluablc as shown by the numocr of ocutbrosks in the
1937-39 and 1951-52 epizcoticss in the former there wore some 100,000
and inlthe'lattery some 59,000.

In the Netherlonde the copigootic causcd by Ap virus wos not ver
I Y ohg V1T g

L

gerious, A large proportion of thoe cattl: had boen vaccinated at the
boginning of each yoar with bivalent vaccirce 04 and the A factor in

the voccine protceted foirly well against virus A5. C wvirusg had

never been demongtrated proviouzly in the Nosherlande with the resuld

—

thot the cattle had no immunity against this “ype. Vaccine cgalingt

it was preparsd and ite use in the ficld gave very satisfactory results.

The effect of vaccluoilon in the Jethorlands is reflected by the incidence

off the disecase during the 1937-39 end the 1951-52 epizcotics: in the

former there werc sons 265,000 outbrenks and in the latter some 27,000,
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Also in Luxoembourg foot-ond-meuth discase wos confroll@d mainly
by voccination, but it wag impossiblc to obtain o sufficiont supply
of vrceoine, Hevertheless, there wns anly 1,329 ocutbreaks in
1951~52 as comporcd with somo 5,000 in 1937~38.m

When Fronce wos invaded by AB virus ot the end of 1991 thore was
a marked shoringe of vocoine. Thu effect of vascinction wag  not
very cobvious in France, for the total number of ocutbresks during the
1951-52 epizcotic was some 320,000 and during that of 1937-33 some
378,000.

Ausgtria was invaded in Novembzr 1951, Hore, also, control was
based on the zpplication of veterinary sanltary measurcs and voccine
had to be importcd and this resulted in a marked shortage of suphlics.
Az in the other countrics in which vaceinction was practisocd, ho%overy

there wag o marked differcnce betwoon the situation in 193738 and in

1951~52 in Austria, During the former thers were some 38,500 outbrosks
and some 12,600 during the latter. The measures taken also prevonted

the spread of the diseanse from Austria into +the two neighbouring
countries, Yugoslavia and Hungory.

Itzly was invoded in October 1951 and about 2,000,000 of Italy's
8,000,000 - 9,000,000 cattle were vaccinatod. A compariscn botwaen
the incidence of the infection in tho two largs opizootics shows that
during that of 1438-39 thorse were somo 3197OO_outbreaks in Italy9_
while during that of 195i~52 the number was 43,700,

From the Foederel Republic of Germaﬁyﬁ foot-and-mouth disease

spread also eastwards to Bast Jormany. In this part of Germany,

however, systematic vaccinantion of tho cnttle population was being
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carricd out before %ho epizootic bogéna Thig followed cxperisnces

over severalry:afé of the Iastitute on the islend of Riems, where

there ig “'large potontinl for vaccine production, Pfactioally all the
cattle ﬁopulationg exgept fhose kEopt for virus production, are Vaoqinated
annually;

he result of this voccination in TFost Gormany woas thot the

=

epizootic coused only very elight losses whers from Januazry 1951
until January'l952 cnly 1 percont of oll hefds became infactod, wh;le
in the Fedemral Repﬁblio of Germany during the same period, the discase
infocted 11 percent of herds. The results in Dast Germany were an
excollent example of the regults of voccinstion.

The situation in Switzeriand and Swedon during the 1951f52
epizootic is of-spooial intercat. Switzerland beoame infecfed ﬁy
A5 virus at the beginning of Ootgber L1851 and until the end of the
year therc wore 181 ocutbreaks as well as 109 in 1952, All the outbreais
in Switzerland wers dealt with by imbudiate slaughter, ring vaoﬁination
and the application of atrict veoterinary nolice measurss and the
invasion was completely controllaod. A comparison botween fhis splzootic
and that of 1837=39 shows that during the fofmerr(from 1 Scpt@mber‘
1937 until 26 February i939j 2,225 infected her&s wers slaughtered,
but that thig cxtensive slavghter, although of much importance in
limiting the spread of thoe dissase could noﬁ'afresﬁ the infectlon, fof
there were some 19,400 outbroeaks. | Iﬁ tho'l951—5é e@izéotic, tﬁé
outhresks wore limited to 290. Sweden becémo infected in September

1951, and until March 1952, when the epizootic ended there weres in all,

840 outbresks., In 818 of them sléughter wag practised; the rémaining




22 were not =loughtered, 11 bocouse of -high broeeding velus and 11
because of previous vaccination. The sloughter policy in Swaden
wos combinod with exfensive voccination, 1,000,000 cattle boing

vaccinnted. Thus Bweden, like Switzerlond avoided an extensive

eplzootic, duc, undoubtedly also, to the combination of vaccination

and the slaughter of infectoed hords. During the epizcotic of

1938-39 801 infoected hords wore slaughtered in Swoden but tho ' -
invasicn continucd anﬁ gome 7,000 herds bocame infocted. Tt is

highly probablc that tho exiensive vaccination carricd out in

Denmark was of somo considerablo importance in limiting the spread

of infection from Dénmark 1o Swedon,

Although Tugosl-via did not become infected during the general
19h1-52 Euroanﬂ epizootic 1t was invedod from Grecces in April,:1951,
and the causal virus was typed as= A5; As in gomc. other countries,
vaccine propored with the ordinery A strains of the virus did not
produce any sctisfactory immunity. It wos only when voooine woe
preparsd in Yugoslovia using the local strain AB that good results
wers obtained. By the combination of sirictd veterinary measurss and
vaccination the invasion from Orecce was brought under control.

During the cxiensive Burcpoan cpizootic of 195152 it became

evident thaot therc wag too little veccine aovailable in Eurcpc and that ’
it had been used too 1lnte. Many of the Ruropecan countriss have
‘ ; .

appreciate@ ihis position and existing foot-and-mouth digense
ingtitutes have boen expanded and new iﬂgtitutcs have been established,
Foot-and-mouth disease vaccine is now being produced in Austria,
Belgium, Czechoslovakin, Denmark, France, the Federal Republic of

Germany, East Cermany, Gracco, Italy, the Notherlands, Polend, Russia,

Spaing Switzerland, Turkey and Tugoslavia.
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Rosults of Vaccination during the I956~58 Epizootic

Turing the flare-up of foot—ond-mouth discase 1n Fronece and
Germany in 1956-58 vooccing wes uged on a large scale in these
countriss. = In Fronce, somo 4,000,000 catilc were veccinated in 1956,
some 5,200,000 in 1957 and somo 6,000,000 in 1958.  This last figure
represomted'about onc—-third of ftho totol cattlc population in France,

In the conirol of footb-and-mouth discase in the Federal Republie

P

of Gormany o considerable numbor of hords wores sleughiered at the

beginning of the cpizocotic. Howovor, the control was fivet of all
baged on vaccinpticn: ring ard noss vaccination. Between July 1956

and August 1958 about 70 percent of tho cattle in the Poderal Republic
of Germany wers vaccinated and ir some of the LiEndor the onfire cattle
population was included,

Spread of the diseasme from infucted France and . Germany to
neighbouring countrics could, of courss; net be provented. Because
of precautions token in these two countrice, however, the spread was
limifed o o consldoerable ezient, compered with provious eﬁizootics.
Tn the invoded countrics etrong céntrol measurss including vaccination
were also opplicd. In countrias suoh ag Denmark, Switszerland and
Austria sleughvter of infooted hords combined with vaccination was
carried oult on 2 limited scals: ring and border voccination.

In Donmark the slaughtef policy was again introducced in 1953.

- The numboer of outbroesks in 1956~-57-58, wore 5, 45 and 11 respectively.,




Switwerland, because of its geographical position, is very much

exposed to dnvosion when its noighbouring ccuntrics ore infocted and
also because of the considorable tronsit of animnls.. The number of
outbreaks verc in 1956, 121, in 1957, 111 ond in 1958, 53, Switzerland
has continued its usual policy of control: o combination of slaughter
of infected herds, voaccination and tho anplication of strict veterinary
measurcd, which haos becn callced the "Swiss system of control!, and in
which tho different factors are considered to be of cqual importsonce and
supplementary to cach othor. The Bwiss method is very fleoxible and
the local conditions arc slways taken into congidoration in applying
the measurcs of control.

Austria was free from foot-and-mouth disessc in 1956 until the
last months of the yoor {103). LY this time the disecse had spféad
to gouthern Germany and 1t was docided to vaccinate in Austria along
the German border. Vaccination was actually corricd out in Austria
in a depth of 510 km. along the border from Switserland to Czechoslovakia,
beginning in December 1956, Some dinvagion, however; fook place from

Germany and betwoen 10 December 1956 to the end of Fobruary 1958, thore

were, in all, 149 outbreaks. The country wae then free from the disecase
until Septembor 1957 when thore wore two outbronks, Control in Austria

Was based_on glaughter of infectod herds, vaccination ond the application
of strict veterinary mcasuras. Control in Austria was offected with
mizch persoverance and was of the groatcst importancs not only for Austria
but also For further spread of tho discase to her castern and southe—

eastern neighbours, There was no sprosd, for example, in Yugoslavia.

It is of much intercst from both epizcoticlogicnl and control points
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of view  thnt when the first wave of infection was over, Austria
remained free from the discasge. Vaceinoation in zonces along ther
borders o both Austria and.dcrmany (Bavaria) avparently kept
Austria froe frowm further invasion,

As shown in table V the infection in Bavaris only rcached its

peak when the invasion of Austria was over,

Table V

Wumber of outbreaks 1n Bavaria and Augirio

Period Bavaria Lugtiris
1 ~ 15 Dec. 1956 37 13
g %
16  ~ 31 Dec. 1956 64 . 28
. 27
1 - 15 Jen. 1957 39 ‘ 42
19 *
16 -~ 31 Jan. 1957 - 86 . 7
1 = 15 Peb. 1957 151 5
16 ~ 28 Feb. 1957 155 0
1 -~ 15 Mar., 1957 217 0
16 =~ 31 Mar, 1957 166 0
1 ~ 15 April 1957 107. N 0
16 - 30 April 1957 135 0
1 - 15 May 1957 208 0
16 = 31 May 1957 152 , 0

¥ Weekly outbreaks




—~ 82 -

The control of foot-and-mouth discése in Belgium is haged on mass
vacoiﬁatioh, ﬁéing trivalent vaccine O—AmC, which Waé'bdgun in 1955
when some 1,230,000 céttle wers vocoinnbed. In 1956, some 850,000 cattle
wers vaocina%éd ahd'iﬂ thé fOllowiﬁg years aboul 50 percent of cattle in
Belgium have boen vacclneted annudllf. Bccause of this moss vaccination
foot;and—ﬁouth'diseasc hoe lost its ccénomic importance in Belgium to a
conglderable extent. Thc position ﬁow ig that the fow cutbronks are
confined to calves and pigs. The Belgian vetorinary authorities are
oonvinced that only bpoause of this moss veccination has Belgium
avoided on oxtensiver epizootic in 1956n5f (104).

Luxembourg was free from foot-and-mouth diseasc during 1956 but was
inveded in December of that yeor. The first infected herds were
slaughtered but when the discasc spread very rapidiy it was decided
to abandon slaughter and to voecinate 2ll the cattle, shoep and goats
in the country, some 130,000 animols. In December 1956 an& January
1957, there wWore 20 outbrecks, and since then Luxembourg has been free
of foet-and-mouth discoss, Thus, mass voeccination wes able to bring
foot-and-mouth disease complotely under control in Luxembourg.

The foot—and-mouth discasc situation in the Nethorlands is of
special interest (105), Through the years 1947=52 vacecination was
incrensingly epplied and in 1951, whon the last epizootic siarted
more than 50 percent of the cattle had been vaccinated with a bivalent
O-A vaccinc, The invasions by thoe two virus types, A5 and C, were
well controlled by +the use of the appropriate vaccinos. The veterinary
autheoritiss and the farmers werce well satisfied with ﬁhe results and

the authoritics were of the opinion that it would be possible to control
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foot-and-mouth discase in_the future by a combination of #accination
ond slavghter of infscted animals. sughter of infected animals was
begun in 1952. Between 1 Fobruary and 15 ﬁprilg 1953, ihe first
vaccinaticn of praotically the wholo cattle population was carried
out and annual veccination has been continucd, usihg trivalent vaccinea
As 2n additional control measurs; it has also bgen decided that all
transport of non-vaccinated snimals should be prohibited in the
Netherlands. Tt was systcmatic vaccination in the Nétherlands that
‘made possible the application of a slaughter policy. I% seéms ng 1T
the economic probiem of foot—and—moufh digcame 1 solved in the
Netherlands as far as cattle are concerncd. The countfy suffered
very heavy lOSSUS:from the discase during previous epizootiéé, but
gince the first systematic vaccination in 1953, 1oésés haﬁe baen
reduced to a minimum,

There have koen a number of outbrezks in Urcece since the eplzootic
of 1951. By the application of mass vaccination combined with strict
vaterinary measures, however?.thu discase had been brought under control
on each occaslion,. A very dengerous situatioﬁ doveleoped in 1960-61
when outbroaks, caused by virus of types Oy A and C occurred
simultnanaeously. Tho applicatidn of the usual mcasures was agoln
followed by successful results. It is of interest to note that the

vaccine used in this compaign was a kidney tissuc culture vaccins,

produced st the ncw Greck foot-and-mouth discase laboratory (106;107).
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For somc yeors thoe Swiss system of éontrollimg foot—ond-mouth
disease, which consists of o combinntion of slaughter, vaccinotion
and the application of strict veterinary measurcs nas beon applied in
Augtria, Denmark, Switzerland and Yugoslovia, and =20 far9.has succeoded
_in keeping foot—and-mouth disease under control in them,

No exact informatiocn is available on the control measurces adopted
in castorn Buropesn countrics, but it 1s understood that vaccination
is used, togethor with the epplicntion of strict veterinary mMeAsSuUTes,
The foot-and-mouth discase gifuation in most of thoge countrics has boen
satisfectory for a numbor of years, as no large cplzootics have developed
in the region.

- In Russila, also, the gitusation is satiéfactory.‘ It is uud%rstood
that extensive vaccination plays an important role in bringing the
diseage under controli, The vaccine uscd in Russia is produced from
virus cultiveted in young rabbite and adsorbed on cluminium hydroxide

(108).

.An overall plan for the control of foot-and=-mouth disease in
Turcpe, put forward by the Commissicn's Standing Technical Committec,
Was.appfovod and adopted st the Fourth.Sossion of tho Commigsion. The
Ffollowing statement ls taken frdm the Report of thot Scssions-— "The
Committee was soatisficd thot vaccination had beém showvm to be valuable

Iiﬁ the control of féot»and;mouth disonse and was applicabls in most
Buropean countrics. I+ should boe congidered ag a means of bringing

the disease sufficiently under centrol so that, cventually, a stamplng-—

out policy might be adopted. It is, thorefore, recommended that in
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those countries where o heavy welght of infection is prasent or wWhere
thore is continued threat of infection tho pelicy should be systematic
veccination.  The system may vary in socofdance with the circunstances
in the particular countrys; it may be possible,for cxample,  to acdopt
anmual vaccinoticn of all cattle stock in the country or vaccinatlon
may bo done around foci of dnfectlon or in threatened arsas. When the
aumbor of outbreaks has been sufficiently reduced, vaccination may be
supplemented by slaughter of snimals on infected premisgcs. Later,
there may be a reduction in routine vaccination and the stamping=-out
policy may be adopted as the main mcthod of control. This stage may
not be reached in a perticular country until its neighbourspand countrics
from which imports, particularly of livestock, arc made, lave reached
a similar position. Only after this stage will 1t be possible to
rely entirsly on a stamping-out policy. It ig obvious that sufficient
supplied of trustworthy wvaccine must bo availahle and that thers is a
staff capable of organising and carrying out vaccination. It must be
realised thot, whatever the policy, it i essential fo control the
movement of stock, to dispose of infected material and to carry out
effective diginfection, The CGommittec was impressed by the success of
the vaccinotion policy inlthose countries whers 1t hos besen systematically
applicd. WNot ealy has the number of outbresks boen reduced but the
weight of infection has boen minimised because, as a general rule; only
young cattle and pigs have succumbod o infeetion.®

"Tn most Burcpean countries a stamping-out pelicy not supplemented

by veoccination is impracticable, but the Commitice regards o stamping-

out policy as the ultimate objociive."
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A gtudy of the results of the vaccihation in France in 1956 was
carried out by LuCaﬁ§ Maockow end Mognt (109) in which wvoccinated
‘animals were obgorved over o period of five months,. A trivalent
vaceino st need during o period of cxtension of the cpizcotic,
Vaccination weoe carriod out in the immediste neighbourhood of infected
preﬁises; thus the probability of vaccinated animals becoming oxposcd
fo the infection was great.

In géneral the vesults were very satisfactorye the study showed
thet about 99 percent of tho vaccinated hords were protected during
the Five monthg.

Arfurther study of tﬁe resﬁlts of the veccination in Fronce in
1957 Waé Carriedlbut by Lucam (110) in 1957, when some 100,000 herds
in some 80 &epartmonfs were infected. Only vaccination carried out
with triv@lemt vocoines nnd arcund foecli of infection in the form of
ring vaccinatlon arc token into account in this study. The study
comprised 56,440 hords ond foot—and-mouth diseasc appeared in 146 of
them (0.25 percent); thus 99.75 percemt of vaccinated herds wers
protacted. This study also showad that the immunity lasted for at
loast five months. Those very satisfactory results show that in a
country like France where foot=and-mouth discase has been snzootic for
atouts 50 years, vaoéinmtion‘ié the bost weapon for its control.

The conclusion fiom this study was that control of foot-and—
mouth discasge in Fronce must be bascd on o combinatien of two

fundamentnl Ffactord: goneralisced combpulsory vaccination and slaughter

of infected herds.
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Barly in 1961 (111) it was reported that the number of cattle
vaccinoted in France had incrzescd from about one~third in 1959
to about half the cattle population in 1960, and that slaughter of
infected and in-contact animals was being“oarried out in 18 departments
in the castern part of the country, including frontier areans botwsen
France and Bwitzerland and France and Gormany.

During the latter part of 1961 slaughter of infected herds was
extonded in France and was practised in practically all the departmenisg.

At the Tnternational Symposium on Virology in Lyons in 1958 (112)
at which practically all workers on fooﬁ—and«moﬁth.discase in Eﬁrope
were present, reports were prosented on the results of vaccination
throughout Furope and the subjcct was ~goin thoroughly disgﬁssed. T+
was anpreciasted %hat vaccination was of great value in the control of
foot-and-mouth disessce but 1t wog obvicusly ﬁeoessary tc combine it
withk the application of strict veterinary HEASUT o8 inolﬁding slaughter
éf infected herds. It was statsd thaet vaccination sﬁould be carried
out systematically and thot it weas advisablce te use trivalent O—A-C
vaccins. It was stated, further, that conirol of foot-znd-mouth
disease would be impossibls in Durope without the use of wvaccine,

corractly applied.

Vaccination of Sheop ond Goots

While the immunising valuc of +the Vellée-Schmidt~Waldmenn vaccine
in cattle is generally rocognised, there is little available official
information on the offcct of the veccine in sheep and goats. It

appears, however, that the results of vacecination of thoso animals

is as satisfoctery as in catile.
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In Italy, vacoinntion of smoll ruminanﬁs hes boon praotisod for
sgveral ysarss  in71955»599 for instance, a total of some 5,850,000
shoep and somo 3165000 goats wero vaccinated and the results were
consideroed to bg gooi_(ll}), : i

In Grgeoeg‘alsé, where a large proportion of the ruminanis are
sheop and goats, for nany years they have been vaceinated, as well as
the cattle, Lg already meonticnced, Grocco has succeeded in keeping
foot-and-mouth disease well under control by mass vaccination combined
with the applicotion of strict veterinary measures.. During the
gplzootic of 1960—6}, for instance, some 275,000 cattle and some
800,000 sheep and goats were vaccinated: there was an incidence of
anout l.l percent of breakdowns in immunity in the vaccinatled cattle,
and about half that figure in sheep and goats (114).

In Cyprus, where theré are gome 35,000 oattlgp gome 500000 shoep

and gonts and some 35,000 pigs, systematic vaccination of 2ll susceptible

animals was initiated just over five years 2go. Virug of types 0 and
A have boen demonstrated in Cyprus, ond, therefors, a bivalent vaccine
is used, The veccinaltion campaign starts carly in March and lazte
six to seven wecks. The results may be considered as very satisfactory.
For some 3% yoars no serious outbtbreoaks have beon recorded amongadt
the cattle. Bach yoar, howevor, there are a fow casces in young deiry
cattle which are brought under control by ring voecination.
Good immunity is obtained in shocp and gonte bﬁt it doce not
“lagt for morelthan six to oight months. Most of the cuthreaks occur

from November onwards, when new-born lambs are infected nnd the disease

then spreads to the adult animals. The disease runs a very mild




course in the adult animels, affccting no more than 10 percont of

the total number in thoe flocks, Iven in infoctod arcoas the total
numb;r.of flocks whioh-become infocted docs not cxoecd 5 percont.

Theso ohscrvations indicetc that the voccine produced satisfoctory
immunity, which is cxccllent for tho first six to clght months but

then becomos weaker ond weaker (115).

Vaccination of Pigs

While vaccinetion of cattle, sheep and goats has resulted in
inducing o satisfactory immunity, vaccination of plgs has boen much
less effective. Over tho years, many laboratory uvxperiments hove boen
carricd out with pigs and new methodes of vaccination have been studicd.
Different voccines have producsd cither a low degrec of immunity or
no immunity. On the cther hand, netwithstanding the pporiﬁresults
of the laboratory experiments, the vaccine has beun used in pigs in ihke
field and, apparently, with some good rosulis, in some cascs. There
ig an intercsting cxample from Belgium (116). Some yoars ago an
egpizootic couscd by virus of type C occurrcd among pilgs. A highly
potent monovolent vecoino produced from caitle virus of C type wos
ugsed for the pigs, following which the epizootic was arrcstoed.

Tn 1960 {117) somc ficld cxperiments werc carricd out in France,
in which pigs were vaccinated, intradermally. with the ordinery vaccine.
The results were rTeported os bholng very soitisfactory: it was stated
that immunity wos cstablished almeost immediately and lasgsted for some
three to four months.

During reccont yeare foot-and-mouth disense virus, mainly of type ¢

hag ghown o tendoncy fto gpreand among pigs. It hos thorefores, bocome

noecegsary to devolop o vaccine with o good dmmunising effect in pigs.
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LVOLUTION OF VACCINLS

The first Volldc-Schmidi-Waldmann vaccine which appeared in 1938
was o monovalent vacecine prepared from virus of type 0, and the source
of virug wog natursl virus materiel produccd on cattls tongucs
(epithulium and lymph). It was obvious from the beginning that virus
produced artificiaslly on cattle tonguce was an cxpensive source of virus
and that in coumtrics where Tooit~and-mouth discasc 1s widespread, there
wos difficulty in producing the requirced large amounts,

Other mourcos bf virus hove, thercfore, bsen sought. Since the cnd
of the Sceomd World War much resoearch worlk has beun corricd out ond
some-remarkablu rosuits hove boon obitaincd. In 1950, cultfure virus
grown in explanted cattle tonguce ceplthelium wag introduced in the.
Netherlaﬁds og o gourcy of virus for tho preparation of the Vallééé
Schmidt~Woldmann vaceine.

Tn more recont y?ars, another kind of culdturc virus is belng used in
the preparetion of the vaccine: %irus grown in kidney tissuc cultures.

4 third source of wvirus is the vaocino—foof—and-mouth digcage Virus
complexr grown on catfle akiny this kind of voccinc hes found considerable
applioafion in France.

The ﬁomovaient vaccineg of 1938 was uscd in a dose of 60 nl Tor adult
cattle. This amount was very large and impractical for use in the ficld
and many coxperiments hove, thorcfore; becn carried ocut to lower the dose,

The inactiveted vaceine using natural or culture virus, is complicated

to produce, is relatively expensive, and produces o rolatively short-

losting immunity. It wag, thersforc, thoughf that o modified Virus,
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mudtiplying in the treated animal and producing a long-lasiing immunity,
woul&'bé‘the ideal veooine and could  probably be effective in small -
doses,. Foot-and-mouth disease virus has been modified by iite pasédge
through embryonated eggs and through rabbits and such modified virus

has had some application in the field as a vacoine against the diseass.

Cultivotion of Foot~and-Mouth Disease Virus in explanted Tongue Fpithelium

In 1947, Frenkel reported for the first time on the cultivation of
foot—éﬁdémouth disease virus in cxzplanted cattle tongus epithelium and
that virus hadrbeeﬁ cultivated through 12 successive passages (118),

At that time the cultivation of virus was gtill being carried out om é
laboratory scale, However, the method was rapidly developed and in

1950 the virus was grown oh a large scale and was used ag thg gsource of
virug in the Vallée-Schmidi-Waldmann-vaccins., A full description of the
/largeusoalé cuitivatioh was given by Frenkel in 1951 (119); Frenkel'ls
metbdd has now been in use Tor more than 10 years in the Netherlands.

411 the thres types of the virus, O, A and C have been cultivated and
vaccines have been produced from then, Tt is this trivalent culture
virus vaccine that is now being used with so much success in the
systematic vaccination of cattle in the Wetheriands,

Frenkel'!s method hag been introduced in a number of other countries
in Furope and in other parts of the world, and hag been of the greatest
importance for the conitrol of foot-and-mouth disecase. Howaver, thé-
method has some limitations beéausé; in some counitries, it is difficult

0 obtain a sufficient number of cattle tongues for cultivation of the

virus.
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Culfivafion of Fobt—andeouth Dissase Virug in Kidnsy Monolayer TM.ssue -
COultures :

In 1955, Sellers (120) and Bachrach, Hess and Callis (121)
reported, independently, that they had cultivated foot~and~moﬁth
“digeage virus in kidmey monolayer tissue cultures produced from pig and
bovine kidneys. Sellers cultivated virus of typos O eand G and passed
”'.thém'thOugh.four paééagos; Bachrach ot al.passed virus of type A
thfbuéh 14 passages. Experiments on this subject were alsce carried
out by Weséléﬂ apd Dinter (122) and by Mazwaracchioc gt al, (123);' Both
groups of workers cultivated virus of types G, A and C.
This new oulture virus was first used as a source of virus in the
vaccine by Maﬂzaracch105 Zavagli ct al. (124). “They prepared a vaccine

]

containing O and A culiure virus and this vacoine produced an excellent
dmmunity in cattle when chalienged 22 days after vaceination. In 1960
Zavagli {125) reported on some experiments on duration of immuﬁity. A
large number of cattle had been vaceinated in the field with culture
virug vaccines produced from kidney fissue culture virus of type C.

Tests showed thnt there was complete immunity in cows up to 13 months
after vaccination, and that, afier 14 months, a certain decrease occcurred.
The number of animals usged in the bXD syriments and the serological tests
gave clear'ﬁvidence on the efficacy of the vaccine used in the-
experiments.

This type of culture virus was used as a source of virus for

vaccine productlon in Israsl durlng the eplzootln in 1959%- 60 caused

by virus of Agia I type (126) The vaccine was prepared in %he
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classiocal way by adsorption of the virus to sluminium hydroxide and then

inactivation by forﬁaiin; Som§.77,000 éat%le wore'vacbinated with .
this vaociné and the results were spparently satisfactoryn(sec also
p. 99)

Kidney tissue culture virus-vacoine was also used in the field in
Jreece during the epiveootic of 1960-61 when three types of the virus,
0, A and C were causing outbreaks. The Vaccincs.were preparad og
monovalent VACCINGS. The vaccine of type O was used in five
departments on a total of some 100,000 cattle and some 316?OOO sheep,
goats, and pigs. Bocause virus type € also appeared in one of the five
departments, vaccination wes carricd out thore with a mixture of types
O end C waccinos. There was a breakdown in immunity in 0.8 percent
of the cattle and C.4 percent of the sheep, goats and pigs. «Vaccination
with type A vaceine was carricd out in threc departmconts on some 24,000
céttle and some 73,000 shecp, goats and pigs. o breakdown of
immurity wos observed. Vaccine of type C was used in nine departments
where some 151,000 cattlec and some 436,000 sheep, goobs and plgs were
vaccinated. Tn one of the departments the discase re-appeared four
monthe after vaccination was carried out. Following re-vaccination
in the area no furthcr cages ocourred. Thore wefes in all, about
1.4 percent breakdowns in immunity among cattle. It ig covident that
the results of the vaccinations were very satisfactory for foot-and-mouth
discase wons brought completely under control.

This new method is neow in full development in many counirics and
ih Italy, for instance, kidney tissue culture virus is belng produced -

on a large scale in soveral foot—and-mouth discase laboratories.
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Production of Vaccino-Foot—and=Mouth Discase Virus Compleox

This mothod wne first susggestoed some 35 yoars ago by M. Belin,
Tts principle is tho following. Adult cattlcey which have never had

footwand-mouth disecase, nor have been vaccinated arc shoved and ¢leaned

all over the body. The skin is then searified and infectod with: vaccinia
virus, Tmmediately afterwards, the animel ieg inject.d in the tongue .
with foot-and-mouth disgcase virus, The voccinia virus multiplics in

the skin and the foot-and-mouth discasc virus multiplics in the tongue
and cnters the bloodstream, so rcaching the skin tissue.  Foot-and-
mouth digense virus hasg no affinity to normal hairy skin, but in some

way this tissuc has now become susceptible through the presonce of the

vaccinia virus. Avout Four days after infection, when the temperature
reachos a certain level, the animals arc slaughtorcd, At thet time a
yellow coagulated cixudate -covers the skin. The crust which contains

a mixture of vaccinia and foot-—and-mouth discase virus, is harvested
with the help of a sharp spoon, and the average yield i 700-8C0 g.
The titre of the vaccinia virus is much lower than that of normal vaccinia

virus bharvested from cattle. Th

]

titre of the foot-and-~mouth discase
virus in the mixture is as high as that of a normal natural virus
produced on living cattlc tonguos, The mixed virue material is
extracted in water, centrifugced and filtered in the same way as the
tongue virus, and from the sferilized virus cxizoct, a vaccine is
propared in tho veunl way: adsorption to aluminium hydroxide and

hceate.

inactivation by formalin and
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C. Belin has reporited on this method rocgﬂtly (127, 128) on
geveral occdéions. The vaccine preparcd with this virus complex is
now being controlied by the French Govermment and has found congiderable
application in France.

Concentration of Vaccinse

The monovalent véccine produced from virus of typé 0, which appoaraed
in 1938 contained 0.7 percent of natural virus material and 50 percent
aluminium hydroxide; The dose of the vaccinc was, for aduld cattle,

60 ml, and the:amouht of virus per dose was, therefore 0.42 g. There

was, however, a comsiderable problem fo produce gufficient amounts of
virus on living catfﬁe tongues; Tn 1941, Waldmann et al. (129) published
s new formula for the vaccine in wWhich the amount of virus wag considsrably
reduccd, A monovalent vaccine now oontained'0;24 percent virusg, a
bivalent vaéoineB 0.40 percent. The doge was still 60 ml. for both

2 monovalent and a bivalent vaccino, With the intention of standardising
the preduction of vaccine in different countries, an 0.1.0. meeting was
convened in Bcrné in 1947 (130), and it was recémmended that the vaccine
ghould be Droduoedras o bivalent vaccine contdining the virﬁs types 0 and
A, It should contain ot Isast 0.2 g of virus per doge of vaccine for
adult cattle,

When the vaccinc came to be used in the field in Denmark, the large
volume of 60 ml. o bs injcéctod was found to be quite inconvenient.

Somc testes were, therefore, undertaken with vaccincs in smaller doses
tut containing 2 largerpercentage of virus, The 1938/39 epizootic in

Denmark provided an copportunity to make field experiments with such

vaccings, and they werc carried out by the writer in collaboration with
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Barbo (131). Vacocines verc produced which contained 4 percent virus,
the dose being 6 ml; - Two injections were given and satisfactory
inmmunity was produoed;

In 1940, Altara and Serra {132) reported that they had continued
the Danish experiments and had obtained very good results with concentrated
vacclnes, In 1947, Altara (133) reported on the use of 1,000,000
doses of bivalent concenirated vaccine containing 5;4 percent of virus
material. The dose was 10 ml? for adult catile and the immunity lasted
for about four months.

In 1947, Rosenbusch, Descamps and Gelormini (134) reported on a
concentrated vaccine containing 5.0 percent virus. Its use intradermally,
in & dose of 2.0 ml; gave good resulis in Argentina.

Camargo and Mott (135) in 1949 reported on a year's production and
use in Mexico of 12,000,000 doses of a concenirated monovalent vaccine
containing € percent of virus and injected intradermslly in a dose of
2 ml; for adult cattle and 1.0 ml., for small animals. During the
campaign in Mexico some 60,000,000 vaccinations were carried out with
thig vaccine with, generally, gocd results,

Thug, several successful wvaccines of wvarious concentrations of
virus have been produced, but controlled large-scale experiments,
comparing vaccines cof different concentrations for duration of immunity,
had nct been carried out.

However, -in the cocpsrative work of the Danish Veterinary Institute
for Virus Research and the U.S. Bureaw of Animal Industry, twe large

sxperiments on this subject were conducted by the writer in collaboration

with Malmguist, Osteen and Johnson (136),
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Thorfirst experiment with 160 cattle involvod a serics of vaccines
in which ﬁhe virus con%ent Waé varied and the aluminium hydroxide content
was kept oonstant. 'The socond cxperiment in which 200 enttle wore
vaccinated dealt with a_serius of vaccines inwwhioh the amount of wvirus
woe constont and the aluminiﬁm hydroxide was Varied.l

The results of these experimonts indicated that satisfactory foot-
and—-mouth discase vaccines can be produced, containing greater
concentration of virus than had commonly beén previously uscd. It
was Found that the dose of a monovalent vacclne coﬁld be reduced from
15 ml. to 2-4 ml. by maintainirg fhe game amount of virug and reducing
-the excess alumiﬂiém hydrexide. Thus, in 1951 there was cvidence that
a concontrated vaccine waé as effective ag the ordinary vaccine and had
practical advantages.. However, there was little tendency to 5hange
from the cld formila for vaccine production.

Until 1953, the common way of preoducing vaccinc was the following:
Virus material was extracted in water, centrifuged and filtercd through
a Seitz B.K., filter and then adsorbed to aluminium hydroxide. Filtration
always coused a considerable loss of virus, However, in 1953, Pyl
(137) gnd Pyl and M&8hlmann (138) reported on scme experimentis in which
chloroform instead of water was used for the extraction of the virus from
the virus material. It was ghown thet virus cam be exirccted in
chloroform without any loss of virulence and than no filtration is
needad., In 1954, Pyl and RShrer (139) gave further information on the
new concentrated vaccine. Attention wes drawn to the above-mentionoed
Danlsgh-Amncrican ex@eriments in which 1t had becn sghown that the effocct

of the vacceine depends on the amount of the antigen end that the
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amount of aluminium hydroxide had 1ittle influence. Sone large-

scale experiments have since been carricd out in Germany in which

comparisons were made of the classic and the concentratoed vaceincs (140},

T+t wag found that this noew vacclac wWas as gatisfactory as the classical

Ohg.

The concentrated trivelent vaccine ig used in & dose of 5 ml. as

compared with a doge of 30 ml. for the clasaical vaccine: this is of

considerable advantags. Furthermorc, the concontrated vaccine is

cheaper, for the virus exiract is not filtered and sc, contains more

virug per gral. Thig concontrated voccine iz now in common use in the

Foderal Republic of Germany and in East CGermany.

Modification of Foot—and-Mouth Disease Virus by adaptation to the&

Embrycnated Bgg

In 1949 Traub (141) reported that he had succcedsd in adapiing

virus of fooi-and-mouth discase to embryonated egg. Since then, much

work has bosn cnrried out on the problem in the hope of producing

2 live virus-—vaccine by modification in the egg. In 1958 Kemron and

Goldsmit (142) reported on the successful modificetion of foot-and-

mouth disensc virus of types 0, A, C and Asia I.

The modified 1ive virus of Asia T type was used on a large scale

in Israecl for vaccination of cattle during the eplzootic of 1955-60 -

caused by virus of Asia I type. At the Seventh Session of the

Furopean Commisszion Xemron gave solio information on the results and

at the Dighth Scssion, Sturman completed this information.
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When Israel was invaded in Oétéﬁér"i959 by.viruélef the Asia I
type the éouﬁtry had no meahs at its diéposai to contrel this epizootic
caused by an exotio.typerof virus; However, some experilence had been
gained in experimenté in Isreel of the value of the sgg-modified Asia T
type of foot—and;mouth discase Virus ad ah lmmunising dgent and it was
decided to carry out a field trial. Voccination wag started at the
beginning of November; 1959 and was first carried out in alréadyhinfected
gettloments within the infected area (a settloment comprises 2 to 200
herds, with an oversge of 15 catile). When one or more herds in a
gettlement bocameminfectod the roat of the herds in it were vaccinated.
Ag the first sxperiment showed satisfactory resulﬁé the trial was
extehded and modified virus was uéed zlge in non-infected sottlements.
As from iétg Decembor 1959, an additional kind of vacclno Waé used
in the fiélds kidney tissue culturc jirus—vaccine prepared in the
classical way by adsorption of the virus to aluminium hydroxids and then
inactivated with formalin, Some 93,000 cattle werc vaccinated with
the live vaceins and some 77,000 with the inactivated vaccine. By the
middle of February veccination of all the graded herds had been completed.
Ungraded herds remained unvacecinated and the diseasc oonfinued to spread
in them. The rssults of the vgccinetion with modified.virus were the
following: in veccinated ﬁ@rds the spread of foot-and-mouth discage
gtopped in =six tc eight days foilpwing vaccination. Yﬁung voccinated
animals showed no reaction of any kind following vaccination. | Up
to 0.5 porcent of the adult animals, however, reacted in three to seven
'days, showing some slight lesions in the mouth and on the udder. In
herds vaccinated with innctivated waceine two wecks or more elapsed

before the discase wasg Dbrought under control,
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Modification of Footeand-Mouth Discasge Virus in Rabbitg

Humerous asuthors have worked on this subjects Liokhachjév and
Gribanov-(l43)9 Cunha and Wichorn (144), Vorgeeraraf, Dhennin, and
Asso (145). ° Tn 1954, Gribanov roporied th~t sceveral experimental
vaceincs had been prepar@d uging lapinized virus, gnd that such
vaccines had boon found effeoctive in both loboratory and field .
GXperimeﬁts;

In 1959, BYiko (146) reported successful rcsults of experiments with
lapiniged virus. From 1959, the classical waccine wos no longer used
in Russia; but aluminium hydroxide vaccince containing lapinized foot-
andumouth diseasse virus'is produced. It is thought that this method
is the most ¢fficacious and is more pmetical for the preparation of
the voccine, In 1958, thanks to the use of this'Vaocine, foot—and—~
mouth disecnsze wos eradicated from a whole territory in Siberia. Mﬁss
vaccination of all bovines is carried out over very large territories

where there may be danger of infootlon.

The above Review was prepared in accordance with the request made at
the Commission's Sesegion in 1667, In order to complete the Sectlion on
"Control of Foot—and-Mouth Disease in Hurops", it was felt that mention
should slso be made of the action taken by the Burcopean Commission for
the Control of Foot—and-iouth Discase since its egtablishment in 1954, v

A special note has been prepared and ig appended to this Review as

Appendix IT.




Summary of the Pattern of oot—und—kouth Disease
in Furope during the Period 1937-1961

Durlnﬁ tha garlod 1937 1661 there was a large number of epizootics
of very different severity and epizootiological importance in lurope.

The eris Ootlc which started. in France in 1937 had 115 OI1J1H in
North Africa, and wes caused by a virus of type O of exceptionaily high
virulence and infectivitiy. It spread to practically all Huropean
countries. - This firs+t wave of infection was followed by more localized
eplzoctics caoused by virus of tyve A. In some countries they were as
extengive ag the former but, in most, they were limited. During the
epirootic some sporadic outbreaks caused by virus of type C also took
vlace. The total number of outbreaks in a group of couniries which
includes France, Belgium, Luxemburg, the Wetheriands, Germany and
Denm@rk during 1537-39 was about 1,500,0C0,

Puring the war foot-and-wmouth dizeame was enzoctic in most of the
countries.

A%t the end of 1945 an epizootic, caused by virus cof type C of
extreme virulencs, started in Italy and spread mainly over the Po
Valley. It lasted for about three years. This wae the first time
that virueg of type C had been known to spread throughout an area
causing an eplwoctic.

In 19%1 another regional eplzootlc toalk - plaoo in Greece, Yugoslavia
and Turkeys; Syria and Irsk were probably 1ncludud Tn Greece virus
of types Ar and C were demonsgtrated, in Yuéoslav1 AR and in Turkey,
types O, Aq, A5 and C. '

During 1951-52 there was another extensive Luropean eplzoctic,
which sesems to have had its origin in the Federal Repﬁblio of Germany.
Turing the early part of 1951 fthere were some cutbreaks oaused by virus
of fypes O and Aﬂ in that country, but on the whole the foot—and—-mouth
digease position there appeared te be falrly steady. In May/June
outhresks caused by virus of type As occurred in northern Germany.. At
the game time virus of type C weg démonstrated.  The typs A5 virus was
extremely contagious and spread in all directions from its origin,
with the involvement of practically all European countries. The virus
of typs C alszo showed a tendency to spread, but more slowly than A
virus, and appeared in many countries, 2-4 months alter the appearince
of ths Ag virus. Thug, thers were two waves of infection spreading
from the Federal Republic of Germany throughout Burope: the second
wave 0f infection did not cause nearly as many outbrealks as did the first
one, This was the sgecond occasion on which virus of type C has
agsumed an epizootic character and had aspread over a wide area. The
total nunbar of cutbreaks during the 195%51-5H2 episocotic in the same
group of countries mentioned above: TFrance, Belgium, Luxemburg9 the
Netherlands, the Federal Republic of Germany and Denmarik, was some
700,000, Countries such as Switzerland and Sweden almost avolded
thig epizocotic because of meagures taken. From the Continent the
epizootic also spresd to Great Britalu.
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It has been uuggvoTed tqat thexo was & connection between the
epizootic in Greecce in 1951 and the Buropean epizootic in 1951-52
The virus of type Ac had appeared in Greece in 1950 gnd in Germany
in 1951, and the stTain from (reece and that from Cermeny were shown
to be identical from both a serclogical and = clinical point of view,
There ig, therefore, reason to belisve that, in some way or 1nother,
the 1nfeot1on from Greece had reachead Germany.

After the epizootic of 1951-52 was over, the foot-and-mouth disease
situstion in Burope remained gquiet Tor some years. In 1956-58, however,
there was a Tlare—up in PFrance and the Federal Republic cof Germany: the
numbers of outbreaks in France were -~ 1956 — 6,800; 1957 - 99,424;
and 1958 - 14,127, respectively: and in the Federal Republic of Germany -
1956 - 1,401 1957 - 6,383; and 1958 - 1,265, respsctively. In both
oountrles the three 013551 2al types of the virus 0, 4 and C were present
during the epizootic, There was some spread from these two countries
into neighbouring countries and also to zomes more distant oountrleo,
but in most, the infection was slight.

It was only in Spain and Portugal that epizcotics developéd,
probably as a result of invasion from Irance.

Independontly of the flare-up in western Europs, a sevVers eplzootic
cauzed by virus of type 0 and with a high mortality rate occurred in
Turkey in 1957. 1% began in May in the eastern part of the country,
probably ag a result of invasion frem Iraq where there was also a
fiare—up at the same time. The diseass spread westwards in Turkey
and soon reached Buropean Turkey. It lasted from May to December and
affected some 8,000 villages. Such an extensive epizootic had not
been experienced in Turkey where the normal picture is 300 - 800
outbreaks annuelly with small periodic flare-ups. From Buropsean
Turkey the diseasce spread also into the neighbouring countries, (Grecce
and Bulgsria, where further spread was arrested. '

The occurrence of foot-and-mouth disease in Russia in former times
was of much importance to the rest of Rurope because of the repeated
invasiong. Trom 1910 until 1958-5% , however, no such invasion is
known to have taken place. In 1958-59, there was undoubtedly spread
of the disease westwords from Russia although probably on a limited
scale, resulting in the infection appearing in Rumania, Bulgaria,

Tugoslavia, Hungary, Poland and Finland. 4t the same time, there
were outbreaks in Czechoslovakia and Austria, bu+ their relationship

to the presence of the disease in Russia is not lnown, In all these
countries the disease was brought uander control, :

In 1960-61, in Greece there was an epizootic caused partly by
invasion from Turkey and partly by infection introduded in imported
frozen meat.  All three types of the virus, 0, & and C were
demonstrated. - The eplzootlc was brought under control.




Tn 1959-60 an epizootic occurred in Israel caused by virus of the
Asia T type. Thig epizootic was of much importance to Hurope because
this was the first occcasion on which virus of the Asia I tyne had shown
an epizooticlogical charzcter and algo hccause of the proximity of the
digseage to Europs,

The epimocoticlogy of  foot—and-mouth diseose in fthe United Kingdom
has some special characteriatics. From time to time the disease is
introduced into the country either from the Continent or in imported
frozen meat from South America. Bzch of these infections hag a clear
vattern. When the disecase is intrcduced from the Jontinent the primary
outbreaks in the Tnited Hingdom occur in certain coastal regions:
whereas primary outbresks whose source is considered to be imported
meat ococur in any part of the country where such meat 1s distributed.
A1l three types of the virus, 0, A and € have been identified over the
¥oors.

In the Netherlands the foot—and-mouth disease situation hos been
extremely satisfoctory since systemaitic vaccination combined with
glaughter was introduced.

During 1960-61 there have bsen some flare—ups of Foot-and-mouth
disease in different countries. o

In Belgium, in November 1960 the discase caused by virus of type
C spread from some important markets.  Compulsory vaccination brought
the diseass under control.

In the Federal Republic of Uermany and in Bast Germany during 1560
and 1961, there was a flare-up of the diseasc, caused mainly by virus
of type C and largely confincd to pilgs.

The situation in Switzgerland always reflects the position in
neighbhouring countrics. This wasg the case also in 1960-61,

In Ttaly, since the epizootic of 1951-52 until the cutumn of 1960,
foot-and-mouth disease was engootic with numbers of annusl outbresks

varying from some 7,000 to some 13,000, A1T thres types of virus
have been present in Italy over the years but their proportion has
varied considerably. Tn 1G60-61, there Wwog a new Tlare up caused

mainly by virus of {ype C which showed o marked affinity for pigs.
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With the wevere epizootic of 1937-39 the foot—and-mouth disesse
situation in Hurope became more and moré serious, for the number of’
infected herds steadily rose and the disease spread in & severd form
te more and more countries. This position is probably related to the
steady up-grading of cattle in lIurope, the growing traffic in livestock
ahd, perhaps, irncrease of the virulcnce of the virus. Recent cxdmples
of this increased virulence are the epizcotic in Turkey in 1957 caused
by virus type 0, the cpizootic in Israel in 1959-60 cauged by the Asia T
type and the Chan re the virug of type C has undergone in Italy, and <
later on, in other Burcpean countries.

There are probably five main scurces of infection for Burcpe: *

(1) +the existing centres of infection within Furope, which may flare
up and cause spread of the disease to many countriesy

(2) " Russia, Which in former times, was a2 source of infection and from
which, again in 1959, infection was 1nbroduoed

(3) +the Near East throuvh Buropean Turkey; the existence of virus of
the Asian type in this region is of speecial importance;

{4) Africa, from where the European epizootic of 1937-39 started;
from Africa there iz also the threat of the introduction of the
three South African types of the virus;

(5} imported meat from South American COUﬂﬁTlOQ, Which is a source of
infection for importing countrics.

It must not be forgotten thoet infection in Hurope is also a
source of the disease for other regiocns in the world.
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Summary of Modes of Trensgmigsion of Topt—and-iiouth Digesge

Th the review the Following modes of transniselon are clted:
transmissiod by human beings, by milk, by wmeat and offal, by wind, by
birds, by fodder and Ve“eta%1m-9 and by svread from fOOu«wnumﬂouth diseasse
laboratories. A sltudy is als 5 made of the epizootiological importance of
virus excreters.

'

The human hoeing iz *bjgﬁucd as the most impertant of the intcermediate

carriors of Toot—and-mouth disgease. Ho gomes into close contact with
cloven-footed animals and enguys much frecdom of movement. Obgervations

made in Denmark during sevoral minor eplsootics emphaslze this point.

Ten outbrealis ave mentioned in Norway where the virus seems To have been
carried by boots frewm an infected railway line into the hords. Two
exampleos of long distance contamination by man are montioneds from France
to Yugeslavia in. 1937 and from Germany to Canada im 1952,

'Infooted nilk ané glim mill can be most dangerous sources of infeoction
if they arc not sufficiontly heated. Tn 1926, in Horway for instance; in—
fected milk From one farm Losulted in Spfcad of the discase to more than
100 farms. The discase can also be spread by infeoted milk cans, milk
Waggons,; ouc. In Denmark, during the splzootic in 1920 the fellowing
example le glvens a dalry had three milk routes and on two 3/4 to 4/5
of the herds became infected, whilc all hords belonging to the third
remainoed COM}lULblj free. . Alaso, during the epizoctic in the Tnited King—
dom inm 1951=52, infeected milk played a consiré rablo role in the spread of
the digcasc.

licat and offal infected with the virus of foot-and-mouth discase are
sourcos of infeotion for suscopbiblce animals. In wmany laboratery experiments
it has boon shown that virus can survive for long periods in infected car-
casos and offal, at tomperaturcs ordinarily used in tho moat trade. In
one cose virusg was domonstratod in imported frozon meat. o The epizootlo=-
logical importence of infodtion from moeat haq clearly boon shown in the

United Tingdom and Grocco. Tn the United Kipgdom it iz coneidered that therc
are two sources of infeoticn: from the coatinent of Hurope and from imported
infected meat and most products. The patiern of the infoction of theso
gourcceg 18 cloaTa Tnvazions from the Continent have boon Yound in castorn,

gouth—castorn and southorn coastal arecas oif Great Britaln, while primary oui-
breaks, tho gourco of which 1z copsidercd to bo imported meat, cccur in any
part of thc country in which such moat is distributed. In Greece, outbreaks
have cccurred soveral bimes in plggoerics whére tho plgs word fed on wasto
material from imported froscen moat.

Votorinary authoritics in Tho Scandinavian counirics arc strongly ol tho
opinion that airbornc transmission of foot-and-mouth discasc virus is possible
and accounte Tor the cccurrcnece of somo primary outbroaks. When northern
Gormany is infectod, primary outbrealks appear on the Danish i1slands opposite
Gormany. Whon castorn parts of Denmerlk are infocted ouubra&hs ocour in the
gouthern part of Sweden, and when the most northern part of Donmark 1as
affocted, ocutbreaks ccour in south—castorn Norway. Air-borne transmission
was aluo invostigatod in two laboratory oxporimonts, ono of which was nogative
snd tho othor showed that tranemission of virus by air was possible.




It is considered highly probable that foot-and=-mouth discasc can bo
sprcad by birds. This subject has boon studicd mainly in the Unitod
Kingdom. In conncetion with tho opizootic in Groat Britain in 1937-38
somc labcocratory cxporimente woere carricd out: they did not show much
evidence in favour of the hypothesis but did not oxelude it. The subjcct
was agaln oxamincd in conncction with the c¢pizootic in 1951-52 and it was
concludcd thav migrating birds in both aubtumn and summer were recesponsiblo
for introducing infcoction. ’ '

In scveral instanccs virus hasg beon domonstrated in imvortod fodder and
vogotablos. This mothod of tronsmission has showa to be of much cpizootio-—
logical importance.

In rocont yoars, it has boon roportod officially that virus of foot-and-
mouth discasc has cscaped from foot-and-mouth discasc institutcs: Tugoslavia
in 1959, Nothcerlands in 1960 and the Unitod Kingdom inm 1960. It is highly
probable that such oscapcs havo takon place also from othor instituitcs in tho
past but have not boon dotected because of tho prosence of the discasc in
the rospective countrics.

In many outbreaks in tho ficld it is bolioved that infocetion is causcd
by zccovercd animals, cithor by simplc transmission of the virus or by its
cxecrotion. Recovercd animals may, howover, bo rogarded as virus carricrs
only if thoy arc introduccd into susceptiblc hords in clcan stables or
pagturcs, and only on the presumption that thero is no other possible sourcc’
of infoction. Some cxamples from Sweden and the Unitod Kingdom arc given
Troem which 1t scomes vory likely that recovorod animnle have introducod in—
Toction. |

The problem of virus carricrs in the ficld has been studicd mainly in
Switserland. According to cxporicnce acoumulatcd over a numbor of ycars it
wag ogtimatod that about 3 pecrcont of rccovercd animals romainod virus
carricrs and That tho largest incidence of roinfoctions is at 5-6 months
aftor the oviginal infcotion. Among the numcrcous obsorvations in the fiold,
16 arc quotcd but in only five of them wers recovorcd animals introduccd
into cleoan herds; in the romaining 11, infecticn could alrcady havo boon
prcesont. ;

In somo laboratory cxperiments, 20 cattlo froem Switzerland thought to be
virus carricrs werce investigntoed. In no eoase did theoy ftransmit foob-and-—

mouth discaso to suscoptiblc animala. In czporiments with somc 20 animals
rocovered from cxperimental foot-and-mouth discasc, matorial was takon from
the foot lozions. Virus was domonstrated in onc casc.

Tn Donmark, suspocted virus carriors from the ficld were investigatod in
conncetion with the cpizootic of 1951-52, In no caso was virus dcomongtratced.

In somc oxporimentse in 1928 matcrial from the hoofe of 103 rocovored
cattle and 9 pigs was invostigated. In onc casc virus wazs Ffound but 1t was
considercd that theore was some possibility of accidental infoction.

) The fact that cattlc rccovercd from foot-and—mouth discasc can cxcrcte
virus over a period of scveoral months, has boen proved cxporimentally. In
the Tirst cxporiment it was found that bleood and urince from rccovorcd cattlo
containcd virus,. The following ocommonts wore madc aboubt the cxporiments: The




cattlc had previously boeon used for production of hypor-immunc sorumy 1t was
nccogsary to concontrate the virus up to a thousand timecs boefore its prescnce
could be demonstrated. In anothor cxporiment it wag found that a largo pro-
nortion of cattlc which had rooovered from foot—and-mouth discase oxcrcted
virus in the saliva ovor scoveoral months. The wirus cculd be demonstrated
by tho inoculation of saliva into unweancd mico or into tho tongucs of
cattlc. Suscoptible cattle wero not infocted, howover, by such virus
carricrs through contact or cven whon their mowths wore swabbed with the
infoctod saliva.

Somo oxperimente, including a very large number of rccoverod animals

i =} 7
have boon carricd out and obsorvations made in the ficld in difforont
countrics.

Tn the USA, in the carly part of Novombor 1914, 747 cattle contracicd
foot—and-mouth discasgc. Cn 25 March 1915, 50 young cattlc worc placed in
contact with 740 of them affor they had recovorcd and on 8 April, 50 pigs
wore added to cxtond the tost. Until 30 May, when the obscrvations werc
discontinucd, no cascs of foot-and~mouth discase had dovelopod.

Tn Sweden, in connoction with an opizootic in 1924~27 in the southorn
part of the country the following obscrvations werc mades whon the cplmootic
wag OVer on 1 July 1927, some 158,000 catile in a |
southorn district had had foot-and-mouth discasc (65.5 porcent of the total
mumber of cattle in tho district). About a month aftor thoe didcasc was
over, some 18,000 cattlo in the Tecovercd herds were gradually replaced, partly
by brecding and partly by purchasc of susccptible cattlo. From 1 July 1927
until 4 Deccmber 1926 there woere throc cutbreaks in the digtrict. Further--
more, 20 daye after foot—-ond-mouth discasc was over in the district in
gquostion normal trade wag again opencd and about 100 cattle woro thon gold monthly
to othor parts mainly in contral Sweden, and placcd among suscoptiblo animals.
Thus, during 2% ycars somc 2,500 cattlo of which some 1,600 had rccovcred
from foot~and-mouth discase, wore sold out of the district. Not a single
outbreak of foot-—and-mouth discase appearcd in herds which had roccived tho
rocovered animals. It could, therofore, be said that chronic virus
garricrs did not play any part in the sprocad of foot-and-mouth discasc in
Swoden during the period montioncd.

In Argcntina, the following obscrvations have bocn mades in 1926 all of
a group of 600 cattle had had foot—and-mouth diseasc and 20 days aftor tholr
rocovery they wore mixed with 50 suscoptiblo cattle. The two groups
roemainod togoether on the samc pasiurcs for scveral months and no outbroaks of
foot=and-mouth discasc occocurrod. Similar cxpoerinents were pepeated over
some 20 yoars with cattlc as woll as with pigs. The eoxperimonts were
carricd out with groups warying from 100 - 800 cattle and from 10,000 -
18,000 pigs. Foot~and-nouth discasce was ancever obsgerved. In 1559, tho
statomont was made from Argentina that there is no cvidence of tho existonce
of virug carricre in Argontina.

During the scverc cpizootic in 1938-39 in Denmark; somc 100,000 hords
{50 porcent of all thoe hords in Donmmark) or some 1,500,000 cattle contracted
Toot=and-nouth discasc. Tho epizootic etarted in July 1938 and had its poak
in Wovomber, with some 40,000 outbreaks and from February 1939 the number of
cutbrosks dcorcasod rapidly until the cpizootic was practically over by
1 July 1939, Among the 1,500,000 cattle recovered from foot=and-mnouth
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discasc there should have oxisted thousands of permancnt virus oxcrotors.
From a study of the coursce of the cplzootic and of the ocutbroaks appoaring
during tho laat six months of 1939 thore is no gvideneo that virus ox—
crotors played any role in tho sproad of foot-and-mouth discasc.
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Summary of Control of Foot—and-ilouth Diseage

- During the pericd with which this review deals, the Following main methods of
control have been applied in BEurope under different clirocumstances: the stamping-—
out policy, isolation of infected herds, treatment with hyperimmune orf con-
valescent serum, mass vaccination and vaccination combined with slaughter of in~-
fected herds.

By the stamping-out policy in the control of foot-and-mouth discasc is meant
_slaughter of infected herds, combined with the application of strict veterinary
measures without scrum protection or vaccination. Only somc few Burcpean
countries with especially favourable geographical conditiong have succosgsfully
applied this mothod over a number of ycarg: the Unitod Kingdom, Ircland and
Norway e Fer the successinl application of this policy of control many important
guosiiong related ¢ it must be taken into consideration. It is ncccessary, for
example, to have an officlient organization cxpericncced in taking immediatc sctiong
sufficiont funds must be availablo sc that thce policy can bo contlnued to the
end; the full co-operation of the farmors is nccossary.

A comparative study was carricd out on tho valuc of isolaﬁioﬁ and of slaughtor
of infeectcd herds. T% was concludecd that iseolation was of doubiful value, whilc
tho stamping-out policy gave brillant rcsults.

Before vaccination was introduced, hyperimmunc and convalcscont sore: wore .
boing used on a largoe scale in sceveral countrics, with very satiefactory rcsulis.
Howevor; tho passive ilmmunity lastod only a short fime and scrum is cxpensive to
produce, so this mcthod could ncvor find gencral application in tho control of
foot-and-mouth discasc.

During thc opizooiic o 1937-39, scveral Confinontal countrics (Switzcr=—
land, Poland,.Denmark, and Sweden) carricd out slaughter of infoected hords on a
large scalec. Although this proved to bc of scme importanco 1t could not provent
the discasce from spreading in tho counﬁrlusg and causging a typical cpizcotic.

During this c¢pizootic the Valleo—Schmldt—Wuldm ann vacoine appoared, and was
uscd in Germany in tho apring of 1938 and in Donmark in the autumn of the samc
year, in both countrics at times when the threat of infoction of vaccinatod herds
wag very groal. The roeults of the vaccination wore highly satisfactory and
the opinion was oxprogscd that it would be possiblc to cbiain completc protection
by total vaccination. In 1948, 1t was statcd that vaccinaticon against foot—
and=-mouth diseagsc is most offcctive whon combined with slaughter of infooted hords.

During tho Europecan cpizootic of 1951~52 facilitics for the production of
vaccine wore not ncarly adcequatce to meet the situation, although vacocinstion
whore practiscd, ccrtainiy limited the numbor of outbreaks. This 1= clcarly scecn
from a comparison botween the number of outbresks in 1937=39 and in 1951-52. In
Basgt Germany tho number of outbroaks was ncgligiblc bocause systomatic - i
vaccination of the cattlc population had bcen applicd béfore this part of Gormany
was. lnvadced. In Switzerland and Sweden a combination of glaughter of infectod
hords, vaccination and the application of strict vctorlnarJ Measures brought the
invagion of tho. discasc complctely under coptrol.._ ' '

Turing the flaro—up of foot—and—mouth diseasblin‘Franco‘and in Germany in
1956=58 vaccine was used on o large scalc in both countrics, with satisfactory
rosults. Turing this flarc-up the discaso spread o neighbouring countrics.
In Donmark, Switzerland and Austria tho invasions were met by slaughtor of in-
feeted hords combincd with vaccination and thoe application of strict vetcrinary
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measures, and the discasc was brought under complete control. In Belgium,

mags vaccination of largc numbers of the cattle was carricd ocut and it is
‘accopted that, becausc of this moasure, Bolgium aveided a widespread cpizootic

in 1956=57. In Luxombourg, thore werc some oubtbreaks in Docembor 1956 and
glaughter of infoctod herds was applied in tho oarly cascs.  However, the

discese spread rapidly and 1t was docided to vaceinatoe all the ruminants in

the country. This vaccination complotcly oradicated the discaso in Luxombourg.
In the Notherlands, slaughtor of infccted hords was Introduced in 1952, and
systomatic vaceination of the cattle population in 1953. This policy has brought
foot=and-mouth discasc in tho cattle complotoly undcr control in the Nethorlands.

Sinee thc ocpizootic in 1951, Grocce has had a numbor of outbreeks.  How—
over, a combination of mése vaccination and tho application of strict vetorinary
measures has repcatoedly cradicatcd foot-and-mouth discasc from the country.

The Swiss systom of controlling foot-and-mouth discasc: a combinaticn of
slaughter, vaccination and the application of strict veterinary measuros; has
been applicd in Austria, Denmark, Switzorland and Yugoslavia for some yoars and
has succogded in kecoping Ffoot—and-mouth discasc ander control in thesc
counirios. N .

Mo exact information is available on the control measures in usce in castern
Burcpean countries. It ie understood, however, that vaccination 1ls applicd,
combined with striet vetcrinary meassurcs. The foot—gnd-mouth disgeasg situaiion
has been satisfactory in most of thesc countrics for s numbor of yeoars, for no
large epizootice have dovelopod. ‘

In Russia, also, the foot —and-mouth discasc situation is highly satisfactory.
It is undorstood that vaccination plays a considerablc role in kooping the
discasc so well undor control. The vaccinc in Russia is producced from wvirus
cultivatod in young rebbits and adsorboed to sluminium hydroxido.

The overail plan for the control of foot—and-nouth discasc in Burope, put
forward by the Commission's Standing Tochnical Commititce, was adopted by the
Commiagion at its 4th Scsesion in 1957. It was recommonded that in a country
where there is g heoavy weight of infeetion the policy should be systematic
vaccination, varying in accordance with the circumstances in the partiocular
country. Whon the numbor of cutbroaks is sufficicntly rcduced, slaughtor of
infected herds may be introduced, and lator, the stamping-out policy may bo uscd
as tho main mothod of conircl. -

‘A study of the resulte of vaccination 1n Franco in 1956 and 1957 was
carricd out. In geoneral, the results werc highly satisfactory, for protection
wag produccd in 99 -~ 99.75 porcent of vaccinated hords.

At an intornational mocting in 1958 whore practically all foot-and-mouth
discasc workors in Burope worc prescht, the subject was again discussod. It
was approciated that vaccination is of high valuc in the control of foot—~and—
nouth digcasec and that without vaccination, control of foot-and-mouth discase
in Burope would be impossible. '
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While %he immunizing value of the Vallée~Schmidt-Waldmann vaccine in
cattle is generally recognised, little official information is available
on the value of the vaccine in sheep and goata. Howover, the vaccine has
boen applicd in sheop and goats in Italy, Groocc and Cyprus for scveral
years and it is claimed that tho rosults arce very satisfactory.

Tn pigs, tho cffcct of vaccination is far from satisfactory as haz
boon ghown in many laboratory cxperimonts. Howovor, ficld obscrvetions indicat
indicato that the vaceinc may have considorable protectivo valucs Intra=
Germal vaccination scoms to bs more offcetive than the subcutancous routc.

Whon the vaceine first appoarcd in 1938 the sourcc of virus was natural
virus matorial producced in cattile tongucs. = This was vory cxponsive and othor
gourccs of virug have thoroforo boen soughts

Tn 1947 cultivation of foot-and-mouth discase virus in oxplantod cattle
tonguc opithelium was introducod, and in 1950 this mcthod had boon dovolopod
into large—scalc production of virus. Thig source of virus in the vaccine
has now boon used in tho Wothorlands for mere then ten yoars and has beon
intrcducoed into sevorgl other countrios. Tt has beon of much importance in
the control of foot-and—mouth discasc in some parts of tho wonld.

In rccent years, cultivation of virus in kidnoy monolayor tissuc culturcs
has becen introduced. Thie culturce virus has boon shown to posscoss a satis-—
factory antigenicity, and vaccino proparcd with it has alrcady bcon used in
ficld vaccination in Teracl, (recce and Italy. Thig now nothod is now in
full dovolopment in meny countrics.

The vaccino—foot~and-mouth discase virus complox produccd in the gkin of
cattle is also a sourcc of virus for the Valldo-Schnidt~Waldmann vaccinc. This
vaccine has Found a considerable application in Fransco.

Whon the vaccinc first appoarcd, tho dosc of the monovalent vaccine was
60 ml., which was very largc for field usc. Many czporiments have boon
scarriod out with tho objcet of concontrating tho vaccinc. A conconirated
trivalont vaceinc in which tho dosgc is 5 ml. is now in goncral usc in the
Fedoral Republic af Germany and in East Gormany.

Toot—and-mnouth discasc virus was adapted to tho cmbryonatcd cgg in
1949, and in 1958, the successful modification of virug of types Oy A and C
and Asis I was rcported from Isracl. Thig modifiod virus of Asia I type was
used on a large scalc in Isracl during tThe cpizootic of 1959-60 with very
gatisfactory results.

Poot—and-nouth discasc virus can also be adapted So rabbits. In 1959,
it was roportced that such lapinizod virus was usod in Russia in an aluminium
hydroxide vaccline. T+ ig claimed that very good results follow 1ts usc.

|
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Tn order to appreciate to some extent the survival of the virusg of
foot-and-mouth disease in meat and offal, some information on the.
changes which take place in a carcase after slaughter is desirable,

The sgoluble proteins in meat ccagulate and laétio acid is formed
from the breskdown of glycogen, there belng a Ohaﬁge in the meat from a
slight alkaline to an acid reaction. The occurrence of figor mortis
indicates fhat these changes are teking placs, although the production
of rigor mortis is not dependent upon thig altered reaction and may
develop in the absence of any such change. The mugcle fibres relax as
rigor moritis subsides. Lactic acid changes the collagen of the connective
$issue to gelatin. Fats, uniesr at a temperature above that of the
refrigerator do not undergo changes at warmer temperaturss, hydrolysis
causes the production of glycercl and fatiy acids from them. fIn aroas
exposed to oxygzen, a further Ywreakdown takes place and aldshydes and
lower Tatty acids are formed. The pigment in exposed muscle surfaces
ig oxydised to produce a darker surface colour.

The rate at which thg chemical changes take place is affected by
storage tempersiure.

Chenges in pl devend upon Two factors ~ the glyéogen convent of the
muscle at the moment of death and the bulfering capacity of the muscle.
At slaughter, beef has a pH of about 7.2 which may fall to 6.5 - 6.8
during the next hour. When a muscle is in full'rigor the pH may drop
to 5.4 - 6.0. Lfter storage at slightly above freezing point,lfor 48
hours, the pH is usually 5.6 - 5.8 but after 96 hours, it rises agéin

to 6.4. Tn normal healthy animals, meat after hanging for ripening has

not been found to have a pH less than 5.3.
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Some disease conditionsg tend o prévent the formation of lactic
acid with the resuli that pH readings may be high. The pH of pork

and mutten seldom falls below 5.7, Dbecause they contaln less glyccgen.

Tnaciivation of Virus in Muscle

Inactivation of the virus in the musclies of a carcase is brought
about by the chemical changes, the primary factor being considered 1o
be the formation of lactic acid. Prolenged survival of the virus
occurs in meat when the pH does rot fall below 6.2, The practical
oceurrence of this phencmenon is the nrevention of acid formation
in gquick freezing,

The investigations by Henderson and Brocksby were carried out with
bovine nmaterial under abattolr conditions, They showed that, in
infected mest stored at 4°C, virus was demonsirated in muscle tissue
for 24 hours but was not recovered on the third day, when the pH was
5.3, In frozen meat, however, the virus was Tound tc survive for
many mouths, Thegze workera falled tc recover virus from pork of
infected plgs after it was kept at the uesual "holding' temperature as
well as in similar pork held at freezing temperature for 12 daye;
virus was, however, recovered from fhe bone marrow of these carcases
at these fTimes.

It was shown by Wittman that pork from infectsd pigs, frozmen at
-1500 contained live virus for at least 55 daye and that the frozen

pork, thawed and kepl at room temperature contained virus for at least

five days.
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1t was shown, some years ago, from work carried out in Great
Britain that virus survived for at leasi four days in infected blood
splashed on to the surface Qf a pig carcase kept at mlBOC. ‘In this
copnection, Zhyfenko found that virus could be récovered.for long
periods from the surface of freshly-killed carcases contaminated with
blood, after storage as well ag from other parts of the carcase and

gguipment used in meat handling.

Virus in Bone Marrow

Bone marrow does not develop sufficient acidity to inaclivate
the virus=. The workers in Great Britain‘reoovered virug from bone
marrow in beef held at room temperature for_?é days, in chilled pork
for 42 days and in frozen pork for 75 days. Those workers also showed
that in the bone marrow of beef carcases, held at -1°¢ for up to 80
days, virus was still present and thatraltermate freezing and
thawing had but 1ittlé effect on the survival of the virus in beone

marrow.

Virus in Lymph Nodes and Blood

The came degree of acidity is noi developed in lymph nodes and
hiood clots as in muscle tissue although they may beé in close
proximity to 1t. The British workers found virus in the lymph nodes
of beef, stored at -10° to -20°C for nearly six months. Itis pointed
out that the pH of the infected nodes and blood was 6.5 wnile that of
the muscle was about 5.0 They also failed to recover virug from

beef lymph nodes in carcases stored at 490 Tor Tive to six months.
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They found virus in defibrinated blood samples, stored at 4°C for six
weeks. Wi ttman also examined lymph nodes and bloods he recovered
virus in blood clets stored Tor 70 days at 4°C and demonstrated ite

presence in Ifresh and frozen lymph nodes.

Virug in Internal Organs

The British workers reported that the non-papillated pillars of
the rumen of cattle are frsguently the gite of small vesicles that
may escaps notice and they found virus irn the rumeﬁ tissuey‘Stéred at
~20°C for nearly six monthe. They alsc demonstrated virus in the liver
and kidney, stored df ~20% ¢ for six months and seven weeks; regpectively.,
Niggli showed that virus in liver and spleen Xept at 400 éurvived for
more than 24 hours but was not recovered by the 48+h hour. Wiﬁ%man
found virus in the liver, lung, spleen, kidney, brain, stomach and
intestine of infected pigs and thet i+ persgisgted in ﬁhese organs for
long periods when they were kept in a frozen condition, He found
virus in some of these organs up 1o the fourth or sixth day, when they
Were kept at room temperature (ZIOG), but i@ the kidney and blood, up
to the 10th day. Virus in the spleen appeared to become inactivated
readily whersas the kidney seemed to favour its survival. Virus was
alsc Tecovered from the heart blood of a pig 34 days after slaughter.
Lother Girndt found that virus survived in the hesrt muscle of cattle

for 32-40 hours when kept at 109 4o 12°C, but failed 4o survive

48 hours.
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Virus in Mixtures used for Curing

.Tests carried out in guineapigs showed that ﬁolutions_and mixtures
contalning varying proportiops and cbmbinations of scdium chloride,
salpetre, sodiuﬁ bioafbonate, sugar and boric acid had little effect on
the virus, In four tezts the virus persisted for se long as 7 = 11
days but not until the iSth day: in other tests it survived for up to
49 days. A pickling solution containing vinegar destroyed the virusr
rapidly because of the low pl. I+ was reporisd by Pyl and Klenk that
the virus survived for more than two years in a plickling solution
containing 24 percem? sodium chioride. Bumiatev found virqs SUrviving
at least 26 days in sodium chloride solution. and Dronin demonsirated the
virus in salted tongues 14 days after infected animals were sliaughtered.

Work has been carried out more recently, at Plum Island, U;é,A.
The results have besn published in the following articlez— The Sufvival
of Foot-and-Mouth Disease Virus in Cured aﬁd Uncured Meat, by G.E.
Cottral, B.F. Cox and D, E, Baldwin, Vet. Res. (1960}, XXI, 288.

The resulte may be summarised as follows: |

A total of T2 catitles were used, The animals were infected with
virus tyne A and wers slaughtered 33 - 35 hours later, when virssmisa
was sstablished and sccondaxry lesions were beginning. Meat mamples
were tested fresh, after siorage at 4°C for 72 hours and after storage
in wooden barrels at 1°C for 16, 30 and 50 days. In the barrels wore
elther cured meat, i.e. meat ripened and salted or unripene@g unsalied
meat.  Samples of muscle, blood and lymph nodes were also tested,

Infective virus was found in all the fresh samples, in ripened blocd,

in ripened lymph nodes and in cured lymph nodeg at 30 and H0 days.
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Virus was also found in rib bone marrow in carcages stored at 4°C for

14, 60 and 73 days and in lymph nodes, blood and muscle so gtored for

60 days; Muscle stored for 73 days gave negative results. {Virus

becomes ingetivated in muscle tissue during the ripening process but

virus in 1ymph nodes, large hlood clots or hone marrow does not appear y
to be much affected.) In transverse sections of muscle tissue taken

from rapidly chilled carcases, the pH readings show a general increase

in acidity from the superficial towards the decp arecas. Conditions

are more Ffavourable for survival of the virus in the superficial poritions

for nearly 48 hours,

The conclusion made was that mead derived from animals infected
with foot-and-mouth diseass was not rendered free of the virus ?y the
usual commerclal procedures of ripening, boning, salting and storage:
virus can survive in certain tissues customarily included in such meat.

Tt is alsc stated in the article that from a practical standpoint,
it would be nearly impossgible Tor any abattolr to provide cured meat
free from tissues which are conducive to virus survival. 1t wounld
also be impossible to gusrantee in an enzootic area that infected
animals would never be used for meat. Therefore, the virus may
survive and be demonstrable in commercially boned, cured or umcured
meats; 17 the meat were obtained from an area where foot-and-mouth
disease ig present. hd

Ir 1961, an account of same further investigations carried out
at Plum Island, U.3.4., was published in an article entitled "Further

Studies on *the Survival of Foct-and-Mouth Discase Virus in Meat!" by

B.F. Cox, G.E. Cotiral and D.E, Baldwin,
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Cattle were incculated with virus. type A contained in pooled tongue
epithelium of artificially infected cattle and ftissues were examined
for the presence of virus through exposure of gusceptible cattle.
The results werg:—
1) Virus wag presgent in a prescapular gland, removod surgically
20 hours aftber the steer was inocoulated and four hours before
any rige in temperature or any other clinical symptoms appeared.
2) Virus was present in pocled lymph nodes collected nine days after
slaughter of an infected animal and when there werse no longer any
_ \ ‘
clinical symptoms: virus —ai not demonstrated in samples of
nuscle or rib bone marrow at this time,
3) Haemal nodes in the carcase of an infected ateer, which showed
clinical symptoms, contained virus when examined in the fFesh
gtate and alftsce hanging at 4%C for 72 hours.
4) Virus was demonstrated in rib bone marrow in a carcase hung at
.. .
470 for 194 days.
.
[

Virus was not demonsitrated in lymph nodes from ths carcase of an

7
p—

infected animal after ths nodes were stored in a barrel of cured
meat Tor 194 days.

6) The titre of virus in the supernatant fluid of »ib bone marrow
of an infected carcase had a titre of 10 = 4.5 bovine 1.d. 50 per
ml, Pigs Ted with this marrow together with fragments of bons

became infected, but when the fragments of bone were omitied, nc

infection ccourred and the fed pigs resisted challenge at a

later date.
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From such results, it is stated thiat "meat from animals in +the
stages Jjust preceding and shortly after the regression of signs of
foot-and-meuth disease would be hazardous to export from countries

wiere foot-and-mouth diszease ig prasent”. -
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APPRNDTX TIT
NOTH

on the Work of

the EuropeanVCommissiOn for the Conitrol of Foot—and=Mouth Digeage

The Buropean Commiszsion for the Control of Foot-and-Houth Disease was
Gstablished within the framework of the Food andﬂAgriculture O:ganization
of the United Nations on 12 June 1954 to "promote natiopal and international
action with resveci to control measures against foot-and-mouth diseass in
Europe”;‘ Tts first Session was held on 27 July 1954 and Sessions have
been held,annually,since that ysar. The Commission hag its own budget,
financed by the annual contributions of its 15 Member Countries and,ité
own Secretariat; Thé history of the events which led to the final establish-
ment of the Commission is given in some devell in tho section on "Roport of
the Work of the Commission during the Last Five Years" in the Ropert of the
Commission's Sixth Session (Meoting Roport No; AN 1959/1 of FAO).

The disease in Burope

While the Commission has beon active in many dircctions since its esitablish-—
ment, two of its most important accomplishments have boen tho acquiring of an

intimatc knowledge of the opizooticlogy of foot~and-mouth disocasc in Burope

snd the planning of control mcasurcs, applicable to difforoent countrics, with

thoe objeect of, eventually, int:oducing an ovorall stamping-out (or slaughter)
policy of control throughout Eurcpo.

As discussed in the "Reviow", the work of tho Commigsion has rosultod
in a clecar approciation of the sources of tho viruscs, causing outbrecaks and
opigpotics in Buropc, and thoir spreoad throughout Buroepc. This study has becn
made possible from discussions and information rcccived at the many visiis by
membors of the Sccrctariat to both member and non-membor countrics in Eurépe,
from information given by roprogentatives of bbth mombor and non-meombor

countriecs at thoe mooting of the Commission‘s Txocutive Committec in diffcrent




countricas and at the Scssions of tho Commission, by a carcful study of availabio

literaturo,_and by the impgrtant and regulér information provided by the Dircetor
of tho Offioe Intornationai dds Epizootics; Paris, Socn affér‘tho catablish-
mont of the Commission an agrocuent was roached whoreby the reporting of
outbreaks and the position of the discasc in countrioé in BFurope would romain

in tho hands of tho ODI.EW,'Who would koep the Commigsion informed. Thig
arrangement has hocn highly satisfactory, espocially during more rocont yoars.

A study-of and disoussions on mothods of control operated in difforont
countries, togethor with tho Knowlbdgo of the offective results of vacoination
againegt tho:disoase:aocording to tho soveoral sysiems in praciicc, lod to the
evolving of the Commissionls "Overall Plan for the Control of Foot-and-louth
Discase in Burope" - a plan rccommondcd For tho implomentation in stagos to mcot
thoe conditions in tho varicus countrics. (The plan is fullj deseribed in the
Report of thc Fourth Scssion of the Commission — Mbeting Roport No. 1957/5);

Tt is of intorcgt to noto that by the adoption of this plan, -a poaition has.boon
‘reached in somo coﬁntries whoreby, togethor with vacoination, slﬁughtor of iy
fected hords is carriced out.

Collaboration

The Commission has always rcalized and appreciatcd the importanco. of
maintaining close collaboration with all organizationg, cspecially intornational
organizations, concerned with or intercsted in Foot-and=mouth discasce in any
part of the world. Vo opportunitiocs have boon noglectod to étrcngthon such
collaboration.

With ite Scorctariat staticnocd at FAO Headguartors in Rome, the Commission
has many opportunitics of acquiring information on the foot-and-mouth disocasc
position in ﬁany parte of the wbrld. Reports from FAO vetorinarians from

many countrics and rcgions arc always availablo and first-hand information ig
¥ g

roceivod from thosc veterinarians when they visit Romc.




Collaboration with the 0.I.E. has béon increasingly ostablished over The

yoars. Thore arc now rogular consuliative mqotings boetwoen thQ'Socretariats

of .the Burcpcan Commission and the Foot-and-Mouth Discasc Oommiésioﬁ of tho
0.L.I. .(Alroady thore have been Jjoint mootings on méasuros 1o bé adopted
should oxotic straing of the virus causc outbrosks in Europcs on ncasuros

to provent the introduction of oxotic and clageical strains of the.virus into
Burope in inported wmoat and meat products; and for tho study of the pesition
and control ofufootwand—mouth disoasehin the south-castorn countrics of Burope).
Again, a satisfactory agrconont wag roachod and is practiscd whoroby the Chair-
man and Scerciary oflﬁho Gommisgion of the 0.I.7%. attond tho annqai ncotings of
the Laboratory Group of tho Europoaﬂ Jommission'ts Standing Tochnical Committco.
Membors of the Buropcan Cormission's Socrotaria{ always attend the annual
scesions of the 0.I.B. and tho mootings of its fooi-and-mouth diébaso com—
nission, and the O0.I.%. is always invited to sond rcprescntatives to tho Scowsions
of the Conmission. |

Contact and collaboration was cstablished with the former 0.B.E.C. which
roesulted in the nounting of a symposiun by that organization in Amsﬁordam in
1955 on typing and cultivating fooit-and-nouth discasc virus; on behalf of.thc
Furopcan Commission. Purther joint projocts, unfortunately did not
natorialise duc partly to the rcorganization of 0.E.E.C.

Collaboration with the Gruncil of Burope resulted in a member of the
Commiession's Secrotariat vigiting Dublin in 1957 and addrossing a rmeocting of
the Council's Committeoo on Agriculturc. The outcome wag a rocommondation
by the Committec, sccepted by the Committee of Ministors as follows g=
"The Assonbly recommends to. tho Comgiﬁtoe of Ministors that they again invitc
membor Govornnments which have not yet Joined the Europoan_Commission Tox the

Control of Foct—and-louth Discase to bocone nmenbers or at loast to find ways

and neans of giving cffecetive suppoxrt".




From tho beginning therc was contact with the Pan Amorican Foote—and-

Mouth Disoaso Contor at Rlo do Janciro: tho‘contact wag congldcrably
strengthoned by tho visit to the Contor of +the Commission's Chalrman
(8ir John N. Ritchic) in 1958.

There is much mutual intorcst in the Buropoan Cémmiséiom and the recently
established Plum Island Aninal Discasc Laboratory (U.S.A.) whoro roéoarch on
foot-andmmouth discasc is carricd out; The Scerotary of thé Cormiseion attended
the official opening of the Laboratory in 1956 and in 19460 he spont threco

months there, at the invitation of +the U.5. Governnent to assist in the

planning of futurc roscarch work.

The digoasc outsido.Europ@

While the Buropoan Commission i1s ossontially a rogional organization
corcerned with tho control of foot-and-mouth discasc in Europc, a congidorable
amount of attention has bocn given %o the position in other paris of the world,
oépecially these from which there is a risk of wirus, classical or oxotio, being
intrpducod into Europc. Cver the years, there has boon an increasing anount
of circumstantial evidenco that outbroaks of foot-and-mouth diseaso have becn
caused in Eurobe, particularly United Kingdom and Grécoe, by virus whoso sourcs
was frozen mcat aﬁd/or.offal importod from corfailn infected South Amorican
countrics., The proximity of the oxoiic African and Agian strains of virus To
Eurcpe has alsc been of somc concern to the Commission. |

The Commission folt so strongly concorning meat dmportations from infected
South American countrics that a rcequest was made to the Dircctor—Genorsl FAO
o aﬁpoint 2 consﬁltant to vigit the varicus countrics concornod and repord
on tho‘position. This resulted in tho‘visiﬁ madce by Sir John Ritehic (chair-

‘man of the Commission)‘and Dr. K.V.L. Kesteven of FAO, whoso report and ro-—

. . s . PR : !
commendations wore transnitted to the Commidission (sce Report of tho Commission's

Sixth  Scssion - Meoting Report AN 1959/1).'
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Pollowing the recognitiocn of the Asia I type of .the virus as the cause

of outbresks of foot-and-mouth diseasse iﬁ Iarael, two visgits were made: one
in 1959 by the Secretary and onec in 1961 by the Chairman and the Secretany.
Tn addition fto a study of the epirooticlogy of the invasions, much valuable -
dnformation was received on the producition snd the results of. the use of the
egg-adapted attenuated virus—vaccine, which was evelved in Israel.

The Commidsion hag also dirccted attention to thoe increasing deveolopment
of livestock producition in parts of the world, especially Africa, in which
exotic strainsg of the virus have beon found in outbreaks and tho-potehtiality
of markets in Turope for meat and. animal products from such roglons. A joint
Commigsion — 0.I.E. mecting made recommendations for the minimising of the risk
of introducing infcction through such marketing and also made rosoluticns in-
viting the Dircctor-Gencral of FAQ and the Dircotor of the OnI.E.dtolmake
progcribed recommendations on tho subjcot to the Buropoan Governments (Report
of the samc Sossion) the Commiegsion supported Reéolution No. 22/59 on Iive—
stock Diseasc Control, adoptcd at the 1959 FAC Conforence, stressing the
importance of cstablishing FAO vetcrinary posts on group-country or regicnal
bascs.

Other activitics

At its Third Scssion, tho Commigsion oesfablished its Standing Technical

Committce composcd of vetorinarians from member countrics, somc with much ox-
pericnco in tho pelicics and practices in controlling foot—-and-mouth discaso
and others with much laboratory cxporiocncc. At . its periocdical mootings this
Committec discussce and adviscs on problems reforrced to it by the Commission
and its members arce availablc 1o ftravel to cguntrios in which "on-~the-gpot"
advice ig reguoeted.

The Commission fully appreciates the impotus which has bcen given to

Roscarch on foot—and-mouth discasc and the nced to be kept informed of develop-

ments and results. To this cnd, thoe Scerotariat keeps in closc touch with




rosearch institutes, not only in Burcopc but in all parts of the worid. | Many

vigits have beoen mado to tho lnstitutes in Burocpe and some institufcs outsido
Eurcpce. . In addltion; the laboratory membeors of thoe Commission's Standing

Technical Committce mocct cach yoar at tho'laboratory in a mombof country when
ipfprmal iiscussions src held on current work and problonms. Ropresentatives of the
0eTaBe Poot-znd-Mouth Disoasc Commission particinatoe iﬂ these meetings to which
othor rescarch workoers on the discasc may be inviitecd fo make contributions on

gomo spocial subject.  Roporis of theosc mectings arc presented at the Sessgions

of the Commicsiocn,

 The Commission lays much atross on the rogular typing of virus causing
cutbresks and opizocotics. Whilc in mest of the Buropcan countrios there arc
adcguatc facilitics for such work or satisfactory arrangcments have becn made

to have typing carried out, the Commission participatod with FAO in appointing

the Rescarch Institute {Animal Viruscs) Pirbright ag tho World Foot-—ané-lMouth

Disecaso Rofercnce Laboratory, by making an annual financial contribution. It

is only in oxccptional cascs that the Pirbright Institute carries out routine

typing of virus for Europcan countrics, but it is always preoparcd to asgiet any
member country in which dyping difficultics arisca

Rocauso of the facilitics at the Pirbright Insitituito, an agrocment was
arranged jointly by tho Cormission and the 0.I.B. that the Institute makes

availablo gamplos of antisera of oxotic strains of the virus to typing labora~

torics in countrics in Europe: - and further, the Institute will preparc and |
b ? e

store small amounts of inactivated vaccine of cxobic types for cmergency use in
the ovent of outbroaks causcd by such virusos in any country in Iurobncs
Tho finances of thoe Commission do not pormit of cxpenditure to any great

extont for supplics of wvaccinc for momber countyrics in which vaccine ig not ..£

producod, or in which supplcnentary amounts arc ncoeded in crergencics or to

operate part of a contrel program. Tho Commission, howover, has takon some




gnquirics in vaccinc-producing countrics, a ligt has becn

i1 miount above the cost of production.

. wéhore is no doubt on the importance of vacci%ation as part of control

: ﬁﬁiioios for foot-and-mouth discasc in most European countrics and that
' vaccination will continue to be uscd in then for some considerablc time. For
this rcason, countrics which formerly did not produce vacceine arc now

ostablishing or have rocontly establishced foot—and-mouth diseasc institutcs.

On the rocommendation of the Commission, financial assistance has boon provided
by or through FAO for tho purchasc of equipment for some of these instituies.
The Socrctary of the Commission has aleo spont some time in thom; advieing on

their oporation.

The above notosg degeribo bricfly scme of the past and prosont activitics
of tho Commissiona o rofercnce has beon made to the day-to-day work of the
Scorctariat at Hoadquartcrs where individual problems arc handled involving

interviows, discussions and much corrcspondcncc.
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Production annuelle normale ¢ 800 000 - 1 200 000 doses de

vacein monovalent,

P 3 kA T Trmr o e M s e g - 8y af - I

Cc:.-chEJ:LtG hebdonsdodre moxinun 3 onviron A80 000 deoges de
vacein monovaelent ou 240 000 domez de wacein bivalent ol

160 000 doscg vaoclin bflTa;;_t.

‘

Inat e i
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=X £ R
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Institut )
0 /9

e B R .
LMWOJiﬁtW yochin: A Jyluy Toulouse (ce laboratoire
J%bﬂt a T re 1o production de vacein qui est pour
llinatant pou dmportante)g '

! o he =1 (e} TS e 1 d Ny 4
Les quatre loboratoives produisent tous le vaccin Valldee

P _ . .
uchm¢d1~Wm1ummﬂua Lw voosin prodult par 1'I,F,F A, ssl en

ocutre gaponing,

Sources do virug 3
Tt i B a . .p v
. I?ﬂ,ﬂ,A, et loboratoire d‘opoohlmloth@rafle de Toulouse
vizug de culture (mobhoue de TFrenkel),

-~ Laboratoire Roger Bellon ¢ wmoit virus naturcl récoltéd sur
des boving inoculds expérimente 2lement, soit une association
de wvirus naturcl et de virus de culiurc (meth0ue de Frenkel)

- L,B.T, wvirus aphteux cultivé in-vivo sur Lo pean de génigse

en gymbiose avec Jdu virus voecinal,

1962,

édéranie d'Allenacne
i’

Bohringwerke AG,; Marburgmliohn

Farbenfabriken Bayee AG,, Moule- und Klauensouche Station
Ko In=-ivpus, stznuorfaranmuur lag ’

Vacceln ValléemSohmidt-Waldmann sous le & .rrme concentrde
(nsthoue do Pyl)s

QPR P § k
pvources de virus § virus naburel provenant de languecs de
bovins,

Vaccips monovalents, bivalenbs et trivalents.,
Capacitd annuelle ¢ environ 20 000 GO0 de doses de vaccin
trivalent,

totale o otteint 15 200 GO0 doses de wacein

_.97,...

Laboratoire pour la fidvre aphfeuse, Aghls Parvaskevl Attikis,
Athénes; -

Vacein Vallde-tchmidt=Waldmanng .
SJources de virug ¢ virus cultivé sur cellules rénales de veau

Capacite annuells ¢ environ 233 000 doses de vaccin monovalent

pour bhovins ou environ 700 000 doses de wvaccin monovalent
pour (ving, capring-et porcing, ‘ ’

Instituts Fabricuant des vaccins en Italie 3

a) Istituto Zooprofilattico Sperimentaie del Piemonte e dells
Liguria, Via Bologna 148, Turin

b) Istitubo Zroprofilattico Sperimentale delle Provincie
Lombarde, Via Cremona 282, Brescia

o) Istituto Zooprofilsttico Sperimentale delle Tre Venezie,
Pedoue

a) Istituto Zooprofilattido Sperimentale'dell‘Umbria e delle
Marche, Via S, Costanze, Pérouse

e) Tetitutc Zooprofilattico upETllen+alb del Lazio et della
Toscana, Via Appia Muova 1411, Home

£) Istituto Sperimentale Zooprofilattico della Siéilia,
TPiazra Generale Turba, Palernme

Sources de wvirus ¢

- a) Turin - Vacecin Valléé=Schmidi~Wa 1dm%nn gt culture de tissuss

b) Bresocia - Vaccin ValléomSchmidi~Waldmann, Frenkel et culiure
de tissue;

o) Padoue = Vaocln Vallée=Schmidt-Waldmann, Frenkel et culture
“de btissus; '

&) Pérouse = virus de culture sur cellules rénales de veaun in
vitros

e) Rome - Vaccin Vallée—Schmidt-Waldmenn et culture de tissuss

£) Palerme - Vaccin Villée-Schmidt-Waldpenn, culbure de tissus

et prochalncmomt le virus sera gugsl produit par la méthode
de Frenkel, L : . N




98 -

Les vaccins produits sont monovalents., biva alents et trivalents,
production amnuelle de 1lordre de 3 OOO GO0 de doszes,

Capacitd annuelle de production de 1'ordre de 10 000 000 de
doges de vaccin trivalent, '

Laboratoire antimaphteux Etlikq Ank@ra,

Vacein Vallé enbchmldt—ﬂmldnann,

‘

i i Source de virus @ wvirus. naturel prov&namt e lan@uus de bovinss
1, Centran? Dicrgencsskundig Instituut, Cr, Webtenburgsrotrast T _ Lo
AMSuBTﬂ&m"Ce 3. Guelque 250 000 doses de'vaocin mbnovalent ont été fabriqudes
| 56 i3 sn 1961 et on espére produire 2 llavenir plus. de 50C 000 doses
2, Vacein Vallée~3chmidt~-Haldmann,

Source de wvirus $ virus de culture (méthods de Frenkel ),

de wvaccin monovalent,

3. Capacité armnuelle de 1'ordre de 3 300 000 doses de vacoin
trivalent,
Des mesures sont prises pour accroltre la rroduction de HO

pour cent environ, résultat qui ne sera probablemedt abteint
que versg la fin de 1962,

RoxaumemUni

L Virus Research Insiitute (Animal Virus Diseuses) Plrbrl ﬁt,
B Surreys :

2, Vaccin Valléequhﬁidt~Waldmanng

| ': Ti * Bource de wvirus 3 virus de culturc (méthode de ETenkel);
La Los Loboratorios BFOAy S L de Tugos ' ' . 3; Capaoité-annuelle 3 environ & 000 000 de doses de vaccin
Los Laboratorios ZELTIA, de Porrino, (Pontevedra), nonovalent, '
2a Vacein Valléde-Schmidt~Wa ldmwan,
Source ‘de virus @ BECA ¢ virus naturel rprovenant de langues
de bovins ' L : : ' L
ZBELETA ¢ virus de culture (méthode de Frenkel) T ‘

’

3, Production annuelle 3 R

BECA & 500 0CC doses de wvaccin bivalent pour hoving et
50 000 doses de vacoin trivalent pour Pbovins, Cette
production peut &Lre facilement doublde,

ZELTTA ¢ 500 000 doses de vaccin bivalens pour hoving etb
50 000 doses de wvaccin trivalent pour bovins, Cette
rroduction peut Etre quadrunlae

le  Institut vaccinal fédéral, Hagenaustrasse 76, Bile.
2 Vaccin Vallée~Schmidt~Waldmann,

Source de wvirus @ virus naturcl provenant de longues de
' bovins,

P Procuotlon annuclle normale 't SOO 000 doses de wvaccin bivaw
lent, L'institut prépare des Iantins bivalents OL ok 0C,
il fabrigue pour 1'9Tportatlon de petites quantitdée de vacc;ﬂ

Q, Loet C qui servent & 1o priéparotion de vacein itriva 1ent
par mélange,
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