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INTHODUCTION

Fifty years age (in 1897) Leeffler, Freseh, and Uhlenhuth
established the filterable nature of the ineitant of feet=and-
mouth disease, This had been preceded by the remarkeble discovery
of the Russisn researcher D, I, Ivanoveikly, whe, studying mosaic
diseases of teobacea, first established that certain ineitants of

diseasee in plante pass threugh bacterial filtera,

selentific data in the domain of the study of foot=and=-
mouth disease, after it was established that the incitant of this

LS A )

{infliction is of filterable nature, was enriched by a whole series

of disecoveries of grest thooretical and practical significance.

It suffices to recall such an outstanding discovery of the French
investizatore Vallde and Carrd as that of the plurality ~. .. .. . . et ~;.

(mnozhestvennest!) of types of the foot~and=-mouth virus, These

investigators discovered two immunologically different types of
aowe oty

the foot=and-mouth virus, indicated prowisionsdly by them with

the latters "O" and "A",

This was not only confirmed by subsequent research, bub
even supplemented by the discovery of a new type "C', In
addition, there were revealed numerous variants which could not
be agsociated wibth any of the indicated types of the foot=and-

mouth virus,

At present it is considered that the existence has been
proved of three immunologlcally different types of the foot-and-
mouth virus "OM, "A', and "C", and of numerous variants of these

typess
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Thanks to these new data, problems of smmunity and prob=
1ems of immunization for fegt=and=mouth disease are reflected
in & semewhat different light, It has beceme pessible in
praetiae te solve problems of epecific bieprophylactics gemewhat
differently, Obvieuely, many valuad bio=preparations should
give more ef Factive resuls in the battle againat foot=and=mouth
disease than preparations of single value, This is also the
present trend in the solution of the problem of methode of

active and passive {mmunization againgt foot-and=mouth digease.

Tha proolem of methads of anti-foot=and=month vaceination

may be considered to be concluzively golved at the present moment

In a number of forelgn countries aluminun-hydrexide vaccine,
proposed by Danish investigators and perfected in Germany, is being

applied successfully in the strugple against foot=and=mouth disease.

Great light has nov been shed on the problem of virg=
carrying in connaction vith faot=-and-mouth disease, which 1s &
very geriocus epizoéiogical factor. It must be congidored to be
proved wnconditionally that a certain portion of animals which
have contractad the foot=and=mouth disease remain virue~carrying
over & long period, From this is derived the nocessity of
quarantine—rastristive measures with respact to animals which
have contracted foot-and-mouth disease, In many countries the
periods of such quarantines which have been adopted with respect
bo animals which have contracted foot=and-mouth disease remain
without adequabte seientific foundation. pPractical precautlons

pear a cerbain conbrast to sclentific data with respect o virug=-
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garrying in cennestion with foet=and=meuth diseace, It ie
essential te ecntinue with still greater urgancy the atudy of
this problem and accumilate further data frem practical experi=
mentatien, 4n order te form final gonelueions on the epimocte-
logical significance of virug=carrying and resulting quarantines
with respect to animals which have contracted foot=and=mouth

diuease.

geience hae also brought much that is new te bear on
the questions of the stubility of the foot~-and-mouth virus in
an external medium, which has substantially broadened our con=
cepts with respect to the epizoology of foot-and-mouth dissase.
Tnteresting work on this question hag been carried out by our

Soviet investigatora.

Contemporary investigatore have as yet done very little
in the area of research on new and perfection of old methods of
foot-and-mouth disease therapy, This is explained by a certain
underestimation of this extremely important problem, whose
guccegsful solution would help prevent numerous complications of
the basic foot-and-mouth disease, and would help to decreasge

losses from this affliction,

The study of the epizoology of Poot=and=-mouth disease
has been completely inadequate, This hag happened because many
questions of this affliction have been decided in the laboratories
of institutes and experimental stations, and not urnder conditions

of the epizogiogical medium iteelf, In this connection practical
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GHAPTER I

THE. SPAFAD OF. FOQT=AND-MOUTH, DLSFASE

QENERAL DATA

et
Foat-and -mouth diseass 1g anceunterad in many gountrian

of Eurcpe, in Aelds Afriea, and South Amarilea.

fn o whola series of countrias aplzookics of foot=and=
moutbh disaasa have by ne moans dacreased during the vast 10 or
15 years, but remain at almest the same 1laval, as is avidant
from data eollectad by rllleidger for the period from 1925 to 1933
in 33 countries, This ia trus, at least, with rospect to Germany,
Ttaly, Poland, Gzachoslovakis, Yugoslavia, France, Spain, Rumania,

and Hollunde

How wide is the spresd of Poob=und=mouth disease may avan
be see§)£rbm‘€ﬁéwf20% that in 1935, according to dahé?or the
Euraan!of Ardmal-tusbandry Industry of the US (Mohler), 66
countries were declared affected with raspect to foot=and-moubh

disease.

Bolow are adduced certain data on the grand of foob-and-

mouth disease in 4ndividual countries.

ys. Outbreaks of foot-and-mouth disease eplzootics in the
s have basn observed in the years 1870, 1880, 1884, 1902, 1908,

1914, 1924, 1925, and 1929

IA—RDP82-00039R0601 00170030-0 i
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The eutbreak of foot=and-meuth disease in 1908 was the

mest substantial of all epizooties in the US for the previous

&7 years,

In liquidating the eplzootic meore than 150,000 head of
cattle were ldlled, at a cost of abeut & million dollars,

Oreat_Britain., A considerabls outbreak of foot~and-mouth
disease was noted in England as early as 1839, after which this
sickness did not appear for 2 or 3 years, From 1877 to 1884
the foot=and=-mouth diseasc was noted annually, the number of
infected farmsteads at times reaching 18,732 a year, and the
number of infected eattle 400,000 hoad (Hubyra and Marek).

In the period from 1892 to 1912, in apite of the com-
pulaory killing of stock on all afflicted farmsteads, 158 more

ocubtbreaks were recorded,

Strong outbreaks in England were observed in 1922, 1923,
and 1924, The epizootic of foot-and-mouth disease in 1922-1924,
which broke out first on the eastern coast of England and sub-
saquently spread to the south and to the north of the country,
was the most serlous epizootic for ths preceding 30 years (Zwick),
During this epizootic 1,140 separate outbreaks of foot-and-mouth
disease were recorded and in this connection 55,599 head of cattle

were compulsorily killed,

In 1923, 1854 outbreaks of foot-ond-mouth disease were
racorded and 125,098 head of stock were put to deathy in 1924,

1,440 oubbreaks of foot-und-mouth disease and 88,726 head of
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stook were killed (American Cemmiseion on the Study of Foot=and=
Mouth Disease); in 1926, 204 cutbreaks; and in 1927, 19 outbreaks.
Tn 1922 censiderable mertality from foot=and~mouth diseace was
obgarved == up to 2.4 percant on the average. In 1923 this

mortality was atill higher and made up to 3,1 parcent.

Franca, The first largs outbreak of foot=and-mouth disesse
in France evidently occcurred in 1893, after which the digaase

was observed annually.

Tn 1921 foot=and-mouth dlssase affected, in 53 departments,
628 population points with 2,673 farms affected by the dlsease,
In subseguent yours, from 1925 to 1933, an average of 134,175

new cases of the sickness was noted annually (rilloidiger).

There was a large outbreak of foot-and=mouth diseaus epi-
nootic in France in 1937-1938, the disease having been brought via
Marseilles from North Africa, together with imported vegstables
and hogs. Almost the antire country =~ 72 of 89 departments ==

way selzed by the epizootic in a very short perlod,

Spain., Foot=and-mouth disease in Spain is evidently
gbatic in character. For the period from 1925 %o 1933, according
5o Flllckiger's data, an average of 14,519 new infectlions were

recorded annually.

Denmark, In the perdiod from 1904 to 1912 Denmark was free

.

of foob=and-mouth discase (Hutyra and Mardhy o -
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In 1912 feot=und=mouth dicease wap breught into Denmark
and asequired a coneiderable gpread there == 408 farme were
attacked by it. Teward 1919 the eplzootie vas eliminated,

Tn 1924 foet=-and=mouth disease was again brovwght inte Denmarl,
in a1l probability from Germany, and spread thare with exeeptional
vapidity, Tt infected 50 pereent of all herde.

Toward the boginning of 1925, 8,050 cases were rocorvdad.
Subgequently there bagan & decrease in the number of farms
affected by foot-and-mouth disease, put in 1926 there began &
new increace in the epizootic wave, This time the sickness
sproad to Jutland, whero in one month alene (May) 13,000 new
cases were rocorded,  Incidentally, abowt 50 percent of all
ardmals which had become infoeted developad Looteand-mouth
discase again the following year. This is evidently explained
by the difference in types of the virus which cawses various

epizootlcs,

Germany. In Germuny Poot=and-mouth diseuse is observed
conbinuously as a static sickness, Epizootics had already begun
to be reported from yoar to year in 1886, The strongest oubbreaks
in Germany were in 1886-1892, 1899~1901, 1910-1912, 1919~1921, and
1937-1938, During the fooct-and-mouth disease epizootic of 1892,

4 million head of stock developed the disease (Zwiek) .

After o brief interruption, in 1896-1897, a large outbreak
ocourred again, during which abeut 3 million hefd *f stock became

infected, Following, a rather protracted perdod of "ealm" occurred,
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but in 1910-1911 a new wave of the epizcotic began, &g 8 rasult
of which 29,877 population peinte were declared affected, and
9,366,369 head of cattle, 602,927 eheep, 53,674 goats, and

2,565,37). plgs wore attacked by foot-and=niouth diseuss.

n spring of 1914 & nav Ancrease in the development of
the foot=and=mouth digease eplzaotic begen. Toward the end of

this year it attacked 7,045 population points with 17,964 farms.

Tn 1919-1921 such & ngevere" epizootic broke out that
its proportionsg and affecty cannob be compared with any foot=
and=mouth disease gpizootic oboerved at any earlior time in
Germany. b ouftices o point bo the fauet that in the fall of
1920 the dilgsease attacked 23,369 population points with 181,067
infected farms.

Durdng the poried 1919-192L, 45 milllon head of cabtle
were attacked by foot=und=mouth dlsesse (25 percent of all stock
ouned at that time in Geormany)e In 1926 in Germany, 1€7,000
rarms infected by foot=and=mouth disease were counted, in 1927,
1,5,000 farms, in 1928, 23,000 farms, and in 1929, 4,000 farms
(Waldmnnn). For bthe period from 1925 to 1933 an average of
46,090 infected polnbs was noted anmually (Flleldger) .

n 1937-38 a subgbantial outbreak of foot~and=mouth discase
oceurred again in Germany, affecting & large ares of the country.

In this instance the foot-and-mouth disease had been brought in

from France.
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Hungary. In Hungary foot=and~mouth dicease exists een-

tinuovsly,

Tn 1920~1921 numereus instanees of & malignant wave of
foot=and=mouth disease were noted, accompanied by massive stock-
mortaldty. In .ona large herd the mortality ameng adult cattle

reached 50 parcent,

Rumania. In Rumanda foot-and~mouth disease ig of otatic
character, For the period from 1925 to 1933 an average of

38,566 new cases of symptoma of the diseace were recorded

annually (Fllleidger).

Rupgis. In prerevolutionary Russia foot-~and=mouth disease
was o sbatic sielmess, In essence, no struggle with this widely
spread sickness was carried on then, The first gtatigtical data
on the spread of foot=and=mouth dissase in Russia are found in
the onnual reporte of the Veterinary Admdnistration of the
Ministry of Internal Affairs, (bata on the spread of foot=and=~
mouth disease for the puriod from 188l to 1912 have been compiled
on the basls of reports of the Vetarinary Administration of the
Mndetry of Internal Affairs, published annually in tho magazine

Arkhiv Veberinarnykh Nauk,) We submit these date in two tables,

n individual gubernias, stock mortality substantially

exceoded the average data submitted in Table I,

-0 =
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TABLE I

SPREAD OF FOOT=AND=MOUTH DISEASE IN RUSSIA IN 188L-1887

gﬁbg;lgf’tguggigigd Number of Head Infected N‘;’:bgrpgiogg?ﬁizigs
Years by Foot=and=Mouth Wusber Infected
Diseana E—G;tle She'e‘g_‘:’i ggata, Cattlo Shca& iggata
188l 2l 30,573 18,172 1.8 1l
1882 40 164,968 19, 651 1.7 2.8
1863 38 40,679 40,613 3.6 4el
1884 18 2,992 721 12,9 6642
1885 30 72,683 813 154 643
1886 52 214,468 25,540 2,03 1.1
1887 52 167,895 7,145 0.72 39

From analysis of these data (Figure 1) it may bo seen that
foot~and=mouth disease in prerevolutionary Russia was recorded
annually as a considerable epizootic, attacking almost all types
of animals susceptible to footmand-mouth disease. In 1896,
according Lo very approximate reckoning, about 2 million head of
sbock (1,705,322) were attacked by the foot-and-mouth disease epi-
zootlc, 246,444 head of reindesr alone being atbtacked by foot-and=
mouth disease, of which 118,717 died and 32,085 were killed; in all,
150,802 head of reindeer perished from foot-and-mouth disease.

In 1901 a new intensificald.on. odetihio, foot-and-nouth disease
eplzootx was noted, which persisted until 1905 inclusively, attaining

Ky Declassified ir‘1vVF"ar't-ﬁSa' zéd Caby;ApproVéLi
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Years by Foot-and:
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Lattle
a3 (2} [€H )] G €3 [¥H {82 {s) {10)
1888 5T _— i3 Tald Caf - 3.3
Jupel —_— Cal
1889 &5 - 34T
et — 1.0
1850 70 e
N 1691 Sk — €357 Tt 1.5 — 2.3
; phls: €.% — 2.5
1892 5k 231,605 - A oA
: Lo T3 el 0.9
S 1853 60 306,257 -— a3 .
. Co3 0.9 -— ]
! 189k 59 286,355 - Ce3 0.9
ol - .08
1895 62 222,765 31,8C5 - -1
| 3 201 2 —_ 1.6
1896 60 1,415,3% 129,323 1121 291 CaZ
18971 69 628,003 €C,021 iz 17335 .05 .2 - a3
sLeE 0.5 2.5 38
T.2 Ca5 —_
Tela Lo . — 1.6
t.l Cels 1.2 03
] T.2 Ca2 — 1.0
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: 1) 2} {3} o4 63 @ {53 (s Qg)
1903 éo LS€,3% 7,755 - 2317 X - 2.8
190k 79 1,022,585 19,728 - SaTT 7.7 7L.E —

; 1905 77 2,005,025 SuTsAE% - 45811 33 WS - 02
1906 65 225,509 - 20.5 — Cal
u 1907 73 5hE 10 -
1908 7 275,506 - b2 13k s 1e3
1508 o 501,150 57,506 = .2 0.3 b Gl
I
= 1910 85 3,337 ,uuT 379 Co: a7 h 2.7
C.r 1911 83 2,153,587 - 125.56 Ce3 L3 e e
; & 1912 82 221,756 — Llugt - - - =
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& maximm in 1905, when 2,141,033 head of cattle, 112,795 sheap,
12,645 swine, and other animals wore infected with foot=and=

After this there came & cortain lessening of the

t-and=mouth diseanse spreading with exceptional

repidity and abtacking a considerable area of the country.

n 1910 foot~-and-mouth disease attacked 40,986 population

points, in which 3,137,447 head of large cattle alone wore in-

feoted vith foct-and=mouth disease, not counting other kinds of

animals infected with the disease.

Figure 1, Sproad of foot-and-mouth dlzease

in Rugsia for tho peried 1881=-1912,

During the imperialist var no statistics on foot~and-mouth

disease were compiled, but during these years it was hardly less

widespread.

Some conception of the proportions of the spread of foot-

and-mouth disease and the lossges caused by it during the war may
be imparted by the following officlal communique. In 1915 on

only one of the fronts 24,623 head of cattle, or 6.43 percent of
the overall number of head consigned for the supply of the front,

perished from foot=and-mouth disease.

USSR, Foot=and-mouth disease, like many other infectious

diseasns, wag a bltber legacy from tho old, prerevolutionary
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Russia, In the first years of the eivil war real struggles
against foot=and=mouth diseass were not earried on, not counting
gaveral quarantines connected with the transpoertation of infected

gtocke

At present the inecidence of foot=~and-mouth digease among
stock in the USSR, by comparisen with the incidence of feot-and=-
mouth disease among stock in the countries of western Europe,
ig very small, if taken with respect to the overall number of
stock cusceptible to foot-and-mouth disease in these countries
and the size of territories on whose expanse this stock i8

located,

In the peried 1927-1930 stock in a considerable arca of
the country was attacked by foot=and=-mouth disease, The
veterinary organization in these years proved to be poorly equipned
for campaigning against foot-and=mouth discase, After this, with
regard to the spread of foot=and~mouth disease, an interval of
nealm! began, which continued until auturm of 1935, After this
new outbreaks of foot-and-mouth disease appeared, which thanks
to widely developed anti-eplizootic and prophylactic measures
were quickly eliminated,

Soviei, veterinary workers, using contemporary selentiflic
data and experierce accumulated under practical conditions in the
sbrugple against foot-and~mouth disease, are continuing to cope
successfully with the problems eof ite elimination, (Prof, Magnusson
(5weden), who visited the USSR in 1932, where he became acquainted
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with the adninistratien of the styugele agalnat foot=and=mouth

gaidi "In the field ef struggle against feot=and=mouth
¢ Mrat rank of the

diseane,

disease the Soviet Union now stands in th

leading countriec of Furepe'. 988 A 1, Skemoreckhov!s article, ~

1Our Achievemente in the Fleld of Study of Foot=and=Mouth Dicease

and Methods of Struggle against it in the USSA". § vet o

No 1, 1934.)

HISTORICAL DATA

In existing literature on Poot-and=mouth disease weo find

exbremely sparse information concerning the history of the rise

of foot-and-mouth disease eplzootics.

’ ‘ Tha first deseription of the sickness among animals

apparently similar to foot=and=meuth diseace Was made by Hieronymus

Fraeastorius in 1546 in Venice. The sleckness which he deseribed

had appeared then in Upper Italy in 1514 (Waldmann and PTrautwelin).

And this was not accidental, since Italy in those days represented

one of the leading commercisl centers in Europe.

Commerce in animals and producte of animal husbandry, and
transportation of animals and animal materials, were doubtless

at that time the basic cause of the spread of foct=and-mouth disease.

This may be seen from the faet that as early as the sixteenth

century thers was {ntroduced in Ttely a system of special atbtesta-

tiong given by owners of animals as to the gtate of health of

bhese latter upon their removal from safe localities.
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gonfirming the infestiousnass of foot=and=mouth disease, whieh
wag revealad by numrous authors, Wwers acoumilated in even

greater quantitys T.avarat, apart {rem nis observaviong on the
infectiousness of foot-and=mouth di86888, induced the sickness

in animals by means of artificial infection (inoculati.on).

Tn tha sacond nalf of the pash gantury Bollinger succaeded
in proving that foot=and=-mouth disease oceurs &s tha result of &
particular infeotion, And, finally, the German investigabors
Loalfler, Frosch, and Unlenhuth astablished in 1897 the filtersble
nature of the foot=and=iouth disease {neitant., These authors!
discovery wns also confizmed in the work of Hocker, 1899, (The
digcovery of the f411lterabls nature of the incitants of infectious
gicknesses of animols and planhs was firat made by Russian scholars.
In 1886 Gamaleyd announced that he had been successful in infecting
a calf with blood from an animal sick with cattle-plagua, this
blood first having bean filversd phrowh a thamberlain filter. In
1892 Ivanovakly first established that the incitant of tobacco=
mosuic sickness can pass through backerial f£ilters and agaln cause
siokness of these plants. These remarkable investigations of
Russian scholars cannot remain unnoticed in foreign countries, al-

ghough there has been greabt tardiness in beginning te dlscuss tham,)

The investigations of the CGerman solentists were soon

duplicated by the French investigators Nocar, Roux, and others.

Hoof-and-mouth disease, 88 the result of different localized
afflictions, was frequently called by the most diverse namest
aftosa fever, sbomatibe, ploss~anthrax, 1n-between=noot exanthema,

hoof-und=nouth disease, etc. (Gins and Krause).

-l -
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CHAPTER 1T

THE FOQT=AND-MOUTH DISEASE THCITANT.

THE NATURE OF THE FOOT-AND-MOUTH DISEASE INCITANT

The incitany of the foot=and=-mouth disease belongs in the
category of filterable viruses (ultraviruses)s The quastion of

the nature of this causal agent has as yot not basn eenalusively

sattled by sclence, just as it has not besn settled with respect

4o other filterable viruses,

The oubtstanding Soviet scholar Academician Gamaleyn con=
siders that the attribute, inherent for viruses, of awbtonoimy,
selectivity, adaptability, and, finally, thelr ability in the
process of reproduction to preserve thelr owm individuality, which
18 manifested in the specific character of the sicknesses caused
by them, provides a basls for the reckoning of virusas as Living

belngs = mieroorganismse Such & view on the nature of f4lterable

viruses is confirmed also by the fact thab there exist so-called
Hgorpuscular viruses" (elemenbary bodies) which secrete specific
soluble antigens, This connects viruees still closer with
microbes, (Boycott, wishing %o define the position of viruses
4n the natural system, arrived ab the conclusion that they stand

ab the boundary of the transition from inanimate to animate -
quoted by Gamaleya, N. Fa)
The question of filterable viruses was clurified at the

rwelfth International Veterinary Congress (1934) in the report of

—418—
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Gerlach, whe also censiders that viruses are living organisms,
Grassis, en the basis of his numerous investigations of the blo=
lopical behavier of viruses, exposed to severe eritielsm the
theory of tha “arbitrary oecurrente of phagous eells frem nerml
pacteria', This theory, as (Orassia affinng, has as yet baen
eonfirmed exporimentally by no ona. The great numhar of phagous
cells, their autenomy, specific nature, and mitability only cen-

firm thalr living nature.

The Amarican comrissien for the study of foot=and=inouth
diseasa (Olitsky, Traum, and Shoening), on the basis of its in=-
vestigations, algso expressed the assumption of the live,
corpuscular nature of the foot=-and=mouth diseass. {The Amoriscan
comigsion for the study of foot-and-mouth disensa was organized
through the Bureau of Animal Industry of tha Departmnent of
Agriculture of the US in 1925, composed of Dr. Harry Shbening of

the Bupeau of Animal Industry, Dr. Jacob Traum of the University

of Califomia, and Dr, Peter 0litaky of the Rockefeller Institute,)

Opposite views with respect to the nature of viruses are

held by certain forelgn and Soviet investigatorss

Doerr, Frenkel, Janssen, Morphy, and others defend the

hypothesis of the endogenic origin of viruses, According to the

sband of Doerr and his followers, viruses are enzyme~-like agents,

which cause changes in the metabolism of the cell itself, as a

ragult of which the eell produces the substances of metabolism,

=19~
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MMany vimasas", eays the Sovieb inveshigator Dunin, "ean

be regarded as & speeial inanimate substance whieh pessessed whe
promriies of o unique catalysbe only 4n distinotion 4o normal
satalysts dees the virus, arriving in a new medium (the healthy
organiem), cause & wnique catalytic (bicohemical) reaction, a8 a
pasult of which an asowmlation of the virus takes placa., In
very simple form, tha particlpants in a eatalytic process are the
original substance, the catalyst, and the product of catalysis,
In the cage of davelopment of virus disaase and the \raproduction’
of the virus the process 48 simplified and we have: the original

substance, tha virus (as & eatalyst), and, tho same virus as the

product of catalysis."

Tn this cormection bthe discovery of the American investigator
Stanley in 1935-1936 is of particular interast. Stanley, studylng
virus diseases of tobaceo, 1solated a orystalline protein pro-
cogsing all the properties of & virus, Certain investigators have
been inclined to gee in Stanlay's discovery of parasitic albumins

ona of the proofs of tha inanimate nature of viruses.

Ryshlcov considers that the 'most romarkable thing in the

phenomena dascribed is the fact thabt they do not quite fit the

usual conception of enimate and inanimate, The crystalline albumin

of the mosaic disease must not be called an organisms These newly

e e ala®

—ap v

{
; 4
found parasitic albumins stand as it were on the border between  w “° ‘ g

animate and inanimabe."
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Deubtleas, the diseovery of parasitie albuming possesaing
the properties of pathegenic ineitants semewhat strengbthens the
position of the partisans of tha "dead", inorganie nature of
viruges, but it in no degres resolves the problen itsell as to

what opecifically is represented by viruses = "baing" or "matter.

Pyl, on the basis of his investigations, classifies the
foot=and=mouth disease virus as a hydrophilie, highly-dispersive

colleid,

Janasen, using the mathods of colleidal chemistry, took
the viruas to be an inscluble active particle, composed of a
slightly denatured globulin and the protein conteining the virus,
In Jansagen's axpariments tha dehydration of albuminal substratum
and, as a result of this, the altering of tho structure of the
albumin, did not have parceptible influence on the activity of
the virus, The auther has drawn from thi.s the conclusion that
the foot-and-mouth disease virus ie an inanimate protein substance

of the ferment type.

Ratnor, and also Soloviyev, as a result of study of the
blology and ascerbainment of the nature of the virus, classify
it as & molecular dispersion and deny the animate nature of the
foot~and-mouth dizease incitant, However, the data of these
authors, secured by very limited preliminary investigations, seem
unoonvinoing to «as.* On the basis of them it is impossible to

draw a conclusion as to the dead or living nature of thes veees,

w 2L
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The bastc prootd of the partlsang ¢ the inanimate naturas

of viTuaas may be summed up by the fachts that (1) virases do 106
poagass Al {ndapandent pataboliss anl de not Erow in an inanimate
(arhificial) eultire madiull, (2) thay de uob produce spacitie
antigons, (1) inagtivatad vAirdses can be Poatorad wier lenuwn
aantitlond (:*awraib;l;my of {nacblvation), and (4) gartain virigas
aeg of B0 anall o magniiiiie) pot ascesding ghat e ons or gavaril

albmin mokaculai

Hapo argunantd headus gian Gumabeyd

Tr pafutation ot akl b
A

adduaan o wheldy aaries of grbpanaly runy Lpihtg prononsaneitl

thadals

cgst blam thay (prtbio=

win propoerviun Lo bha LNere of

feni.e pratarlin == ds sl praduatly Lo vig oabatanse o L
EHER LS withah are posatnsad B { duponriant Aving erasturad and
horroied DY parasibos Fpom bhn hobs organtoine Thio, un:‘h:;z'r:“.,arr.lm;l}:,

Wad thans alves Lo

appldod gmr'\’.'wulzl.rlj.' Lo virass: wnich nave adar
subracellnlar parasibiom. fu is wherefore nob surprising thnb
vipuses ourified of tissue galls, ant & pacheriophage purd tded ot
pacboria, do nob paveal mebabollsns. in the absence of zuch
auxiliary PESOUrCes, which they receive in the host=cells, tpuri=

es are in a stabte of anablosis.
and enzymes which they

£ied? virus They can grow and
ng those gubsbances

multiply only in usl
only dneido tho Labter

in host organisms.

recelve
riies inherent t0 a

veal a1l the prope
IThe Present-Day/State of the Virug Problems

can viruses re-
complete organi.sm"

(Gamaleya, No Fo

Virus Sicknesses of Plants and ‘Mea
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Rivers long age sneke of the faet that the majority
of viue digeapes exhibit a clese interactien batwean the
atielesical beginning and whe cells of the hest, regarding this
an a partioularly intimabe typa of parasltism, Aecording teo
Gardner viruses kive only in the colls, and not in the fluide of

an organdiam.

Myromtoov does net conpider inseclubla the proulem of the
Fact that viruees cannot be eultivated 1n srtifieial oulture
madia, In receneiling culture medla on the basin ef thalr
rhyol o-chend.cal propertios with bthe fluids and tisaues of an
orgoandom it will beceme practically possible to cultdvate
viruges in artificial culhure madia. nIn attempta to eultivate
wltravizruses', says Muromsiiev, "t is pessible with equal
foundabion to go both backward Soward full-value tissue eulturas

and forward toward artilicisl modia without living cells "

M the present time the ability of corpuseular viruses
(¢lementary bodles) to searete specific antigens must be con-
sidared proved, At least bthis ability to produce antignns has
been proved for bhe phagous celld, the virus of vaseinia, the

yellow fever virus, and okthers,

on the question of the roversibility of the inactivation
of viruses the follewing sbabement of Academician Gumaleya may
be eited: "It 1s necessary ab the same time 4o renounce resolutely
the last survivals of vitalism, which supposses that upon the

tarmination of life some vital principle disappears Lrrevocably.,

-23 .
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Staphylesogcug can be killed with serresive sublimate and then

pecoma capable of life again when the corroalve sublimate 16

praeipitated with hydrogen gulphide, The same thing 1o ebserved

for a phagoue eell under the aetion of safyanine". (COamaleye,

N. F, "extbook of Yedieal Mievebioleey." Vodgiks 1943, pe 3170

The excessively small siza of viruses doas not glve us

foundatdon for denying the animate natura of thesa, since "in

asgance wa have no goncapt of the mindimn degrea of organization

asgential. for tho loviest living creature. Tt is extremely

preboble that all tha requiraments for the sustanance of & glven

virug are satisfied by the coll of the host in which it lives,

ae that all of its preper function is limited to adsorption and

division, It is posaible that a few proteln molecules are

sufficient for this,! (Gamaleya)

Finally, the discovery of "parasitie alouming" in

crystalline form in virus sicimesses of plunts does not contra=

dict proof of the animate nature of viruses. Crystalline virus

proteins are also soereted at the presont time from the tlssues

of animals infected with virus (i’oc-buand-mouth dlsease and others).

Theso crystalline proteins tyre formed of an accumulation of an

snormous number of the same olementary bodies, which have, hoviever,

the form of little sticks pather than sphercids, which is sub~

sequently confirmed also for plant viruses'. In the opinion of

Academician Gamaleya, ghe ablliby of elementary bodies to form,

composing themselves in crystalline formations, in no way con=

ppadicts the fact that olementary bodies are animabe microbes!s
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The viewe on the nature of viruses eited here on the
part of reprasentatives ef varlens gsolentifie trends give us
basle to ceme cut completely and definitely in faver of the
animate nature of viruses, Consequently, the inecltant of foot=
snd=mouth disease must also be censidered a "ereature", posssseing

a living, organized nature.

The discovery of the ineitant of fech-and-mouth diccase
18 connacted with the names of Leeffler, Frosch, and Uhlenhuth,
Theee investigators established that the incitant of foot-and-
mouth disesse is a filter-pasaer, Due bo ite very amall magnitude
it passes freely through bacterial filtera, At the same time, the
virug recovered in the filtrate presarves the abllity to cause
sickness in animuls susceptible to foot-and-mouth disease. Thua
the etiology of foot-and=nouth disease was first determined con-
clugively (1497) and the filterable properties of the loot-und-

mouth disease inclbtant were discovered,

This outstanding discevery of Loeffler, Frosch, and
Uhlenhuth did not solve the problem of the nature itsell of the
foot=and=mouth disease ineitant, but alter this discovery new

paths for the further study of its blology were projected.

$IZE OF THE VIRUS

Determination of the magnitude of particles of the foot-
and~mouth disease virus is carried out by the methods of filtration

and ulbrafiltration, Data of different investlgators with respect

- 235 m
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to the magnitude of partieles of the virug are divergent, which
may be explained also by nen-uniferm experimental cenditiens in

gtudying this question.

T

(

y frbar ey

Acnording to Waldmann'e data, segukred by him in OXperi=
monts in filtration of the virus through a gallert filter, the
magnitude of ite particles io within the range lp te 200 m )

1,8, it oppreximates tha magnd.tude of eollelds,

Galleway and Elford datarmined the average diametor of
particles of the virus as 8 to 12 my, and Levaditl determines
it ag J to 5 m P Elford, in determining the magnitude of
particles of the virus,; uses a apecisl eorrecting formula, which
has been named the Hlford formla, Acecerding to Elford!s data,
only particles of & virus pass through a filter whose gize ic
2 o 3 times less than that of tho pores of the filter. The
virua does not pass through filters whose pores are of 25 mfz.)
and consequently the slze of ito particles is aqual. to 8 bo

12 mfkl

Krasnov and Reinie determine the size of particles of
virus type O as move than 7 mu and less than 16 m/u, « These
resulbs almest coincide with results obtained in the experiments
of Golloway and Elford, These authors, on the basis of thelr
{nvestigations, reached the conclusion that the limib of ultra-
filtration of ‘oha‘ virus 1s between 48 and 13 m /‘. , and that it
is closer to'lgﬁm e than to 48. In their experiments they used

virus from the epithelium and "1ymph® of aphthae. Aftor mmmk

—26—
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preliminary filtration threugh paper and sand the virus vas

ddlated with Heartlay's medium in & prepertion of 1:100.

Galloway, using the colleidel membranas ef Ford, reached

sion that the dimengions of particles of the faot=and=

o lese than those of all known viruges,

the conclu

mouth disease virus ar

with the exespulon of the virus of policmyell tis in human belngs,

The diumeter of particles of the foot=and-mouth disease virug

is svoroximabely aqual to 8 te 12 mpy whieh is 0,01 to 0,02

of the diameter of the smallast microbes

Aesording to data of the American commiusion, the magnitude

of particles of the virus is 3.6 m/e. Messurement of particles

of the virus on the basis of the system of so-called npolacular!

f4ltrations shrough Bochold ultrafilters shows that ibs active

by comparison with other particles of identical

particles have,
charge, & dismeter between 20 and 1000 m /»(Rivars).

According to Bachold, and also Modrow, the average

diameter of particles of virus type 0 is 20 m/;.; while parbticles

of virus A are considersbly larger and are closer in magnitude

40 the size of elements visible in bie mieroscope., These authors

affirm on the basis of thelr investigabtions that the magnitude of

-and-mouth disease virus in different
n-uni.form and that with the

particles of the foot

varieties (types and variants) is no

of the ultrafiltration method it is possible to separate one

particularly virus type O from

help
variety of the virus of another,
congiders

virus typen A and ¢, Oalloway then, on the contrary,

-2~
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ed of wltrafiltration it 1s impossible e

ne magnitude of di.fferent types

that by the math
astablish any divergence int
and variants of the virus.

£ the magndtude of particles of the virus

ed tha method of precipitating

For study ©

gehlaginger and Gallovay eppld
suparpowar centrifuge, with

4t with the help of o "€harplesg"
On the basis

ation through colloidal membranas.

subseguent filtr
s of virus particles

they determine the siz

of their experimente
ticles of all three types proved

at 16 to 23 L Virus par

uni form in thelr experimonte In the same authoret later e¥pori-

on bthe magnitude of virus
nitude of particles of the virus

ments in ultrafiltratd parbicles vas 8

to 12 m /4. Tn determining the mag

by means of weighing, the diamever of these particles 1o egual o

25 mf,,, 4f it is assumed that thay are gpherdcal in forme

Ardenne and Pyl with the help of the glectron mieroscope

obtained a photograph of a smear of fluid from the f oot=and=mou th

This photograph makes it possible to detect

disease vesicles
tor of 25 to 30 m)g. In all

minute particles having a diame
g of the virus. Accord=-

probability, these partlcles are molecule
ing to data of the seme authors, the specific gravity of the virus
is appro;d.mate'.\.y 1,404

Pyl asswfies on the basis of his investigations that the

foot-and-mouth disease virus in solutions, or in aphthous lymph,

not in the form of an individual particle,
rus particles (Mvizus

is put consists of &

whole aggregate of such individual vi

- 28 -
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sgeregate"), The magnitude of these ageregates depends en the
temperature and concentration of the culture, sineae at temperatures
frem 0 to 20 Centigrade diseeciatien (npasghehepleniye") of the
virus ageregate into enall virulent poarticles and back evidently
takes place, All these data, obtained ae the result ef numerous
investigations, give enly & lmi ted conception of the magnitude

of particles of the {oo*-and=~mouth disease virusi eonclusive
solution of this problam muot be the objeet ef furbher investigations.
Until more perfect methods of purifying the virus from the bulk
albumine are found, and consequently, until it le ebtained in pure
form, it will be impossible to solve positively tha problom of the

magnitude of particles of the foot=and=mouth disaase virus,

In many ultravirus infections gpecial intracellular forma=-

tions have been discovered, the so=called "inclusion bodles',

The specific natura of these formations for many ultravirus in-
fections has not yet been proved, These inelusion bodies have
diagnostic signifilcance fir such sicknesses as hydrophobia (Negrits
body), Borna disease (the JBest=Degen corpusele), and small=pox

( small-pox-diphtheria) in fowl (Paschen's body)s Similar inclusion
bodies have also been repeatedly described for foot=and=-mouth

disease.

Gins has described inclusion boedies discovered by him in

the epithelium of the tongue of guinea~pigs which had developed

foot=and-mouth disease. Trautwein, and 1ikewlse Ruhl, also
s ] i M

discovered inclusion bodies in the epithelium of the ‘tongue of
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healthy guinea=pige. The peeuliar inelusiene in the erythroeytes
animals which had developed feot=and=-meuth disease desordbed in
their time by Cosco and Aguzzi have net been given further con=

firmation by anyona,

Gerlach, with the help of wlbtra=vielet mieroseepy, dig=
govered granular forms of the type of elementary virus bedies in
the contente of foot=-and=-mouth diseagse aphthas. For the time
boing the auther refrains from any conelusiens with respact to

the origin and nature of thege bodies.

FILTRATION AND ULTRAFILIRATION

Tha filterebllity of the foot-and=-mouth disonse virus,
as has been said alroady, was first eatablishad by Loeffler,
Frosch, and Uhlenhuth, They proved that the foot-and=-meuth
diseaso virus passes freely through the Barkefeld and Chamberlain
rilters. With this in mind they made uge of tho virus in the
form of the contents of aphthae ("virus=lymph"), which had been
proliminarily diluted with a 1:40 physiological solution of
sodium chloride, The non-admissibility of bacteria through the
pores of the filter was gontrolled by the addition to the filtera-
ble Liquid of bas. prodimiosus with subsaquent straining of the
£iltrate into culture media, The presence of virus in the filtrabte

was verified by means of infecting calves intravenously.

While the strainings in the eulture media did not produce
growth, the calves became sick with foot-und-nouth disease with

- 30 -
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typical elinical symplomd, just ag eonfrel animals whieh had
been infeeted with the wirus ("lymph") bafore ita filtration.
Leaf[lar, Freoseh, and Uhlsnhuth alse preved that aven after re-
peated filtrations the virus Wwas in the filtrate and capable of
causlng disease in animals susceptible to foot=and=-mouth disease,

The mere denae (narrew=pored) Kitasate filters have partlally

ghonped the virus,

The results of the invastigationa of Leefflor, Fregch,
and Thlenhuth on the filberability of the virus hava boon oon=
firmad by Hecker in Gamiany, Nocard and Rowc in Francs, and

othar invastlzators,

The filtration of the wvirus in connochion with study of
{5 bloloyy has al3o angagad other investigaters, Abg has
f115ered through a Barkenfeld eandlo virus-lymph from aphthae
of o guinea nig, the virus=lynph having flrst boon diluted with
a 11100 physiological solutlon of sodium chloride,

Stockmann and Minnet, (the English comni suton on study of

foot-and=-mouth dissase wus organized in 1924 under the Minlsbry

of Agriculture and Fisheries, and was composad of Prof. I, Martin

(chairman), Or. S. Stockmann, Dr. Arkwright, and others), for

purpesas of filoration, took the virus in the form of small pleces

of the epithallium of the wallas of aphthae ("opithelial virus"),

ground them in & porcelaln mortar, and then strongly diluted this

ground mass with a physiologlcal sclution of spdium chloride.
s ¢

el
tn Mltering such & vivs Mihapensiont negabive regults were
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obtained, Filkration was earried out through Berkefeld N and
Chamberlain F, and Lg bougles, and alse through Seltz asbestes

plates,

The falluras of Stoskmann and Minnet with filtration
are explained by the faet that avidently the virus in this case
was adsorbad Ly the filtar, or, which i8 still more probabls,
the nores of the filter were blosked by the collular elemants
of the ground epithelium, Subsequently, Steockmann and Minnat
1aft off such treasment of the virua, For [ilbration they took
the virus in the form of lymph frem primary aphthae of the
guinoa plg, likewise given proliminary dilution with a 1:50 to
1:00 physioclogical solation of sedium chloride, In this case the
virus pagass freely in filtvation through Barkefeld N and Chamber-
lain ¥, and Lg bougles, which was cortirmed by the infeectlon of
exporimantal animala, The virus also pagsed freuly through
Seditz asbestos plates, The flltrate of foob=and=mouth dlssase
virus obtained by these same investigators caused the infeetlon

of exparimenbal amimils in dilution of 1120,000.

Bedson and Maitland obtained good results with filtration
of the virus through a Mandler candls under pressure of 100 milli=
metors. A 1:500,000 dilution of the virus was taken, CGalloway
and Nicolau also used a Mandler candle for filtration of the virus,
They used each time only new candles which had not yet been put
in use, -lueowddt THus Lo determine the degree of absorption of ‘the

virug in repeated filtrations. They used for filtration the virus

-3 -
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("Lympht) Lrom the guinea pig and diluted it with a 1150 buffer
golutdon of pH 7.6, Tha filtering toeck place at low preasure.

Tn bheir experimente Galloway and Niselau used titrated
virus exelusively, They produced infeatlon of experimental
animals with varieus dilutiona of tho virus, after filtration
ag well as before, With two- and bhree=fold filtrations under
the mebhod indleated the quantity ef virus in the [iltrate did
not diminish censiderebly, whila in tha course of fiva suecaessive

fM1ltrations the virus disapneared completely.

0litoky and Booz made a filtration of' tha virus through
Borkefold V and N candles, and also through Charberlain Iy, Lo,

I’B’ Ls, II?; L‘g, Lll’ aﬂd Lla bwgies.

They took the foot-und-mouth disease virug in the form
of the eplthelium and "lymph! of aphthae, To the diluted virus
was added befare filtration a buffer solutien of phoaphate pH
745, 746 (for 1 Liter of distilled water thoy used 2.5 Kalium
mt;,o_s_z_p_b_g@g\m). The virus, prepared for filtration, was first
£11tered through filter paper, and then again through Seltz
ashostos plates, In Olitsky's and Boez! experiments virus treated
4n this manner passed fresly through Berkefeld candles and
Chamberlain bougies, It began to be blocked only upen filtrabion
through & Chamberlain L5 bougle, passed with difficulty through L
and Lg bougles, and, finally, did not pass ab all through Inq

bougles.
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Tn filtpation through the 8eitvz filter the feot-and-mouth

dissase virus is adserbed on the asbestos dises of the filter,

Tn fudin's axperiments with filtration of thne virus with
the help of a Jeits filter 1T wa3 established that a dry asbestos
dige FK adaerbs the virus, After steam starilization, whon the
fK asbentos dise is still wet, or after praliminary filtration
through tha disea of a pufler solutien pH 7.4 without glyearine,
or of a buffer seluilon pH 68 with glycerine, adsorobtion of the
virus alse takes nlace. Adserption can be pravonbed enly bhrough
preliminary filtration through thege EK asbestoy dises of a one

poraent solutlion of papbone of pH 76 or pH 648,

Tho ease with which whe fasb-and=mouth disease virus
passes threugh tilbers dapnands, ag has now beon agtablished by
saveral investigaters, on the fllbaring material dbself, the
degroe of 1ts prelimdnary pranaration for filbration, the concen-
tration of hydrogen iens, on the size of the pores of tha filter,
the alectric charge, the amount of pressure in fileration, the
tomperature in which it s accomplished, and, finally, on &

number of other condltions which often cannot ba taken into

account

Abe was evidently the first to achieve ultrafiltration of
the virug, for which he used Haen membranes. In his experiments
- the virus passed through membranes from No 1 to No 100 and was R
completely blocked upon filtration through membranes beginning
with No 200, under pressure of 25 centimeters, Galloway, for filtration
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of the virug, as has bean indicated earlier, ueed the eellodion

membranas of Ford.

Levaditi, Galloway, and Nicolau, tovard the same end,
applied eolledion saecs, prepared from a 6 parcent ether-aleohol
solution of colledion, In these investigaters! experimenta the
virus passal through triple golledlion oacs, with positive resulte
being obtalned in 8 eut of 9 casas. Stockmann and Minnat, on the
othor hand, did not succeed in filtering the virus threugh a

double layer of 5 percent colledion sacd.

Oliteky, Traum, and Schoening accomplished filtration

through saca of 5 to 12 percent colleodion, The passing ability

: of such a colledion filter was increased after dipping 4t in 95

?ﬂ parcent aloohol, However, this method of filtration was acknowl-
adged by the authors thomselves to be fruitless and incapable of
alwaye giving pesitive results, Ina second instance, whan they

i prepared the collodlon sacs with another emulsion, the virus was
blocked complately, Therefore it was impossible to draw any con=

i clusions from these experiments,

For ultrafiltration of the virus Olitsky and Boez used
Bechold collodion membranes prepared from various concentrations
} e of collodion in solution in solid acetic acid on filter paper.
The virus always passed freely through filters of 1% collodion,
1“‘ In ona case the virus passed through a filber of 3 percent solutlon
of collodion, but in all remaining instances 14 was blocked by the

greater percentile concantration of collodion, In thelr experiments
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on filtration these authors used a buffer solution of phesphate
at pH 8.5,

Modrow accemplished filtratien of tha [foot=and-mouth
disease through a Zigmendl uwltrafilher, but she wus unable to
obtain eonsbtant and uniform results., More satisfactory results
were ebtainad by Modrow in [iltratlion throngh a Bachold ultra= i
filter, In her experimants the virus was blocked in filtration
through a Bechold ultrafilter of 9 percent solution of eollodion
in solid acotic aeid, and, on the other hand, passes easily
through membranas of 1 parcent solution of collodion in the sams

solld acebic aecid,

Galloway and Elford, using the methods of ultrafiltration,
applied #lfordte corrostive formila in order to determine the
most probable dimsnsions of the virus, The work of Ledaviti,
Pike, Krasnov, and Wood, and also of Krasnov and Reinie, was also

dediecated to this question,

The mebhod of ultrafiltration is uased by investigators
firet of all to determine, although approximately, the size of
virulent particles of the virms, However, as Modrow points out
correctly in one of her works on the subject of filtration and
ultrafiltration: "Determination of the magnitude of the pores
in ulbrafilbers is for the time being an extremely doubtful
matter, and the abllity of a collodion filter to pass particles

of the foot-and-mouth disease virus depends on many factors which

often cannot be taken into account!,
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Tn eny cage, the question of the siue of the ineitanb
of foetm-and-mouth disease for the time being eannot be anawered

by the methed of ultrafiltration,

GENTRIFUGATION OF THE VIRUS

The methed of centrifugation is applied widely in bacterio=
loglcal practica For the precipitation of various partieles in
ons suspenslon or anothar, By the samo mathed certain investigators
have baon attemphing to precipitate the foot=and=mouth disease
virus and thug prove its corpugenlar nature. Other investigators
have been trylng with the mothod of eentrifugation to obtain the

virus in a more or less pure and concentrated form.

Exporiments have ghovm that to precipitate the Loot=and=
mouth disease virus fron its modium by the contrifugal method
has in essence not baen successful for anyons as yet, This, of
course, cannob serve a8 an indication that the virus in these
cagas was in a dissolved sbabe, Bvidently an incltant of extramely
gnall dimensions is involved. Ineidentally, Duclaix and certain
other physicists congider that the method of centrifugation is in
general unfitted 40 the precipitation of such small particles as
the ulbravirus.

ADSORPTION OF THE VIRUS

- -t " -

The method of adsorption is usually applied for aceumulation

of the foot=and-moubth disease virus,
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Pyl suceceded in this way in inereasing the soncentration
of the virus 1000-folds The adsorbed virus ecan be eluted back by
changlng the concentration of hydrogen ionss The process of
adsorotion and elutriation of the virus evidently has in iteelf
no harmful effect on it. Charcoal, kaolin, alumimun hydroxide, and
albumin are meet often used ae adsorbents, Charcoal is a good
adserbent, and in addition with this adsorbent the pH of the medium
has no substantial effect on the process itself of adsorption of

the virus,

For adsorption of the virus Gin and Krause used kaolin in
combimtion with centrifugation, but they did not suceeed in this

manner in iasolating the virus from its medium,

Abe succeodod in adsorbing the foot-and-mouth digsease virus

on kaolin, and particularly on "animal" charcoal,

In Dahments experiments adsorption of the virus nelther
succeeded with kaelin, starch, nor red blood corpuscles, He tried

o use wood charcoal but the results were likewise negative,

Vallde and Carré succeeded in adsorbing the virus on red
blood corpuscles, and also on living and dead microbe bodies, The
adsorbing abllity of red blood corpuscles was proved also by de Blieck
and mma.

On the basis of thelr oxpgrimgnbe Bgdson and Maitland reached
the conclusion that the erybhrocytes of sheep, guinea pigs, and big
cattle adsorb the virus in small quantity and easily release it

=38-|
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Pyl used aluninwn hydrexide, whiech adeorbe the virue in
alkaline solution (kaolin adeorbe the virus only in a newtral

mediun)e

Aceording to Hauduroy, adsorption of the virus can be used
a0 & method of concentrating 4t. This is essentlal for proof of
the presence of the virus ina oreparation which hag proved to be
avirulent in inocwlationc. The essence of this method is as
follewss To the material belng investigated one adds the adserbent
subatance, then collects the precipitate and introduces it ina
susceptible animal, By this method debection of the virus has
succeeded oven in a solution of 1:10,000,000, In this golution It

was inactive, but contained virulent clementse

With the help of the adsorption method certain investigators
have attempted to isolate the virus from its mediune None of these
investigators has succeeded ag yot in doing this (Waldmann and

Trautwein),

Pyl succecded with the method of adsorption in frooing the
virus from the body albuming to the extent that the albumin produced

a negative reactions

Janssen, with the goal of purging the virus from the body
albumins, applied various methods of adserption and elution, but
did not succecd in obtaining it in a pure form, lees completely free
of globulins, Later, with the help of a special method of adsorption,
Janssen succoeded in obtaining the"virus supposedly completely free
of the body albumins, As an adsorbent he ﬁsed gypsum -~ calelum

sulphate (Cascu) .
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Jangoen acsumes that with the help of the methed of
chemi.cal precipitation of the albuming it ie fully possible to
free the vimas from the normal proteins. Janssen's investigation
with respect to obtaining the virua in purc form, completely free
of the body albumins, holds great interest for the study of ite
blology.

The Nanish investigators S. Schmddt, Hanoen, and Schmdt=
Jensen, with the help of the method of adsorption of the virus
with aluminum hydroxide (Al(cﬁ);) obtained a "eomplex': foot-and=
nouth disease virus=hydrate of alumirun oxide, possessing antigenic

properties.

CULTURE OF THE VIRUS

The first attempts to cultivate the foot=andmmouth disease
virus were undertaken by Loeffler and Frosch (1897) and also by
Loaffier and Uhlenhuth (1898-1905), but in all cases negative
results were obtained. cultivation of the virus ongaged other
investigators, also unsuccessfullys Pleiffer and Grugel, Hecker,

feintard and Grugel, and otherss

Tietze's announcement in 1922 that he had succeeded in
cultivating the virus ina liquid artificial culture medium dis-

sovered by him (Martin's broth with addition of 15 to 20 percent
gerum of large cattle ab pH 7.8 to B8,0) was nob confirmed by i
further investigationse
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The excltementeproveking discovery of the incitant of
feot-and-mouth diseage LY the German investigators Lalmen argh !
Froseh (192k) aleo was confdrmed by no end Dalmen prepared
a dense culture medium (Martin'e preth with the additien of 50
peveent gerun of herses, sheep, or pudnea piges and 3 percent
agay at pH 8.0)s Froach, with the aid of a Kdnler ultra=violet
camera, which doubles the ragelving power of the objective, die=
covered in the Meulture! unaccustomed emall, short sticks (smad ler
than O.J.Iu,) , situated in pairse The authors named the "incitent!

discovered by them Loeffleria Hevernanni o However, & comnlsaion

gpecially croated fer the verification of lLahmen'e and f'roegch's
dlocovery of authoritative reproesentatives of Oerman veterinary
science ((Aesc, CGildemelster, iiehter, Klein) did not confirm

the discovery of Frosch and Dahmen,  Subseanently Ging, ialdmar,
and Trautweln, having studied the virs culture deseribed by the
authors, did not confirm it, Dahmen's and Frosch's discovery was
Pinally checked by the English commission (Bedzon and Maitlend in
1925, Stockmann and Minnot in 1926) and by the Amerdean comnigsion
(014t sky and Boez in 1927), and negative results were invariably

obtained in all casess

De Blieck and Winkel cultivated the incitant of Loot-and-
mouth disease in culture media of blood=serum with the addition
of sugar and glycerin, and also obtained negative results, Pleiler
(1922-1926) repeatedly announced successful experiments in the
eultivation of the foot=and=mouth disease incitant in a complicatbed

i
]

culture medium specially prepared by him, but the compoeition of
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The English investigators e and G. Mndtland (1920) applied
tho method of tissue cultures to the reproduction of the virus of
foot=ond=mouth diseases (One of the first attempbs to enltivoto
the foot=and=mouth disease virus with the aid of tissue culbures ==

the mothod of explanation --,ﬂns made in ‘the USSR by Profe Revo in
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1987, although the fast ef reproductien ef the virus, rether

than its survival, was not convineingly provads)

In cenneetion with the speeifio pecullarities of the
footmand=mouth disense virus the Meitlands introduced certain
shanges in the method of tiasue cultures itselfs Embryonie
tisgue of tha puinea pig (lips, tongue, extremities, hairy part
of the skin) serves as their culture mediume In gueh tissue
oultures the Maitlands proved the reproduction of the virus,
gucoeadiag in pussing it through 17 successive passages and maln=

taining it in the subject oultures for the duration of 10 montha.

The virulsnoo of the virus in the provess of cultivation,
as shown by tho Maibtlands' researches, did net desreases The
maximun inoresse of the virus in the majority of onses was noted
by the authors on the third or fourth day of cultivation in the
thermoatats The quantity of virus inereased 1000 times durlag
this time, and in one onae as much as 10,000 times. The greatest
titre of virus which the taitlands attuined wes 11100,000, In
explanted tiooues of the adult guines plg, increase of the virus
was not observed, The authors likewise establlished that the
degree of inerease of the virus dees not depend on the sharscter
of growth of the tissue itsolfs On liver~tissue reprodustion of

the virus did net succesd.

In oultures of tissue of the chidken embryo the virus did
not wultiply, which the Maitlands assoclate with the virucidal
action of the serum of embryos (the chiecken, as is known, is nob

susceptible to foobw-andemonth disemse)s This likewise does not

- Al -
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depend on the pH of the medium and, in all probability, is
gonditiened by the speaifia poauliarities of the embryonia tissue

16g0)f and of the plasma of the ohisken.

The Maitlands uged the follewing teohniques To 0468
oubie centimaters of embryo=tissue of the guinea pig which had
been ground in oreliminary they added from 1438 to 2.0 suble
gontimetors of virus="lymph" and left all this at a temperature
of 6 degrees Centigrade for 1.6 hours. Atter thls they ndded %o
the ground erbryonic tissuo § oubla eentimeters of fresh liver
pla sira of the giinen pig and the same quantiby of Pirod's solution.
The embryonis fluid did not combine with this mixture, Cultivation
was oarriad out in Carrel ocups in o thermostat with tomperature of
47 degrees Sentigrado. Good oultures were also obtained in Houx
flagons, in whish up to 60 ocubls sanbimeters was placed. The
originnl virus material was used in the form of .virus-"lymph" in
M/{io phoaphate-bufler solution at pH 7.8 in dilution of 1480,
after first filtering it through a filter. This method of the
Maitlands, proposed by them for multiplioation of the foot=-and=
mouth disease virus in the pressnee of animate eslls, has found

brillisnt confirmation in the work of many other investigatorss

Geoke in 1930-31, and 1ikewise Striegler in 195534,
carried out large=scale investigations on study of the method of
tiggue ocultures applied to the sultivation of the foot~and=mouth

disease viruse - o @~ m—

Gecks and Strisgler used virug="lymph" from 24=hour primary

“ 44 =

Dedlassified in Part - Sanitizet B i R
ssified in Part - Sanitized Copy Approved for Release 2012/03/22 :'CIA-RDP82-0003‘>9R?000160170




Declassified in Part - Sanitized Copy Approved for Release 2012/03/22 : CIA-RDP82-00039R000100170030-0

aphthae of the guinea pig as original material for cultivation
of the viruse They diluted the virus with 1:20 or 150 buffer
golution of phosphate pH 7.4 and then passed it through a Selte
filter. Ag tiseus for its cultivation the authors used the skin
(epithelial tiseue) of the embryo of the guinea nige For the
game purpese they alse used small places of lung ewmbryo, As &
onlture medium for the tissue oulture they used blood plasma of
the animal from whish tissue for oultivation of the virus had
been token, Striegler also used serum of the guinea plg as &
aulture mediwne The embryo fluid which was added to the tiseue
oulture for stimulation of growth of the tissue iteelf was preparsd
from the embryc of the same type of animel from which tissue had

been taken for cultivation.

Geoke, in oultivating the foob-and-mouth dissase virus on
tho tissue of guinen pigs, used ewbryo fluid of the embryo of
the hen instond of embryo fluid from the same type of snimal, but

obbained searcely satisfactory results,

Frenkol and Van Vaveren culbtivated the virus on the
epithelial tissue (skin) of embryos of cattls. The oulture virus
vhich they obtained in this instance posgessed stronger antigenio
propertics for spontaneously sugosptible animals than the same
virus obbuined on tissue of embryocs of the guinea pigs In expari=
monts by thess investigators, foot~and=mouth disense virus of type
A, after 27 passages in the oourse of 104 days, at a temperabture of

37 degrees Centigrade, did not change its type properiies.

- 4F =
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In experiments on gultivation of the virus on tissue of
sheep embryos good results were algo obtalneds As a culture
medium the authers used: (1) plaeme of the ehicken embryo with
the addition of Tired's 1iquid, (2) serum of oattle with the
addition of 0476 percent ager=ager, (3) oattle serum with the
addition of Tired's liquid, and (4) Tirod's liquid == in all

oa8es they obtained good resultse

In tesbing the culture virus on cattle and hogs by meand
of artificlal infection and with subsoquent lntravenous injection
of the virus it was established that the experimental anlmals hod
an immunity o footeand-mouth disense, and serwn obtained from
them pessessed high anti-body contente Fronkel and Ven Vaveren
attempsed to substitute for tho chicken plasma, which they hod
used inotead of onlf plasma, agar-aiAr (0476 peroent agor-agar
in Ringer's golution)s In the presoncs of agar=ager growth of
tigsuos took plascoc very slowly, while in the presencs of chicken

plagma it may be very well observed.

Acoording to Striegler's data, in the Riems Institute one
struin of oulbture virus was madntained, with the help of tissue
oultures, for two years, for which it was propagated through 118
passugess As o result of this passing the virulence of the foot=
and-mouth disease virus resched a magnitude of 24 x 10874,

instoad of the initial virulenco of 108,

Tn malbiplying the wvirue in tissue oultures great importance

1¢ attached o the temperature and conoentration of hydrogen lons

- 48 -
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of the mediwn in whieh the oulture 1s earrisd outs At a
temperature of ¥7 degrees Centigrade both virus and tissue
mltiply, while at a temperature of 30 degrees Centigrade the
virus multiplies very slowly and the liseue almest dees not
miltiplys. And, finelly, at a temperature of 2@ degrees Centi-
grade neither the virus nor the tissue multiplies at all. As
far ag the consentration of hydrogen ions in the medium whers
miltipliontion of the virus takes place 15 eonaerned, pH 7.8 ==
6849 18 most favorable, and below pH €43 the virus does net
miltisly at ells In ochanging the pH of the mediwn from weak=

alkaling to neubtral multiplication of the virus lnerensss,

Pyl and Kgba, for sgtivation of the viruz in multialying
it in tiseuo oultures, used oxtract of seminal plands (Reynals!
faotor), and also extract from the epithelium of the plantar
surface of the extremities of guinea pigs, both these whioh had

doveloped and those whish had not develeped foct=and=mouth disonse.

However, perceptible inerense on the virus which could be attributed

to the spocific action of the extract could not be established by

the suthors. They noted only the favorable action of the extract

on the pH of the medium itself. Afbor addition of the extract this

remained et & level of pH 7.6,

Fronkel and Van Vavaren oultlvated the virus in a fluld
medium in the presence of fibroblasts of rabbits, hogs, end calves,

bt they obtoined negative results.

For oultivation of the virus Kbbe used fibroblaste of the
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tigsue of irises (Ficher'se rathed), tut did net gugoead 11 proving

mltiplication of the viruge

The foot=andmmeuth dicease virug, o shown by the invegti=-
getiens of Geoke, Striegler, the Nedtlande, Fébe, Freukel end Van
Vavarer, end othars, rultiplies best of all in exnlented epithelial
tisguess Ineidentelly, in Kbe's exverimento the apitheliel cells
of the ehomach, intestines, kidneys, and pamary glande proved of

14ttle adventege for oultdvetion of tho viruse

For the tiwe being there renains uninvestigoted the extrevely
intoresting question es te vhere exactly in tissue oultures the
wirus mmltiplies: inside the cell itoelf or on its surfuce, or,
perhupn, only in the medium in the presence of cloctive tlssuos
It aleo rensins unknovn as o vwhether the tissues are gone substanoes
essentinl to the life of the virug itselfs Geoke, on the basie of
hig investigations, recches the sonelusion that the virus evidantly
raltiplies inside the colls themselves and that 1ts rmiltdiplication ‘
depends not on growth of the o6lle themeelws, oo seversl inveetil=
gators hold, bub from the activity of the latber. The presence of
the virus in oulturee outside the tigsue ocannot serve as evidence
of its multiplioation, This cen be the result of its diffusien from

£he oclls into the surrounding modiuine

In ‘the Riems Institute the oulture virus was applied to the
hyperimmunizahion of catile for the purpose of obtaining anti=-foote

and=mouth dlsesse seriuife Earlier virus for the seme purpose Wao

o S : o
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obtained frem hegs, whieh considersbly cenplicated the whele

proonss and ineressed the seat of the enti=footesnd=touth disease
gerum produseds In the Riems Institute, pecording to Striegler's
ganouncement, up to 2000 cubie centimeters of eulture virus with

& titre of 111,000,000 vas prepared ennuallye

8tricgler and lagel experimentally imuunized oattle with
culture virue, but did not obtain from it anywers, or lege, fim
fmwndty, ever to natural dnfectior. Theee resulte are in some
aontradietion te the date on asplication of the culture virus in
the kiems Tnstitute for purposes of hyperimwmizaticn in obtuining

anbi=foot=and=riouth disoase lreunity sernnise

Frenksl end Van Veveron engaged in eulbiveting the virus
on the chorionllentois of the ohiscken embrye (Goodpuoture and
Woodruff's method)s For this purpoce they used chioken's epgrs
after prelimirary ineubution for §, 8, 10, 11, end 13 days. As
a result of their investications the aubhors could not confirm
the multiplieation of the virua on the chordealiantois of chioken
embryoss 1In their experiments the virus kept its viability on
chorionllantois for only 48 hours in all, at & tempurature of 40
degrees Centigrade. However, in two onges thoy susceoded in ob=

tuining suboultures of the virus.

Peragallo, using the seme method, on the other hand, obtained

positive results, end susseoded in propagating the virus through 20 «

passages." “#8 produced & aowing of the vms on the chorioallantols
of u ohicken embryo, and a re~sewing 368 to 48 hours after placing

the virus in the thermostates (Cortain investigators == Gallowsy

w 4D -
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end Elferd, Burnet and Gallevay == have cultiveted the virue of
yesieular shomatitis en the ehoriocallenteds of ohieken embryes

withen® partieuler di frioultys)

The Seviet investigators ziltver end Vostrukhove developed
& method of eultdveting ultravimees in synbieels with plent
mloronrgsnismg, baged on the phenolena of allobiophory. These
authers ruccesded in oultiveting gertalin viruses (of typhus and
otheyrs) on yeast colle and yellow gareinte Subsequently similar
exporiaents in the oultivetien of viruses vore sarriod out in

geveral foreign countried.

Frenokl and Amles in Hollsnd sultiveted the foot=ond=

mouth digeape virus on yoast cells, but obteined nogative rasultne

poppe and Busech in Cerieny, on the boais of thelr oxpori=
ments on cultivetion of the foot=and-mouth disease virus in
symblosis with bacterin oells, ov the other hund, rosched somewhodt
different gonclusions. 1In individusl instences these authors
succeeded in maltiolying the virus on "red yeast! (Torula rubra)s
The preaence of the virus in such symblotic oultures vias proved by
them after 60 generations in a 1082 ailutions In one oase the
authors suocsoded in obtaining oultdvation of the foot=and=mouth

disease virus in symbiosis with Staphilococous albuse

In the footwand=mouth disonsse 1aboratory of the Kazakh
Sodentific Rosearch Veberinary Institute (NIVI) exporiments in the

oultivation of the virus of yenst ocells pocording o il'ber's end
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modification of the latter,
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the virus on yeast 6o
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g negative resulte
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v together with yeast
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emi=fluid SURSY medd

were cbtainade OnasB
ed in tha sulture ne fe

@ of tha Virueé vag Bob
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Lhan the sesond gencrution, vhieh ©
of the virug, end not its multiplication.
nagative resultes were obtaineds
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givity of the vi

the pH of the latter

yus to the sompoaition

the authors by the high sensd
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gloal properties of the virus.
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RESISTANCE OF THE VIKUS

virus, 68 hes beon eobablished

ot=and=mouth disense
rather high

The fo
is characterized by &

us {nvesbigators,
omchemical resctions,

o all kinds of physie

by nunero
g in the surrounding 1 :

enoe with pospect t
noe of various factor
ponds radnly on the

resist

and also to the influe

tanee of the virus de propartiea

nedidm. The resis

of the mediun in whioh it is situated (epihhelial £ispue, aphthoso
1ymph, blood, milk, urine, salive, and others)es The degree of
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virulence of the virus itseld aleo has gignificences In A form
pove or less free of body albumins the virus posseseas gonsiderably

166 recistancee

Pyl has rade tha obmervetion that the virue purifiaed of
body albumins becomes more Labile, 1ts quantity alweys deareasing

after purging of bedy albuminge

Blierd, in studying photodynamic aotion in the prescnoe
of methylene blua, egtablished that with respect to the virus it
popears otronger 60 1t is relansed fren bedy elbumins viith the

add of filtration or ultrafileration.

Olitoky expleins the high rouistance of the virus by the
congulation of protein with whieh it 1s conneoteds The coapulation
of protein defends £ho viruo from the setion of chemieal substancos,
and besides & songiderable portion of 4t is adaoorbed ovidently
on the cosgulated protein. Viith artificial restraint of soagulation
or the use of mthods preventing this coaguletion, the virus

beoomes leos resistonte

Change in the soncentration of hydrogen sons of the mediwm
of the virus also produses an sxbrenely noticesble influence on its
rosigbancee It i lnown that the virus is extyomoly sonsitive to
change in the pold=bass equilibrium, particularly in the diresotion
of saldity. The smsllest inolination in the direotion of poidity
(pi 64%) kille the virus (Sohilpel)s The English end-Ameriocan

comnissions on Poot=ond=mouth disesse reached the soneclusion, on

" §2 =

Declassified in Part - Sanitiz ' ‘ ; : :
ed Copy Approved for Relea: ) >
se 2012/03/22 : CIA-RDP82-001 } 3
: -00039R000100170030-0




Declassified in Part - Sanitized Copy Approved for Release 2012/03/22 : CIA-RDP82-00039R000100170030-0

the basie of their investigations, that the virus keeps ite

virulence lengest at pH 7.6 te 7.6,

Tn Minnet's experimente the virus in a praservative medium
at pll 7.0 te 8,0 and tewperature 1 degree Centigrede rerained
aohive for & peried of 77 to 83 dayse Under the same conditions
at pH 6.4 to 6,8 it survived at timee for 9% to 100 days. And,
contrarily, at pH 644 te 740 and temperature 12 te 20 degrees
Cantigrade the virus quickly lots ite virulence, and under the
sare tempsrature conditiens but pH 7+2 to 6,0 maintained ite viru=-
lonos oconniderably longers The optimum concentratien of hydrogen
ions in thic instence proved to be pH 7.4 (phoaphate buffer selutioen),
with which the virus remsined active longer than 73 daye. In o

medium with pH from 4.0 to 8.2 the virus lost its virulence in the

first 4 dayae

Pyl and Klenk slso arrived in turn at the conslusien that
the virus renains active longest ot pil 7486 to 7474 precisely.
With s subsequent oxtremely small change in the pH of the medium
in the direction of acidity the peried of gurvival of the virus
was considersbly abbreviated; this did not cccur with a similar

eral) inerease in alkelinity.

Pyl and also Minnet succeeded in preserving the virus at
pH 9424 to 9.4 for 24 hours. In an alkaline medium at pH 10 the
virus quickly loses its virulense. At pH 640 to 846 the virus
was not preserved successfully for a long time, since this pH of

the medium is evidently the limit of its stability. The same
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sonalusion vas reached by Sohlegel, in whose experiments the -
virue perishad ak pH 6.8, 100 in veak=soid reaction, However,

Bugeh swooceded in preserving tha virus in active fori under

rafrigeration at pH 6.6+ The virua, as shovm by {nvestipgations

at pH 640, wsuelly periches almost inotantlys

Byl notes one satonishing facts in his ezperimentse the
virus in an pold modium at DH 2,2 to 3.2 wap more steble then
even in the usual (opbimum) wenk=base reaotions Considerable
atability, although gomewhnt less pronounced, Wao ghown by the
virus sleo in & gtrong=bese mediun ot pE 114760 Congequently,
the virus has apparently goveral optimn points for length of
survivaly one ab oH 748, & second ot pH 30y and o third ot

High benporaturs, a8 wod sgtablished long 840, aots with
1ethal effest on the viruse At 8 temperature of 60 dogreos
cenbigrade the virus ("1ynph") loses f4y virulenoe in 6 o 16
minukes (Loeffler snd Frosoh)e According o Trautwein's date,
under the seme copnditions it loses ity virulonos in B minubess
At BO degroes Cenbigrade the virulenoo of the foot=and=mouth
disense virus is maintained for 80 minutes at & tomperature of

80 to 100 dogrees gontigrade it dies instently (Gins and Kreuss )e

The virus in the form of filtrete of the conbents of aphthee,
somewhat ‘d4luted in preliminary, ot temporature of 55 degrees
gentipgrede loses 14s aotivity in 16 o 40 minutes (tnglish comnission) e

paken in the form of virulent blood, it loses jts sobivity ab

s B4 =
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2 degrees centiprede in 1% hours (Klebevk),

temperature ef 4
n 15 minutes, at 41 degreed Centigrede

st 60 degreed Jentigrade 1
ot 47 degrees in 120 hours, 6% 2 to 1% degrees

gage in ite aehi
According te daba @
d bleod et 66 degrees

in 12 hours,
vity takee place

179 hoursj deer
{ the

contiprede in
hours (Seelemantt and othe
ghe virue in defibrinete

only 201 re)e

English sommisaion,
Gontigrede losesd 14g virulenee in 20 minuted.

eiler snd Uhlenhuth, Vellee and

tany investigatere (Loe
nt to the feck khat the virue

English comzisgion) pod
In

Cartre, the
tutie benperatures

5 ko 24 hourty

vity ot thermos

inpotive in 1
ad somswhat ailuted

rapidly loses its ocotd
j¢ oonditions it Leocomed

thormos ket
imont in filtored &

put Lf 4t is token for exper
pe conditions for 1 to ¥ dryde

form it remaing aotive under the

nhuth sugoeaded in 1ndividual instanced

Loof{ler and Uhle
rature of 88 %o 40 degreos

tho virus sobtive ab tenpe

in keoping
greod Centigrade,

contigrade for 4 deyss At cemperature of &0 de
g to date of these suthors,
sments of the English ¢

kept its sotivity

£he virus lost 1ts notivity

pooordin
omniosion the virug,

1 9 dayse In oxper
in buffer

gokon in the form of virug="1ymoh",
mporature for 4 to b doys,

phate at thormostatbic te

golukion of phos
0 minutes in

o Contigrade for 16 to 4

ot temperature of 56 degrese
comndseion (OLitekys Troaum,

alle In experimenhs of the Americen
g ab ‘temperature of 30 to 37 degrees

and Sohoening) the Virw
put no longer than

romained active for 24 %
roture of 18 %o 20 degrue

o 48 hours,

centigrade
o Centigrede for 26

6 days) and at tempe

deyy, bub no longer then 60 dayse
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Aoeording to data of other investizaters, the virue
taken in the form of virulent bleed, at temperature of &7.6
deprecs gentigrade kept 1tg activity for 24 heurs, at tempereature
of 42 degrees Contigrade for 12 hours, at 24 degrees Centigrade
for 10 days, and prenounced wenkening of the activity of the
virus ceme only in 144 hours (Klobouk). The virus in the form
of enithelium of gphthee at £herios tatic temperature kept 1te
aotivity for 7 days in the presence of en slready=begun do=
sompooition of tigaue and in one case even with putrefaction

the virus remained ackive up to & weels (Rasakopf).

In deciccated state the virus bescomes lore resistent,
pnrticulnrly with reopect to the aetion of high temperatures,
Taken in the form of "ymph" in desloonted condition it keeps
148 virulence ot tomperatures o8 greot as 100 degreos Centigrade
for 30 minutes, 6% 116 degrees Gentigrade for 7 minutes, end even
ot 122 degrees Contigrade Lo 4 minuwtes (Modrov and others)s In
Jonssen's experiments the virus in the form of i rus="1ymph"
and virus~opithelium in desicoated state kept ite virulence at
70 degress Gentigrade for 80 minutes, snd at 100 degreos Centigrade

loat lte

The English comnission desivoated khe virus, teken in the
porm of "lymph", on a miorosoope slide at 19 degrees Centigrade,
and it remained sotive for 14 days, and at temperature of 37
degrees Centigrade for 7 duyss With ropid deslacation and storage

in sn exsicoator over sulphuric acid the virus kept its virulence
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fer 6 months, while under the sane gonditions, but with 70
porsent hunidity in the room and wnder neriiel storege it lost

it in 2 days,e Ina completely dry atmesphere and ab 18 degress
Centigrade She virus n Burbury's axperiments was antive up %o

2 yeards In Toux' earlier experiments the virud, in the form of
virua="lyaoh", with raplid desleonbtion Ln & vaouum at normal roow
gamporaturs kept Lke virulence for 7 %o 18 days, snd the

daslasated savum containing the virus even Por 20 to 105 days.

The high resictanes of the virus to lov tewmperntures wng
notal long ape by usny sxperimentars. Loafflsr and Frosch
guceseded in preserving the virus in the form of filtered virus-
"ymph" in u refrigerated compurkment for 8 monthss In Nooard's
exporimont the virus ia the ferm of virua="lymph" at & tomporature
of 12 4o 16 degrses Centigrade remndned notive Tor 2 montha.
similar vesulss were obtained by Gins and Krauss with the wvirus
in experiments on guinea pigs. Loaffler and Frosch suceseded in
pragerving the virng="lymph" in sobive form for 8 hours nt a
tonperature of 48 degrees Centigrodes The virus in the form of
virus=opithelium can be kent active in a refrigerated oomparbmnsnb
up ko 77 days (Rosskopf)e Blood vontuining the virus obbained
without spesial precautions romnins virulent for 5 months in
storage in a refrigerated comparbnont (0ing nnd Krunse)e The
virus, as shown by investigations, san ulso be preserved in blood
f‘é‘r‘a.. long time ab low tomperaturess Roux, and also Coseo,
puscseded in pressrving the virus 11 blood b the temperature of

a refrigeration somparbuent for soveral monthse

- 57 -
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T Resskopf's experimants virulent bloed in & refriperated
aompartment keops itg activity for 112 days, and the serum for
85 days in alle 6ias and Krause suesended in preserviny the
virua in bleod cltrate At temperature from =4 degroes to =%
decracs Centigrade for 72 dayg. Virulent blood, taken from siok
onttle, axposed to freozing Aad thawing gontained the aetive
virus for 72 days. Cosoce renched the sonalusion on the basis
of his exueriments thak low taemparabures genarally do not have a

harmful effact on tho virud 4n bleoed and in serun.

Tn oonnosbion with the data on gho high resistance of
virus with respeot to the ePPaat of low temperatures, spoecial
sbtention ia dessrved by exporinents gonaaruing 1t survival in
produsts of animal origin under various methods of technoloniesl

proparstion and storais.

Acoording to dats of the Baglish somnisnion, the virus
ramnined astive up to 40 or 40 days 1a the blood of enbble and
hogs killed in the aoubs (febrile) stage of development of the
{nreation, after repid chilling and freezing of tho ocurcasssss
In the marrow of the oorpses of guinea plgs oxposed O freesing,
the virus kopt its virulenca for 96 days, in the epithelium of
aphtahe tror 102 days, and in blood for %6 dayse TIn another
inatancs, the virus in the marvow of the ohilled oarcass of a
guinea pig remained sotive up to 42 days, an? in a frogen ourouss
for 76 dayss In the organs and tissues of the corpse of o guinea
piz ut 2 degrees Centigrade the wvirus kept 4its virulence for 62

to 145 days, specifionlly, in the tongue for 82 days, in the
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lungs for 96 days, in the neart for 04 daye, in the liver for
99 days, in the kidneys fer 96 days, in the fat for 82 days,
in the mrrow for 107 days, and in the gondena for 149 daye

(Androwas)e

Skomarakhov and Pepeva in their experiments with the
survivel of the viruel at low tomperatures astablished that in
gulnen plg enrensces frosan &t 6 temporature from =38 to =16
degreos gentigrade the virua keeps Lbs virulensa for 21 dayse
The virus ia the fori of virug=epitheliun af primary guinen pig
aphthes frozen in tost tubas, undor tho sama SLOrage sonditions
and at the aame eonporaturs, and with light admitbed, venained

aobive for 32 dnys, and in the form of virua="lymph" for 28 days e

In the seeond exporiment with survivel of the virus ot
low temperatures sarvind out by Pepovs it was proved that with
storage of frozen guines pig aaronsnes ab temperature from =30
Lo =50 depreas Centigrade the virus kept 1t sebivity in the
muscles for 7 days, in the marvow for 5% days, snd in the

epithelium for 70 dayss

Repoated freezing and ghaving also doss not kill the
virus, In the experiments of tho English commission the virus
was exposed to 20 alternate freozings 4o =18 degrevs Centigrade
and warmings to 18 degrees centigrad? and did not lose it
pobivitye In another instance Lthe virus, ‘btogether with the
marroy substance fyom a guinea pig marrow was exposed 8 times

Lo freezinpg over & period of 30 days, then bo thawing, and in

e 59-
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all cases ¥ept it8 virulences Gonsaquently, ov the basis of
all theae data it is nessible ko draw the senslusion that low
temparaturesd do not have ggaential effect on the footmandemouth
disense virus, and, in any oRee they do not Kkill it LoV
tomporatures ere nors apt to have & “pveservahiva" effect on
the virus, and fasilitate ite longer survival outeide the

organisn of the animale

n onronsses 1efb for pipening" at @ gomparature of 10
to 12 degraes gentizrade, the virus dies in 24 hours under the
yafluence of on accumilation of laobtic aoid (Sehlegel, Lourens,

ghe English eommigslon, Mokarevich, ond others).

Interoating doto are available with regpect to the sur=
vivel of the virus in milk under various sonditions of its

ghornge and preparations

1n Perbriggen’s exporimanty in fresh milk ab 37 degreons
Gentigrade the irus remined aotive for 12 hours (pH 4,78), ot
17 to 20 degrees Por 25 hours (pH 4,88), and 6 degroes for 12
doys (pH §e8)s AL 37 degrees gentigrede the virus losb its
pobivity in 24 hours, and its prosence 4n milk could not be proved)
whils ite presence wos proved at 17 ko 20 degrees Contigrade for
%4 hours, and at B degrees gentizrade for all of 16 dayse In
ak}mned nilk at 37 degrees gontigrade the prosence of the virus
was proved to be greubast por 10 hours, at room gomperaturey for
30 hours, an& at B degrees gentigrade for 9 days. In cream (1%}
%7 dopreos gentigrade the presence of the virus was proved
suocessfully for 8% hours, ab room gomporabure for 3 deys, snd ab

$ deprees genbigrade for 10 dayse
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Acnerding te Galloway's data, in milk ohillad direatly
after milkdag and subsequently stored at 4 degress Centlzrade,
the footw=and=mouth disease virue keeps ite activity fer 16
dayss After cooling of the milk imnedlately after milking, but
with etorage at 1B degrees (entigrade, the virus dies in € days
(with tha souving of the milk)e Ia milk whiech has firet been
pasteurized, accordiag to data of the same investigator, the
virus in a dilution of 11500 keens ite astivity et 4 degrees
Centlzrade for 50 days, and ak 18 degrees Centizrade for 80 to
85 days. In Androves' experiments ia milk nt 18 desrees Jenti-
grade the virns stayed mstive for 3 days, at 4 degrees Centigrade
for 16 to 17 days. In milk whish had firet boon sterilized at
18 degrens Cenbigrade the virus remained still motive after SO

days, at 4 degrees Centigrade alter 48 days.

Galloway established o conaldarable resistance of the
virug in driod milk, It turned out that in dried milk the
virus doss not lose its virulence when raised Lo teumpsrabures
of1 100 degrees Centigrude for 10 seconds, to 80 degrees Uenti-
grade for $0 ssconds, 4o 80 degrees for 1 minute, and o 70 %o
76 degrees for 5 minutess The time of survival and its resistance
with respect to high temperutures depends also on the time during

whish drying of the infected milk is carried oub.

In the same investigator'!s experimenty with the slow drying
of milde the virus at 18 degrees Centiprade lots its virulence in

48 hours; in quickly dried milk under the same conditions it lest

- Bl o,
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1ks virulenca in 32 to 43 dayse UDrying of the milk by weans of
go=onlled "pulverisation", whiah is earried out at lover
temparaturas, does not involve the death of the virus; in milk
dried under the same eenditions after preliminary pesteurization
the presence of the virue ecould not be sucesssfully proved

(Bnglish commiseion)s

Aceoording te Ebarts' data, and also those of other in-
vostigators, with the souriag of milk the virus dies under the
influence of laetio and other acids vhioh have formed. According
to Galloway's data, the virus in milk under souriag rather quiskly
loses its virulenoe, which depends, hewever, on the quantity of
it and the temporabure of the milk itself. The virus in milk at
18 dogreos Centigrade does not lose its astiviby for 7 to 9 days,

and at 4 dogreses Centigrade for 16 to 17 days.

In milk at 80 to 83 degrecs Centigrade the virus loses
its virulenss in 30 minutes (Zeller und Vedsmann); at 60 to 84
degrees Centigrade in 15 minubes (Drast)s The same thing takes
placo at a temperuture of 70 to 85 degrees Centigrade (Winkler,

Frischern, Kaffay, snd others).

In fresh bubler from fresh oream the virus, aceording to
Torbriggen's datn, keeps its activity for 8 days. After preliminary
gborage of the butber fat for 24 hours in e cool room it remaing
sctive for 9 days, and in the ocold for 26 days. In sweet bubtber

. nes

oven with spoiling the virus does not lese its virulence for 45

days. Acoording to Oulloway's data, in salted fresh bubber the

- G2 =
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virus renained active for 14 dayse Accerding %o Terbrliggen's
data, at B degrees Contigraude the virus kept its virulence for
18 days, and in ghorage in a oeld reem even for 46 days. In
geur eream buther the presence of the virus in pgeneral gannot
be proveds In puttermllk the virug oan remain astive for 1l

novrs, and in rinsa=water for &6 hourd.

In chesae the virus leses its virulense in the very pro=
onse of productlon, evidently under the influence of warming and
the effect of asld in 1ty vipening. In the finished produst the
virus remained active no lenger then 20 hours, In vipe cheeses
the virus dies qulsldys iany investigators (vinkler, Frisshorn,
and Raffy, husaemeier and others) consider that in produsts
prepared from sour milk, the presence of the virus in general
cannot be demonstrated. Ta sour milk whey and pubkormilk (pH 4.29)

the virus dies in 6 miaubes (Poals, Boors)s

Preservation of various products of animal husbandry in
practice 1o often nooomplished with the help of sodium ohloride
or obheyr preservativess The virus in produscts preserved with
sodium chloride oan keed its sotivity for a very long time. In
experimonte of the English commiasion in salted meat under normal
shorage conditions the virus remained nobive up to 42 daySe In
various preservutive subsbances (salt, sugar, snltpetre, o%0s)
used in the meab industry, the virus at 17 deprees remained active
356 to 49 days (Minnet). In nides preserved with sodium chloride,

ghored at barnyard bemperatures, the virus kept Llts aotivity for

46 dayse

- B -
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Fyrom the prasticel gtandpoint there iu greet interest
in the survival of the viruas on othar bases &nd, finally, in
solplate arReRUres Jarge=uoela {nvestigatlions ip this direetden
were cerried out by the Fnplinh comuiasion. 03 the baeie of
their axperiments they cokablichad thet the virue in the form
of virus gpitheliun can keep e ashivity in & heyustaclk fov G15)
fo 108 days, end elover=hay even for 140 days, in byran for 66 €0
140 days, in flour for 1 to 4¢ daye, in the heiry eovering of
oablle for 20 duyd, B voolens for 14 daye, on gilks for 7 days,
on filter=pupor for 4& howrs, ord in send for 14 dayo. Taken
10 Yhe fernm of virnlent bload, b 1ot ito pabiviby o hey in
21 to 20 dayu, and on tho nther tages in é deyns In ono jnetence
o month after wtoruge of the viruy it wes postible to ocouse foot=
snd=mouth disesua sdelmose by Loeding the hey to ealves (Bnplish
commieason). Hay gathersd during tho dry giwe of your and
pollubed with the virus sb £ho time of standing 4 bhe fleld ean
ovidently keep its aotivity for u long gine (months)e In hay
which during drying and pathoring has heen repeatedly rained on,
the virus is preserved for muoh leas time. On hay polluted with
ghe virus in the oold period of the yeexr (enbumn, £ell), it oan
1agh until soring, {pesmmeh as low tenperatures preserve the virus,
1n literature on the subject there are old indicetions that the

viruy on hay ocan last as mioh s 6 moxths (Hocker )

Inberusting experiments on the study of gurvival of the
virue on hay heve peon carried oub by Kindyakov in Kazakhsten

(1gure 2)e For the experiment fresh hey of the swamp Lypo was
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uged, compesed of mixed grasRecs. The virue ueed was type 0
with virulenge i dilutien of 1110,000,000 and well edented %o
guinea pigaes 1t vias astablished that on the surfeace of a hay=
ghack the virus can remain vistle i Aupgust for one day, in
Septenber fer & te € daye, gnd in October for 8§ to 10 days.
Pleoad inside the etack of hay in the swmner menths (June,
August) it died in ene month, and in aubwm-vinter wenther re=

mained viable for 180 to 200 deyse

Dried under the sare senditlens, 1% o keep ita viebility

on strav for & months.

In silage the virus dies rapidly under the influence of
noetie and lectie noidse In golubions of these wnolds, taken
in the same concentrantion as in niloge (sootic 04,21 poreent and
1n.otle 0,068 persent), it lont ity virulencs in 84 hours

(Belogorekiy and Lipatov).

From the pruotlosl gtandpoint 3t is very importunt to
know how long the virus con rorain vieble out=of=doors. It is
known that the durstion of 1ts survivel out=ofedoorn depends on
very many faotors, of vwhich the most disinfestive factor is the

sun's rayse

In Nooard's and lLeclanche's exporiments the virus, dried
for 2 days at 22 dogreos Contigrade in air under the effect of
the direot rays of the sun, logt its virulence in 24 hours. In

£he nglish commission's experiments, in the form of a thin layer

£
B
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of "ymph" on & mioreseepe elide under the action of the diract
rays of the sun in swmer, it lest its aotivity in only one hour,
and in winter, when the sun ghines merae weekly, in 2 to ¥ weeks.
Tn Travtvein's experiments, in the ferm of virue="lymph" under
the influence of sunlight (Auguat) it cesmed te be aetive in only

Zé'hnurﬁ.

Aceording to investigations ef tha sare Trautwein, the
virue in the form of "ymph" under tha setion of ultraviolet raye

of g marsury=guartz laud

DESIGMATIONS
rersr———e Survival of virus in meadowe
on stenic of vepetatlon

-.=- Survivial of virus on the
donp ground

- e Survivel of the virus on the
surface of haystools

veerssae Survival of the virus inside
heysteoks

Figure 2. Duration of stability of the foot=
snd=routh disense virue ocut=of=doors under

Central Asisn conditionse

logt ite activity in 80 minutes, while no less than 60 minutes i
. T e
were required in individual cases for inaotivation of the same

virus baken in the form of virus=epitheliume Golloway and Edinew

established that the flltered virus in phosphate buffer solution

- 80 =
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under the influense of ultravielet reye lest its aativity in &

to & minutes (mder ultraviolet reys of wavelength 6720 = 2500)3

ip wnfiltered ferm under the same eonditlens it kept ite acbivity

for %0 minutes.

The English comnissien, gtudying the photodynamde effact

of methylene blue in & dilution of 1:50,000, asteblished that

under the influence of light in the presence of rmethylens blue

the virus beeomes inastive.

In Treutvwein'o exporirents the wrue, taken in the form

of epithelium of sphtlae, out=of=doors in the air and under the

influenee of light, aun, snd other fachors of the outside, did

not loto ite motivity for €7 days. bried on cotion tinsue ot

room temperature it vennined active for § days, on watoh=glong

in & bernyerd building for 7 duys, in washings of dung for 7

daye, in sand for 7 days, on the surfuoe of sandy soll for 11 dayce

Kindyakev has etudied the length of survival of the viruo

in pagtures. Pleced on the otulks of plants during the ousture

gengon in November, 1%t kept its virulence until Februwry of the

rollowing yenr, i.e. for 88 dayss With regpect to 1lts stability

as & funotion of the time of yeur the author observed a definite

correlstion (Figure 2)e In winbortime the virus in Kindyskov's

oxporimenbs kept its nobivity for a range of 96 to 106 days, in

March = February for27 to 63 days, in May = April no longer ‘than

% %o 11 dayss The gtability of the wvirus on the surface of molst
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earth in a pasture changed with the same cenfermity to prineiple
as with the virus plased en plent stalls, 88 & funetion eof the
time of yeary In wintertine the virus kept its activity 146 to
16% deys, in Harch and Pebruary fer &9 te 75 daye, and in May
and April for 1) to &6 dayue

On the besie of hie investlgatlons ¥indyekov reached the
soneluslen that at an averape monthly air temperature from 16 to
26 degrees Centigrade in & pasture on the stalks of plenty the
foot=and=nouth diresss vivus keeps ito sctivity for a range of
1 %o 16 days, and on the surfoce of moiet earth up to 42 dayo.
At on aversse ronthly tempernture of the air of 16 degrees end
lower the stubllity of the foot=and=mouth digense virus, 8s o
rule, inorenses rether strongly, And finelly, at an average
monthly eir temperature below O degrece Cenmtiprade the foot-and=
mouth disesse virus evidently is "yreserved", Kindyakov, on the
basls of hix obuervations on the duration of foote=snd=meuth
disonse epizootles in gentral Asin draws the sompletely correct
conolusion that Lrequent outbreaks of an epizootic in this oese
st be connected also with the ineropsed stability of the virus
out=of=doors, This is a serious faetor in the opizootolory of

foot=ond=mouth disesse, which must not be underestinatods

Aocording o Andrewes' dete, the virus keot its notiviby
on frosted glass for 27 days, on vood, glass, and brick for 14
days, on leather for © deys, snd on maberiol which had been,covered

with the flesh of an animal for 45 %o 46 days (20 degrees centigrade)s

- B8 =
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Aeeording te date of the American cemnicsion, in garden soil

(end likewlse in hay) it remalned active for 26 te 30 daye.

Yany researehers have engaged in study of tha survival
of the virus in feces and the vwashings of feces, In feces at
a depth of 30 te 40 cenbimeters it dies in 8 daye (Heeoker,
leeffler, Trautweir, end others)s In Vagener's experiments on
the surfeoe of feees it rerained eotive for s wvery long time.
On dung=heanns eovered with a tarpaulin it did not lese its
sotivity for 28 duys and on similar heaps covered with sand fer

10 dayee

Kindyulov, on the basie of hic experimente with the sur=
vivel of the virus in feoes rensched tho conclusion that in dung-
heups piled up during the warm time of year it diss on the 29th
to the ¥8rd day, under the influences of the prooccsses or deocny
of the dunge In frozen dung it keeps ite virulense for the dura-
tion of the whole winter and for the first two spring months,
until warm veather comes and decay of the dung begins. 1In frozen
dung the virus kept its astivity for 166 to 168 days, until werm

weather camee

In Viagener's experiments the virus in the washings of dung of
oper barnyard sewers remained active for 9 to 16 days and even for
%0 dayss In closed sewers, on the other hand, it dled considerably |
earlier, in the firet 24 hours (at temperatureeom 7 to 22 degrees),

and in olosed drains withoul free access to alr in 38 dayss In

= 50 =
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winter, when the processes of decempesition of dung as &
consequence of lew temperature out=af=doors are less inteunse,

the virus kept its aetivity un to 10% days.

uany investigstors have enpsged in the preblem of study=
ing the resistance of the viue with reepeat to verious chemical
substancess It is not killed, as became known long ege, by
ordinary dininfectant measuren applied for the eliminatien of
breterinl enusative apento, The Ameriean gomsiseion en feot=nnd=
nouth disense oxpleing the high stability of the virus with
wardlous chemieal subsbences by the songulatien of its surrewding
alburdnel substenee, which precerves it from the recotien of a
chemdenl reagents lany chesmicel substences, used for the purpose
of disinfeotion, pescess just thle sanie ability to coangulate the
glbumin, which restrains or gtons entirely the virulent effeot of

the disinfeotunt substance.

The resistance of the virus mey be particulsrly strongly
veveanled with reapoet to glyverine, which is o good preservabive

agent for keeping the virug.

Sbockmann and Minet, in s chemionlly pure neutral glycerine
tuken equally with a physiolopical solution of NeCl, kept the
virus sotive st 5 degrees Conbigrade for 400 days. It was pre=
sorvod for o Somevhst shorter time in 96 peroent glycerine for
500 days. At the progent time chemically pure glycerine, it being

recommended that s phosphate buffer solution be used insbead of

- 70 =
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physielozieal selution of sedium echloride, is wead in laberatory
practice fer sreservabion of the virue. This makes it poesible
%o maintein the pH of the presaervetive wedivm at a determinate
level. In sush n preservetive medium the virug can keen its

virulence for & te 12 monthe in & refrigerstors

The virus is alse distinpuished by a high resistance with
recpoct to varlous Pat=golutions, partieulaly in alechel, ether,

end ehloroform.

Abe, in his experiments, A6 already noted before, used
sleohol exelusively for precinitation of the virug, sinee even
o 70 %o 76 pervent solutien of nloohol dose not inactivate it
Por 2 to 3 doys. Filbered i{n preliminary, the virus koops 1ts
potivity for 18 hours in €0 percent alechol, but staphylooosel

and inbestinnl baeilld used a8 a sontroel dled in one minutes

Acoording to date of the Amorieen oorumission on foot=and=
mouth disense, the virus died in only 26 hours in 60 percent
sloohols In the form of filtered virug="lymoh" under the aotdion

of 60 percent aloohol it Lost 16 mebivity in several minutes.

Bedson and Maitland were not susesasful in making the

virus insotive with a 60 porcent aloohol solubion for 18 hours.

fhis stability under exposure %o aloohol, American investigators
explain exolusively by the soagulation of the virus="lymph" under
the influence of the motion of ploohol. If a small quantiby of

godium hydroxide (up to pH 8e2) Lo added to the aleohol, cosgula~

Lion may be prevented, and sleohol cen make the virus inaobive.

- L -
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In a L0 to 50 percent solution of alechel the virus becomes
inactdve in one minute, and in 20 percent aleohol inm 2.5 hourc.
In Stecluannte and Minett'e emperimente the virue, in 28 to 50
pereont solution of alcohol kept ite activity for 3 days, in
10 percent aleohel for 20 daye, and in 60 percent solution Lfor

26 houre,

In ether the virue ean keep ite activity for 3 heurs and

Lecomen inactive orly in 2 howrs at room temncraturc,

Lther fumes do nob kill the viruc for 36 hours, In
Sehmddtble experiments the virug, in the form of an ether-sus=
pengion of cpithelium of aphthae, loses ito activity omly after
staying in it for 5l days. However, after treatment of tha virus
with ethor for 12 to 16 dayz ite activily becomes perceptibly
weaker, but i1 ¢bill causes dizease in individual animals. Attempts
to weakon the virus by this mothod and obtain an antigon for active

immunization against foot-and-mouth disease produced no results,

High resistance of the virus ig known alse with respect to
chloroforms Dupendent on the concentration of the chloroform,
it can kees its activity, aceording to data of the Lnplish com=
misgion on footmand=mouth disease, un to 27 days, and according %o
Khomutov!s data up to 17 to 60 days. Tn saturated chloroform
solution the virus remained active for 24 hours (Bedson and Maitland)
and even for LL hours (Steckmann and ifinett), With a chloroform
concentration of greater than 16 percent Khomutov succecded in

making foot=and-mouth diseaseinactive for LB hours. On the basis
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of his investicetions he recommends using ehlereform for pra=
garving the viruse Virue inaekivated by chlereferm was used by
him a8 an entlgen for astive immndzation spainst footeand=mauth

disenee in experlrents on guinea plgde

with peapeot te the resistance of Lhe vimie to disine
featents of all kinds thare ere sonflicting data, In thelr tine
Loaffler and Uhlenhutk renched the gonclusien on the beais of
thoir lavestliatlons thut 1 perosat gelution of oartelie acid,
2 pereont solutlen of feriradisn, % peresnt selution or aeda, 1
pereeat selution of hydrechlerie seld, 1 percent solution of
phosphorie teid, and algo mdllk of limestone kill the virus. ilovi=
aver, in Loeffler's and Frosoh's a:periments the virus in tho
form of filtered virus="lymph" in O %o 1 percent solution of
onrbolia noid and thymel kept its aetivity 4n a relrigorator for
% o 4 monthg, and in fndividual oases even up to b months. ‘the
same {iltered virus, but in dilution of 1110 in 1 pervent solution
of sarbolic ncid losgt its aotivity considerably sooner in the

sourse of only 11 weeks in all.

The disinfectunts recomended by Loefsler and Uhlenhuth
were for a long time applied in prectico in the strugsle against
footeond=mouth disease, as sompletely "effeotive" disinfectants.
All of these questions as vo the resistance of the virus with
respect to disinfectants have beun seen in u completely different
light in conneotion with the investipations of the American and
English conmissions on foot=and=mouth disease, and also of Trautweln,

iinkel, Ovsyannikov, Ratner, and Tonipss

- -
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Tn the experiments of the American feot=and=meuth dlsesse
soinicaien the virus, taken in the form of Hymph" of aphthae in
dilutlon of 11100 in 04l percent solution of corrasive sublimate,
remained active fer & hours, and in 1 pereent solution of
serrosive sublinate and also in & pereent sreogol and other oree=
gel compounds did net lose ite pobivity for & hauve, Similer
results were obtalned by Minett. Phenel, ereascl, and all derjva=
tives had &n eztremely weak viruoidel effeoct en the virus in hie
oxporinants. Aceording te iinkel, in § percent selublon of erao-
1ine een keep ite scbivity for £2 deyo. Accerding to data of the
Baglish eemmission on footmand-mouth diseass, sodium fluoride,
toluol, phenel, lysol, hydrogen peroxide, chlerine, iodine,
shloropierin, ehlereform, other, and aoptone in eoncentrations
which ki1l ordinary bacteris do not deprive the virus of setivity.
In n ssburnted selution of sodium ehloride, sedium sulphate, and
magnesium sulphate at low teaperabure the virug did not lose its

wobivity for ¢ monthse

Golloway studied 90 different chemionl substances from
the stundpoint of virueidal propertigs, 36 of them being painte
atd B4 compound substances (srsenio preparabion and various oom~
pounds of bismuth, cupreine, copper, sobalt, ghromium, nickel,
leud, antimony, gold, platinum, iren, vanadium, sesium, cerium,
chromie noid, colloidal metals, sodium salioylate, hexyresoroinol,
mothylene hydroohlorids, ftramin, Bayer 208, Fournaud 809, and
othors) and not one of them proved sufficiently effective from

£he stendpoint of virueidal offeot on the virus.
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Helm and vedemnn begbud Lhe viraetdal effeat of a 3 pat=
cent, salntion of gulohurereosol solutien mi&bure and obladned
gntloractory rosultiss  Hovweved Teantyein could not uoni';z'm the
datn ol Whopg authotis T Wetue! eaperinente the vimus in 2 povs
gent solntlion of soup=creonol m cturo bhe vimae did neb lotiw 1L
aebivity for oy hourge Aecerding ko old data of Leofller and
Uhlenhubhy, 16 kept tbe aebivity In wilk of iww for one houts
Tn el re eaperimonbe wilh Lhe vieng, taken in the ferm of
apd Lhiekium of aphblne, miLk ol Hime proved teo he a wonkly viru=
ehdal apenbe T evidunbly eould have o vitneldal offeet bal only
in direct contact with the virns, which 1o imporsibly Lo ohitain

weler nractieal condibiony ol dishitfeebion.

Gorhostvenokly conaidors bhal elilovine fu an cxbroacly
anerpebic apenb Lor dustruction ol Lhe vivay, oreeuding in this
puspoct many obher chemienl subsbances, oieh ad phenol, eroeotoly
and obhiorn, e supposud Ll elilorine can be used tor disinleetion

(elilord nutd ngg) ol budldigs wibh Fovb=and=moubh diseacs

1n bho eeperiments ol Llie American comud grlon on Loob-and=
moubh diseage in blie study of Lhe ol feet of varions dind nfectants
Lhe best resulbs wore obbainud wibh sodiwm hydroside and anbiformine
Tn 0,25 to 0.4 percent golution of sodium hydroxide Lhe virus lost
1ty acbivity in 3 minubes, dn 2 puereent golubion ol vodium hydroxdde,
and also 4n L percont solulion of anbilormine, Lho viras, taken
. m the Lorm ol epibhuliwm and "lymph" of uphtiae in dilubion of

1,610, Llosl itu acbivity in onu winubes

e 26 GO
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In Magnusson'e experimente the virue becane inaetive in ‘

3 percent solutdon of sodiwm hydroside in 5 minutes,

The virucidal effect of sodium hy.rexide vas confirmed by
the experiments of the inglish comnission on Loot=and=mouth
dicease, and also by Trantwein and deppin, Winkel and others.
Tneidentally, in the xperiments of Oveyannikov the virue, taken
in the form of epitheliwn of aphthac of the guinea olg in @ percent
golution of sodium hydroxide, cid net loee ite activity fos 30
ninubes. According to the data of Waldmann and Trautwein potagsium
hydroxide i¢ almort undisti ngui.shable from sodium hyawre:ide for
168 virueldal prop.rtics, latner and Tonige in studying the viru=-
eidal properties of potassium hydroxide established that in § per=
conb solution of this preparation the virus loses its vimlence

in 30 minutes,

However, the practical significance of caustic bases
recomnended as disinfectants for foot=and=nmouth disease is some-
what decrecased by the fact that in the presence of organic and
inorganic substances, and alse from the effect of alr they lose
rather rapidly their virueidal propertics. According to Minett's
data, well defined virucidal effect with respect to foot=and=-
moubh disease virus is possessed by formalin, taken in the forn
of & 1 percent solubtions It keeps its virueidal effect for el hours
oubmof=doors, but 18 complutely harmless for animals and buman
beings, and therefore, in Minett's o;i;:ion, ‘can be .used for practical

disinfection, Ineidentally, the disinfection of hay, either piled

in sbacks or baled, with 0.1 to 1 percent solution of formalin does

- 7% a
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not alter ite properties of taste or newrichment, which ie very

{imnorbant from the farm=managenent standoeinte

Trawtwein and ileppin adent a eritical attitude to the
evaluation of the virueidal offect of formalin, sinece it acts
on the virus very elouly, killing 1t only in 6 hours, Its effect,
ag affirmed by Trautweln and ileppin, 18 equal to that of a creosel

mizture and 30 pereent dilution of ehloride of lime.

Tn Ovsyannikov'e grporiments le=, 1.8-, and 2 percent
colutions of formalin did not &1l the virug taken in the form
of epithelium of anhthae, cven alter 1ahours cxzoosures, The
question of the virucldal offoch of formalin on the virus has

unfortunately been given 1ittle atlention so fars

According to Trautwein's data, swlphurie acld possusses
high virucldal properties with respeel to the virus. (It is

known ‘that it possesses Very weak bactoricidal prapuwies.)

Prautvein studied the virueldal effect of sulphurous gas
(80p), which in his opinion can be a good means of disinfection
for foot=and=mouth diseases The same conclusion with regpect bo

sulphurous gas wWas susehed by Ebeidles

Tn Dobson'ts axperiments good resulbts were obtained with
Lhe application of sodium carhomate (common washing soda)s The
virug, according to the author's data, lost its activity in 1l per=
cent solution ab ordinary room temperature in 18 minutes, and abt

temporature of B0 to 60 degrees Centdgrade in & mirubes, Phis is

-7l
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partdeularly important in washing ubensils and eleaning buildinge

where there are producte of infection,

1n conneotion with the edremely limiied assovtment of
dieinfectante which have mere or lese promieing virucidal pronerties,
there have been great difficulties untdl present with the disinfection
of leather materials exposed to foot=andemouth discases Minett on
the basie of his investdgations recommends for the disinfection of
hides that they be seaked for 5 houre in a solutdon of sedlum
b pulphide (1:10,000) or for 2 hours in a selution of godiun fluoride
(1:20,000)s These solutions, as affirmed by the author, do not
speil the hides and kill the virus reliablys

Beologorekiy recommends for the same purposc soaking the hideo
in brine solution with 0.1 to 0.2 percent concentration ef sedium
hydroxide, or with 0.5 percent concentralion of bisulphite or b por=
cent solution of carbenmate of zoda, Sueh concentrotions of all

these apents have absolutely no effect on Lhe quality of the leatliers

Consemuently, of all chemical agents which have been studied
with respect to the virueidal effect on the foot=and=mouth discase
virus, only those may be recommenided which do not coagulate the
albumine The best of these will doubtless be substances which contain
a bage (NaOH, KOH).

The virueidal effect of caustic bases (sodium hydroxide and
potassium hydroxide) with respect to the virus is explained evidently

by the fact that they cause a rapid process of hydrolysis and breake

-78-
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down of the comaenents of the albwninal swbetanee with which the

virue dteelf 1¢ connectuds

The virue, ag a resull of the destuction of it s pro=
tective covering in the procece of hydrolyvis, ae certain in-
vegtigators suppose, beooms accoceible for the resction of the
active group of hydronide tons, there being crcated a pH mediun

favorable to ite survival (pH 11)e

Sodium hydroxide can be applied for sractdcal aieinfection
togabher with lime in the wvhite-vasghing of stalls, troughsg, and
walls. A 1 percent golution of sodiwn hydrorxide harmlass to
animale ecan bo used algo for i sinfeetion ef external coveringe
and hooves (Traulwein and ieppin)e  The non=uts.form results obtainad
by many jnvestigators with respect to Lhe resistance of bhe virue
nuet be associoted evidently with the different conditions under

whieh thess investigations were carricd oubs

Gresteet vesistance with respect to various chemical sub=
gtances as well as outedoor crposure, as may be seen from the data
given above, is possessed by the virus in the form of ngphthous
epithelium®, while it 35 much less stable when taken in the form of
aphthous wiymphts Loeffler and Uhlenhuth used a just less resietant
virus, in the form of the contents of footmand=meuth disease aphthae,
and therefore they could not obtain such resulis as were obbained

later by obher investigatores

Pn studyyre” £he resictonce of the virus there is doubtless

-9 =
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aleo great importance in its virulence, which, in ite turn, is
subjeet to coneidarable flnctuationse And, fimally; a whele
gerdco of other conddtions, which often cannet be taken into
account, also can have an {nfluence on experimental rooults. In
epite of all the difference of opindon with regpect to evaluation
of the degree of recistance of the virus, it remains proved that
the latter, boing scorcted by & sick erganiem into the outw=of=
doore in tha form of a "colloidal substratum', poseseseen Very
high reglstance with respect to the reaction of various factors
of the out=doors, amdl also with respect Lo varioue physilo=chemical

agontise

-80—
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factors, often net subjeet %o gensideratien, which influense the

nature of the course af the episootic of foot=and=mouth diseass

{iteelfls

Hany investipgators (Laeffler and Frosch, Brust and Drescher,
Titze, "aldmann and Trautwein, and others) neted long ago, and &ub-
gequantly nproved experimentally, that rapid alternate passage of the
virus in various types of animals gugcoptible to foot-and-mouth

disenso produces an intensification of Lts virulence.

Leefflor and Frosch succeaded in inoreasing the virulence of
the virus by weans of alteruate passage of it in oalves and hoga.
waldmann and Trautwein attainad the same results with alteraate
pasoage of the virus in guinea nigs and whits rats. Burbwy intro=
duced to the ranks of passage animals the rabbit as well. Valdmann
and Trautwoin inocreased the virulence of the wirus for cattle, but
subsoquently, in order to cause infection with it in guinee nigs,

the authors had to pess it first through the organism of a hog.

Meny investigators, partioularly Brnot and PDrescher, have
egtablished that prolenged pussage of the virus in the same type of
animal intensifies its virulence with respect to the given type of
unimal, while with respect to other types of animals it appears
weaker. However, this phenomenon 1g tomporary, snd the wvirus, due
to its rapid adaptability, can in one or two passages again esta-
plish iks wirulence for a given type. Emst and Drescher established
also that passage of the virus in enimals which had in preliminary
been imnunized (passively or sotively) leads to the gradual weasken=

ing of its virulence and, in the end, such virus ceases completely
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te cause infeetion in animals susceptible to foot=and=mouth

diganen,

In Schleewig=Helsteln in 1927 and in Hanover in 16928 oute
breaks of an epizootio of Poot=and=mowth discane were obserwed enly
among hogs and did net spread to cattle even In cages where both
typea of animals were in the same building (Trautwein), Similar
phenomena have been noted several times on eertain farms in our
omuntry, when foot=and~mouth diseass of dattle, ia the absense of
appropriate preventive measures, stil) did net spread to other timeg
of animals susceantible to footeand=mouth diseases This unique
"selactivity" of the virus for & definite type of animal can be ex=
plained by ite insuffioient virulenee for other typas of animals,
which hns been the result sither of srolonged paseage in the same

time of animal or, possibly, a eenassquence of the mabability of the

virus, which is inherent in itsg vary blology.

Such selectivity of the virus can be influenced by other
Pactora which in conditions of the natural development of the inw-
feotion can bear on the entire opizootie procsss us a whole, often

not lending themselves to any kind of accounting in practice.

Many investigators, (Hesker, Loeffler, Frosch and Uhlenhuth,
Sohipp, Ernst and Urescher, Waldmann and Trautwein, and others) have
attomptod to weaken the virus for spontaneocusly susceptible animals
by means of prolonged passags of it through the organism of animals
of' the same type. However, all the investigators' attempts in this
direstlon ended unsuccessfully. In the Riems Institute there was

one strain of the virus which had been vropagated through guinea

- #5-
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pigs for mere than 9000 nassages without any weakening of its
virulence for spontanecusly susseptible animals (Waldmann and

Trautwein)., Similar results were obtained in the exveriments of

%rast, Do Blieck, and other iavestigators.

In outaneous infection, as has been established by a number
of investigatora, the virus cen be propagated lengthily through any

one type of animal without weakening of its virulence.

ith prolonged nassage of the virus its virulense may be
woukened at times for another type of animal, but this weakening
renains of little duration, sinse the virus easily adapts itself to
s new type of animal and hecomes infeetive for it., Consequently,
for weakening of the virus' viruleasce and subsequent securing of
these properties the method of orolonged passage has nob justified

itgelf and has no practical signifisance.

THE PLURALITY OF TYPES OF THE FOOT=-AND-ifOUTH-DISEASE VIRUS

The French investigators Valleo and Carrs first annowsced in
1021 the assumption of the exlstenco of a plurality of viruses. 1In
1922, in the experimental study of the immunological properties of
foot=and-mouth=disense viruses of French and Gorman origin they
discovered two immuologically different types of the virus, indi-
cated by them with the letters O and A. Type O is & foobt-aud=mouth=
disenss virus of French origin from the department of the Oise snd

Type A is of Gemman origin from Bastern Prussia (Allemagne ).

The essence of this noteworthy discovery is in the faot that

oach of ‘these two types ocauses immunity only with respeoct to the

gt
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virus whieh haé caueed infactien. Gonsequently,

same type of
s for the first time as &

gh have developed sicknas
¢ O and have become immune to

tad a

animals whi
£ infeution with virue Lyp
£ this eame type can e infec
seihle

result o

repoated infectien with virus 0

gecond bime with virug tyoe As
1.6, animals

Such infection is aleo impo

which have devaloped foot=and=mouth

in reverse order,
nfected with

digease of type A and whish are immme o it can be &

typa 0 virus (Figure 8)¢

Figure S Hoof of o pig after developmont of foot=and=

ago as a result of experimen’ca.l infestion with

mouth dise
¢ (after Yaldmann and Treutwein).

virus types 0, 4 and

Tyoe 0 and A viruses onuse @ completely uniform olinieal

4 stinguished not by their patho=

@ of the disease, and are d
he immuno=

snism, but exolusively by

e of various

plotur

o aotion on the enimal org
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£ of the existense in natur

logical aroperties, For proo

-mouth=disanse virus pregent~day investigators use

types of foot-nnd

~immunization almoot gxolusivelys Neverthsless,

ghe mothod of oross
s serologicel re=

poly for the same purnose

there are abttempts to o
g-and=mouth-disease

ans of preparation of foo

aobions (PCK) by me
type antigens (Solov'ysv, Helm, Oalea, and others); however, ‘these

s have not yet 1eft the stage of leboratory resenrch.

investigetion

d Garre were founding sxperimen'bany the

While Vallee an
existence of & plurality of types of viruses, another {nvestigator
in France, Schein, announced the hypothesis of a Mplurelity of foot=
and=mouth~disease siolmesses", as & consequense of the possible

e
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so=existense of wHo variant ineitents of footeand-mouth di56AEE.
He agsumed the existence of at least two indevendent forms of
foot-and-mouth=discnse giokness == "aphthous fever" (Dievre
aphtheuse) and lgphtheidal fevar" (Fiavre ephthoide) which in

Sochein's opinion are usually confused in aractiog,

Before Vallee's and Carre's discovery of the nlurality of
types of the Pootmand=mouth=diseane virus certain investigators
attenpted to axplain the etiologionl esgence of these phenomena by
en insufficlently firm Lnmunity oF & gomplete abeence of immnity
following development of the fook-and-mouth=d186888 (?okahlshevskiy,

Kovach, Strebel, Rudovakiy, Hoore, and others).

Valleo's and Sarre's discovery shod definite {llumination on
questlons of immnity to footm=und=-mouth disease and at the same
time attraoted the attention of other investigators to the questien

of study of the alurality of types of viruges.

waldmnn and layer in the Riems Institute oould not sonfirm
Yallee's and Carre's discoveries on the bagis of experimental atudy
of the {mnunologleal properties of viruses of German, French, snd
Ttelisn origin. Bedson, Maitland, and Burbury, cheoking the dis-
covery made by Yallee and Carrc, aleo roached negative conelusions
on the basis of their experimental investigations. And only much
1ater did Waldmann and Trautwein (1926) in studying 30 strains of
viruses of various origin confirm the digcovery of the plurality

of Poot~and=mouth-diseass viruses mde by Vellee and Carree

Waldmann and Tyautweln in turn discovered sbill & third type

of virus, whioh they called kype ¢+ Thus, the Frenoh investigators

'ff'
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Vallee and Carre, on the one hand, and the Uerman investigaters
‘Waldmann and Trautwein, on the other, conolusively established
and confirmed experimentally the existence in nature of at least
three immunelegically different types of the foot=and=mouth=

disease virue,

faldmann and Treutwein called the three typas of virus whieh
they studied A, B, and ¢ (Gorman A corresponded to Frensh 0, and

Garman B to French A)e

The diseovery of the nlurality of types of viruses was after=
wards confirmed exparimentally by Lebailly in France (1828), by
Bedsen, Maitland, and Burbury (1827) in England, by Oliteky, Traum,
and Schoening (1626) in the USA, by Hagnussen and Yormansson in
Sweden, by Lignieres in the Argentine (1929), by ¥inkel in Holland
(1928-1830), by Piworarzyk in Poland (1928-1930), end by other in=
vogtipgatora. the nlurality of viruses wus confirmed also by numerous
epizcotologionl obgservations by Burgi in Switzerland, by Jenaen in
Donmark, by Casper in Austria, by Stezezd in Italy, and others. Only
irnst, Cut, and Hopfengaertner (1927) continued, on the basis of
their small investigations, to deny the olurality of wvirus=types.
Tnoidentally, they studied a total of only 6 strains of virus of
Gorwuan, French, and Swedish origin, which actually could have been
virus of the same type. And finally, these experimonts were onrried
out enly on guinea pigs, which makes them for this reason extromely

unoonvinoing.

In 1928 the Intermational Epizootis Bureau in Paris, on the
basls of Vallee's report "on the Plurality of Types of Poot=and= . ‘

mouth=disease Vviruses" introduced a resolutiqn o the effect that

Sanitized Copy Approved for 00170030-0
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it was now necessary to consider proven the existence of three
imnunologically different types of virus. In this connection a
single international nemenclature for types of the virue was

introduced: typo 0, type A, and type C.

Vallee and Carre, and aleo Veldmann and Yrautwein affirm
that the types of viruses discovered by them pessess fully constant
immunelogical properties, Vallee and Carre studled for B years tha=
type characteristies of strains of type O end A viruses, exposing
themn to the reaction of the most diverse factors. They propagated
them in passages through various forms of animale, etored them at
various temperatures, altered the pH of the medium, frose them,
desicoated them, oaused chomical agents to renct with them, and in
ell oases these viruses elther fully kept their original type

characteristicn or died.

Yaldmann and Trautwein discovered another whole series of
stypieal strainsof viruses whish ocould not be elassified as a
single one of the three tynes discovered earlier by Vallee and
Gurre, and also by themselves. Evidently atypical struins are

rather frequently enecountered.

They were discovered also by Vallee and Carre in France, by

Manninger in Hungary, and by Magnusson in Sweden,

Trautwein, in differentiating 78 strains of viruses received
from different places, established woll-defined typs oharacteristics
for only 29 strains (25 strains were olassified as type A (0), 3
strains as type B (A), and 1 strain as %yps C, but the romaining 49

strains proved to be atypical strains (varianta). 0f them, 26 strains

- Fp -
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wore varients of type A (0), 6 strains variante of type B {A),

and 18 strains variante ef type C. Atynical strains were dis=
sovered in 102@, during the epizootic of foot=and=mousth disease

in Switzerland (Burgi) and in the same year in Germany (Waldmenn).
In Pirbright (England) 80 straing wore investigated, collected from
various regiens of ngland, Of them, 81 strains were classified as
type 0, 22 as type A, & a6 type Co The remaining 13 atrains sroved

abypleal and were not differentiated.

Veldnann and Trautwein established also that ameng strains of
the same type of virus songiderable differences are freguently ob-

gerved. In Vallee's and Kinjard's experiments individual strains of

viruges with very high virulence for gpontancously susceptible
animals (oattle and hoge) could not be transferred to guinoa pigs
with any success ot all. In Germany in 1927 and 1928, as noted
alrendy, on epizootis of foot-and=mouth disease was observed which
affooted only hogs and did not sproad to cattle, even when the
latter were in a single building with sick hogs. The epizootic
among hogs vina caused in this case by foot~und=-mouth-dizeuse type
5 virus. Weldmann succesded easily in infeoting guines pigs and

hogs with this virus, but with great diffieulty in infecting cattle.

In tho Riems Institute 4 strains received from Argentine
were investigated. They poseossed high virulence for spontaneously
sugsceptible animals, but only two of them were trunsferred sucocess~
fully to guinea pigs. Onme of them ( & strain of virus type ¢)
wos trensferred sucsessfully to guinea pigs only in the course of
half a year, by means of alternate passages through cattle and hogss
In his day Lignieres reported similar facts from Argentina, evidently

.7/..
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having dealt with the same strain of the vimue.

In this instance investigators observed the knewn geleotis
vity of the virus for one type of animal and its weekly manifested

virulence for other types of animals.

Present=day soience dees not yet give a conolusive anewer to
the question in what manner various immunolegionl differonces ocsour
ameng different types and variants of virus, However, it may be
cengidered established thut repeated passege of the same strain of
virug through definite types of enimala ecan alter its biologloeal
proparties and even alter its type classifioation (English comnission

on foot=and=imouth diseass).

Manninger affirms that the virus in the organism of animale
highly suseceptidle to foot-andemouth disense (onttle and hogs)
undergoes oconsiderable chenges. In his opinion this is explained
by the large number of atypisnl ptrains, discovered in the Riems
Inotitute in the differentiation of virus taken from canttle and

received from various countriss.

Very interesting duta on the mitability of the virus in pas-
gage in various types of anlmals was roported by the English ocom=
migsion on foot=and=mouth disease. The virus R. V. 1=8, obtained
from Southern Rhodesia, was olassifisd as type O in the process of
dotermination of type characteristiocs. In orogs=infection with one
of these strains of the virus guinea pigs soquired in all ocases a
well=defined immmnity to type O virus. Cattle infested with one of
khe R. V. 1=8 viruses did not soquire, on the other hand, immunity

%o type O virus. Animals whish had developed foot-and=mouth

-9g-
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disease and were immune to type Y virus sgaln became siek with

foot=and=mouth disease upen infectisn with ene of the Re Vo 1=

vinuges,

Trautnein and Reppin in turn made & very intaresting observa=

fter passages in guinea pigs in their
revoalthe properties of typo 0 (varient
ing types of virusad in
@ A, of which

tien, that e oxperiments

atypieal strains began to

of type 0). The authors, in differentiat

the Riems Institute,

22 strains of these viruses after

distinguiched 46 variante of typ

passage in guinea ©lgs acquired

all the oroperties typioal of type As

A gimilor obasrvation of the "fixation" of viruses in passage

through the organism of guinen pigs was noted also by the English

comniesion. Strains of virus Nos 7 and 8 in differentiation accords

ing to their properties spproached type A after 19 pnsoages in

A boowne still moro sharply do=

omalasion

a%hrnmﬂmwton
vation was also made by tho English o

1nshire in 1953 virus was taken

guinea plg

finod, A similer obaer

on foot=and=mouth diseases In Lince

the virus having proved, following
type 0. Subsequently, in passase in

from a sick oX%, original differen-

tiation, to be & variant of
uired all properties typical

guinea pigs this strain of the virus adg

of ‘type O viruse

Animals which had earlier developed foot-and=-mouth

disease caused by typo O virus d1d not become sick upon artifiolnl

snfection with wvirus of the same type.

ators Eooles, Longley, and Tomson, in de~

The Mglish investly
g-and=mouth=disease virus of

fining the type olassification of foo

oattle which had contrascted the siokness naturally, investigatod

- 93~
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the virus simulbancously with beth gattle and guinea pige. In
differentiating virus which had been propagated in eattle, it was
Pound that the virus had a definite kinship with twe types == 0

and A, Upon the [irst paseage of this strain in guinea pigs the
seme properties were observed &6 upon passage of it in oattle,

But efter the 10th passage in guinea pigs it asquired all the pro=
partins of type 0, and after the l4th pasgage Was differentiated as
type C. In the intervening 12 th pascage the antigenie proparties of
all thres types =~ 0, A, and G == Wore discovered.

In England in 1931 sonsiderably more strains of type A were
differentiated by cemparison with the romaining types of viruses.
In individual strains of type 0 and C viruses oertain properties
with respeet to type-imunologioal properties were observed. The
English Comnission on Foot=and=mouth Disense in one of its reports
oltes a cnse when of 470 head of onttle immune to all throe types o
of the virug == 0, A, C == 44 need of stoolk became sick upon infeo=
tion Pfor the fourth time with a new strain of the wvirus. In Gormany
4n 1930 there was recorded a gesond development of foot=und=mouth
disease by stoock in the same herds, cauged by virus which upon
differentiation had in both cases been olacsified ns the samo type.
Tt L5 diffioult to explain the sickness of stook in this instance
by & "felling off" of immunity resulting from repeated contraction
of the disease. It is most probable that the fourth time the
gtoock were infected with virus far removed in its imnunological

properties from type 0, A, and ¢ virus.

Weldnann effirms that abypioal gtrains are encountered all the

mors often as the tendeney to wide sproad of an epizootlc becomes

more strongly manifesteds

- ??(.
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During the large epizootie of foot=and=mouth disease in

Gerneny in 1026, when & colossal numger of penulabion peints

(187,000 farmsteads attasked by Poot=and=meuth disease) vere af=

fected by foot=and=mouth disease, all three types of the virus were

differentiateds 0, A, and C, and their variants, Beginning in

1627, when epieootie of foot=and=mouth disease started gradually

to subsidae, only e single type O end ite variants could be differen=

tiated successfully.

Aosording to Waldienn's date, in tha years when foot=and=

mouth dissase has & sharaly defined tendenoy to rapid epizootio

ppread all three types == 0, A, and ¢ == are engountered, and in

yours of relative "oglm" only the single type 0 and its variante

ere encountered. On thic basis Waldmann nttenpted to find & eausal

connootion botwoen the appearance of new types and varients during

epizootics and the chareoter and peverity of the oourse of tho opi~

sootioe themselves.

Not o1l investigators share Waldmann'e point=of=view in this

Kindyakov, during the foot=und-mouth epi-
in the

question. In partiocular,

sookics in Central Asis, cbeerved a reverse phenomenoni

(1938-1940) with smallest sproad of the
g of types O and A, ond in the

years foot-und=mouth=disease

epircotic he differentiated varient
years (1941-1942) of greatest inorease of the epizootic wave he

differentisted only one variant of type O.

Weldmann in Gormany, and also Rinjsrd in France, in an ox-

porimental investigation of the foot=and=-mouth=-diseass epizootio of

103%-38 renched the conslusion that the viruse i{n. conditions of

d ﬁyﬂ,
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natural develepment ef the epizootic ean change ite antigenie
gtructure under the influence of an ever=inereasing number of
animale immune to foot=gnd=mouth diseases Having changed ite
antigenic properties, 1t becemes aftervards newly sapable of
overcoming immunity existing in animale, eoquired by thewm from

the original type of virues The question of the causes and gondi~
£lone of the oscurrence of various types and variants of the virus
in the peried of develenment of eplzeotics gontinues to attract the
attention of prevent=day investigaters. Meanwhile, seience gives
us no conelusive ensver %o this questicn, which has great theore=

tieal and practical eignifiecance.

The appearance of atypical viruses may moot easily be observed
at the very bogimning of an outbreak of epizootic. HManninger exolains
this phonomenon by the rupld postege of the virus in animals highly
gensitive to footmand=-mouth disease == cutkle, hogs, shoep, oto.
Trautwein regards the atypionl strains aa Tepansitional forms" ==
voriants, In the author's opinien, they represont nothing mere than
an expression of the physiclogioal edaptation of tho foot=and=mouth
digease virus to & determinate modium", The Eaglish Commisslon on
Foot-and-mouth Disease considers the follewing tho most moourate
oxnlanation of the origin of atypical gtraing == viruses with
diffevent type-immunological propensitles: "A1l streins of foot~
and-touth-disense viruses consiet of the sume immnologioal cor=
ponents, but the quantity of the latter can vary. A s‘crio'{';ly de=
fined quantity of thease {imunological components is oxpressed only
in viruses of the standard types O, A, and C". This commission as=

sumes that in conditions of natural development of a foot-and=mouth

. 9 -
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disease epizeotie infestion with mized viruses of two different

types i6 pessible. Subsequently then, in a later paceage, one of

them, a6 & rule, orowds eut ("squeeras") the other. Trautwein, in

experimental conditions, infected guinea pigs with mixed viruses of

geveral types, only the one type O remaining always in further

passages in guinea pigs, and the ether types ceemingly orewded out

by the latter.

In the opinien of English investigators (Beoles, Longley, end

Tomson ), certain types of virusea have a very complox immuiolegioal

gbructure in conditions of natural development of epizootice. They

agoume that the virus in the organ’sm of the gudinea pig ooan slter ite

antigenic shrusture ond dissocinte, and, @5 & rosult, new "mutetions"

of etrains in various stages of transmissicn of the virue in the

process of ito passcge can ooeurs Manninger and baotlo succeeded,

in the process of »mssufe of Bavarien type A virus and tiilen type €

virus in guines pigs, in converting them into typo 0 after the Oth

PRSLOLS s

According Yo date of the ceme investigators, the Riems viruses

of types A and G, after prolenged storage in o glycerine preservstive

medium and without passage in guines pigs, sequired the properties of

gype U, 1t being no longer possible after this to convert thege strains

book into types A end C. fenninger affirms thet viruses of type A and

¢ oan go over into type 0. The latter is the most constant type of

fook-and=-mouth-disenss virus. Viruses of types A and C, according to

as & rule are observed only at the beginning of en
The

the author's data,

eplzeotic, and at i1ts end are newly transformed inko type O.

.6/"7.
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type O virug, on the ether hand, 4ees ret chenge ite type pre=

eney tovard trensferration

perties and dees not reveal any tend

into other types.
Tnoidental ty, in Prautvein's experiments nay aleo be found

the phenomena of mutability of viruses, which oan be interpreted

pe inte another. 1n one instance &

1wwm¢hsortweo

ae transformation of ene ty
wp tvice acquired the

gtrain of type A vir
Tn anether instence o gtrein of

virus in 137 and 188 pagEBfes.
246 passapes in guine
ot ko itself, And finally, in & third

tyre C virue, eftor g nigs, lost i45 immun=-

ieing proparties with resps

ggae the foot=andemouth virus of the "urrl" strain first caused

1 had earlier developed thre

rtiec of o pure

glokneso in animals whis e different
gynos, and on the 10th pascage showed the prove
Skonorokhov guccceded in observing an inotenee when Rieme
o year-nnd-a-hulf of pastefe

loat

strain.

ctandord-tyno viruses A ond o, ofter

in guirea pipge and storage in & glyoerine preservetive medium,

their original type-properhics and were tranaformed into atypical

straine with the properties of type Y. wanninger affirms thut foot=

hedisense viruses in genersl are not strictly constont types

and=mout
nly different kinde == varients

in the imminologienl sense, but are ©

of virus type O

typos A and ¢, sctuslly

Type O virus, by comparison with
while

ned constant-type properties,

esges the most sharply defi
under condi=

an be trensformed into type O
J. Lignieres of Argentina

poss

the type A and C viruses e

tions which have not yet been determineds

& in genoral thore do not exis
st only va:iants of the same

considers tha 4 gbrietly determined

£ the virus, put that there oxi

Lypes ©

e
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type. In euperiments type O and A viruees have beaome eompletely

identical after twe-ymar passage in guinea pigss

Observatiens of ne lesser interest were made by the English
Gomission on Feetmand=mouth Disease with respect to the posaible
Ygplitting" (dissesiaticn) of the footmand=mouth=dicease virus in
the proceas of paseage in andmels. One of the straine with atypicel
properties (strain Yo 126) remsined stable until the 20th passage,
aad then "eplit" into twe "gubeidiary" straias, of which one poasesced
all charaoteristic properties sf tyve 0, the other the preperties of
type A, For splitting of this strein the authors used the following
rethod, Two groups of guinece pigs veve infacted with the virue, of
vwhich one groeup was sreunized to type O ond the other to type A, In
differentietion of the virus the A virus wes dietinguiched in the
group ef guinea pige immunized to typo 0, end the O virus was die~

tinpuiched in the other group, immunized to type Ao

In the light of these data the very question of the exigtense
in nature of only three reletively constant types of foot~-and=mouth=
disense viruses (0, A, and ¢) and of atypical strains, varients of

these same types, is in some doubt.

The English Commission on Foot~and~mouth Disease considers
that in Great Britain the quantity of typos end varionts of viruses
g oonsidersbly greater end that they are more diversified then hes
go far been egteblished. In its opinien, together with types of the
virus which are steble in the immunologlical sense thore are aleo
fyntormedinte", or trensitional, forms which oould be called unstable
types, However, the ma jority of strains still does not depart from

the limits of the gtandard types 0, A, and C which are lmown to use

- 99-
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(From parsanal gorrespondence with Prefesser Mnnninger.)

Manninger's announcement that he had sucgeeded in obgerve

virue into enother was made

ing the sranglormation ef ene iype af
n 1930,

firet ab the Iuternational Veterinary Congross in Londen &

and next at & gegeien of the International Epizootic Bureau in

Paris in 198,
iy connecticn with anninger' s astiog, exproseed
the idea that it ig theere=

vialdmann,

at the Veterinery Congrass in Londen

tically impossible to refute the nutability of types af the virue
and in eonneetion with this te refute the poseibilities of forma=

gion of new er of tho disappearance of old types during even ene

epieootic, but that such & gtatement, in vigldmann's epinion, is

 gkill prenmatures

ental vroofe of the eransformption of one

Vallee and carre sleo do

purther experim

type of virue into another are needed .

pnot dony o mutabil which can facilitate the

ity of types of viruages

gransformation of one tyve inte another.

£ the Mtty of vi‘rue types wag one of the

The question o
sl Veterinary Congress in

at the 1lth Intematlon

ports of Andrewes, weldmann, and Lignieres on

¢ were presented. In its con=

sontral problems

Londen, where the re

problems of foot-and=mouth diseas

clusions the Con the existence of & plurali=

gross acknowledged thot
ty of viruses nae tremendous significance for acourate wnderetending

Iy e | =
izootology cf/{.‘oot-and-mouth disense, and also for solution

of the ep

o st ORI ¢ G
of the problenm of aotive and passive tmmanizetion «* The Congress
aoknowledged 1% as desirable that in all countries of the world
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Declassi}ied in Part - Saniti : oo :
in Part - Sanitized Copy Approved for Release 2012/03/22 CIAQRDF’VSZ 0603§R 0111
: - o]



Declassified in Part - Sanitiz opy Approved for Rel e -| - -
Sanitized Ci Al for R A-RDP82-00039R00010!
‘ — ‘ y Approved lease 2012/03/22 : Cl DP82. 0170030-0
= 0003! 0
s s =

f
there should be invoked & aifferentiation of types of viruees
gansing epizeotics of fo@t-and-mﬁuth AL 60REE ¢
Gpest juterest fraw the theoretical &8 well af The nractical
red in the gtudy of the ga@gva&hiqal distribution

gtandpoint 16 afie

of virug tyaese

apldmann end Trautvein consider that it weuld b nogeible
thus te invesbipgnte fhe wovelent of eoizeutlos pnd gather material

¢ 1t naseible to judpe the noneibility of ggauryence

wrhieh weuld A
and diBRUpERTANOEY af yirug typee in varicus garritariet, In thie
annnaction Fhe International Eninootie fureay inkraduced in Farit
1 pegelution whioh obliged gountvias aubering iatio

in 1088 & gpacla
g udy r@eﬁ-und-mout}

gMﬁMEMan

wdigenne iruges

the memberehi
af revenling their type churuatarishies, Gu the

with the purpose
aroposed 4o

buals a1 maserial gathered 16 wos anblith & genoral map
of the gprend of virug tyves ib wll eountries affeoted LY this
disense. (Unfortunutely ghio exbrewely 1aberesting otep ving never

rﬂulitéd.)
ationnl Epirovtio furesu' s dote for

ding to the Intern
he following

Acsor
1960, ‘the ﬁlurulity off vimuges Vias estublisbed in b
(o rmany WmlmmnnL

ylond (Burgl), and Austrie

pennark (Jensen), Ttaly (Bisanti)s

sountyries?
(Cusper).

Sweden (Magnusson), gwitze

study by Waldnann and wpautwein of 76 streins

On the baeis of
14 is possible to

yom vearlous countries,

form some

raceived YY them §
phical distribution of ‘typos for individual

pbion of the gooKral
' The ;72 strains of foot-and-mouth-diseaae virus

ré:distributed amon

oonee

countriess

entiated‘by,them‘é g oountries in the

¢i£fer
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UBER == 4 traing of type Q) Germany ==

gtraing of type A,
gtraing of type O3 Englend ==
£ type O and 1 strein of

folleowing manners
and © straine ef type G

o1 strains ef type 0, 8
Italy == 10 gbrains of type O and B
; Frence == 10 strains ¢

2 straine ef type O
ines of type O and & streine of type €1 _

type Aj gwitzerland == 8 stre

a == 1 strain of type 0 and 1
ungary == 2 gtreins of type 0

Yugeslavi gtrain of type Aj Rwrenia ==

3 gtrains of type 0: H

gtreins of type O and 1 st
gtrains of type 0 &
From this date it is obvicus

nt),

y Sweden = 2

vain ef tyve ¢ Denmark == 2 gtraine ef

2 nd Argentina == 6 straing

tyve 0} Helland == &
of tyve O and 3 straing of type Ve
ountries is type 0 (82 paroe

that the pradomimm’c tyoe in all o

while type A hos been diseovered in enly & countries in all (6 per=

cent), ond typs C in § countries (12 percent) s

ality of types ef the

ribution on

In the USSR the question of the plur

foot-und-mouth-diseana virus end ite geogruphical dist
the territory of the counbry 18 being plven elaborate study. Tho
firet attempts ko otudy it duke from 1827, when Revo, ob the time of
the foot-and-mnuth-diseaae epizootic in the Ukraine, pirst differen=
tiated o jmmunologienlly difterent types of the virus. Viith the
help of the method of cross-immunizaticn in guines Pigs, 9 stroins
and the ‘tenth gbrein proved to resemble

e classified a8 type O,
Tncidentellys Savel'

wer
ghe German type (oF) yev observed in 1928,

on one of the leading hog-fotbening farms, obsorved o thrice=

g-and=mouth diseass of the same hogs

ated sickening with foo
o course of ono years

and late fall) over th
id not yet connect this phen

repy
in winter, sumner,
o~ o« xf that time the author d omenon with

ghe plurality of types of the virass
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Quegtions of the plurality of types of the virus have alge

peen studied in the feot=and=iouth=d lsense inskitute on the islend

of foredemlys in Lake Seliger. Reginning in 1627 1€ gtrains in all

wera studied, regeived at different times frem the nerthein

Zauengug, the #idile and Lever Volgs, the Ukraine, §iberia, and

other distriote of the Unien. All af them were elessifled, on the

basie of trensverse immmnization in pwinen pigs, as tyve 0, and in

only twe instances were variants of tyve U estahlished,

At that time thie served as @ beois for the comelusion that

for the time being there were no sodantiiic proefe that seversl types

of virg vere disbrituted on the territory of the Unizn, sleso "it

may be snsoumed that Paot=pnd=mouth=direste eplzooties arc caused not

only by the ene type U (as we hnve indicated), bub aleo by other

tynos and variante's

T L640 Hatner and Sirotkinu announced that in comnpurative

study of two streins of viruses, oripinating in twe loealities, they

hod differentiated thom ag two imnologlenlly difterent typess

They studied type differences of those stroins in pgulnen plps by

mesns of the method of erosg=imaunization, and also by weans of study

of the protective properties of serume of animsls which had developed

tho disease., The data obtained in the experiment wore also confirmed

in experiment on enimals naturally susceptible to foot-and=-mouth

disease == cattle and hoge. Ratnor and Sirotkina consider that 1t

is proved beyond quéstion that the two strains of virus studied by
them turned out to be {mmuniologically different. Unfortunately,
neither strain was differentiated by them with respect to type

classifiontion, and the blological properties of those viruses in

-/e3-
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the oraeess of nropagation 10 animals suseentible to foot=and~

mouth digeage were nob given furthar study.

Large=seale end interesting work in Ehe atudy of the
plurelity of the virus hes been garried on by windyakov in the
territery of Gentral Asim, In the nepiod from 1987 te 1942 he
gtudied with refevencs o Lyne eleseifiontiion a4 gtreing, (i
aiifeventiasion of vipuges Findymiov uged type viruseds regeivad

frem preace) of vhich 28 steelnd Ve e ulrr@r@utigt@d.

The tyne alnzeiflontlon ot vipugen solleefed Uy Eindynlsy
was determinsd bBY the wethod oF srogasimrunizption tnoguiuen 11E6,
fop which he uged Qb prnerinpntal ardnnd G fruniaon groups ol
sudnen oigs (6 %0 6 anbeee ) were firet iafected with Mppsonge”
(tost) viras, and thery peer full peeavery, Bhay wert rowly dne
reabed on the 2lat to the 0k doy with tyrench viruses of Lyne w0,
A, Bk S Slinieal gbpervabion wes corriod on for 6 duye in this
instance, arver wihieh the results were gnken inte sonsidersbilon on

the besis of alinionl detbne

In oases where the Mhpesape" virug cpused n scondition of
complaote imaunity in puines pigs (wbyence of orimary and secondary
aphthae) to one of the tyned (¥rench) viruses, #indyalov classilriod
34 ne o "pure! typo. 1f the virus belng investigated caused only
partial lmmunity (presence of primary and wabyence of gecondary
aphthae on exy part of tho experimental guinen pig), he then classi~

pled it as & oorrésponding veriant of & gertain type.

As & result‘ef Kindyakov's ghudy of 22 strains, obtained ot

he differentiated

various times of the year in the oo £6 yoars,
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type 0 virus and its variante. Tn addition, he alse repeatedly
differentiated a varient of type A+ The datA cbbained permitted
Kindyakev to drav the cenclusion that in the territery ef Central
Asia he had established "y movnel oghoally different types of the
fook=and=mouth-disease virus" (type U and its varients and a variant
of type Al gensequently, on the basis of erperimental data of
Soviet investigators (Fetmer and girotkina, Kindyakov), and also of
eplaootological ebeervations (Savel'yev and others) it may be eon=
sidered proved that in the territory of our Unien there Iay appear
at the time of epizootics, together viith the conatently encountered
type O, other, lese broadly digtributed tyoces of the virus and, in

partioular, variants of types 0 and As

Yallee and Larre uoed the method of erogs=inmunization ox-
elugively for differentiation of types of viruses, cobtle sorving
o8 their experimontal enimales They consider thot eattle are the
vost subjects for differontiation of viruses, although use of them
for this purpose involves great diffieulties as compared with
guinea pigs. They recomnend earrying out differentiotion of viruo
4n animale which have recovered from primaxy infection, and not in
animals which heve veen treated oxperimontally for this purpose.
In testing imnunity to one of the types of virus a vhole group of
guinoa pigs, piret inooulated with serum of the test animal, 18

_taken for experiment.

The method of differentinting typee of viruses by means of
erose=immunization of guines pigs wes first worked out by Wieldmenn
and Meyer (1624) ond then perfected by Weldmann and Trautweln

(1926). Somewhat later it wee checked and confirmed by Stockmann

"/0.5"‘
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and itlnett (1927), and alse by the American commisslen on gtudy

of feot=gnd=mouth dicease, and by many ether investigators.

In studying the plurality of typee of viruses Trautwein $
weed the mathed ef srose=immunizatione He first ascomplished
orose=immunization with guinea Pige, and then with cattle and hogse
valdmann and Trautwein congider the gwinea vig the most ugeful ox=
perimental anipal for study of foot=and=mouth dizeace and particular=
ly for differentiation of types of viruses. The guinee pig does not
peceme infected with foot=and=mouth dinease spentaneously, &f is
ymown, but thie infection succends rether essily under experimental

eonditions.

vor differentiation of ench strain Trautwein reconmends
uging no less than six groups of & zuinen oige ppiece, thus %6
guinea plgs in elles ALl viruess obbained in the laboratory from
oattle which have developed foot=and=mouth digense gpontancously,
iust be passed iu preliminary in guines plge for no less than 8 to
10 times. This ncoonnlishes Ngoolimatization" of the virua to the
organism of the gaines Pig, and consaguently moers gonsbant results
will be obbtalned upon infeotion. For d4Prerentiation of virugses
guinea nlgs immnized with regpect to 0, A, and & types mst be
available. To this ond they are prepared boforghand by means of
{nfection with typed viruses, and aftor resovery, 1.6, in 20 to 30
days, they are used for experiment. In each group there must be
no less than 6 gulnea pigs, or in other words 2 guines pigs for sach

Lost. Ouinea pigs lmmune o typed viruses are infacted in this case

with unlomown virus which has been propagated peforehand in gdlnea . e

pigs. Differentiation of types may also be sarried out in puines

- Ol
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pizs by ieans of ghegking the preassnde of Lmmunity in these animals

with the tyned viruses, but for this guinea pigs which have

developed foot~and=mouth disease of an unkmewn type must be availe

able. The experimental guinea nigs muat be ebsarved in all eases

for no less than 8 to 10 days, snd the results ef obsarvation are

taken lnte censideration deily and presorvad in the appropriate

recorde.

In shudylng immme sarums from guinea pige wileh had con=

trached diseuse Trautweln sstablished a striat speeifieity of imnune

bodias in the blood of thene animalas It developed that the seruun

of gulnea pige £peatod with viras of one type poasendes imawnizing

proportias only azainst that same type of vinig.

Jonsaquently, in the sevrud of guinea pige infactad with type

o virus only homologous immune bollas amn be nrovad, 1. of tyoe O

Such sarun proves no longer ofi'ective against the other two typeo

A and 0. On tho basis of the type opecifiedty of serum of pguinea

pigs whieh have developed foot=and=mouth disease, which tyve

apsoificity is well defined for them, 1t is possible to aceomylish

differsntintion of virus with the help of tesks of the monovalent

nebion of sorums.

Howevor, this striet monovalence of imaune serum has been

establishod only for the guinea pig, while in other animals it hoas

sonsiderable deviations, In Trautvein's experimonts hetorogenous

wore observed in the lmmune serum of other animals:

percent. Similar

anbibodies
for sabtle in B2 persent of ocases, for pigs in 6

phenomeﬁa were satablished by the author with reépeut to the serum

of reconvalessents for fhese types of animals.
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while the same auther obtained 4.8 pereant in POR,

Use of PCK for differentiation of virus tynes ean have 8018
meaning only a6 & supplementary method ef laberatery investigation

1 ‘ in the study of the biological neculiarities of viruss

The development of dissase in animels, as ie lmovn, invelves
the farmation in the erganism of the latter of entibodies not only
with properties of & strietly deteriinate type of virus vhieh
cauges the slokacss of the animal (homologous antibedies), but aleo
tne formatien of heterogenous antibodies. In this ingtance sarolo=
gleal reaohions (e@mplement-tixation rescbion, gomplement rzasbion,
Py, and okthers) cannock give areglee indisations of the prosence in
the serums of aninals whieh have developed Poot=snd=-mouth dissase
of ontibodios with striat type sroverbles, This detracks from the
gignificancn of gorolopgioal reactlons od mothods of differentiation

of typus of virusas.

Sensequently, of all methods of differentiation of virus
types provossd by various javestigators, the saly reliable one is
the mothod of oross=immunization in snimsls susseptlble to foot=

3

ond-mouth disease == guinea pigs, sabtle, and swine.

The question of the origin of types and variants of the
virus remsins s yet not conolusively solved. Mozt nooeptable is
the point of view of those investigators who aasume the formation
of new types and variants as o result of disgsociation (mubability,
ag is lmovmn, is observed not only for ultraviuses, but also for
baot;;ia. T4 has been proved thab thore is n "possibility of the ..

formubion of variants Jeading to the appsarance of permanent and

/05 -
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yapmblon af ons by m (hmunu-nhmunl m;run\;ouuumm-pmmuumoucmuuu)
tato nnolhor i fho best lube ng woll an b n live arpnaien’s

Gl ayn Higloakion nd P A By " Madpta, 1069,) of the virus in

thet proaasn of davalopmsnl ntt bhe Foot=rad=mon th=d 1 gou o aplaontite.

Lhowey ho ganbeped provesd thnt thars 1ton poasibility of
Lenns o pmakion ot one typu inte po bho e L gonpaiionge of Lhe mibne
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bt bype ot vl tn nll sonubrion o Lypo 0. 1L poasonses tho
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Link bhe polob ol view of Lhowse tnvanbigntars who gonnider vipanen
ot byounn Aol ¢ un Mortahoots! ot type O fn the mont werrouts
anentionn ol Whe aboady ot the plurnlity off the vimn sonbinue to
pemnln nong Lo provsiug guestions ol tho solution ot tho toob=
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PRESERVATTON OF Pl VIRUS

Jhemlenlly vurae noubeal glycerine, baken oqually wibth n
phusphnbo pufter nolubtion ol pll TeH == 7.6 is ugad usow progurvative
aodium tor the oo b= ti=disonso viruge  Undor laborntory con=
ditionn the virud ts kept bost of all in o glycorine progorvative
modium which hay n sbable soncoubration ot hydrogen {ons, vlosy to

peutenl pll B8 == Tobie
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Obesrvance of this conditien is attained by anplication
of & epecial buffer golution of eodium and setagaium phosphate salte.
(The basis preperty of buffer (regulator) selutions, 1164 of miX=
tures of veak acide and their salts, conaists ef the fact that thoir
pH is almost entirely unchanged by the state of general eoncentra=
#ion of solutions end By the appearance in thew of foreign aoids

and bages.)

This has alse been confirmed further by the English Somaission
on Foob=and=mouth Diseass (winott) and the Amerlican Commission on
Foob=and=mouth Disease (OLiteky), end also by many other investi=-

gatoro.

Pyl and Klenk astoblished that there is ue difference in the
length of survival of the virus in & preassrvative medium from pH
7,66 o0 7.7, hocording to tho date of these javestigators, with o
gioll inereass in poidity the longth of survival of the virus is
sharply deorenseds With o small inerease in alkalinity this does
not teke places Vallee, Carre, and Rinjard affirm that with altera=
tion of the pH of the nregervative medium consisting of glyoerine and
phosphate=buffer golubion, even at low temperstures (==8==10 dogrees
$), & weakening of the virulence of the preservative redium takes

plaoes

In Lipatov's and Alekseyeva's experimenty the virus in
glycerine taken in equal parts with M/16 buffer solution of phosphate
at pH 7.8 and ab room temperature from 16==20 degrees C, remasined
aobive for 1 %o 3 months; at pH 6.8 in the same medium and under the
same conditions 14 remained sctive for §==6 months, and in & rofri=

garator at temperature wnle=d degress even up to 6 months.

7
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With gterage of the virue in glyserine with /16 phesphate=
puffer selutien at pH 8.8, and alse ab pll 7.6 in & refrigerated
cempartinent, the astivity and length of gurvival of the Virue was
uniform ia both cases. with lewering ef the gemperature to Gm=l
degree ¢ and aterage of the virus in & preservative glyesrine medlum

at pH 7.8, the length of its gurvival inerewses sonaiderably.

On the basis of their exparimonts the authors consider the
best preservative medium for foot=and~nouth=diseass virus to be
glyserine taken in equal parts with M/la pheupha’ce-bnffer solution.
Volkova obtained bast results with a precervative medium of chemi=
oally pure neutral glycerine with ph@sphat@-buffer golution at
pl 7.8==6.8: She succeaded in preserving the virus in this medium
in a refrigerator for more than 7 months (until the end of the ex-
perimenb). Under laborsiory econditions we sucseedad in keeping the
virus active for a year and more in this modium with pH 7+6==848,
A preservative glycerine medlium ean be preparad 1ikewige without
the phosphate-bum’ar golution. In that oase 1agtend of the buffer
solution a eimple ghysiologicul aolution of sodium chloride at the
same pil 7e6==7.8 15 ysed. However, this medium is loss gtable with
racpect to i, and, congequently, & ohange in the pH of ‘the medlun
is possible, which will be reflecbed in the length of survival of

tho virus in the preservative mediutne

For preservation of the virus in the glycerine medium ordinary
glass gost-tubes of the baokeriologienl type, preparsd to speciol
ordar with ground stoppers, are very advantageous. No more wvirus
(virua-epithelium) muet be put in each such Logtmtube, filled with

presarvakive fluid, than that from two to four exbremitiss of
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guinea pigs, er 0.8 te 0.6 grame of virus in the farm of the

epibhelium of aphthas of eattle or swing. (Por storage in pro=
gervative media the virus is taken in the form of small pieces of
enithelium which are well developed but whish have not ruptured.)
Tt is recommended that the virue be kept in a refrigerator at tom=
perature ranging from O to 2 dogress. In preparation of the preo=
servative medium 1% is absolutely neeesgary that the quality of
the glycerine be checkeds it nuet be free of all foreign matter

and of neutral reastisn.

Bedsen and Maitland exnlain the high resigtance of the virug
to glycerine by the Paot that the covering of the cell itaselfl in
which the virus is situated, due %o the glycerine, becomes impane=
trable and, oonsequently, is proteated from the destructive in=

fluence of the medium.

River explains this in another manneri viruges are very
sonsitive to autolysis taking nlace {n tissuesy glycerine acts 68 &
desicoator und thus prevents autolysis of the tissue. This explann-
tion gesms more cerrect bo ws. From this consideration it follows
thet oll orepuration end the very process of placing the virus in
the preservative medium qust be done with maxlimm observaneo of
cloanliness, in order te avoid soiling of the medium with foreign
mioroflora, which can lead %o germination in the medium of other
miorobes, the collapse of the tissue itself, and an alteration in

the pii of the mediums

PASSAOR OF HE VIRUS IN GUINEA PIGS -

Under laboratory conditions the foot=ond=mouth disease virus

45 usually mainmbained in guinesa pigs. Viruses obbained from other

- //3-
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tyaes of enimals are likewiee trangferved te guinea vigs. In
adapbing the virue te guinea pigs, the tyee of animal from whish
material has been taken during the ratural development of the
epizootie, and alse the type clagsification of the virus, are
evidently of no essential significance. Sueh a conslusion was
reached by Kindyalkov on the basis of his investigations, as & re=
sult of study of viruges distributed in the territery of Central
Asla.

It is inherently obvious that not all viruees from animals
naturally susceptible te feotmgnd=mouth disease san be uniformly
pathogenie for gulnea pige, inpofer as virulence is not a strictly
pormanent and lmnuteble property of viruses, but on the eentrary is
subjeet to considerable variation, This obvicusly explains the loss
of viruleat properties of individual viruses in the orocess of pas=-
soage in guinen oigs. The technigue of infeotion of guinea bigs
sosoists in the followingt The virug=epithelium is first of all
ground in o poreelein mortar with a small quantity of sand or grownd
glass, it diluted with & physlologionl solution »f sodium chloride,
and ofter this is transferred to the skin, sosrified in oreliminary,
of the plantar surface (gole) of the rear extramity of a guinea pig
(Figure 4)s Instesd of conrification the "tunneling" method can be
uged. A tunnel is made with the help of a syringe needle.

(Figure 4. The foot=and=mouth-digense procsss in the guinea vig on
the plantar surt'ace of the rear extremity (after Waldmann and

prawbwein,) Instead of this it is possible to prick with the same
needle the surface of the planta of ‘the extremity with simultaneous

gransference to this place of an injection of the viruse

./774-
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1% is not always possible after the firet passage te
sransfor to the guinea pig virug from cattle gpentanecusly infeoded

with footwand=mouth discase.

Very often sush & neigld" virus "besowes assustomed” gradu-
ally and lengthily to the erganism of the guinea pige Rinjard
racenmends in such eases the use of guinea pigs whigh have already
been sensitized. For this purpese he injects Ol gubio=gontimetars

of norial oattle serum {ntraperiteneally for 2 vweeks before infection.

For primary Pa8sages in guinea nipe 1% is recomnended that for
ench test of the virus no 1685 than six guines nigs be used, since

often as more than 23=30 percent develep the disease (Trautwein).

16 is very seldom ghat in oriinary passages & well=derined
4evelopment of the infection on the site of injostion of the virus

and & oubjoquent generalization ore obtained at ones with guinen pigs.

Passage of virus from other types of animals which hoave
developed foot-and~mouth disease &5 the result of natural infeebion
mash Le carried out no 1ess than 6 to 10 tlms, until development
of primary sphthae in the course of 18=w=24 hours and generalization
of the infection in the following 24=48 hours are successfully
pohieved. In oceses where virus from cattle cannot be transferred
successfully to the guinea vig, 1t mast be used to infect swine and
then teken from the swine for infection of guines plgs. In such o
cago virus from cattle can almost always be gransferred sucoessfully
to guinea plgs with the ald of slternate pessage. Observation of
jnooulated guines pigs must be enrried out for 8 to 10 doys with
daily rogistration of the condition of the animal and sorrasponding

recording with respect to ‘the slinienl aspect of the disense.
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CHAPTER III

RAPERTBNTAL STUDY OF THE INFEQTION

THE SUSSEPTIBILITY OF ANIMALS TO FOQT=AND-QUTE DISEASE

Foot=and=mouth disease attacks all types of cloven=fected
animale. Uader conditions of natural infeetion sattle, swine,
sheep, and goats are mest suscentible to foot-and-mouth digease,
and buffale, camel, end relndeer are comevhat less susceptible.
Among other domestlc animals, foot=-and-mouth disease ean infect
dogs end eats., Vith respect to the susceptibility to feot-and-
month disease of horses, the opinlons of investigators, and also
of practical workers, are divergent. Ameng animale kept in
captivity (zoolegloanl narks, gardens, etes ), girafres, llams,
antolopes, bison, zebu, yaks, chameis, roe=bucks, hiads, red deer,

and elephants are suscoptible to foot-and=-mouth disenso.

Wild clovon=footed animals in natural eonditions evidently
develop foot-and-mouth disease very rarely, end have hardly any de-
gree of epizootologioal importance (¥delmann), An exesption to
this general rule, as we shall see further on, is the antelope.

During foot=-und-mouth-disense epizootics in Mongolia repeunbed

cases of natural infection of antelopes (%&gggga") with foot=and=
mouth disease have been observed. Cases of foot=and-mouth disease
smong fur-bearing beasts not in captivity are very seldom encountered,
nocording to Stroh's data, and other investigators affirm that in
general they do not develop foot-and=mouth dlsocase, even when they

are in contaminated looalities. In the opinion of certein

-/ -
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investigators, fur-bearing animals have ne significance in the

epizootolopy of foot=and=mouth disease (Olt and Strose).

Fowl are oonsidered unsuseeptible to fost-and-mouth disease
and are not affeeted by it in natural conditions, but it has been
possible using artificial metheds in the laberatory to infect,

for examnle, domestie ducks.

Among redents, suceessful artificial infections with foot-
end=-mouth disease have been ascemslished with marmots (Popova,
Klobouk), wild rats (Beatty and Pedden), hamsters (Galloway),
aad field mise (Busch, the English commission). The mole proved
to be unsuscaptible to artifiecial infection with foot-and-mouth
diseaso (Freakel), Edwards succeeded with artificial infection of
bats. Among small experimental laberatery animals, the guinee pig,
the rabbit, the whibe mouse, and the hodgehog aro susoeptible to
foot=nnd=mouth disesse. Man is wsconditlonally susceptible to

foob=and=mouth disonseo.

The degree of susceptibility o foot-anmd-mouth liretee of
various types of cloven=focted snimsls ig non-uniform. On the one
hand, not all enimals of the same bype, susceptible fo foot=and=
mouth disense, aro equally sensitive to the disemse in the sume
epizootic situatlon. Individual reeistance, connocted with the
biologieal peculisrities of the organism (eonstitution, sex, age,
degree of feeding), aleo has significance., Highly bred pedigreed
shock are considered more sonsitive to foot-and-mouth disease than

local indigenous stoek.

-//7.
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As & general rule, youwng ﬁgrieultural animals ave mere

gengitive ko fagt=and=mouth dieease than enimale of mere advenged

ages Such & gtatement is true at leagt with respect te younger
eattle up to 4 or € months in age (milk salves) and suckling pige
wa to 2 menths in a2 During an outbreek of foot=and=iouth=
discase epizeotis in one of the leading gwine~raising farne, Orlov
ohegarved o mortality of suckling pigs vhieh in individual farrevie
reached 100 percent, while ameng grown gwine the disease ren its

gourse easily, without losoes.

giptler observeticns with respeet te the high gensitivity of
suckling nigs to foot=and=mouth disease have been cbserved repeated=
1y in meny foreign countries (valdmemn and Trautwein). Guinea nigo
exhibit a reverae pelationship with respest o gengitivity to foot
and~meuth disense, &8 established by Weldrann end Popes  young
guinea nigs weighing no nore than 200 to 2BQ groms are l1ittle sen~
sitive to foot=tnd=mouth=disecse, and older ones veighing %00 groms
and more, on the sontrary, are vely gensitive to this infection,
Leter, Edwards ranched the conclusion on the basis of hlo investige-
gions ‘that young guinen pigs and rate artificlially infected with the
virus either do not become sick &b gll or beeome sick with & mani-
resbation of only primary aphthae on the site of injestion of the
virag, Adult and old enimsls, on the other hand, were more sus=
coptible o the infection than young animels during the period of
growth. Gine and Vever, in thelr day, elso pointed to the faoct
that guinea pigs of younp ege are distinguished by & rether high

resisbence to the virus.
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. extremely important fasters, en whieh desend the geasenal veriae-
tien of the cccurrense of feet=and=meuth disease in India.
Nwrereus observations frem our Soviet practice alse indieate that
well=fed animale alveys becoue more severely diceased with feot=-
and=mouth disease than these which are mmn=dewn. Verieus couplica=
tions of the baslc Poet=snd=mouth dicease are mest often neted in
well=fed animels, and censiderably less frequently in run=down
anirals (Skomorekhov, Savel'yev, end others). Valdrann and
Tpautweln effirm that the percent mortality due te foot=and=mouth
diseare in highly bred and fettened swine ic always very conalder=-
gble. Pleret eennecte the more sevore sickuess due to foot=and-
mouth disease in wellefed and high=praducing cows with the inten-

give rate of nitroegen exchanpe,

hith respeut te the influense of the cex of animals on ous=
ceptibility to foot=and-mouth disewse, there are almeet no indicationn
in litereture on the aubject. There is scceptance, hovever, of theo
vlew thut males are more sensitive to foot=snd-mouth disemse than

females, slthough no one adduses eny experimental proofs of thit,

Tn litersture on the subject several cases have been noted
where sickness appesrad only among one type of animal (oattle, hogs)
and did not sprend to other types of animals susceptible te foot-
andemouth disease. This iz not comnected with the inereased or

dearsnsed resistance of the animsls to foot=and=mouth disease.

n this case, an "acoustoming" of the virus to a definite
type of enimal is evidontly manifested (English commizaion).
. Tn Pirbright, after repeated passage of certaln strains of virus

in swine it was possible, with great diffioulty, to infect cattle

-/20
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with these viruses. In another instance it was entirely im=
possible te infect swine with a virus from cettle vwhich had been

ebtained frem Southern Rhodesia.

0f all the types of oloven=feeted domestic anlmale, cattle
are the most censitive teo feoteand=mouth dieease. This ie confiried
by numerous practical observatiens, and ie also adequately founded
on experinental date (study of nathogeneeis, cliniocal manifestations,
immnity, end ethers). In all epizoobics of feot=and=mouth diceass,
a6 a rule, the greatest number of steck affested are cattle, with
very fev exoceptlonc in cases where enly & few hope becoire digeaged.
In oractice it must be considered that almoat all cattle which do
net have asequired immunity to foot=snd-mouth disense aa & result of
{nfection susteined during thoir individual lives are exposed to

imPection independently of breed, mge, and Sex.

lidividusl onses where a certain animal remains elinically
healthy during an epizootic muet be aserived, in eur opinien, to
"guppressed forme", or in other worde to invisible infeection, and
not to inherent or naturel imnunity, os has been considered up to
now. (Hutyrs and Marek. '"Speolnl Pathology snd Therapy of Domestic

Animals". 1939, Volume I, page 413.)

Swiine, like cattle, are distinguished by extremely high sus-
coptibility to foot=and~mouth disense. With the uppearance on the
Parnetead of foot=und-mouth disense in eattle, and with the presence
on the same farmstead of swine, the latber algso beocome diseased.

1% is very difficult, even with the strictest isolation, to protect
them from foot=and-mouth disease. Hartenschtein asserts that

Mengalie swine are oonsiderably more reslstant to foot=and=mouth

-/2, -
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0 digease than Galician end German 6wine. ppimitive breeds of gwine
are evidently charecterized by & higher resictanee to foot=and=

mouth disease than highly pred and improved breeds.

Yrom the gragtigal gtandpeint, there is great interest in
ingtanses ef an epizootic of footeand=mouth digense among awing,
when it did ne¥ gprend o other forme of animals guseeptible te
Paot=and=mouth dieease, and even in an inebance vhen all theee
animal e vere kept in & gingle puilding together with sick hoges
waldrann ané Ppautviein, &6 indieated belore, deserived two such
epizeotios of foot=and=mouth disease BMONE swine (Sahleawig-ﬁolstein
in 1927 and hanover in 1928), Similer osoes of giolnese of one Type
of animpl were noted even vefore, bub uo sericus impertance vags ot=
gached to this, Tn Uermany opizootioes of foot-end=mouth disonce
which atbooked only hope were eariiler enoountered repentedly. In
1981 o similor sutbrepk among euine vas noted ot the end of the epi~

soobic, when the ourve of scourrence prong cuthle dipped sharplys

Sheep and goats are charactorized by high suscoptibility to
foot=and=mouth disense, plthough gomovhat less than ghet of onttle
and swine. Amoung, sheep and goats thore are known to have been also
oases of malignent epizootics, accompanied by great nortnlitys In
Geprmany == in Hanover, Sexony, Bavario, and Wurtembury == during the
epizooble of foot=and=mouth disense in 1920 == 1921 the mortality of
gheop and goots caused dY malignent foot=nnd=mouth disense skteined
colonsal proportions in individual provinces. Mot infroquently &
few heads in all have remained in large nerds after slokness among
gheep (Frencke and Gaortler)s puring ‘the oourse of & mild epizootlc
of foch-und—mouth diseace the mortality of sheep end goabs 18 usunlly

ne greater than 048 == 017 peroent.

w/22.-
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; Vith respect to the suscepbibility to feoteand=mouth diseace

of buffale & few indicatiens way be found in literature on the gub=
the degree of guseepbibility of these animale rerains

In the remerts of the

Jeet) however,

the subject of little investigation.

Veterinary Administration of the Ruscian winistry of Internal Alfairs

for 1901 and 1808 there are references to NUMEIOUS 0aBas of footwand=

mouth disease slolmess for wuffale as well as other animale,

Foot=und=mouth-dinease in carale, Jjudging by the reperte of

the ebeve-noted Veterinary Adminietration, began to be recorded &t

early as 1866, Individual ceses of foot=and=mouth=diconse slokness

in eamels were roted in almoet every epicectios Kovalevekiy (1018)

wag one of the first to make an aitempt %o desoribe the olinlcal as-

peot of foot-and=moutt. digeace in canels, but he did this without eny

reierence to tho general reglatance of these animele o foot~and-

movth=disease infection. he degree of resisbance of cwiaels to foot=

under conditions of the naturel develonment of an

ond=-mouth disewse

cpizootic remained uninvestigated.

y oxamined this mabber experimentelly during one of

peditions in 1628, Camels, under

Krasoveki

our anti-foot-and-mouth-dieeaae ex

conditions of nabural infection, did not develep foote=and=mouth

disenges Infection of experimentel camele was suscessful only &8

ghe rosult of artificisl infection with intravenous injeotion of

large quantities of vimg (L==16 cubie=contimeters of highly viru=-
lent aphthous "iymph')s A case of sponteansous foot-and=-mouth=-disease

slckness in camels hes been doserited also, by the veborinarien

Kobets (1938). The pructical observations and exporimental data of

©e - oumbil bovekiy wifll redpect to the suscepbibility of camels to foot=gnd=

-/23=
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mouth dicease prevides a feundation for dreving the gonolusioen
that under eenditions of netural infection they are rather resie=
tant to foct=and=meuth disease and become infected rather

infrequentlys

The susceptibility fo foot=and=mouth digease of reindeer hns
long been knowi Enizootice of foot=and=uouth disease among rein=
deer have repostedly peon described in 1iterature on the sub ject
(Exkert, Hering, Spinels, Beser, Barmni, ghute, and others),
Domestic es vell a8 wild reindeer Gre gusceptible in equal degree to
foot-and=mouth disense (Exkert). In the former Arkhangel' gubernis
246,444 head were attaeked by foot=and=mouth digeane in 1608, of

whieh 8,086 were killed and 118,717 died (81l.& sereent ).

In & Nlarional Park in ¢alifornia (US) in 1828 22,214 heod
of reindeer were killed in conneetion with the appearence of foob=
und-mbuth aigense., (AL the moment of compuleory slaughter of roin-
deer, the number of those whilch were slok was 10 pereent of the
whole.) Spontaneous foot=und=mouth=disense elokness of reindeer
was also observed by Gryuner on the zoologicul form of the Omsk

Jeterinary Institute (1928).

fhe first attempto ab experimental study of foot=and=mouth
disense in reindeer in Hussia were undertoken by Ekkert and Devel'
(1900)s They renched the conclusion thatt (1) reindeer ore sus=
eeptidble to spontaneous a8 well as artificlel infeetion; (2) the
disease, gransferred from cattle to reindeer, can run Lts ocourss
in ‘them nonmalignently, &6 in other animals; (%) fout=and=-mouth
disense is gransmitted from slek reindeer to people as well as

sabtle. iMegnusson, on the basis of oxperimental dete which he had

../2%.
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obtained frem reindeer, reached the conelusion that they are sug=
septible te feot=and=moutr disease throvgh natural as vell as art=
ifjeial infection. Incidentally, in contemperary literature en
the subjest there are indications that the serum of reindeer which
have developed feote=andemouth disease i@ gharacterized by a high

antibody eontent,

Horseo are evidently not suseeptible te natural iafection
with footwand~mouth disease, although in existing manuale on epi=
zootology there have been encounterad, right up to present, indien~
tiene thal herses in infrequent instances develep foot=and=mouth
disense (Vysheleoskiy, Hutyra and Marelk, Frener and 4wick, Francke

and Gaertler, and others).

Larze-senle exneriments in the study of the susceptibility of
horses were carried out by %he Amerlean oormnission on foot=and=mouth
diseace (Oliteky, Troum, and Seheoning). They did nobt succced in e
gingle eage in infecting horses with foot=und=mouth disense. One
horse was exposed to hyperimaunization, attempts to prove the pre=
sence in serum of antibedies also being unsuccessfuls (Ramon
potabliched as the result of experimental investigations that
horees oan be used as vroducers for obtaining anti-foot-and=moubh=
disease serwins In Ramon's oxperiments horse=gerum was just as ef-
feotive ns hyperimmune serum of sattle (C. Ro Acad. $., Paris, 1942).
The suthors reached the conclusion that in places foot=and=mouth
disease 18 evidently oonfused with contagious vesioular stomatitis
of horses, inasmch as the olinienl aspeebs uf these sicknecses are
in close resemblance to each other. Ovsyannikov did not succeed in

his exporiments with the infeetion of horsgs.. viij};.fsotuand-mouth

.
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dieease thrﬁugh injegtien of gansiderable quanbitieé of the virus.

.

The susseptibility of degs g feot=and=iguth disease vaé
proved in Heeker's experimente of some time age. Spontaneous in=
fection of dogs waé ebserved by Leeffler, Ferseh, Unlenhuth, and
also by Albrecht, At a later neried the susceptibility of doge te
Poot-and-mouth disease vas alse gtudied by Gallevay, who likewise

cenfirmed the susceptibility of dogs te foot=and=mouth dicease.

The suscentibility of cahe to foet=and=mouth dicease has
boen studied by meny investigatore. Tt wae confirmed by Heaker's
experiments of some time ago, and alec thess of Esser and Lucas, &t
o later period by Hinett and alse by Galleway (<nglish Gomnission)
and Howa, Adult cale are .ore resistant to foot=and=mouth discase,
kittens dying unen infeotion with the diceage (iinett), lowe suc=
ceedod in the infection of an oxperimental oat under conditions of
naturaleontact. uaks have proved uniformly guseeptible to all
throe tyses sf foet-and-wouth=dlconse virue (Gollowsy). Spontane-
ous infection of cats with foot=and=mouth digease is fully poscible
through feeding them infected milk (Seser, Hotor, Vermbotter, Mette,

and Haupbmann )

Bdwards observed a case of snontaneoudy infection of a hedge=-
hog. He gucceeded in turning up the hedgehoy on & farm not far
from Pirbright, vwhere there wes foot=and=mouth disesse. It was
killed and consigned to the Pirbright experimental station for in-
vestigation, There the presence of foob=and-mouth-disease virus
was proved in the skin of affected extremities, and also in the
epitheliun of the tongue and, finally, {n the blood and internal

organs. The presence of virus in this hedgehog was also confirmed

- /2~
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in experiments on still other aninale swseentivle te foot=and=
mouth disease. Hewsver, Ve aYe not inelined te gverestimate the
{mpertence of the hedgeheg &6 & possihle yegervoir and earrier of
the Poot=and=inouth=diaease infection, In Dubyankskiy's and
Ihomenke's experiments with hedgehogs it was not peseible to con=
firm the high sensitivity of hedgehogs %o foot=and=mouth dicence
whioh was obgerved by the English jnvestigators, I 18 nos6ible
that there are individual breeds of hedgehers which aotually

DOBEERA VEry high gencitivity e feot=and=mouth disocase.

#ild and house raha areved suseentible to artificiel infec=
tien with root-and=mouth discadse, while urder natural conditions
thay evidently vegame infeoted very infrequently. At the Pirbright
exporimental stabien (1932) and in its envirens 182 wild rote were
ssught, of whieh 128 were studied by means of infootion with
material from guinoa pige, wd in only two cagcs vere nositive
results oblained. In anothor case, of 144 rets cought on farme
sonbtaninated with foot=and=mouth disense not o single rot siok
with foot=and=mouth disease could be obgserved. TFor the time being
there is evidently no bapie for nseribing n given role to rats in

the epizootology of Pooteand=mouth disense.

fdvards proved experimentally that bets are susceptible to
foob=and=mouth diseases In his exporiments he succeeded in trans«
ferring the foot=and=mouth-disease virus from one exoerimontel bab
to enother, by means of intramuscular injection of o small amount
of blood containing £he virus. Stckness in bats ren its course
in mild, nonmalignant form, with the eppearance of aphthae on ‘the

tongue . Inoidentally, Bdwards used babs raised in capbivity.

-/27*

Copy Approved for Release 2012/03/22 : CIA-RDP82-00039R00010017003




Declassified i - iti
ified in Part - Sanitized Copy Approved for Release 2012/03/22 : CIA-RDP82-00039R000100170030-0

The questien of the sussenptibility te feot-and=mouth diseass

i of wild animals, and the determination of their role in the api=
soolegy of Pegt=and=mouth disease revaing the subjest of little
gtudy, 3lten, for the purpose of observing wild animals, travelled
sneeinlly to places gentaminated with Poot=and=mouth diseasa. On
the basis of his sbservations the aubher considara that for the time
beoing there are no aroofs with respect e any cannestien hetween
wild animala and outbreaxs of the foot=and=mouth=diaanse apizentic
among watble and guina. There are, however, observations of &
roverss order. Antelonos ("dzereny") in longolls, during foet=
and-nmouth-digcase eplzvoting, themeelvas develep fost=und=mouth
disease and, travelling from one nlace to ansther, gransmit it ab
timss over vary greah dleteaces (Bkomorakhav)s sallovay sucneaded
in proviag by means of ezpsrimental infoution that ameng fur=bearing
animals squirrels are susoaptible €9 foot=aad-mouth diseases This,
howevar, does not rive the right to Sulk of any opizoaloglonl role

of theuo aalmels.

of animala kept in oapkivity, 1t is surious to conslder
foob=nnd=routh=digense glaknens in the slephant. Ramish desaribed
o ease of snontancous foot=and=mouth=disenss clekneay of tne feunls
slophent during & fock=and=mouth=ilisaase eplzoctic in satble 1n
the environs of o 200 Foot~aund=mouth=iiseass giclmess in the
elephant was pooomanied by e refusal of Pood, irritation of the
tongue and upper Jaw, strong galivotion, sad also by lameneog.
Aphthae wnd srosions were noted in the wusenl cavity and on the ex=
gromitics. Recovery ceus {q 6 bo B weeks, In 18 monthe this ele=-
phant sgain becams infocted and sick. This bime aphthas and

prosions were obuarved only on the extremitiss, peeling of the

B -/28 "
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gkin on the soles of the fest taling nlace during the reqovery. .
Recovery came in 8 weeks. A similar case of foot=and=nouth=disense

sickness in the elephant was dessribed imeh earlier by Lepin (1000),

1:. contemnorary literature on the subjest there ave ex=
tremely oonflisting data with respect to susceptibility af foul %o
foot=gnd=mouth disease, Hevertheless, the wajerity eof investiga=-
tors senaider thet fowl, at least under spontaneous conditions, are
non=gongneptible te foef=and=mouth diseass., In old reverts it is
aogelbls to find indications whish verify the suesentibility of
fuwl te Pocteandemouth disease (8pinela, Behla, Kitt end ‘obmaier,
and others), Aeccording to Spinela's data, he obsarved a sponbano=
ous infection of hens and geean, beatty, Saces, and Pedden suo-
seoded wnder exparimsntal conditions ia infecting sparrows, in
whom the nresence of the virus was improved in the blood and the
onrdins miasle. Huelsburgen indieates that in fowl slolnesses are
st times sncountared which resamble (uot-und=-mouth disease. Bescker,
{neldeatally, alse speaks of thiss, In manuale on eplzoology the
authors usunlly eireumvent this queation with silence (Hubyra and
ilarek, Noourd and [selanche, and ethers). Others consider fowl i
sussentible to foot-and=mouth disease, at the sume tinme polnting
out that sickness amony them is ensountered very seldem (Franer

and Zwick, Vyshelesskiy and others).

n studying the susseptibility of fowl to foot~and~mouth
dissnse under experimental conditions Looffler, Frosch, and
Uhlenhuth, and at & later date VWaldmann, Wagener, Fink, Borisowv,

and finally the English Commission, obtained negabtive regults.

s
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All daka of an gxperimental erder, and also prastical

gbservstiens, make it peseible ak the present time o express the
firn eanvigtién that fowl, at least in netural eonditions of infag=
tion, de net develop Penb=and=mouth difease. But wild birde
: (starlings, orows, and others), aé will be seen later, ean be earriers
of the infestion., Frem this shandpoint they can nlay e lmovn role in

the epizootology of foot=and=mouth d186a69s

Of experimental laboratory aninals uged for werk with the
Poot=and=mouth=disease virus the gulnea ip 1g of greabast intereats
Heoker (13811) first tranaferred the footmand=-mouth=diacase virus to
the puinea 9ig, but at the time this sutnbanding expariment vas aeb
gonfirmed by other inveatizators snd revsined wanoticed. waldaann
and Pape, in 1920-21, werked out & toehniqe of arbifickal infeotien
of the guines nig vith Poot-and=meuth dig0asd. tobimiar, independent=
1y of VYaldnann and Papn, also suceeaded in proving oxoerdmentally the
gussepbibility of guinen pigs to foot=nnd=mouth disense. The gourse
of foot=pnd=mouth diseass in guinan pigs is similar te foot=and=
mouth dissase in cuttle, with the appeurance of orimary aphthae on
ghe site of injostlon of the virus and 8 gubgogquent genaralizahioﬁ of
khe infection and, in sonsequenes of this, tho appearsnce of seoond=
ary sphthus on the remaining, uninfectsd extremities and in the oral

eavity.

Minett, Ohybbs, and algo Bdwards, infeoted hedgehogs, which
proved to be animals very seasitive to foot-and=mouth disesse, under

experimental sonditions.

v w e
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During she anti=foobeand=mouthedissase expedition in 1p28

we abttempted to uge marwets as an experimental animal., They are

suscentible te Pocheand=mouth disease, as shown by the investigations
of our woman ceworker Ponova. However, due %o the great difficultles

of working with marmots we gave thein up a6 experimental anlmals.

=A3/ -
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THE, QUSCEPYIETITIY ol !

i Pl = AHD=MOUTE DTSEACE

Vhe suseeptibility of man to Popt=and=nouth disease has been
proved by mwierous practical observutiens o veterinarians and

phiysletans, Tt ha: also been repratédly veritled and confirmed with

;9 tion,

the aile af experimental reinoar of ipvest

vatie, wng &lse GRy, as eavly & 161 described two cages of
fact=ani=nouth=disease slekness Lo sant  one ©4858 witi sphithous
Lpeivatlon tn the bueeal esvity, an. wue olber Wlti Lhe aprearance
of Wizh temperature ang the fometion of font=AGi=10u =1 86886

aprthne on he flnevrge Dere degeribod in 1602 a eaze of foole

andeioute =dlaeise slelmess of vevore far in iy of twe eniliven

Az Lhe pesult of usine eaw allle from o glek soule TFregently tne

methor of thede o chilo ren slin Leebie 111, Likewise nfter wilng

pavt nill,  Poot=andmmout. disea e Ln b rptloren nagsed with symetond

empasaturs, apilhous pppivatlars i the bueeal eavity, ond
dlawphea,  Fop one ehi il o sleknesy cnaed Lo deotine  In Luser

vegorts 1t i also possible 1o Yae eontirmatlon than aan 18

sugaspbible Lo foutmand=moltn ditraie dnd Lhst enildren sre partieulacly

gangitive be the

Hewrtwie, Maan, and Villain, for tee purvose of debtrmining
man's suseeptiblilivy o Faob=an=nouth diseace, dvank tne a1lk ef
aiek cows themselvesy all becane ciel with & typicaltorm of foote

and=monbh digease, with sympboms of hizh tempersture and aphthous

iprivabions in the buceal cavity and on the hoanda,  Villain ovscrved
s cose of footmand=mouth=discuse infection of a nursing infant with

mille of a sick cows This infant infected his rmother, on whose nipples
-

P

aphthae eppeareds .

/32~
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Foppe wa infected during experimentation, hoving ageidentally

injured nis hand, His @86 of [O0U=aN.=MOuLi OiEESE WaS accompare

o Hig L5 Base gi Ql=gn =nobily GLECHEE WA acconpanen
By koo Lemperaiupe anc aphithous irritations on e nends ang legs,
A shndlar inatance goourren in the Riems Tnrstitute in Geraany., Lupiog
artiriclal infection of & bull, & herasman Was WOUnded wy Lne
faacularor, seapificator, follewlng tiis typieal Fooi=ancenoutbie
discase aohinae appeared on hln on e TLOWh g8y at the site af the

Aound ¢

Tafeetion af hinan belara takés place most ofien eitner in
earliy for slek aninals or 1n consumption of raw milk, Uoseabere
euserved repented lnstances of sieknesc of human vednss, maialy as
G oeongeouengs of the uge of raw will, He eonzi.ers that in 20

eenb 9! tie eatés human celavg are Lafected witn Jpoteand=mouth

Alaease threneh eonsunntlen or vaw wilk ane enly to b peresat Lureugh
contael Wwith sboi anlaola,  In eue own practiee we nave als
repestenly obgerved cagey of o elness Lo human velngs, partieulmrly

aften Lo eiildren, ¢oused by esnsuapblon of raw mnilk from alek cows,

Buring Loob=asr=uduth eplzoobles Lt moy e takes almest ax

'

: , !
a rule vhab acute gastroenteris’c in ehildren, acrenpange by profuse

diarrhesy has o direet reloiisn to fooi=anc=moutu=gisesse inleetion,
These sicknesses ocour most often in congequence of the use of raw

mille Prom farms contaminated with foot=and=mouth disense, il in tuis
instance alfeets the elild's systes either in consequence of the

virus whieh 1t econtalng or in conscquence of an shrupb change in its .
conposition as a result of development of foot=and=moubh disease b

the animal,

-/33-
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it Jtomatitis in entlaren in i’oa‘n-and-zmum;-;’;isea:}@ sickness
R i: ot always Quserved. Tp aoult Auasn peings, on LA other hand,
n uhe

us Prpitations

fooLeand=noubi aigease ogeurs with
praceal cavity, in the ;mp(;mii,fiml aress oF e hanos and in the

pirion of LLE pedal srtreriticd,

dlseape G Man GQEs

e Ll enl aspect of t'rmL-’am-mimm:
e elinieal aspect in anirals, The

got aifrer prineinle fram the
feewbation prriod tq meg een 1St AY Lgnzer thun ¥ 16 {4 days. 00
¢ deyelops flest &

At vhmag L

tpe site of tatrodu-tion b
prbaary a, hiRo, gLl ol P ek or Ui gl bhé,

o Lekig whE firet

el ELethy yealen

ane b oeen rid denreas

foyen ANDERy

ppenat b Le pats P Ll hotway B dfaerdery an W oy

ol Lne gtanpes an irtestionl (RN
Buplas abbhous Lppitatbon of L puaenl cavily W meaus
pambroane 1 guronsly hgpcr@nlc; Lo firoh sharply Jelineo ped GRots
sliE 0

LppEar on Ly an bew seeonualy or plural  prbass an Lut B
Lange snoULSe Ab thu very perinaing A tab AppEATAnce af thesu

aphthae Lehr conbenis Are pprpgparent, bub bl Leply Goeons Lurbide
celdom, Wibi the

is at Lhis bime appoat Ve

SLomatisis S

s of time the aphthac peplaced by pleerss

paged ruptute, and art

Aphthae and erosions on the skin of bhe pulin

pLeure S
£ the hand of & human being

and on the fingers o
m and bthe fingers

figure 6, Lrosions on the skin of the pal

£ a human belng (afber Trautwein).

of the hand ©

<o
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Poo t=and=riputli=aiseaze aphtliae ean Le obgerved not only

on the memprans of tie oral cavity, but algo in The 6BQPHAEUS,

in Lhe nasal eavity, on Lue skin of Lae raee, in the area arqund

the mouth, on Lhé 86XWAL OrEuns, and elagewhere, The " favoriie!

site of lecalizavien of apiidious irrivations in men le the mucous
nemprane of tihe orel cavity anc interaizital reglons of uhe hancs

ang feet (Pigures 5 and 5), lFraunze has deseribed a case of
{rritation ef Lne bucral cavity of & hwsen velng whose Lonazue, in
eonseauenee of swelling, at one uime protruded {ran the nouth,

In Lreluatlon of the extremities, primary achthee appear on the .
glse of Lntroduetion of the virug, end then there ie a zenerelisation

a® tne infaetion.

Mast frequently aohthae ave ousarved on the selo ob i fout,

the foot, ane thae ingerdigital veplons.

An extramely 1aterostlng case of an epidenie ouboreak of fool=
and=mouth dlsease in humap pednes way described in 1927 by the
physieian ShugLerovs Tn one of the sovkhozes of the Onsk golast
an eplzootie of fopu=anu=moubh disease broke out iln cavtle and
siekness amensg the workers vho looked arter the cattle also appeared
simullaneously, Fitteen persons in all developed foot=anu=mnouth
disense. In 17 persoans the foob=and-mouth diseuse prased with
aphthous {pritation on the feeb in the repion of the goles, in the
{uterdirital rexlons, and in only 3 persons Was aphthous stomatitis
noted. In individual cases aphthae appeared on the rear part of the
foot and in the area of the lower tiird of the shanlk, Foot-and-

nouth disease was developed by Just those workers who wenb barefeot

and washed their feeb in a trough in which oxen were watered. In

; ) ' elebas s imaieg
s ; i e asan
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the eourse eof this, sensitivity was maintained for one e twe

VGEICH

(ansequently, the suseeptibility of wan e foot=ana=routh
discase e eoncluglvely proved. The earky liquidatien of f@ot=anu=
mouth disease i@ the task mol anly of vetarinsry, vub alse of
medical workeed.

STO¥ ANTUAL AR TH BETARY 30T OL AL

T STVOTR OF

FOOT =R ii=D1§EAGE T CTUl

The eleic sptnal ig a prlmsary geurcé ane at the same tlme &
aatnral reseevelry af uhe fanL=anc=mnoiii=dl6a86 virug in naLvureé.
1pe eausal orzaniom of [aoteano=mouth dlseage ean wultiply only
in live vissues af the erzuniem Al an aulmal susesptible lo it, ane
henee penctrate an ertarnal meaiwne  wlon the developnrnt of the

1 : 1nfeetinous process, the eargonl&s af the siek animal beaomey & pla ce

of the aceuntlotion and petivating of the virus, From bue cpiza%@aylcal
noint of vigw the sick animal 18 the moat dangarous source of
diesemination of the viris in the atnosphert gurrounding animalt.
Hentever, the gick animal ig nob uni foraly dangerous at all stages

of development of Lhe lafectious process Prom bhe standooint of

geerction of the virug into the Lrlbernal atmosonere.

Tn the first days of gickness the vi-us 16 seereted from the
orpanien of Lhe giek animal in greatest quantity and in strongly
virulent form, but subsequently it 18 at.euuated with Lhe passape
of each day, begins to be gecrobed in ever decreasing quantities,

and Loward the 13bh day iis presence 4n the secretions of the gick

-/ 36"
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organism eannot lonzer be sugeessiuily iroved, Very ingeresting
data in wils vespeet were octained oy buchlmania The virus, whicn
he toal in the formm or epithelium or aputhae, was capable, 2l hours
after infestlon of Lhe anisals, of causing infeetion of healthy
antmals in ailutien o 13h,000,000, kb hovrs after iafeetlon it

hau Lo ue Lalten tn 125 fimes greater auoint, and 72 huurd arterwnrad

in §,000 times greater auantilye

In thelr day Leeffler, Froueh, an® Unlenhuth eeravlished Liat

for infeetion of anlmsle sugeentible to f sLe=and=routh dleease with
vipue taken frem a siels anlesl in the [lvay daye of sleknass extremely

emall auentities were nesdea, After tne Lith cay, fren the mement

of the slexness' bezinaing, even in the pogence of indlvidual
clinlcal symptomg cansad by loot=tan=nalth digease, the tizk animal
becane harmless Lo proctles with reaseet Lo seeretlen of virug from

the organism,

fhe virus Ls eiven ot frow tne slew anlnul lnlo Uhe oiter
medium with all scevctions == salive, nilly Uile, an obhery, oang
alsp exerebions =- uvrine and feees, Pron the practical standpoint
tae preatest danger is embodied in the sevretions ol the oral cavity
(saliva), especially in the first days of slckness, Waldinann ang
Reprin proved experimentally the presence of the virus in the saliva
of cattle sick with foot=and=-mouth disease for the first time at the
niath hour after infection ‘at that time no speci:ic changes in the
oral cavity could yet be observed), the virus completely disappearing
Prom btho saliva in 6 days following infeebion. With the presence
in the saliva of little places (scraps) of epithelium of ruptured
aphthae, it was pogsible to prove the presence of the virus in the

saliva even after 6 days, but no longer thon the eleventh day from

- /37

S

Declassified in Part - Sanitized Copy Approved for Release 20k12/03‘/22 N CIA:RDPv82-00039R0‘00100111‘70030-0




Declassified in Part - Saniti
- Saniti
- - 2 ized Copy Approved for Release 2012/03/22 : CIA-RDP82-00
— ‘ . : . - -00039R000100170030:
-0

the mameny @f infeetion.

rertain jpvesti -atore (Lebalily, Jalamann and Repuin, &nd
orpeve) arfipa that 1anz before tae appearance of tne flrst clinical
eioms of the dloeasd glol animals wezin te elve off the virug kote
the external meainm, 8nd cosequently ab thie time they slready
repregant 8 danper fov other animale sysceptible 10 fpotmana=notti

alevaEe.

The Bnrlleh demrleaion on Pont-and=touth Dlgease could not
contlen tnie in 1pe exparincnite on dus port ib congidare Lhat
the preatest danger from the standpolnt o! dlaseninaiieon af the
yirug in W€ mgriun gurroundl o’ animels 13 pepreaented Of siek

anlmals et W woment of full deve Larment and rupturing of aphthag,

Ah the Flrb Lent axpﬁvLmenLuL gtattan neb & plagle eheervation
ng 16 G Laue 9 whe effeet nidy pn by gays from the moment of ruptoring
ol aphthae, aiel antnals gauly infeet nealthy enimals quoeaplible @
foot=and=routh dlseane, cven {A the €ase Whels tnoy were 1o ond

pullding in direch contuet witn sivk anlinalse

Aecording Lo L he uhbé of the Lnslish aominl 88lon, the virus in
the tlood of cattle can be found s concidsranle quantity 0nly several
hours belore raising of femperaturs (stallybrass affivne thab "ith
dermatronic setoternmg thete 15 always a sbage of infection of the
plood, even though it be gnortt,) LIn the pload of sick animals the
virvs, a8 8 rule, can be pbserved during Lhe wiole period of develop=
ment of the aphthac, peatly discovered bthe presence of the virus in

glands of the neck pefore bhe appearance of the vesicular rashs

-/JX—
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The prasence of the virus in the milk of sick animals haé
been p%oved gy many investieaters (Terni, Lebailly, Frnst, Gsbel)
Tvaugwain,iThomasenoff and Howe, Skemeroknev, and atiiers)e Trautuein,
Themasenef?, ‘and e obeerved The presance of the virug in the nilk
of siek eontg in the peried petvween theg 13th and 115tk hours after
infeetion, and in the milk of =uinea pigs in the period betwecn the
12th ane 77th hours aftev tafection, We have gueneaded in roving
the presance of the virus in eeuts milk in the period hotween e

36tn, hiith, and wlet hours after infeetien.

The Fingligh Com-iselon oh Foob=anc=llouth 1l scage, on wHe naele
of Lty experinental ipvestd atlons, SBEWIES Lhat EnE appedrance
of the virus in milk dees nok demend on bhe perled of {nfeetion of
the blood. Conbemporary {nvestizoters hold, hew.ver, that the virus
appeare in milk only as the regilt of peneralisation of the iniection
(1.8, by & prusary means), This dees not guclude that in ipdividual
cages exbernal contomi abion of milk with the virae ig possibles
ronsequently, rav alle econtaining the virus, of vedne fed in
unpuritiett forw to suseentible anlmals, can be a souree of Lnfectiens
There is partlieulsrly speat practical gispdficance in this o
connection with the fattening of calves amd pigs wilbh milks Cuaces
are known of foot-anc-mouth=disease sickness of cats as the result of

fecailng them milk from siek animals.

The presence of the virug has been proved in the urine of
animale which are sick or have recovercd from foot=and=mouth discase.
According to Valiee's and Carre's data, during the period of sickness
of ecattle the virus is given off in considerable quantities with the

. ' ) it
urines Traubweln, Thomaschof, ano Howe proved the presence of

- /397~
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the virug in the urine ef eatile anc suinea pige in the perked
batween the 15th and 108th heurs, and in eaine in LO te 40 houve
after infectien, The pregence of e virus wag preved by them alee
in the feges a” eattle and zuines plzs, Skemdrekhov and savel'yev,
in taelr experdlments on Zu:c6& pigs (there were #0 gulnee plege in
the experiment), veri"led the vesearen of thade authors., Theve was
virue in the urine between e 36th and hbth hours after infeetien N
and in the feces in tne period petueen the 12th ana 6Jth hours.
walanann, Trauntveln, anc Pyl proved the pregence of tue virug in
urine of eettle in the course of 15 te 16 days after infection, by
the mathioa of adserptions Al the Eleventn Tntemational Veterinary
flonrress in Leaden in 1930, Waldmann affirmec that an aniral which

hag develaped foot=Ana=moutn (igease DECTELES the virug from the
orpanlsm, as & vili, only in the nerioi of 41lnces iteelf and no
lenrer than 10 e 1? days. Sueh & gtetement 18 in knewn conbradi etion
with the experimentsl cata of ether invegiizators anc of Waldmann
himself, and alse with nwaerous cate on the eather prolonged virus=-
carrying with foob=and=mouth disease, 1Lho Lnglisn comnisgion, on the
basis of its Lnvestigetions, ennelders thabl between the presence of
the virue in blood, milk, and urine no relatienshlp existe, The role
ol other secretions and excrations wiiech can e sourced of infection
remaiis the subject of 1ittle study -- secretions of sexual orpans,

nasal micous, tears, and obhers. .

Animals which have recovered can be a source of dissemination
of the virus in the external medium == healthy carriers of virus.
The epizo%@ogical sipgniricance of virus-carrying in foot=and=moubl

disease 1s dispubed Ly no one, althotgh up to now 1t has been

oy
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inadequately investicafed.

Tn praciice there ie slgnitlcance nou enly in the direet sources
ef inf@étian (the 1n£§etéd orzaniem), but alsa in the indirect
sourceg of infeetion (trenswitters, garriers), The latter evidently
play ne smaller rele in gpreading feote=anc=mouth discase than whe

divect sources of infeetlen

HATUH A, THFFCTLON

Foot=and=mouth dlsesse rvng Llte course .n the form of eplzootics
ané is gpread with executional repidity, This le explalned, a8 weg
salu before, on the eone hand by e hieh contagleuencus of une Ffoot=
anc=moutli-aiseage virug end oy the hipgh sessltiviiy to Lt of spontancously
susceptible anluals, and on the other nond by the varlety ol meuns
and nethiods of spread of the infeetion 1iealf, Nabural infectlon
of animale takes place usually by neand of dirget contact, when the
virus by one¢ means o auouner 1e reeulved by a healthy animal diraetly
from onc that is diseaced, Butb naturel infection can take place
also by meang of indireet contact, when the virus 1s received by
animals throueh seme intervening mediwn == foou and water, ouildlngs,
troughs, litter, munure, objects used in earing for animals, and others.
As passive transmitbers of the Lnrect;on, some silenificance may Le
assizned also to animale not susceptible to foot=and=mouth diseuase. A
particularly great role as passive transmitters of infection is often
played by human beings wno are in contact with sieck animals or otner

gources of infectlon.

Tnfection of animals through direct corntact is of principal

-/ -
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glenificance in cpe infected herd ttgelf == in the pasture, the
¢ == while all gther metiode of indireet

parnyavd, and elsewher
infection have also very erest pragtical
pread of foot=and=inouth digease,

transmission of Lhe,

gignificance in eeonnaction with the &

Heang of peneiration (tentrance zatesh) for we infeetion &re
1y the mueoud nemgrane of Wié puecal cavity,

the dlzestlive traet, maln
in the aea of the

faee of the aplmal

and aleo the gAternal sur
© teats, 6n¢ the wddeTe

left of the heof,

govonary hend and the €
{nlectdon threuzh the

gd posalble 1o qauee

™~ T, has also been prov
k newhrane of the gnternal sexual orrand {rarlous manipulatlons in
the Lavestiratlon of the sexusl ehannglo) copulation, and oui6r WBYE)s
e conjunchiva of the

(hrough tha menbrunt of the nasel gevliy, ond
gyes, bub Liess patng of infoetien have only secondary gigni ricanea,
) 7 ; )

and vhelr eglzoq}a#icai sienifleancs had been glven 1nadegoate study e

A necagaary gonclblen 1OV pun@tvﬂtion and maltdplicailon ol vhe
vhpue dn the orrund.sn of an uning! suseeptible W 1t mugt bo & bLrEaR,
in the gontinud by of the tisoue (batunen ond deeker)s

ve in the freld of fool=an
intact Llssue (Loeffler

however small,
|=outh ©Lscagd

However'y gertoln {nvestl-ato
hold that the virus can penebrate aven throush
and Frosch, and others)s i statement, howevery 18 in newd of
expafimenbal proof and sueh & wethod of safeetion has hardly any
practjcal sionificances AS o mabber of fact, for pehetvation of the
snfection bhe most minule preslt in the conbinuity of tissue, often
5mpercept1ble to tho nalted €Ye€ 1s suflficient. tn the orsl cavity of
rle and sheep which eab rough fodders sueh defects in the membrane

t, ordinary phenoinenons

cat

can be a mos
yarious damaging and 1acerations of tho upper layers of skin ==

-/¥ 2
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ahrasions, seratohes, cracks, and ouhiers == can alo be entranee
gatas for Ln?éculon. Tn goncequence of the gtronely manifested
tropisn of the virus for eplthelial tissuc, i finds there, in

tiese defects of the skin, faversble conaitions for its origiral

fixatlen and multiplleation,

The hieh sensitivity of the ekin to the virug has repeatealy
been verliied by us Ln experiicnis on catile, In lnirasuiancaus
infeevlon of ~attle we sueeecdad in eauslng sheimegs lo 1o hours

after infeetion,

Waldnann anc Trautwein weveloped 8 nethou of artifietal in-
feetion of eatile by weans of sransforrine hic virug Lo the nueous
pebrane eupface of ehe upper 1dp woleh huo fleat been 3enviiiad,
walter proved the pessloility of inthetion of the suinen plp by
weang of rubbins the viruy into e sklne  In Southern Hhodeglu
inbransgal infectlon 18 appllec, by means of introduelns pulverized

virug, for the porpese of enuuias o Ly unnebleeable case of the

sLeknesse

The tasis of all Lhese mebhods of artificial infeebion 18 also

the hirh sensitivity of ihe skin to the viruse.

pzerov assumes thab for infection in youns catvle duriag the
period of replacement of teeth the unhealed openings iLn the memorane
on the pumg can be entranse gebes. In one fustance he observed foot=
and=moubh=dissase sickness first on o farm in a calf aboub 7 vears in
&, which exnibited, aside from aphthac and erosinns of Foot-anc=

L]

mcutbpd&seaue oviszin, small uleers,which had nob yet healed, on the
rd
P

P ag

¥ v

gums - around recently exposed protrusions. JIn this case they evidently

-/.9(\3-
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served as entrance zates for the infeetions

Tn anether inatance Qaeroev establicied Lue facl of infeetion
of & peaizreed pll by @ cow Jnieh had been sent fyem A settlenent

contamniaatec Wi fanieana=nouth d:S€aea to e served ny this vulle

pefape bresdln., the cow Wa3 cranines, eertiflica healihy, ane aceested
for arerding, s in only two daye elinieal signe of footm=anc=mautll
illaeane Ware abserved an Ler, 0Qzerov eonglasrs thet infeetion of

the pedlgread oull in Lig Lastanee egeirred durias breedlac,  In

orlevts optnion for adnlt ewing alio the posbl=natal jeriad Lends Lo
3 b

be & favoraple time For tnfsetlon Oy {ontmanu=nouti 416854,

WAtR respect fo tie posailbllity of Lnfeelicn uy neand of alr
Woleh nag peen gxhaled buw spotaing Nparviclest ol Ui vipug in Juepended
alatg, Laers 8re gonlicbing oplnions. puenmann aus Harray hold wnat

aarozanie Lufsetion was not been proved 10 foab=and=nonbh dLBGauG.

In his expevrinamnis with hedpehops bawaras, on the obheT iy
proved that they can exuale the virug ang, ab hhe 3846 i, swallow
14 bogebsr with ynhalec air, this alu. explaing i gxbrenc Ly rapid
sprend of Poobegno=nonbin GlBsnse anont hudeehogs under gxperinental
aonaltions, tuined pirs, ascording Lo the author's asswapbion, o nob
pive of i the virls topebhitr Wwivn exnaled alv, enu thereiore joot=and=
moubil disense Lnong them does nob spread naturelly in the way bhat

1% spreads anong hadgenoss.

b

rawards holds possible the snfection of animals Ly meens of
prans ference of minube infectious substances, partioularly auring the
pariod of sowcallad rupture of the aphthae, In his opinion a minute

quantity of {nfeections maberial is dangerous for one bype of animal

- Sl
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guseeptible to footean =nouth disease, thvroush trangfer of the Vvivus,
and net daneepous fer another, Foveman asswies Lhat wind gan gpread
tive virug, with dust, over larze digtances, This pepart Lg in nead,

fap the time belre, of serieus preef.

FAFRR L e OAL TabROT 0N

‘tn aprtificlal infectlon of enluala, the site and netied of
Lntpodueinr The VAITUE HOVe Very fraat glenililesnes in connsetlon with
aaaptation of the virud. Lo filer, ang alze Leballly, congldered the
moat effeetive wetihod of infeetisn to be satravennus injeetion ot Lhe

tioators (walamana ang Trautvein, Lignieves,

vipug, Other Lnve
VYallee &nd Narre, Houssu, and pthevs), on the ether hand, conglaer
(ints methed legs reliaple and nov deservings of serious attentlion,

{nsefar gy intravenous injection of Lie virug does not alWwsyy eause

saneralization of vhe Lateetlon.

Phe gsubeibansous methed of injection sives nore tavorable
pesults as far as Lofection ls concerned (Lowtiler, woux, vVellee and
farre, iiocard, and others), In intramuscular infeetion under the
same conditions more virus is always necesuacy than with ordinary
methods of infeetion, It is possible first to gensitize the organism
of the animal wich normal serum, after wnhich the animal develops
foob-and=mouth discase, bubt the diseese in bhis case usually rung its
course in milder form (the Lnglish comnission)s Intracutaneous
infection with the virus is the most reliable ana effective of all
exlsbing methods of ardificisl infection. This nas been proved by
numerous investivations cartied out with cabttle, swine, guinea pips,

and other animals (Skomorokhov, vallee and Carre, waldmann and

45
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Trantwein, snc otherg), Halleway cauned infeetion Wite the virus
by means of pulverization Qi bhie muequs menprane of Lhe nasal

eavity,

Tn azyaviw2nhs dlvh pulverigab. o of Lhe ecornea, ano slso uné
eanjunctiva, an tne other fhang, negatlve resultc were ouLalnea.,
i Tnfeetlon ean Le anhieved anly bhreush vepcated culverization.
Janssen injected the vivug tnte Lhe marvow of muinea ab#Be LGy

davelepad fogr=and=nouth dis:ase with gimns ef

wrel teation, 48
the oonlt of wideh a fle fmannity devolepecs In %l nours following
Lafeotien 1y was no lencav pogsivle to poove Lhe preseneg of virud
1n the narvew of ‘nfeeten fuinod phzo,. Vap vaveren, on the othar

handy with {nuracerebral injeetion of tid virug inte the suinea tig,

ealf, vabbit, ano While mlec obtuined nezabive rosulis,
He Lnjeeted Lhe viens inte the AQpvow, repcntlns bils up 1o 3 oer bk

{Llmes, any in no ease was able to prove by adaptalions

71 has been posslble te prove the presenee of the viprue in the
marvow of white mice for 1 days, with {ntraecrebral injections iv
disappears eensiderably earlicr (rom sther orzans (Lne spleen wnu
1iver), In the labbter cace 1t was net posaible to prove its presence
2l hours followine infestion, Thus, all eblompis Lo cause Lne MMArIow
form" of foob=and=touth disease == foot=and=nouti=disease gneephalltls ==
thraﬁqh inbracerebral infeetion ended Ln failure, Van Vaveren progucet
intratasticular infection of the puinea pig and pabbit with filvered
virus. The auinea pig, as 4 result of this method of infection,
developed sickness wibi subsequent appearance in bhe usual, "lavorite!
places of anhthae, bub on the sibe of injection ol big vipus multipll-

cation of it did not taks place, The rabbit exnivited no speeific

YOI
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phenanena as & result of guen infection, after repeated pacsazes af

well ag afier whe first,

Tn artificial infection, paruicularly subeuhansous, thers 18
speat eiond fleanee not enly in wne virulence of the virus, the site
and method of 1ts injeetion, tut alse in the amount of virus used
for infection, Susumk, Kurange, 1atsue, and Mozani coneleer that
a miniaws of 2 eubiec eentimeters of virus is necessavy for experi=
mental infeetion of eabile, For artifleal infeetlon CoBeo and
Amuzzl reeounand toe use of virulent bleod wnieh nas peen deflorinsted
in prelicinary (with the ald of #lass beads), the quantity of virug
injected, seeercing to thelr pepert, net navine creat gi zalilcanca,
itoux, VYelles and farre, #no oearc ude. virmdeat serum, & mintaun of
1 eusie sentiecter, for artlifislal inleetion, Tor guseibansous

Lnfeetlon they uzed a minlmun of 1 to 2 euble eeatlmeters,

Tn artifieisl infectlon of ~abttle vy means of Lntroducing the
virus on & suriace of micoug memurine of the upper lip which has first
been searified, morc or less preeise dosage i8 net of sssential
Lapertenee, Novertheless, strong concentrations ol the virus should
not be used, partienlarly with the application of bthis method under

the conditions of the practical struggls against foot-and-nouth disease,

LXUIHRIMETAL DAEORATORY ANTVALS

the guinea pig is considered to bo oné of the best experimental
animals for work with the foot=and=mouth=disease virus vnder laboratory
conditions. In contact with sick animals guinea pigs, as is known,
do not develop font=and=mouth disease. With artificial infeetion,

on the obher hand, they develop the disease in a fashion similar to

-/y7 -
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eattle, wita the appeArance of primary aphthac on the site of
infegtion, cubsequent seneralization of e infeetion, anc the
apneavance of Aecondary apnthae on 8ll extrenitics ong in The pugeal
cavity, The infeetlon of ~uines piee is acconslished by means oF
eukbanequs ov intraculaneoue injeetion of the virus on the planuay
eurface of ong of the vear enremities, Lo6 oLneY extreniiy remarning

as & eontrels

The esensrally aeeented msthen of tnleetlon of calnes wigs

aonslote in prelilniaary geariiirstlon By weand o i gliont ineirions
10 Lhe suriace Leyer of the eptthwliun of tue gole of the reot ene Lhe
pransforence to thade places of b v iruz, witl the sid al a rlass

pasteur plpatie. AL she gite of Lntreuuation ol b g o so=ealled
primary Apittha apnears Ln ol to Lb hours, On whe rollowinz €8y,
acldom later, seeon ary apnbhne anp ar in phe vueeal cavity and on
all remalniap ertroniilct. The viruz avhaing maximwe virulence

1n 18 to 20 hours afber inlection, following which 1us activiiy con=
sloerably decrcises. Thorelore, Lt is regommenuea tiau pubhering

of the virus for subsequent passaszes be made froa primary aphthas
which nave developed in the firet 16 = 20 = 36 hours, The aphtnhas

on the extrenities of guinea plys do nob rupture, &as in animals
spontancously susceptible to rost=ond=mouth dlsease, but gradually
decreaze in gize, dry up, and digappear; and afteruards the exfoliated

gpltheliwn {paelf vanishes with Lhe passae of time.

Under laboratory conditions for work Wwith the virus it is
recommended that guinea pigs with white paws be selected, 80 that
1t will be easier Lo cheerve the appearance and development of aphthac,

T4 must also be considered that not all suinea pigs are uni formly

g
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v, The mest congtant resulie ave

guitable for experinental ve

slyen by cuinea plod of mediun &26 welziinz fro.a 350 to Wa0 erame

(daldaann A ppautuein, e Tnzlish anc hreriesn com igsions an

foot=ani=noubh diE€:ES, angd otheen)s

Fer tiiravinon or anulrcnh-anx-mouun-dlsaaﬁ@ serum 35 uined
phias Lt s reeomenden toat pﬁgﬁ ai wedium welaliy eanelng fron 300
to 340 grams, beo uﬂﬁu.. (artaln Luvestiatord (Lionieves An othera)
aomit che uae of ~ulnes pice G neavy welint for uhe oA purpogeds
6 consluey cuiank g weloulns ne leas Lhan ¥oJ a0 ne fets whian
g00 prang the most auiiable for ﬁqurimcnmai PurpNnEs s Tv is
neeassury Lo be panLCQlﬂvly contious Ln usins YOUNS suings phog fer
gxperimental purpesed. pertaln Loverl gators (i and Webey, and
sy of the virug Ln yowls Artnoa ples, ouserved o

others), in paysi
weakenlns of it almosy Lo fukl less of vituluncee galea, on the
pacls of hiu experinenty, wod porlneay that the susecplivilivy of
spines pies 18 not strietly gonsLant, [t aliso depends on 84t

the bresa of ainen ple evidently Le not of gssenbial
signifleance, althoush i so=called Mrogethe! (JapaﬂtSC) culned
pias are proving mors sensitive 1O FooL=ahamnouL GLECuEE) ageorilng

RRAYESS aliservationt

the gulnes ply o8 b gxperinental animal for the study of
{00 t=ant=moutl gisease entered invo practical 1aboratory {nvestigations

r Waldmann and Pape had developed & yechnique of

only in 1920, afte
artiriclal snlection of guined plgs by means of introducing the virus
on a searified surface of the pads of the rear extremities. (+ins

and Weber in place of scarification of the pads sugpested & method

- 4G -
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af ipfeetian by means of ttypneline® witl: the aid of & hypedermic

needle,

The vevy fact of the possibility of niine cuines plzg for

experinontol study of fapteand=mouth digeace hat en01Moud eonBEHUENEes

car the solutden of a whole gerice of leadicz guestions of theeretical

8 yell ac practieal eneraeter, Hawever, 1op wie proauction of

prperleents ConneeLed Gien bive etuuy of hweundiy preTevenee muat Lé

yisigae uneenditlonally %o sattle ag the type of anlnel nest gengitive

to foobeemi=moitiy dlgebib, The sutnes ple LO3SEAELGE polatively nivh

resictance Lo featmafo=noltl 0lECUEE, iz Ehde phenomcnon mie
]

Lovariobly ba consivarce in the cvaluabion of the wisulte of anperi=

wants earricd one whlh tnal Lype of animal,

Te hedeshon, According 1o LhG agLertion of earwain dnvestl a1ars,

ean e nnobher very useiul cupariiental ondnsd in the stuey ef foob=

ens@e  Thia mnimal, ag chout &y bthe crputimente of the

encmmanti &

Enrligh Com dgsion on Pool=ami=iouth pionease (Mdnett, Thyubs, LOWREDS)

1g eharacterisec by an extrenely hlpn guscestinildivy bo foul =anc-

mosbh dlanere,  To develops tie fisesse Under conultions of nakural

infection throus dircet conbaeh with sieck animals, as well us with

arbisicial iarecvlon.  The unelish investlzators infected Lhen

Lntracutaneously on bhe goles of the sxtremities, and also inira=

muscularly. Following bhe appearance of primary aphthac on the site

of infection there came & goneralisation of the infeetion, as a :

pesult of which aphthae appeared on all remaining extremities, in

taken in the form

the oral cavity, and on the snout, The virus,

of the aphthae of hedgehogs, caused Lnfection of puinea plgs in

dilubion of 111,000,000, The servm of convalescent hedgehogs usually

had sufficiently high titre (041 == 1.0 cubic centimeters), The

/5D =
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ipeugation perdes i pedgenoss Wiko {gui=ani=nouti (iscuse iui‘e,m;%cm
mti quj 1o 5 days. In e erperimenia of g knzlin (om Lesien
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