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UNITED STATES DEPARTME: I' OF AGRICULTURE
WASHINGTON, b. C. - - :
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~ REPORT OF FOOT-AND-MOUTH-DISEASE -
= COMMISSION OF THE UNITED STATES
DEPARTMENT OF AGRICULTURE ! -

By Persr K. Ourrsxy, Rockefeller Institute for Medical Research, Jacon Traun,
‘Associale Professor of Veterinary Science, University of California,.and HiRRY
W. BcuorwiINg, dssociate Velerinarian, Bureaw of Animal Industry, United
States Department of Agriculture

With an introduction by Joun R. MopLER, Chief, Bureou of Animal Indusiry

INTRODUCTION

Public sentiment in the United States has recognized for man
years the necessity for aggressive mesasures in dealing with foot-and-
mouth disease, which is one of the most contagious animal diseases
known. Outbreaks of this malady occurred in the United States
in 1870, 1880, 1884, 1902, 1908, 1914, and 1924, but with the excep-
tion of that of 1914 they were of relatively short duration and wera
limited to small areas. Slaughtering infected and exposed snimals
promptly, and burying or burning their carcssses, have been the
chief means of eradication. This drastic method, together with the
exercise of vigilance to prevent the introduction of the disease into
the country, has entailed consideralle hardship and expense to stock
owners and to the State and Federsl Governments. Nevertheless,
it has been the necessary price paid for the protection of our domestic
animals, and while Jarge in the aggregute, it is very small compared
to the losses that would inevitably occur should the scourge at any
time be sllowed to got beyond control.

Fout-snd-mouth disease has been recognized for cemturies, but
until comparatively recent years exact knowledge concerning the

_virus end certain sspects of the disease has been wanfing. Exten-
sive studies have been conducted in countries where foot-and-mouth
disense is enzootic and the United States is deeply indebted to the
scientists of those countries for their valuable contributions to our
knowledge concerning this malady. On account of the danger of
the virus escaping and starting new outbreaks, the scientists of the
United States have not engaged regularly in its investigation. How-
ever, some observations and researches have been made in connection
with outbreaks in the United States which have been outsts.ndjzﬁ.
Tor instance, the 1908 outbreak was traced to contaminated small-
pox vaccine 1mported from a foreign country several years preceding
its use. This Investigation proved that symbiosis existed with the
infections of vaccinia and foot-and-mouth disease. Animals vacei-
nated with the mixed virus, as a rule, showed only lesions of one of
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ses, namely, vaccinia; nevertheless the infectious principle

. mouth diseasé remained in the vaccinal eruption.

Tn N instance the dis~ese was carried from 8 serum-producing
plent to five States througkvvontaminated anti-hog-cholera serum
collected from hogs which showed no symptoms or lesions of the
disease at the time they were slaughtered and their blood collected.
Proof of this contamination was not obiained until the sixty-sscond
animal was injected in the fifth series of tests. In the 1914 outbresk
an outstanding investigation was conducted on a group of 740 recov-
ered cases of foot-and-mouth disesse in order to determine the pres-
enice or abzence of any disseminators of the virus (virus carriers)
among the survivoys. Such cerriers have been known to persist
- in certain recovered cases of typheid fever and diphtheria of man.
However, in this particular group of rscoversd foot-and-mouth
disedse cases Do virus carriers were found sfter numerous prolonged
and carefully conducted tests had been made.

The initiel outbreak in California in 1924 wes traced to garbage con-
taining contaminated meat scraps from carcasses which had heen pur-
chased in & foreign country where the disease existed. In conducting |
tests of premises with live animals preparatory to restocking it was”
established that the virus of foot-and-mouth disesse, under favorable
conditions; will remasin virulent for a long time. In one instance, as
elear-cut as if conducted and controlled inder laboratory conditions,
test snimals became infscted when they were placed on quarangined
premises, although 345 days had elapsed following the slaughter of
the originally infected herd and the disinfection of the barn and other
buildings. The eradication of the disease among the deer in the
Stanislaus Nationel Forest, Calif., requiring the destruction of thou-
sands of these creatures, involved considersble investigation befors
definite plans could be developed, since never before in any country
had an attempt been made to eradicate this disease among deer or
other wild animals.

While its scientists have not been regularly engaged in research
work of foot-and-mouth discase, the Burcan of Animal Industry has
kepil; din close touch with what was being done in various parts of the
WOrl.

In order to obtain further scientific knowledge concerning this
bighly infectious disease—and to do so without danger to the coun-
try’s extensive livestock industry—the United States Departmoent of
Agriculture proposed to Congress the appointinent of & commission
for studying foot-and-mouth disease in European countries where it
is constently present and where suitable experiments could be con-
ducted. By a special act Congress authorized the appointment of
such a commission and empowered it fo conduct studies of foot-and-
mouth disesse nbroad with the hope of obtaining information that
might be used in sappressing most effectively any outbresks of the
malady that may later occur in the Unitod States,

The commission appointed consisted of Petar K. Olitsky, of the
Rockefeller Institute for Medieal Research; Jacob Traum, ef the
University of Celifornin; and Harry W. Schoening, of the Bureau of
Animal Industry, United States Department of Agriculture. These
trained investigators went to Europe in May, 1925, visiting 11 coun-
iries, namely, %ance, Germany, Englend, Denmark, Sweden, The
Netherlands, Belgium, Switzerland, Austria, Hungary, and Italy.



http:consisted'.of
http:establish~\.rl

REPGRT OF THE FOOT-AND-MOUTH-DISEASE COMMISSION 3

Officials in the counfries visited welcomed the American commission
and gave valuable assistance, for which acknowledgment is made. -

- The Ameorican investignbors peorformed most -of their work - at
Strasbourg, France, where Louis Bo#z, of the Institut d’Hygiens,
acted ss collaborator. Here also Prof, A. Borrel, director of the
instifute, extended to the commission every courtesy and facility.
Otherstudies were made at Alfort, France, with the valuable sssistance
of Professor Vallée and his staff, notably Dr. P. Rinjard, and Prof. M.
Burgi, and Dy, G, Flitckiger, of Swi tzer{and, aided in obtaining experi-
mental animals and in other ways assisted the commission, In sddi-
tion, the American investigators made speciel studies of the extent of
the disease snd the methods of vontrol in the European countries,
where the officials were very generous with their time and suggestions.

The following pages confain the results of the commission’s work,
which was of approximately & year's duration. The findings of the
commission show, as the reader will sbserve, that the virus of foot-
and-mouth disease is extremely active and dangerous, a conclusion
that must be constantly kept in mind when dealing with possible future
ontbreaks of foot-and-mouth disease in the United States. The
ultramicroscopic nature of the active agent of foot-and-mouth-
disease virus, its physical and chemical properties, and its ability to
escape identification are also outstanding results of the year’s study.
In eddition, considerable time was spentin investigating tge validity of
Frosch znd Dahmen’s experiments on cultivation of the incitant, on
the carrier problem, in serological and immunological studies, in
comparing the viruses of foot-and-mouth disease and of vesicular
stomatitis, and on other related work.

While the length of the commission’s stay in Europe limited the
quantity of research work done, valusble information concerning
varicus aspects of the discase was obtained end some facts were
brought out that are additions to the knowledge concerning the
disease. The full report of the commission follows.

Joan R. Monuer,

EPIZOOLOGY AND CONTROL OF EPIZOOTICS

The description to be presented of the epizoology of foot-and-
mouth disease and the control measures used during epizootics is based
on personal interviews with authorities in Europe in charge of such
work and on results of the writers’ observations and experiments.

Before discussing the underlying principles of the various phases
of the foot-and-mouth-disease problem, it is desirable to consider
first the characieristies of the disease and the incitant, the presence
of the latter within and without the body, its resistance to chemical
and physicel agents, and the immunity that it Is capable of inducing.
This information in outline form will be based on findings already
reported by others as well as on the results of the commission’s
experiments.

CHARACTERISTICS OF FOOT-AND-MOUTH DISEASE

Practically all cloven-footed animals, especially cattle, hogs, sheep,
and foats, gre susceptible to this malady, Under netural conditions
the di

isease manifests itself; after an incubation period of from sbout
18 hours to 3 weeks, in & general systemic disturbance. The first
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symptom usually observed is fever] followed by the appearance of
vesicles, most frequently on the mucous membrane of the mouth.
and on the skin between and above the claws of the feet, and at
times also on the teats and udder. In hogs and sheep the feet are
the most frequent seat of the vesicle formation. These vesicles
rupture as & rule within 24 hours, leaving a raw, eroded, red surface
and, if the lesions are in the mouth, there is excessive salivetion and
drooling.

The affected areas then heal more or less rapidly, but they may some-
times, especially in the feet, encoursge the invasion of seconda
infections with subsequent inflammatory changes. During the atta:i
the snimal loses considerable weight sand, in milking cows, there is &
reduction in the milk supply. The financial loss resulting from the
~ deterioration of animals is probably greater than that caused by mor-
tality, which is estimated at about 3 per cent in ordinary, mild epi-
zootics. In malignant forms of the disease, however, as high as 50
per cent of the animals in & herd muy succumb or be so seriously
affected that they are slaughtered. McFadyean (50) ' states that 5
per cent is a fair estimate of deaths among animals affected during
the last 40 years in Europe.

THE INCITANT OR CAUBATIVE AGENT

There is up to the present no confirrnatory evidence that the vari-
ous kinds of bacteria of the ordinary species which have been advanced
s the inciting agents of the disease actually play this part. It is
now universally sceepirZ that the incitant is a filter passer. It has
eluded artificial cultivation by others end by the writers. The most
promising efforts in the direction of culture of this filter passer were
those of %‘rosch and Dehmen (21, 22, 23, 24, 25) {(described later),
but the results of a German commission, a British committee, this
American commission, and others did not confirm their findings,
Hence, at this time the causative agent may be regarded as nonculti-
vable by means now available.

CHARACTERISTICS OF THE INCITANT

Many charscteristics of the etiologicsl agent are directly concerned
in the study of animal diseases and of nontrol measures. The studies
underteken by others and by the suthors indicate that the virus
behaves differently in some respects from ordinary bacteria, although
it has & character similer in many ways to that of other filter-passing
viruses.

The writers have found that the active agent can induce the experi-
mental disease in dilutions of 1 to 10,000,000 snd that, generally,
the period of incubation and the severity of the expertmentally
induced disease are proportional to the concentration of the incitant;
that is, the greater the concentration the shorter the period of incu-
bation and the greater the severity of the symptoms. The marked
activity of the virus, as manifested by pathogenicity in very high
dilutions, has therefore an obvious connection with the difficulty of
controlling outbreaks. .

The virus is contained in the blood during the initial febrile stage
of the disease. It is also present in the fluxd (the sc-eailed lymph)
and in the coverings of the vesicles. The éommission’s limited experi-

1 Itnde numbers in psrontheses sefer to * Literature Clted,” b 168,
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ments with cattle cn this phase of the problem reveal that the blood
was active when injected into guinea pigs in two of five tests. The
fluid and the coverings of vesicles of cattle and hogs were infectious
for guinea pigs for not longer than six days after the first appear-
ance of symptoms. In most instances, however, such materials were
inactive the fourth day after the beginning of the disease.

Saliva, urine, milk, and probably other secretions and excretions
also contain the active agent. The writers were unsncecessful, however,
in demonstrating the presence of virus in cow’s urine. Ounly two
atternpts were made, and in one the blood removed five hours previ-
ously proved to be active.

Bielang (8) examined the feces of three cattle and five hogs at
varying intervals, from 24 to 120 hours, after artificial infection of
the animals; in no instance was the experimental disease induced
with these materials in guinea pigs. The number of tests with these
excretions is too few to permit general conclusions. No tests wers
made by the writers with milk or other secretions. Whatever the
situation is, in view of the authors’ results, the repested findings of
other investigators indicate that the virus may be present at one
time or another in practically all the secrefions and excretions.
Whether this is due to admixture of these masterials with vesicular
contents or coverings is immaterial; the practical bearing on control
messures is that the sccretions and excretions should be considered
as harboring the virus. :

It is noteworthy, moreover, that the oral cavities of two cattle
with the experimental disesse were swabbed, and the washings of
the swabs were injected into guinea pigs. The latter showed as &
result the typical lesions. In the case of both cattle no observable
changes in the tissues were noted. Hence it appears that the virus
is present in animals before the distinctive lesions of the disease
appeer. This conclusion is in accord with those of Bartolucci (5),
of Vallée and Carré (71), and of Lebailly (44} and its practical signfi-
cance will be discussed in the section on control meastres,

With respect to the viability of the virus outside of the animal
body, the conditions under which it is kept determine in a large
measure its resistance to destruction. In the laboratory, at 37° €.,
the active agent lies in from 24 to 48 hours, which has given rise to
an impression that the virus is very fragile. But this js merely an
extraordinary phenomenon, still inexplicable, and does not indicate
the true character—the resistance—of the virus. For at room
temperature (18° te 20° C.) the writers have kept the virus alive in
artificial medis more than 69 but fewer than 100 days. In the
cold, in 50 per eent glycerol, it may be preserved for months. This
preservation in the cold has also been demonstrated by Gins, Vallée
and Carré, and the workers of the British committee. In addition,
the virus resists desiccation. Roux and his coworkers foucd that
if the incitant is dried very rapidly it can then retain its activity
for 105 deys. Under field conditions, on the other hand, authorities
differ on the question of the length of life of the active agent. Lebailly
(44) and Vallée and Carré (77) maintain that it is iﬂled within a
few days after leaving the animal. They base their conclusion on
cettle experiments simulating field conditions.

In one experiment the American commission placed pieces (10
by 7 by 3 millimeters) of coverings from unruptured tongue vesicles




6 TRCANICAT, BULLETIN 76, U.-8. DEPT. OF AGRICULTURE

‘of cows in a ssck eontaining hey. After 30 days these tissues were
still capable of inducing experimental foot-and-mouth disease in
guinea pigs. After 50 days, however, the oxperiment fuiled. In
soil, in an experiment to be described later, the incitant was active
for at least 25 days—the longest period tested. . That the virus does
-not always die rapidly after leaving the animal is suggested by the
fact that foot-and-rnouth disease has sppeared on premises where
restocking has teken place from 30 to 60 deys after the slaughter of
infected herds. In one American instance definite evidence is avail- -
able to show that the ineitant persisted in the field for 345 days.”

It 1s of vtmost significance therefore, in the control of outbreaks, to
regard the virus as resistant and not fragile. Furthermore, a situ-
ation may arise in which a portion of the coverings of a freshly ruptured
vesicle may become-detached, and if this finds suitable conditions
outside the animal the virus in the fragment may be active for a con-
siderable period of time.

PHYSICAL I'ROPERTIES

The writers have delimited the relative size of the active sgent as
between 20 and 100 my in diameter, and its charge as electropositive—
the isoelectric point being at Pg=about 8. The minuteness of size
angl the charge indicate the possibility of its entering into firm com:
bination with proteins, ordinarily electronegative, or its capability
of hiding in or being protected by larger colloidal agglomerations.
Indeed, the writers have shown that the colloidal protective action
is veryanarled and explains the abnormal resistance which the virus
displays toward such antiseptics as alechol, acetone, bichloride of
mercury, and eresol compounds.

CHEMICAL PROPERTIES

Loeffler and Frosch (49) reported that the virus of foot-and-mouth
disease resisted the action of 1 per cent phenol for at least five months,
This has been repsatedly confirmed but sinee the time of those workers
others have brought forward additional evidence of the remarkable
resistance of the virus. For example, the investigators (63) of the
British commitiee have shown that 25 to 50 per cent aleohol does
not destroy the incitant in less than 3 days, but that it can withstand
chloroforin for 27 days and ether for 10 days. Abe (2) states that
from 2 to 3 doys are required for 70 to 75 per cent aleohol to kill the
virus, Tha writers have confirmed the fast of this general resistance,
nsing in their experiments as examples of the fat solvents, alcohol
20 to 80 per cent and scetone, and as examples of the general dis-
infectants, bichloride of mnervcury, cresol, or eresol compounds, and
chloronal. They have explained the resistance of the virus to these
materials, which are so rapidly destructive to ordinary bacteria (60
per cent alcohol kills staphylococeil within one minute), on the basis
of protection by coagula. In the laboratory tests, these antiseptics
are added {o pure cultures of ordinary bacteria. The setion is then
direct. In the case of the virus, however, which is noncultivable and

145 this report goes to press o publimtlon of Trantwein (65) has appeared In whick thls investlgator
reports experiments on 1ha survival of the virus ander conditions sirmatlating theseof nafure,  He found that
I¥mph admized wilh sand and with stable litter, or lymph pluced on wateh glusses o stables, remained
infective from 5 to 11 days.  Vesicle coverings aboulLle slz6 of a Lean and 1 mlireter thick were Bekve
in water 41 days, in dried stable litter 43 days, and suspended Jn air 87 days,
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therefore admixed with tissue or with exudate, the chemicals cause
& more or less heavy coagulation of proteins and these coagula pro-
tech the virus from the e!%ec_ts of the chemical agents. If the coagu-
lation is prevented, as was the case in the-test with alcohol mads by
the writers, then the virus is, on the contrary, more sensitive to the
reagent than sre staphylotocel. As a corollary, such chemicals as
sodium hydrate and antiformin that do not cosgulate the proteins
ere highly virucidal. Sodium hydrate in from 1 to 2 per cent solutions
or antiformin in 1 per cent. solution can kill the virus within one
minute.
CHEMICAL DISINFECTANTS IN PRACTICE

In the control of outbreaks of foot-and-mouth disease, ons or anoth-
er of the usual chemical disinfectants is recommended by the govern-
mental authorities of the countries involved. These in gencral are
similar to those used in bacterial diseases of man and animals. Among
them may be mentioned compound cresol solution, bichloride of
mercury, formaldehyde, phenol and chloride of lime or sir-slaked
lime in dry or liquid form. Thus, in Switzerlend, in aceordance with
an evegutive order to the 1920 federal regulations governing the con-
trol of infectious animal diseases the following chemicals are advised:
Milk of lime, chloride of line solution, saponified cresol sclution,
phenol, bichloride of mercury, and formaldehyde. In Germany the
chemicels designated by the Deutscher Vaterinir-Kalender 1926 and
1927 (German veterinary calendar) (62) arve: Lime, chlorinated lime
(dry or in solution), saponified cresol sclution, bichloride of mereury,
angformaldehyde.

A discussion of the practical applications of disinfectants is given
in the section on control measures.

MODE OF SPREAD

On the mode of the spread of foot-and-mouth discase, several
points of interest may be gr.thered from the writers’ work and from
recent observations of others.

DISEASED ANIMALS AND CARRIERS

The most common cause of the spread of the disease is, of course,
the infected animasl itsell. As already stated, the virus is conbained
in the Buid and the coverings of the vesicles and also in the blood
during the febrile stage of the disease. At this time the saliva, urine,
milk, and probably other secretions and excretions are also infectious.

The active virus leaving the infected animal contaminates its sur-
roundings and cen be carried in a mechanical way by animate heings
(man, horses, dogs, birds, ete.) and inanimate objects (litter, feed,
stable utensils, etc.). When such contaminated material comes in
contact with susceptible animals, the latter van readily become
infected. Under conditions favering the persistence of the virus out-
side of the body, the danger of spreading infection thereby is con-
siderable. In view of experimenial evidence it is probable that the
period in which infected animals spread the virus most actively is in
the early stages of the disease, even before any lesions may be ob-
servable. Af this time the blcod and certain secretions and excre-
tions contain the incitant and undoubtedly large quantities of tho
ective agent are escaping from the body.
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On the other hand, the fact that the virus loses its sctivity in &
relatively short time within the body suggests that animals in the
later stages of the disease play little part in its spread. In spite of
this, howerver, it is believed by investigators end sanitarians, with
only & few exceptions, that virus carriers exist, and that such animals
may harbor the virus for & long time after recovery. The percentage,
however, is believed to be small. The field evidence during a period
of years presented to support this view is very strong; and numerous |
instances are reported in which the disesse occurred in clean herds -
shortly after the addition to the herds of animals which previously:
had foot-and-mouth disease, other sources of infection having beern:
eliminated. Animals even eight months after recovery, and indeed
in seversl instances after more than a year, have been held responsibile
for causing outbreaks of the disease.

An extensive experiment made by the writers on the problem of the
earrier, reported in detail elsewhere in this report, feiled to demon-
strate the presence of a carrier of the virus in 20 specially selected
animals recovered from foot-and-mouth disease. However, in an-
other experiment active virus was found in the scrapings of the feet
of a cow, examined post-mortern, 34 days after inoculation with foot~
and-mouth-disease virus.

CATTLE PRODUCTS

Milk, meat, and the rew by-products of slaughter of infected ani~
mels may also be implicated in distributing the virns. Milk from
animals in the early stage of the disease, or contaminated by udder
lesions, may contain the virus and when fed to susceptible animals
may result in infection with foot-and-mouth disease. While evi-
dence has been presented o show that the Infectiousness of milk i8
eliminated by souring and also by fermenfation in $he production of
cheese (40), data on the question of survival of the virus in milk under
various conditions are limited in the main to work reported many
years ago. 1t is & subject that should be investigated again experi-
mentally, in the licht of present-day methods.

The meat of animels in the febrile stage of the disease or any part
of & carcass of those slaughtered in this stege may be infectious.
The feeding to susceptible animals of such uncooked meat or product
obviously can result in infection. It has been stated, however, that
the formsation of lactic acid in the meat of snimsls shortly after
slaughter is sufficient to destroy the virus of foot-snd-mouth disease.
But this cen not be accepted as final evidence thet carcasses of such
snimals do not harbor active virus. More confitmatory evidence
must- be brought forward and at ﬁ)resent the carcasses of animals
(sllaughtere(} in the febrile stage of the disease should be considered as

ANZETIS.

+In o recont publication {81 thers apneats o Topott of an.extensive investigation of this sublect mada
by the British [oot-nnd-mouth-diseass research committes. It lound that in guines pigs that were bled
onut and kept ot 8 tempernturs of from 2°to 7° ., the blood {rom tissues arctnd the throat was virmulent
after 21 days, whils bone marrow of such animals contained active virus for perioda of {rom 21 to 87 days.
Muscular tissue in one case remained infectious for 7 deys and kidpey tissue in one case for 54 days, In
unbled guines-ply careasses kept at cold-room tewnperature, the blood was infectivus from 35 to 46 days,
while bona marrat was found to contufn nctive virus at ntervals up to 90 days. In experimeonts with largs

imals that were siaughtersd durinyg the febrile stage of the disense and the carcasses kept at chilling tem-
perature, active virus wos lound ir the bone marrow of baton carcasdes afler 42 days, and alse {n the hong
Tanrrow of sieh carersses gfter 42 days when treated by-dry or wet salt processes. In beef snd bacon car-
crsges kept at freezing tomperatura active viros was found In the bone marrow for 78 days. No evidenoe
was found by feeding or inaculation experiments to show thot muscular tissue itself contaiped virus, These
rasults c!earli; indicate the Uapperous Girt that carcasses o ports of carcosses of animals, slaughtered in
the period of Diood infectivity, mOy pisy in tho spreading of Infaction,
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Cognizance of this fact is taken in sanitary police regulations of
various countries in their efforis to control foot-and-mouth disesse,
For example, England has recently prohibited the importation of
iresh meat from continental European countries in which foot-and-
mouth disease is enzootic and is protected by regulations which pro-
hibit the importation of cloths, sacks, ete., used in wra ping meats
to be brought in contact with animals, unless previousFy sterilized.
Boxes and all other meat containers are kept from contact with
animals. Similar restrietions were placed on the importation of
meats from certain sections of Sweden by Norway.’

BIOLOGICAL PRODUCTS

That biclogical products, in the manufacture of whick animals
susceptible to foot-and-mouth disense are used, can be the cause of
the dissemination of the disease, has been proved in two instances
m the United States. In 1908 smaillpox vaceine from Japan, which
was later proved by Mohler and Rosenau (66) to be contaminated
with foof-and-mouth-disease virus, was found to be responsible for
an outbreak. In the outbreak of 1014, hog-cholera virus and serum
(64) prepared from hogs infected with foot-and-mouth disease were
responsible for an extension of the epizootic.

SPREAD BY MAN

Man is next in importance to infected animals themselves as a fac-
tor responsible for the spread of the disease. Close contact of man
with animals, intercourse among people, travel, and the nature of the
virus make this point easily comprehensible. Itis generally held that
man conveys the virus mechonically; that is, he carries it on his cloth-
ing or person. .

ecently in Sweden, however, two physicians, Kling and Hojer,
have advanced the theory that man can actually harbor the virus on
the mucous membranes of the mouth, nose, and throat, thus acting
a3 & true carier of the incitant. Their viewpoint is based on a study
of the discase in Sweden, and sufficient interest has been arouzed there-
by to make available funds for further research. Others in Sweden
well versed in this subject are not in accord with this theory, main-
taining that man plays the part only of & mechanical carrier. Experts
in other countries also hold this view. Asno satisfactory experimental
evidence has been produced by Kling and Hojer to substantiate their
theory, the present conception is that man scts merely as a mechanieal
carrier. The susceptibility of man to infection with foot-and-mouth
“disease has been seriously questioned and denied * as a result of actual
attempts at direct inoculation with negative results. However,
numerous cases are recorded in the literature of persons having con-
tracted foot-and-mouth disease. With a few exceptions none of these
cases have been proved to be foot-and-mouth disease by the imoculg-
tion of susceptible animals, so that in many of these reported caces
the validity of the diagnosis can be reasonably questioned.

Field observations in the United States during outbreaks of the
disense also have borne out the resistance of man. It may be stated,
therefore, that man is rather resistant and rarely contracts the disease.

4 MAGHUSION, H. A SUMMARY OF SOME OHSERVATIONS MADE IN SWEDEN 0N FOOT-AND-MOUTH DISEARE,
Meeting of Scandinavian pathologists, July 6. Copanhagen, 1926. [Unpublished data.]
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TRANSMISSION BY INTERMEDIATE HOSTS

That the virus may be carried and kept alive by an intermediary
host has also been considered. For example, the British foot-and-
mouth research committee in its first progress report, 1925 (35),
states that negetive experimental results were obtained in attempts
at transference of virus from infected to healthy guinea pigs by means
of the bedbug, Cimer lectularius. Likewise Lebailly (45) from his
work concludes that the disease can not be transmitted naturally by
flies—the house fly and a species of stable fly being used.

Tn an investigation into the cause of the recurrence of foot-and-
moutl diseass in Texns in 1825, Mobler ® (55) found that catfle ticks
(Margaropus annulaing) taken from animals in the febrile stage of
foot-and-mouth disease harbored the virus. He pointed out the possi-
bility that the virus may be carried through the eggs to the seed ticks
and after several months trangmitted to healthy eastle. However,
later tests made with seed ticks or progeny of infected ticks failed to
produce the disease. The important discovery that ticks feeding on
infected catfle may contain the virus is sufficiens in itself to give this
insect consideration in the control of the disease in the tick area of
the United States. The length of time that the virus can live in the
arachnid is not knowmn, but unti! more information is obtained, ticks,
after engorgement on infected cattle, should be copsidered as possible
sources of denger as disseminators of virus. The commission’s limited
time prevented en extensive investigation of the cattle tick as & carrier.
Attempts were made to stody this problem, but difficulty was encoun~
tered in getting a supply of Margeropus anmuletus, although & few
castor-bean ticks were obtained and placed on infected catile. How-
ever, the latter species of ticks either died or failed to attach them-
selves to the cattle.

An experiment made by the writers to determine whether the earth-
worm could harbor the virus gave negative results.

The spread of loot-and-mouth disease by means of animals usually
not considered readily susceptible has received attention in recent
vears. The disease has been produced experimentally in rats and
rabbits, but not with regularity. TFor example, the British foot-and-
mouth-disense research committee (35) was able to infect artificially
& small percentage of white rats and wild rats. White mice, on the
other hand, were resistant, but 6 out of 10 inoculated house mice
showed active virusin their blood. Wood mice (Apodemus syluvaticus,
long-tailed field mouse) invariably showed the virus in their blood
after inoculation, but the disense was nob transmissible by contact.
The writers failed to infect 6 white rats by artificial inoculation.
The wiiters also Inoculated 4 rabbits with negative results, bub
Gins (29) and others report the transference of the disease to this
species. The irregularity with which rats and rabbits respond fo
artificial infection, the fuilure of the disease to spread naturally
from one animal to another, and the fact that in guinea pigs, a species
highly susceptible to laboratory infeetion, the disease can not be
transmitted naturally, indicate that rats and rabbits are probably not
directly involved in the spread of the disease other than by mechanical
mesans.

i TNTED STATES DEPARTMENT OF ACEICULTURE, OYFICE OF THE SECRETARY. TEXAS FOOT-AND-MGUTHE
DUTEREAL IN CHARGE GF FELERAL FORCES. UL B. Dept. Agr., Press Servlee Heleare Sept. 23,1925, 1p,
[Mimezoeraphed.|
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The writers were unable to infect horses artificially with the two
types of foot-and-mouth-disease virus. There is no report in the
hterature on such experimental transference of the disease, although
it has been stated that horses have contracted foot-and-mouth disease.
after exposure to large amounts of virus by contact with infected
cattle. In the light of the writers’ failures to produce the disease
by severe artificial exposure, and field observations in this and other
countries, it is believed that the horse can play little part in the
spread of the virus except by mechanical means.

DIFFERENTIAL DIAGNOSIS

Since the virus of foot-and-mouth disease has thus far eluded
cultivation in vitro and since there are no serclogic or allerglc tests
available for detecting the disense, animal inoculations, to a great
Ex_tenb, must be depended on for diagrosing and differentiating this

isense.

All abnormal conditions of cattle, hogs, sheep, and other susceptible
animals which produce inflammatory changes on the mucous mem-
brane of the mouth or on the skin of the feet must be teken into
consideration in ostablishing a disgnosis. None of these, except
vesicular stomatitis, will give the experienced observer any great
difficulty when the characterization of foot-and-mouth disesse is
borne in mind.

The principal feature of vesicular stomatitis is the formation of
vesicles on the mucous membrane of the mouth. It affects both
equines and cattle, but does not, as a ruls, induce as extensive lesions
in cattle as foot-and-mouth disease, nor does it spread so rapidly
or so readily as the latter disease. If rarely produces foot lesions,
and teat lesions have been infrequently noted.

Although, experimentally, hogs can readily be infected with
vesicular stomatitis, na,mra,fyoutbreaks of this disease in these animals
have not been reported.

The guinea pig is susceptible to both viruses, bu unless it is immune
to either the various types of foot-and-mouth disease or vesicular
stomatitis, it is of no aid in differentiating between the two.

In doubtful cases and especially in the beginning of an outbreak
when a mistake in diagnosis in either divection has such a far-reaching
effect, animal inoculations should be resorted to. It has been found
that the viruses of foot-and-mouth disease and vesicular stomatitis
die rather quickly in the affected animals, so that to insure the viru-
lence of the material to be tested, only lymph or the coverings of
fresh vesicles should be used. This can be ground up in a sterile
mortar with & small quantity of physiologicﬂfrsaﬁ.ne solution. One
or more susceptible cattle should be inocuiated, intradermically, on
the gum by syringe or by the application of the suspeeted material
to a scarified area. One or more cattle should also be injected intra-
muscularly. By this latter method vesicular-stomatitis virus has not,
in the writers’ experience, produced manifest lesions in catble, while
active foot-and-mouth-disease virus has done so regularly. One or
more horses should be exposed by applying the virus to o scarified area.
on the dorsal surface of the tongue. REquincs sre very suscegt.ible to
vesicular stomatitis, but are very rosistant to foot-and-mouth
disease. The development or feilure of development of the disease
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© _ in the horse is the basis for differential diagnosis between foot-and-

* mouth disease and vesictlar stomatitis. 1t is highly important=that

Elile-.ammals used for test purposes should be susceptible to both
(11868588, i

For more detailed comparison of the effects of the two viruses the -

section on “Comparative studies of vesicular stomatitis and foot-and-

mouth disease;’f-’:should' be consulted. -

RELATION OF IMMUNITY TO EPFIZOOLOGY

Thet immunity follows recovery from foot-and-mouth disesse is a
long-established and generally accepted fact.

DURATION

It is usually stated that the duration of immunity variesfrom
several weels fo several years. In estimating the duration of immun-
ity, consideration must be given to two observations reported within
recent years, nemely, the plurality of virus and the differenice batween
locel and general immunity. - '

PLURALITY OF VIRUSS

The work of Vallée and Carré and of this commission, recorded
elsewhere in this report, showed that at least two types of foot-and-

mouth-disease virus exist, each of which is capable of inducing im- * |

‘munity egainst the homologous type, but not against each other.
Hence in reports stating that animals which recovered from an

attack of the disease have become reinfected within s short pertod of -

P

time, the question arises whether the same typs of virus caused .the

reinfection. Early observations antedating Vallée and Cazré’s
ennouncement can not he freed entirely from the possibility that a

different type of virus may have been responsible for the second attack. =

LOCAL AND HUMORAL IMMUNITY

Terni (64), Waldmenn and Pape (78), and this commission have
demonsirated that iminunity in animals which have recovered from __

foot-and-mouth disease may be histogenetic or local which manifests
itself by the prevention of the formation of foot-and-mouth vesicles
at the point of inoculation, or it may be hwmoral and prevent the
generelization of the disease ag indicated by the failure of the devel-

opment of lesions in sitesrother than that of moculation. The writers

found both types of immunity present soon after recovery. .

u—
nity sppears early in foot-and-mouth disease. Thus Wealdmann and.

Trautwein (79) have fourd local immunity present in hogs at 48 hours

and humoral immunity in hogs and cattle between three and fourdays

after éxperimental infection. The local immunity is usuelly first o
disappear. It can be readily appreciated that reports, especially of
field observations upon the duration of immunity, may include cases
in which the local 1mmunity may have been lost, and local lesions,
even though present, may have escaped observation. '

$ As this report goss to prass ax article by Waldmann and Trautwein {83 hoe appeared In which these
authars stete that there are thras typea of foot-nnd-mouth-diserse vireg, calied by them types 4, B, and C.
This, In e ight of greater experiones, revorses the original oplnion of Waldmans and Meyr ('?8) who
dgonled the existence of the plurality of the virzs, In addition to cross-immunity tests, the serum of re-
covered guinea pigs was meg in dlfferentiating tha viruses, o mothdd whick the American commission alse
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The writers’ experimental work wes done within & period covering

less ‘than one year. It was not possible, therefore, to plan experi-
ments on the duration of immunity. In spite of this the commission
did not find any recovered cattle susceptible to reinfection with the
same type of virss. The longest period of observation, however,
was only 137 days. Most of the observations on this phase covered
a three-month period.
-~ Wealdmann and Trautwein (79), present data which may be used
in estimating the duration of immumity. They found that 4 of 5
cattle, inoculated from 7 to 8 months after recovery, exhibited local
inoculation vesicles but no generalization of the disesse, The ffth
wes solidly and wholly immune. Of 30 animals about 18 months
after recovery, injected locaily, 8 showed no resistance and developed
both primary lesions and generalization on reinoculation, while 22
showed only local inoculation vesicies. _

Although the number of cases and the periods of retest included in
the work of Waldmann and Trautwein snd of the commission are
not numerous, nevertheless one may conclude that animals are, as
a rule, wholly and solidly immune for a period of et least 3 months;
that most of the apimals lose their local resistance after 7 months,
but: possess humoral immunity; and that 18 months sfter infection
practically all the animals have no local resistance, and & small
number have no general immunity. :

ACTIVE IMMUNITY

Practically all methods of inducing ertificial immunity used in
other diseases have been sttempted in foot-and-mouth disease, but
without lasting success. Loefifler and his coworkers experimented
with attenuation of the virus by heating it at different degrees or by
exposing it to low temperatures., The result was that the virus was
either so much attenuated that it produced no immunity or was not
sufficiently weakened and produced manifest lesions of the diseage.

A mixture of serum and virus and progressively increasing doses
of virus were tried. Some of these methods yielded encouraging
results, but, upon further tests, none were found to be of ‘value in
practice. Bellfonte suggested the use of defibrinated, washed, red
blood cells as & means of producing immunity without at the same
time producing the disease. On further trial, this was found wanting.
Cosco and Aguzzi (8) have recommended three or four intravenous
inoculations of virulent blood, cleiming that by this method the
menifest lesions of foot-and-mouth disease were not produced, but
that lasting immunity was established. However, a negative phase
of several weeks follows this method during which time the animals
ars highly susceptible. Moussu {(57) found that this method was an
improvement over the old one of inoculating locally infeciive saliva
or vesicuiar contents, but he did not entirely substantiate the work
of Cosco and Aguzzi, since with this method he frequently produced
the disease.

Wealdmann and Trautwein (80) had some degree of success by the
use of virulent guinea-pig bleod upon eattle, but, even in their own
hends, it later fuiled. Vallée, Carré, and Rinjard (72) have recenpé'ﬁ
reported on the use of a vacecine prepared by killing the virus wi
formalin, In g limited number of experiments bovine animals were
protected by this vaccine against artificial infection with types A

Q‘l‘! .
i3

I
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and O foot-end-mouth-disease virus. These results have pot yet
been confirmed and therefore judgment must be suspended.” e
It may be stated, therefore, that at present. there is no proved
wmethed of ectively immunizing animals without first prodiecing
disease, S
PASSIVE IMMUNITY

The presence of immune substances in the blood of recovered
- animals has been demonstrated by Loeffler and his coworkers, and
by others, as shown by tests upon cattle. Waldmann and Trautwsin,
this commissior, and others have successfully used guinea pigs. for
the same purpose. ..

At presert, Loeffler’s hyperimmune serum and convalescent serum
are bemg usad in Europe and other pavts of the world in combating
foot-and-mouth disease, The hyperimmune serum is produced on
the island of Riems under the dircction of the Prussian ministry of
agriculture. In brief, the process consists of giving large Simmenthsl
cattle several injections of virus in the form of vesicle material of
affected hogs. This is essentially the same process as formerly used
by Loeffler and his coworkers,

Convalescent serum has been suggested and used by Kitt, Nocard,
Vallée and Carré, and others, but it has recently recelved prominencs
as a measurs in the control of foot-and-mouth disease through the

“efforts of Ernst (17, 18), Drescher, Zink, and others, in the Bavarian
veterinary police service, They employed it on alarge scalein the 1919
and 1920 outbreak of the malignant form of the disease. That
outbreak was causing great losses. Loefller’s byperimmune serum
was not always available in the required quantities and was too
expensive. 'Lhe Bavarian officials resoried to the use of serum from:
recovered cases, and, as a rule, the blood was drawn from one to three
weeks after recovery. In Denmark, Sweden, and parts of Germany
special stations are meintained for handling and preparing this
material,

Asin the case of passive immunity in other diseases, the immunity
conferred by the foot-snd-mouth disease immune serum is only of
short durafion, the limits being between 8 and 14 days.

Hyperimmune serum and convalescert serum, according to the
limited tests of the writers, have practically the same valus, although
it is stated by Loeffler, Waldmann, Trautwein, and others that ths
hyperimmune serum shows by test a much greater content of pre-
tective substances than the convalescent, There is no doubt that
soms lots of hyperimmune serum are more potent than many lots of
convelescent serum, bub the writers’ ]imiteg comparative teats with
two samples of Loefller’s hyperimmune serum and several specimens
of serum from recovered cases do not indicate that difference.

There are three ways in which serum may be used (76): (1) Pro«
phylactically; (2} therapeutically; and (3) simultaneously with virus.

As a prophylactic agent it has been employed mair'y in Germany
and to g lesser extent in other countries, to protect animals during
transport, at fatrs, at markets, ete. Tor this purpose the animals
-are treated with serum before they lenve for their destination,

'In the Seqcond Progress Heport of the foot-und-mouth-disease resesreh committee, plinistry of Agel-
culture And Fisherles, Londom, 1% (§7) encoursglug experimental eesults fn guinea pigs with formalin
vueelne arg recerded, '
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Under cartain conditions, it is recommended thet the treatment
be repeateéd. The doses advised are usually from 15 to 20 cubic
centimeters for each 100 pounds of body weight.

Therapeutically, serum is used in animals in the early stages of the
disease, and especially in those showing no other symptom than the
rise of temperature. They are given serum alone in doses of 10 to 15
cubic centimeters per 100 pounds of weight. '

Simultaneously with virus, serum is used in infected premises and
also in infected districts. Animals which show no evidence of dis-
ease are %iven the emount of serum mentioned and, at the same time,
are inoculated locally in the mouth with material from fresh vesicles.
The disease makes its appearance in these animals; but in & moderate
form, with a consequent induction of immunity. o

The literature covering the period ol the severe Buropean ouf-
bresk of 1919-20 contains many reports of excellsat results with both
hyperimmune serum and immune serum in redvcing the mortality
and in moderating the severity of the disease, ani:there is no doubt
that in countries where slaughter is not practiced oy is not desirable,
the use of serum appears to be indicated. -

The writers’ own work with both convalescent and hyperimmune
serums on guinea pigs is given in another section of this report. - In
a2 test made with Loeffler’s hyperimmune serum on 12 cattle, given
in detail elsewhere, the writers found that immune serum will proteet
cattle against infection by contact with diseaced animals for a period
of from 5 to 8 days. From 10 to 12 days after serum treatment,
however, cattle exposed to similar infection contract the disease.
The serum, on the other hand, does not protect, even for a day,
against primary lesions as a result of local inoculation of the mucous
membrane of the gum and pad.

CONTROL MEASURES

Since there is no specific agent of practical importance which can
be used for eontrolling outbresks of {oot-and-mouth disease, reliance
is placed on two methods, namely, (1) the “stamping out” or slaugh-
ter method, adopted in the United States and in England, and (2}
the guarantine procedure used in most European countries. The
adoption of either of these methods, however, as a means of con-
trolling foot-and-mouth disease, depends on prevailing conditions,

In & country [ree from foot-and-mouth dizease and protected from
its introduction by geographical situation and quarantine regula-
tions, as for example the United States, the slaughter method is the
logicel one to use. It has been shown in the United States that the
disease can be eradicated by slaughter at a muich less cost than if
it were allowed to become enzootic. That this method is the most
practical one for controlling epizootics under certain conditions is
recognized by all authorities on foot-and-mouth disease, and many
countries of Furope in their control measures against foot-and-mouth
disease have regulations providing for the slaughter of infected and
exposed animals. But in those countries limitatione are set on its
use, as is discussed later,

Buropean authorities with whom the American commission dis-
cussed the slaughter method for combating outbreaks of foot-and-
mouth disease in the United States, were practically unanimous in
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their opinion that, situated as this country is, ordinarily free fr_.m
the disesse, the slaughter method is by far the best.

In continental Euarope, however, where the disease has gained a
efrong foothold &s s result of the lo period of activity of the virus,
the various countries, because of the extent of the diseass, their
geogra%xhica.l location, and their inability to prevent the reintroduc-
tion of the diseass, are compelled to adopt the next best means,
namely, quarantine measures. The regulations of the different
European countries concerning control measures are all nearly alike, -
since those responsible for the promulgation of these regulations are
well acquainted with what is known regarding the diseass. The
application of these rules, however, as well as the vigor with which
the regulations are enforced, differs in various countries, depending
on the extent of the disease, the geographical situation, and the
sconomic conditions of the country. As & vesult of the demoralizing
effect of ths World War and its influence on sanitary police measures,
there was an increase In the spread of infectious animal disenses,
This was particularly noticesble in the case of foot-and-mouth
disease. A malignant $ype of the disease began in Italy in 1918 and
swept over a large portion of Europe within the next three years.
It caused enormous losses, in some herds the mortality reaching 50
per cent of the adult animals. _

In Switzerland, for example, after an extensive survey, the lossea
were placed &t 350 million franes (sbout $70,000,000) (19). This is
especially significant in view of the fact that the number of suscep-
tible animals in Switzerland at that time was less than one-fiftieth
of the number in the Unifed Staies and that the area of the country
is only about one-tenth of that of the State of Cslifornia.,

CONTROL MEASURES IN EUROPE

As a part of the writers’ study of the epizoology of foot-and-mouth
disease in Europe the following countries were visited in the order
named: France, Germany, England, Denmark, Sweden, The Nether-
lands, Belgium, Switzerland, Austria, Hungary,and Italy. A general
discussion of the disease found in these eountries, also the research
work and control measores follow. (The detdiled regulations in
force in the verious countries are given in the chapter on regulations
for the control of foot-and-mouth disease in certan European coun-

{ries.)
FEANCE

It is mandatory on the part of the owner, veterinarian, or others
having knowledge of the existence of foot-and-mouth disease to report
it to the authorities. Notices are posted on the boundaries of the
villages and also on the infected premises. Entrance to infected
farms is forbidden. Animals on affected premises are not aliowed
to be moved except for immediate slaughter. Various regulations
covering the aspects concerned in the spread of the disease are on the
books. What regulations shall be enforced is left in many instences
to the town or authorities of the Department in which the disease
geeurs, and the conditions peculiar to the section of the country
determine the strictness of the quaranfine. But the disease Is present
continually even though the quarantine regulations are more or less
enforced. The Government pays no part of the burden of the
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disease; the individuel bears it all. Animals severely affected are
slaughtered ander veterinary supervision and the meat used for food.
The slavghtering is usually done on the farm.

During the course of the disease the animals are treased by various
means. The use of convalescent serum has been successful in lessen-
ing the severity of the disease and reducing the mortality. Fourteen
days after disinfection, which is made after recovery of the last ani-
mal affected, the quarantine is raised.

From France has come much of our knowledge concerning foot-
and-mouth disease, as active research work on this disesse has been
done in the last 25 years by a notable group of workers. At Alfort
is the national resesrch laboratory, which possesses modern labora-
tory buildings, including stables especially constructed for research
work on foot-and-mouth disease with large snimals. These stables
consist of 24 large box stalls constructed of brick, concrete, and iron,
and ideally arranged in groups of six with a large yard for each stall.
Concrete walls establish coraplete sepsration. The animals are so
fed and watered that the attendant does not come into contact with
themn. By means of 4 system of tracks and switches, feed aud rmanure
can be easily handled. It is here that the principal research work
or foot-gnd-mouth disease has been conducted. Af Ceren, in the
north of France, considerable work has also been done, while soms
laboratory investigations are being carried on at the Pasteur Insti-
tute, Pans. Experimental studies in progress at these laboratories
aro hampered, however, by the lack of funds.

GERMANY

Foot-and-mouth diseass is & reportable disesse. When it appesars
sporadicelly in a district otherwise free from infection, authorization
may be given for the slaughter of the infected and exposed animals,
provided it is assumed that the contagion will thereby be extermi-
nated. Compensation for such slaughtered animals is based on
market value and paid with public funds. In other cases infected
;E‘remises and ceriamn cont?ﬁuous sreas are placed under quarsntine.

he movements of animals, feed, and products, and persons are
restricted as proscribed from time to time by the police. Quaran-
tine is removed on recommendation of the veterinarian after the
slaughter or recovery of affected animals and disinfection of the
premises. In spite of the quarantine regulations the disease is very
prevalent in Germany and the losses ars heavy.

Figure 1 shows the course of foot-and-mouth disease in Germany
from 1886 to 1924, inclusive. The number of infected farms during
each year is given in quarterly reports. The epizootic of 1920 wes
the most severe in the history of Germany; 746,571 premises were
reported infected for that year. In certain sections of the country
the malignant type of the disease predomirnated. The outbreak
was combated by the extensive use of convalescent and hyperimmune
serums, whereby 1t is stated that the losses from the disesse were
reduced.

Research work in Germany is in more or less active progress in
different institutions, among which may be mentioned the Staatliche
Forschungsanstalt (Government experiment station), Insel Riems;

92678°-~-28—-2
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Institut Robert Koch, Berlin; the Veterinirpolizeiliche Ansteit: (the
veterinary police experiment station), Schleissheim, and at many of
the laboratories of the veterinary high schools, = o

A visit was made to the Stastliche Forschungsanstalt, situated
on the island of Riems, in the Baltic Sea, where hyperimmune foot-
and~-mouth-disease serum is prepared. The serum is prepared by
hyperimmunizing oxen, after recovery from the experimental dis-
ease, by repeated injections of virus obtained from the vesicles of
swine. After hyperimmunization the cattle are bled to death; the
blood is defibrinated, centrifuged, the serum preserved with 0.5 per
cent phenot and passed through Seitz filters. The carcasses of the
animals are utilized for food purpoeses.
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UNITED KINGDOM

In the United Kingdom the stamping out or slaughter method is
used. In recent years, particularly from 1922 to 1924, there have
been several severe outbreaks. Table 1 gives the number of out-
bresks of foot-and-mouth disease from 1621 to 1925, the number
of animals slaughtered, and the smount paid in compensstion for
slaughtered animals (50).

TipLE L Number of outbreaks of fool-and-mouth disease, number of animals
slaughlered, and compensation paid for slaughtered antmals tn the Umied King-
dom, 19211925

- Compenya-
Number Yion baid for
of animsals sinighter
glnughtered }_‘h

t The sxchange equivelent of the British pound is §4.57.
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Infected and éxposed animals are slaughtered. Restrictive quar-
antine mesasures, somewhat similar o those employed in epizootics
in the United States, are also in use. The owners are reimbursed
for slaughtered animals, and the cost of cleaning and disinfection
is borne by the Government.

While the British Isles occupy & somewhat isolated position, yet
their proximity to the Continent predisposes them to introductions
of the disease. In spite of the severe outbroaks of 1922, 1923, and
1924, special committees {32, 34) appointed to investigate the methods
of hangling the outbreeks were convinced after a searching inquiry
that the slaughter policy was the proper one to pursue, and that while
the expenso was considerable it was much meore economical in the
end, than permitting the disease to berome enzootic.

While the gencral policy in Great Britain is to slaughter all affected
and exposed animals, m recent years, under exceptional conditions,
isolation and quarantine have been adopted. When the involved
animals were pedigreed stock of the best blood lines and where con-
ditions favorable to a strict guarantine were available, isolation and
quarantine were carried out at the owner’s expense, Thus in the
1922 outhreak 67 herds were under quarantine, while in 1923-24 the
number of such herds was 37. The mortality in these herds ranged
from 0 to 10 per cent of the total number of animals in the berd; the
averago for 1922 was 2.4 per cent, and in 1923-24 it reached 3.1 per
cent. It should be noted that under the slaughter method the
expense of the eradication of the disease is borne by the Government,
while in that of isolation and quarantine, the cost is borne by the
owner. The departmental committoe of 1923-24 examined as wit-
nesses o number of owners of isolated and quarantined herds. Its
report on the results of isolation in two herds 1s as follows {34):

In one herd consisting of 141 eattle the owner placed his loss at aboutb £2,000,
which included losses from deaths of 4 cattle and 1 calf, depreciation of animals
as result of the disease, as bad udders, lameness, etc.; loss in milk; labor in caring
for sick animals; veterinary attendance; medicines, ete.; and costs of cleaning
and disinfection. The owner stated that he wished the stock had been slaugh-
tered in the first place.

In another herd of 149 catile the owner piaced the loss af about £500, and in
this case the owner stated he was satisfied with the resuilf.

The danger of recovered animals acting as carriers of the virus is
illustrated in two outbreaks of foot-snd-mouth disease, the details
of which are given in the chapter on carriers.

Because of the continned outbreaks of the diseuse, resegrch was
initiated in 1924 to throw more light on some of the obscure phases
of the problsm and to attempt to introduce or perfect an immunizing
agent of practical value for control. When the American com-
mission visited England active work was being done af the Lister
Institute, the ministry of agriculture’s laboratories at Weybridge,
and. at Pirbright. At Liverpool some work was in progress with
rati. At the places visited there were excellent facilities for ener-
getis research work., The large animal station at Pirbright is ideally
situated and equipped, and ifs size (capacity about 100 box stalls)
is such as to afford ample opportunity for extensive work.

DPENMARK

As & result of its somewhat isolated position from the rest of the
European Continent, Denmark until recently hes had no severe
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[
epizootics. Table 2 gives the number of outbreaks of the dizease
from 1920 to June 30, 19286,

T4apLE 2—Outbreaks of foot-und-mouth disease in Denmark, 1920-1528

Number ] Numbar
of herds g of herds
affected elfected

5,407
Z0m
223

2]

1 *he pericid coverad in 1926 {s from Jan, 1 to June 30, inclustve.

Owing to its export traede in live animald Denmark has been sub-
ject to introductions of the epizootic by cattle deslers and traders
from Germsany, but by means of the slaughter, isolation, and strict
qulmrantine methods the disease has been kept partially in check. In
the fall of 1924 an outbreak, considered to be of German orgin,
apgeared and spread with such rapidity that the slaughter method
had to be abandoned entirely for economic reasons, Strict measures
governing isolation and quarantine were adopted at the request of
the farmers, but when about 6 per cent of all the herds had become
affected, much dissatisfaction was expressed by the farmers because
of the stringency of these measures. The regulations were then mod-
ified considerably in spite of the sirong prote s of the chief veter-
inary adviser to the Government, who refuse to assume responsi-
bility for the spread of the disease i the quarantine was mogiﬁed.
As & result of this modification the disease became so widely dissemi-
nated that almost 50 per cent of the herds were affected. Thisoutbreak
reached its maximum in January 1925, when 8,050 new outbreaks
were reported for that month. Fortunately the disesse appeared
to be of o mild type and by the extensive use of convalescent serum
for treatment of the animals, losses from the disease wers reduced.
However, as the outbreak was so widespread, sufficient serum could
not be produced to meet the needs, and its use at times had to be
limited to young stock, pregnant cows, and bulls, especially heavy
animals which may suffer sertously from foot lesions.

A gradual diminution in the number of cases occurred until the
early part of 1926, when the infection began anew. It appeared in
the snme localities that were affected the previous year and meny of
the animasls became reinfected. The fresh outbreak began in the
Amt (department) of Copenhagen and spread westward into Jutland,
where it spread with great rapidity. For the month of May, 1926,
more than 13,000 new cases were reported and officials believed at
that time that the peak of the outbreak had not been reached.

The animals which were reinfected suffered much more than those
with an initial attack. The first outbreak was of a rather mild type,
principel vesicle formation being on the mouth and feet; in the recur-
rence, while the usual mouth lesions were noted, they were not so
regularly found and numerous cases were observed in which vesicle
formation ogeurred in the nostrils and muzzle and on the udder. In
the latter cases large areas of skin sloughed off.

When the commission visited Denmark (June, 1926) the officials
were in the midst of dealing with the epizootic and had no definite
statistics, but they were of the opinion that about 50 per cent of the
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animals that had the disesse the previous yesr were again attacked
with the malady. The convalescent serum from the 192425 outbreak
hed listle influence on the course of the disease; hut good results were
obtained with convalescent serum from the'192f outbreak.

That the 1926 epizootic in Denmark was the result of the operation
of 4 different type of virus from that which wias responsible for the
outbreak of 1924-25 was suggested by field obsirvationsand confirmed
by laboratory investigations made at Strasbou'g, France, by the Amer-
ican commission on receipt of samples of viris from Denmark. {See
chapter on typing viruses.) L

he failure of the farmers to live up to tlie regulations, even those
which were later modified, was held respimsible by the officials for
the extensive spread of the disesse. The owners of uninfected herds
made strenuous efforts to prevent the inéroduction of the infection,
but once the disease appeared in their herds, many lost interest in
preventing the spread. These conditioas resulted in & further dis-
turbance of trade caused by the British embargo prohibiting the
imlizortation of fresh meat from Denmark.

he Government veterinary laboratory at Copenhagen has a well-
trained force and a well-equipped lakhoratory for the preparation of
convalescent serurn. Visits are made to farms where the animals
have had the disease six weeks to two months previously, and about
8 litets of blood {citrated) are drawn from each adult animal. The
owners of the animals are paid a nominal sum for each animal bled.
The blood is transported by truck fo the laboratory, where the serum
is separated by centrifugation and chinosol added as a preservative.
It is shipped out in 1-fiter bottless and sold to veterinarians only.
The dose Tor adult animals is fromn 200 to 300 cubic centimeters and
for young stock 50 to 100 cubic: centimeters are given. Its use is
meinly for therapeutic purposes; animals already infected are injected
with the serum and those exposad are inoculated artificially with the
virus and, at the same time, with serum.

The wesring apparel of a Government inspector in visiting infected
farms consists of overalls, a white linen coat and hat, and a pair of
short rubber boots that fit over the shoes. Rubber gloves also ara
worn. After the inspector leaves the infected stable his boots and
gloves are washed in cresol solution. The other clothing mentioned
1s left in care of the farmer, who sees to it that it is boiled and then
washed. The inspector or. his next trip to the farm collects the
clothing,

Preparstions are in progress for research work on foot-and-mouth
disease and the Governmsnt has rented an island for the establish-
ment of a laboratory,

BWELDEN

Because of its proximity to Denmark, conditions existing in that
country with respect to the prevelence of foot-and-mouth disease
have been reflected, in recent years, to a cerfein extent in Sweden,
The disease has appeared sporadically in Sweden in earlier years as
a result of importation by animals from other countries. Since 1898
seven outbreaks have been quickly eradicated by the slaughter of
infected and exposed animals, together with disinfection and quar-
antine. These meastires were vigorously enforced; srmed guards
were on duty continually to see that the quarantine regulations were
carried out.
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In 1924 the disease appeared in the lins (counties} of Malm#hus
end Kristiansted, the points of the Swedish peninsula closest to
Denmark, the latter country having an epizootic at that time.

The slaughter or sta,mi)ing-out method .was at first applied in these
lins. The disease spread so rapidly, howeiter, and so many valuable
herds were involved that the slaughter iuéthod was abandoned for
economic reasons and the isolation and quarantine meihod substi-
tuted. The disease was confined to the southern section of the
country, & natural barrier of forests and mountains preventing its
spread into the north of Sweden.

When the slaughter method was discontinued and repleced by
isolation and quarantine, strict regulations were put into fores.
Infected premiscs were. placed under a ri%'d quarantine, and no one
was allowed io leave except by special permission. During the
course of the epizootic the animals were kept in the stables and pre-
cautions tuken to prevent the spread of infection by hirds, dogs, and
other means. After the last animal in the herd had recovered the
animals were removed from the sfables. During this procedure
each animal was thoroughly serubbed with a disinfectan$ solution,
placed in stocks, and all loose horn cut away from the hoofs. The
hoofs were then painted with an alcohol-tar preparation. The
animals were then plsced in an isolated field and the stables thor-
oughly cleaned and disinfected. After disinfection the cattlé were
returned to the stables and the quarantine raised if the veterinary
inspector approved. During the quarantine period no milk was
allowed to be talcen from the premises. The Government paid all
the costs of disinfection and reimbursed farmers for milk losses not
covered by insurance. ’

The regulations covering the movements of the people were strictly
enforced and In some districts publie gatherings were forbidden.
Many claims for compensation were presented to the Government
for losses incurred during 1925 as a result of the restrictive guaran-
tine measures. Thess ranged from individuals restricted from plying
their trade to owners of motion-picture theafers.

The disesse was treated by the use of convalescent serum, with
beneficial results. It was used only therapeutically, and as a resulf
the severity of the disease was lessened and the mortality reduced.

Table 3 gives the number of outbreaks of the disease, by months,
from November, 1924, to August, 1926. It is to be noted that the
epizootic in 1925 reached its maximum in March, and that in April
end May, 1926, iLe disease flared up again.

TasLs 3. —Nwmber of infected herds in Sweden monthly, from November, 1824, lo

Jugust, 1526

Number ! Number ! Mumber

Year and month of herdy Year and month of herds Year and month of berds

infevted infected infected

M - {14 Hi2a

Novemhbro.. vuauess bt I | Y . 08y |} Jonuary .o . 5
Frecember .. ... .. b i June. .. R a7 [ Fehruary . - 44
By e 78| Muweho o 265
LIk Aagust L 20§ Auril 805
JERUArY o iaeaaas a i September. o hiny.__ 5OTT
. 848 LhdeTov:) N, R W7 || Jupa._ : 07
1,318 || November. . o ceeeeam 30 || Fuly... - i 3
800 {} Decemnber. .. ....... 18 || August .. ceeieean.- | 651
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Conditions similar to those in Denmark in the 1926 cutbreak were
found to be present also in Sweden. Districts in which the disease
had been prevalent the previous yeuar apain becume infected and many
animals that kad passed through the disease in 1925 became reinfected
in 1926. About 40 per cent of the animals affected in the second out-
break had had the disease the previous year. Convalescent serum
chteined in 1925 failed to influence the course of the affection in 19286,
while serim from the animals infeeted in 1926 yielded good results.
As in the cnse of Denmark, the American commission at Strasbourg
was able to confirm the field evidence that the 1926 outbreak in many
sections was caused by & type of virus different from that causing
the 1225 outbrenk. A special laboratory for the preparation of serum
was established at Malmé and the procedure of obtaining the serum
has been similar to that employed in Denmark.

In 1924 5 commission was appointed in Sweden to investigate the
subject of foot~and-mouth disease. The commission visited various
European countries where conditions relative to foot-and-mouth
disense were studied.

The suggestion hes been made that a special research station be
built on an island where experimental work on foot-and-mouth
disease could be done without danger of its spread. )

The work of Lebailly relative to the rapid death of the virus of
foot-and-mmouth disease outside of the body has received considerable
atiention in Sweden. In the latter part of 1925 and early in 1926
experiments were made to test the viability of the virus under natural
conditions. Infected animals, from 7 to 24 days after the first symp-
toms of foot-and-mouth disease, were removed from the stables and
teplaced by normal cattle or swine. No cleaning or disinfection was
done. The accumulation of litter and manure from the infected ani-
mals was heaped in the stable and when the normel animals were
broughtin, this material was spread out so as to allow greater contact.
Nine separate experiments of this type were made. In not a single
mstance did apy of the normal animals contract the disease after
being in the stable from 3 to 4 weeks. The normal animals in five cases
consisled of cattle and calves and in four cases of eattle, calves, and
swine. They were then inoculated artificially. A successful result
proved their susceptibility to foot-and-mouth disease. A positive
result was obtaine(F in one experiment in which the walls of a fresh
vesicle were cut away by scissors and the material allowed to fall in
the litter. Thirteen days later the diseased animals were removed and
one cow and one calf p{’aced in the infected stalls. Six days later the
disease appeared in these animals. As a result of these experiments,
which were to be continued, a modification of the methods of cleaning
and disinfection was being considered.

Investigations covering the part that man plays as a carrier of the
virus are also being undertaken. Kling and Hojer have been widely
quoted in the press as stating that as a result of a study of the epizo-
ology of the disease in Sweden, man acts as a true carrier of the
disease by harboring the virus within his body, probably on the
mucous membranes, Nothing has yet been published on the results
of their experimental work.
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BWITZERLAND

. Bordered by Germany, Italy, and France, countries in which
foot-and-mouth disease is enzootic, the position of Switzerland is
always precarious, Statisties of foot and-mouih disease in Switzer-
land, contained in Table 4, show that from 1886 to 1925 the country .
was not free of the disease for an entire year.

TABLE 4, —Number of animaly infected with fool-and-mouth disease in Switzerland,
18861525 ’

Vigorous methods are pursued in Switzerland in combating foot-
and-mouth disease. Favored by efficient Federal and cantonal
veberinary organizations, the outbresks, except for a few years when
severe opizootics prevsiled over all Europe, have been kept to a
minimum, ~.

The topography of Switzerland differs considerably from that of
other Europesn countries, axcept possibly parts of the bordering coun~
tries. The fact that the villages and homes are sitnated on the
mounteains and that cattle are pastured on mountain sides simplifies
the enforcement of extremely stringent quarauntine regulations,

Mensures for controlling foot-and-mouth disesse mnclude the slaugh-
ter or the stamping-out method, isolation, and quarantine. The
TFederal and cantonfﬁ governments bear the expense of compensation
for slanghter and dismfection. Animals slaughtered are appraised
at their full value, but the owner receives only &0 per cent of this sum.

Formerly slaughter was performed on the fsrm sad the meat,
after veterinary inspection, was sold for food. At the present time,
however, specially comstructed trucks are used to ftrensport the
infected snd exposed animsls from the farm direct to the slaughter-
house, where, after veterinary inspection, the carcasses or parts of-
carcasses considered fit for human food are scld. The trucks are con-
sirueted in a mannar so that no infection ean sscape and so that they
csn be thoroughly cleaned and disinfected, Six of these trucks are
placed in strategical parts of the couniry; in this way outbreaks
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in any section can be quickly taken care of. The slaughter methed

i3 used to a large oxtent, especially in early outbreaks when it is

thought that the disease can be eradicated by these means and slso

when the animals are in an sccessible position.” The slaughter method

is also adopted when the disease appears in the locality favorable for
- its wide dissemination. ;

At the principal abattoirs in Switzerland a special section com-
pletely isoFatad from the mein sbattoir is used for the slaughter of
animals affected with foot-and-mouth disease. After the slaughter
the entite premises, implements, clothing - of butchers, ete., are
thoroughly disinfected. No one is allowed to leave this building
without a coniplete change of clothing and until all infected animals
have been slaughtered.

After removal of the animals from an infected place, the premises
are thoroughly cleaned and disinfected. Manure is buried or burned
or covered with lime if the quantity is Iarge. No restocking is allowed
until 30 dsys after disiufection.

When the slaughter method can not be adopted the animals are
quarantined, for in many instances the animals are on pasturs in
the Alps and so far removed from the roeds as to be insccessible by
truck. Quarantine extends to the premises theraselves, and & sur-
rounding zone. Roads and passes leading to infected sress are
plainly placarded and entrances are guarded by police, in many
cases in uniform. Movements of people and stock are restricted in
the quarantined arez. Warning zones, areas sbout 6 miles around
infected premises, give notice that one is approaching the proscribed
zone. "The people are not allowed to leave the infected premises for
ab least six weeks and the children are not permitted to go to school
until after that period has elapsed unless arrangements can be made
for them to live at some other place. Food, mail, and other neces-
saries sre carried by guards mto the mountains and are left at neutral
zones to be called for by the quarantined persons. In the quar-
antined area tourist traflic is practically brought to & standstill.
Hotels situnted there suffer & heavy loss as & result of these restrictions.

Milk from infected cattle is used on the premises and all cheese
factories in infected areas are closed. -During the quarantine period
the infected premises are cleaned and disinfected severs] times,
The lesions of the affected animals are treated daily with anti-
septic solutions and twice during the quarantine period the hoofs are
trimmed, in an effort to remove any virus protected by loose horn,

New cattle are not permitted to bo brought on the premises until
the eighth month after recovery of the affecied animals; and animals
that have passed through the disease are not allowed to be removed
before that time except for immediate slaughter. Such cattle 8s sre
removed for slaughter must be sent to the special foot-and-mouth
disease department of the abattoir. Cattle are imported into Switzer-
land for slaughter only, are considered as foot-and-mouth disense
suspects, and are slaughtered only in the special department of the
abattoir. In many instances in which the disease has broken ont in
the Alps and it has been impossible to kill the animals because of
their inaccessibility, & large number have been slaughtered eventuslly
after recovery in the fall. Many show the effects of the disesse and
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are known as “unvollstindiggeheilt or Kummerer,” (incompletely -
recovered) and are considereg by the Swiss officials as potentisl car-
riers of the virus, :

~ The fact that animals can be carriers of the virus after recovery
has been cbserved many times in the field, in ceses where recovered
animals have been held responsible for outbreaks after they have been
brought into contact with suscoptible animals. It has been observed
that recovered animals can act as carriers of the virus for as long a
period 8s two years; but recurrence of an outbreak is caused most
often by animals within eight months after recovery. For this reason
recovered animals are kept separated from normals for eight months.
All animals which are isclated and quarantined as a result of the
disease are identified by & tattoo mark in the ear giving the date of
the infection. This mark is permanent, and such animals can be
identified easily at any tims.

As a result of the vigor with which the strict quarantine regula-
tions are enforced, the thorough cleaning and disinfection of infected
premises and the permanent identification of the animals, the field
evidence accumulated by the Swiss officials on the infections caused
by recovered animals gives strong indication of the existence of
earriers. : :

The disease is often treated by the use of convalescent or hyperhu-
mune serum, and in general, good results are obtained thereby in
lessening the severity of the disease and reducing its mortalit{r.

While no permanent laborstory work is dene in Switzerland on
foot-and-mouth disease, research of various phases of the disesse
during outbreaks has been mede and has resulted in many valuable
contributions to the knowledge of various phases of the disease.

ITALY

Foot-and-mouth disease has been enzootic in Italy for many years
and particularly severe epizootics have cceurred at intervals. The
disease 1s combated by means of isclation and quarantine, but its
spread is in certain sections merely limited; in others, particularly
in the parts of the country much traveled, its dissemination 1s very
rapid until practically all susceptible animals in & community are
atvacked.

The losses from foot-and-mouth disesse are heavy, not oniy as 2
result of quurantine moasures and depreciation of recovered animals,
but also of mortality.

Table 5 shows the number of infected animals and the number of
deaths from 1909 {o 1920. The column “Animals dead or slaugh-
tered”’ includes animals so severely affected that they were slaugh-
]:erﬁgi.h As can be seen, the mortelity from the disease In certain years
is high. :

The malignant type of the disease that spread widely over Europe
from 1918 to 1921 had its origin in Italy. During the war much of
Italy’s livestock was slaughtered; new stock ‘was then introduced
and & malignant type of the disease appeared.

Ttelian epizoologists have noted that an epizoobic of foot-and-
mouth disease may be divided usually into three stagas: '
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Tapit 5—Number of animals infected and number of deaths from foal-and-mouthk
- disease in faly, 1606-1920* - :

 Antmals dead or o ' Aniunals dend or
Animals |- slaughtered ‘ | Animals slaughte

infected : . infected -
| Number | Per cent | . | Number | Per cent

189,730
249, 469
10, 410

680
o
721
1,13
1L 113
Ha

286, 70
1,31% 320
308, 781
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1 Later Ogurea are tot available, but the ngmber of herds infected from 1521 to 1925; [nelusive, may be )
=een In Flgure 2. .

(1) The period of attack, which often lasts more than six months,
d‘uri_ngl which time the infection spreads so rapidly as to be beyond
control. -

. {2) The stationary period, during which there may be some
slight ‘merease or decrease in the spread of the disease. This may
last for six months or longer; and,

{3) The period of decline of the epizootie.
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FiG. 2—~Trend of foot-and-mouih disesse in Italy, 1621 to 1925, Inclusive

The epizootic cycle usually does not exceed two years, unless a
different type of virus is introduced. It has been noted also that the
malignant type of the disease seems to be more prone to oceur in
six-year cycles. It is suggested that loss of immunity in the cattle
gpd their offspring may be responsible for the malignancy of the

isease.

Figure 2 shows the annual trend of foot-and-mouth disease from
1921 to 1925, inclusive. Weekly sietements show that in 1921 the
disease reached its peak in November, when over 4,000 herds were
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reported infected in the third week. A sharp decline then took plece -

and in 1922 the disease’gradually diminished until about 100 cases
a week were reported. . In the fall of 1922 a gradusl increass occurred
until in Marcﬁ, 1023, when about 1,300 cases were noted for the
week of March 19 to 25. In January, 1925, the disease sgain flared
up, 2,000 cases being reported in one week. This was followed by a
gradual decline until November when it again recurred, resching ite

eak ip the early part of December. Then more than 3,200 infected -
Eards were reported for the week. A sharp decline followed. .

But in the summer and fall of 1925 another epizootic began which

reached the enormous number of 7,603 herds reported infected for
the week of October 5 to 11. In the 1925 epizootic practically the

whole of Italy became involved with the exception of the islands .

of Sardinia and Sicily. These were kept free of the disease by their
geographicsl location and quarantine measures which prevented the
introduection of live animals from the mainland. On the ‘whole, the
- mild form of the disease prevailed, except in the Province of Milano,
where & number of cesés of the malignant type were noted.

diConvalescent serum is used to edvantege in the treatment of the

JeR3e.

A nervous form of the disease has been noted in Italy, the virus
having been found in the brain and the cord. Vaceines prepared from
the brain and cord of infeeted animals used in conjunction with
serum, yielded fair resulfs in the treatment of this form of the Gisease,
according to Terni (65), ;

Much reseerch work and scientific study of foot-and-mouth disease

in the field have been done in Italy. Several commissions have been

appointed to investigate the problem, but in recent years the lack
of funds has seriously handicapped their mvestigations,

THE NETHERLANDS

Measures for controlling foot-and-mouth disesse in the Netherlands &8

include (1) slaughter of infected and exposed animaels and (2) isola~
tion and querantine. Compensation for slaughtered animsls is paid
at the rate of 90 per cent of the value of the sound amimal. The
slaughter method is used at the beginning of an outbreak and when
it is believed possible to eradicate the disesse rapidly. This method
was adopted frequently. _

During certain years when the disease spresd over large parts of
Europe the Netherlands salso suffered from severe epizootics, as
shown in Figure 3. In the outbrealk of 1924 88,930 infected herds wers
reported during the year. The epizootic at that time became so .
widespread that few of the regulations could be enforced, resulting
in & further dissemination of the disease all over the country.

Convelescent and hyperimmune serums are used to advantage in
the treatment of the disease.

Several commissions have been appointed at differsnt times to
Investigate the subject. Research work is in progress at Utrecht
and 2t the Rykes Serum Inrichting (government serum institute) at
Rotterdam. Preparations are in progress for the manufacture of g
hyperimmune foot-and-mounth-disease serum, and it is proposed to
mitigate the effects of the disease by the extensive use of serum.
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' ATUSTEIA -

The disease is-enzootic in Austria. Quarantine regulations are in
effect in efforts to control the disease, which at times becomes wide-
spread. Heavy losses were suffered from the malignant type of the
disesse in 1920 and 1921. In one community containing 400 adult
cattle 33 per cent of the animals died. Cattle died as & rule within
& week o two after the appearance of the disease. _

Convalescent serum was used to advantage in reducing the mortality
of the disease. Some practitioners used normsl horse serum in the
treatment of the disease and reported good fesults. It was stated,
however, that under controlled conditions no definite value could be
obtained from its use. This confirms limited laboratory tests with
guinea pigs in which the writers show that normal horse serum appears

A
j ;
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F14, 3, —Trend of foot-and-month diseass in the Netherlands, 1892 to 1925

to have 1o beneficial effect on the course of the infection. In strong
contrast, convalescent cattle serum has a marked neutralizing effect .
on the severity of the disease. ’ .

No research work on foot-and-mouth disease was being done in
Ausiria at the time of the commission’s visit.

HUNGARY

Foot-and-mouth disease is enzootic in Hungary. Isolation and
quarantine are the sanitary police methods in force. Cases are report-
ed te the ministry of agriculture through the proviacial veterinarians.
Infevted farms are quarantined and no one is allowed to leave the
premises, except by special permission, until 30 days after the last
animal recovers from the disease. All animals not infected at the
onset of the outbreak are artificially inoculated by the farmer so that
the disease will pass through the herd rapidly. Manure is removed
from the stable, placed in a pile, and the barn disinfected, the expense
being borne by the owner. The disinfection must meet with the
approval of the official vetarinarian,

The malignant type of the disecase appeared in 1920 snd 1921,
when heavy losses were sustained. A mortality of 50 per cent of the
adult cattle occurred in one herd. The animals died as a rule from
one to two weeks after the onset of the disease, when apparently on -
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the road to recovery. The authorities believe that this was caused by
Eg?att failure as a result of degenserative changes in the heart-muscle
rS.

The care and condition of the cattle were not factors in the malig-
nant type of the disease; in fact, it was noted that the better-fed
animalg, or those feeding durin the course of the disease, were more
prone fo the fatal form, probably a3 a result of the extra work of the
heart during digestion.

No research work was being done on foot-and-mouth disease &t
the time of the commission’s visit.

BELGIUM

Two periods are recognized in epizootics of {foot-and-mouth disease
in Belgium and the control measures adopted are different in each
permd The first period is that in which the disease has broken out
in one small section of the country, its spread has been limited, and
possibilities exist for its early control. In this period the disease
mey be combated by slanghter or stringent quarantine measures.

The second period is recognized when the disease has spread over
2 large area, in which case uarantine regulatmns are modified to
reduee phe heavy economie c105.3 occurring as a result of a strict
quaranfine.

When the slaughter method of control is adopted compensation
is paid for slaughtered animals by the government.

Belgium has had foot-and-mouth disease within its borders for
many vears, and at fimes the disease has become widespread. In
1924, for example, 37,287 cases of foot-and-mouth disease were
reported Little or no research work is being done.

CONTROL MEASURES IN THE UNITED STATES

The important features of methods for control in the United
States are here presented mainly from the viewpoint of observations
of the commission and of results of recent work of others.

In general these ars the procedures employed:

1. Dispositior of infected and exposed animals by slaughter followed by
bnrml or burning.

2. Cleaning and disinfection.

3. ‘Testing the infectivity of the premises, and restoeking.

4, Quarantine.

The essential difference between the metheds used in continental
Europesn countries (exceptions will be noted later) and in the
United States is the tendency of the former to isolate and treat
instead of completely disposing of infected and exposed animals by
slaughter.

SLAUGHTER METHOD

A previous section stated that Germany, Belgium, Switzerland,
Sweden, the United Kingdom, and the Netherlands have provisions
in their laws for the slaughter of infected animals with compensation
to the owner. These provisions in the laws can be put into effect
whenever those in control believe that by so doing the prevention of
the extension of the disease can be accomplished. The British
methods now in vogue are practically the same as those in the United
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States. Switzerland also depends to a great extent on the slaughter
method. The other countries have not often found it pracficable
or economically possible to institute this procedure.

The main reason for the use of the slacghter method is to remove,
' as soon as possible, the greatest source of active virus. Even though
- the disease spreads rapidly, involving practically all cloven-footed
animals, it frequently takes from one to several weeks before sall
susceptible animals in a herd bave contracted the disease and in
turn have passed through the highly infectious stage. During this
entire period each animal or group of animsls becomes a source of
danger, in many instances, even before any evidence of the disease
is sepn. .
The great diffteulty in control work is that in spite of all the prac-
tical quarantine measures which can be enforce(f active virus may
be disseminated from premises before infection is suspected. It has
been definitely proved not only that fluid and coverings of the vesicles
confain the incitant in concentrated form, but also that the virus
may be eliminated in large quantities even before fever or other indi-
cation of the disease appears. These observations indicate the
necessity, in the stamping-out method, of killing all animals in an
ares ag soon as possible after the presence of foot-and-mouth disease
has been established in one of them, and, in view of the rapidity of
spread, those on adjoining premises that have been exposed to the
infection.

As for the question of carriers, although the commission’s experi-
ments on this point failed to reveal, definttely, carriers in appreciable
numbers, the writers can not at present diseard completely the strik-
ing field evidence and the positive experimental evidence of Assel,
Béhm, and de Blieck {discussed more in detail in the section on car-
riers of foot-and-mouth disease) which indicate that recovered ani-
mels may be sources of spread of the virus. The slaughter method
removes these potentisl reservoirs of virus.

In support of the value of the slaughter method, it may be stated
that in the United States the disease has been eradicated and in con-
tinentel European countries it has not been appreciably diminished.

CLEANING AND DIBINFECTION

The careful methods of cleaning and disinfection have given good
results in the United States. By cleaning is meant the removal, to
the greatest extent, of any virus which may have been left on the
premises after the destruction of the animals by slaughter.

What part disinfectants alone play is somewhat difficult to esti-
mate in view of the recent findings. Disinfectants on foot-and-
mouth-disease virus have not been studied heratofore so extensively
as they have been on bacterial diseases. Livestock sanifarians have
been guided by analogous work with other disesses and have recog-
nized that disinfectants, to be of any value, should act very promptly.
They have emphasized, therefore, the thorough mechanical removal
of virus from all)i possibiy contaminated materials by careful cleaning
snd scraping, and the destruction of articles which could net be
properly cleaned.

Recent investigations, discussed briefly in this portion of the report
snd more in detail elsewhere, indicate that under experimental con-
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ditions the most commonly used agents fail in the necessary charac-
teristic of a desirable disinfectant, that. is, ability to destroy rapidly
the virus of foof-and-mouth disease. Field experience, on the other
hand, indicates a high degree of efficiency for these agents. This.
difference may be explained possibly either by the fact that a great
deal of virus 1s removed before the process of disinfection, that the
virus which survives disinfection dies before restocking takes place,
or that the leboratory virucidel tests are much more severe than the
practical field tests.

The commission’s work shows that a 1 or 2 per cent aqueous
solution of sodium hydrate destroys, within one minute, the virus of
foot-and-mouth disease as it is found in the fiuid and coverings of
the vesicle and also in these materials admixed with cattle urine or
feces or with garden soil. The results of practical application of
this agent will reveal its value.

TESTING PREMISES AND RESTOCKING

Before premises are released from quarantine énd restocking is
permitted, test animals are placed on previously infected premises
30 days after cleaning and disinfection, provided no active infection
is present in the locality. This procedure should detect the pres-
ence of any virus which may have escaped destruction by physical
and chemical means. Restocking is made graduslly. As a further
safeguard, inspections of new stock are made at regular intervals.

QUARANTINE MEASURES

Quarantine regulations are strict because of the highly contagious
character of the disease. Quarantine measures are put into effect
as soon as diagnosiz of foot-and-mouth disease is established and
they are maintained in force until there is resson to belisve that the
virus no longer exists on the premises or in the locality.

The promulgation and enforcement of effective quarantine mess-
ures should be based upon the following:

Animals are most actively contagious in the early stage of the disesse.

Practically all cloven-footed animals are highly susceptible,

The greatest source of danger is removed by slaughter and proper disposition
of the involved animals,

There are conditions which may exist in the field under which the virus may
remgin active for cue or two monthe and perhaps longer.

Cleaning and disinfection removes most of the virus.

In spite of slaughter, cleaning, and disinfection, assurance of complete removal
of every vestige of infectious material ¢an not be given. :
The testing of the premises and restocking of previously infected farms should
be practiced as advocated by the Bureau of Apimal Industry. This method is
renronably certain to insure freedom from active foot-and-mouth-disense virus.
Sorie overzealous officials at times have put into foree extremely unreasonable
measures which have worked unnecessary hardships. Only rational quarantine
measures should be used and those in keeping with facts, and anptagonism

toward eradication work should be avoided.

TUSE OF IMMUNE SERUM OR YIRUS IN THE AMERICAN METHOD

As to the advisability of using serum or virus, or a combination
of the two, in the methods of control, the writers are of the opinion
that virus should not be used in this scheme. ~It has been definitely
shown that no immunity can be obtained thereby without establish-
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ing at the same time o source of further spread of infection. Even in
combination with serum, virus may induce & moderated or mild
form of the disease.

The use of serum by itself on noninfected premises is not recom-
mended fo any great extent in Europe. It has s very limited field
of usefulness, especially in view of the fact that its neutralizing effects
mz:.f disappear after such a short period as eight days, as the writers
and others have shown. At the expiration of this short period of-
resistance animals may contract the disease if active virus is present
and consequently injections of serum alone have been knmown to
prolong the duration of disease on & given farm. The use of serum
alone is, however, without danger; but it is expensive and it is neces-
gary either to import it or maintain an establishment at s very iso-
lated point for its production, since large quantities of active virus
are necessary for its manufacture.

The writers feel that at the present stage of our knowledge of
foot-and-mouth disease it behooves the stockmen of this country
and those more indirectly interested to realize that, except for short
periods, the United States has been entirely free from foot-and-mouth
disease, and that European countries, on the other hand, are saddled
with it. The United States owes this freedom to the methods em-
ployed a3 outlined above, which in the end are the most economical.

EXPERIMENTAL STUDIES
PHYSICAL AND CHEMICAL PROPERTIES OF THE VIRUS

In the experimental studies which were made on the physical and
chemical properties of foot-and-mouth-disesse virus as well as in the
attempts at its artificial cultivation, the writers used, except in a few
stances, one strain. This virus, described below, had the advan-
tages of causing lesions Eromﬁ)tiy and regularly, of acting powerfully,

a

of inducing in practice cases well-marked, secondary lesions,
and of bringing about ref;tively few deaths in the experimental ani-
mals—s favorable condition, for it permitted a long period of cbser-
vation. The animal of choice for these studies was, unless otherwise
stated, the guinea pig.

STRAIN OF VIRUS EMPLOYED

Gn June 18, 1925, through the kindness of a local veterinarian,
Doctor Fuchs, a herd of cows on & farm sbout 15 kilometers from
Strasbourg was placed at the commission’s disposel for study. The
herd was affected with typical foot-and-mouth disease. Of 12 sni-
mels in the same barn, all in different stages of the disease, one cow
was selected which was the last to be infected. She drooled congid- -
erably, and Liad broken and unbroken aphthse about the lips, tongue,
and buccal mucosa, but no ebvious foot lesions, and her temperature
was 41° C. It was difficult to aspirate the exudate in the vesicles, so
that in the end what was brought to the laboratory was an admixture
of the cow’s saliva and stable litter. This material was diluted 1 to 3
with Tyrode solution and then injected, unfiltered, intredermically in
the hairless skin of the posterior pads of five guinea pigs,

02678°—28—3
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Typical primary vesicles appeared at the sites of injection in from
24 1o 48 hours in all five epdmals. From that time until the investi-
gations were terminated, about a year later; the virus (Strasbourg,
or “Str.” strain) was propagated in the gninea pig for 261 consecutive
passages in a pure state except on two occasions in late pagsages, when
staphyloecocei wers found in the vesicular exudate. These latter
were then removed by filiration, without harming the virus. Later
tests showed the {ailure of eross-immunity with type A; hence the
Str, strain was probably identical with that of the Vallées O.

It is to be noted from the experience of transferring the impure
virus from the cow to the guinea pig that the virus, when admixed
with contaminating microorganisms, could free itself of ordinary bac-
teris in the tissucs of a susceptible animsl, Thus a property common
to many filter-passing viruses is shewn by the active agant of foot-
and-mouth disease. Indeed, after the first series of transfers, disin-
fection of the site injected was found to be unnecessary and only
twice in 261 passages did the virus become contaminated.

' FREEDOM FROM ORIMNARY BACTERIA

Aside from the fact that the virus tended to purifg itself in the
guineu-pig tissues, deliberate cultivstion tests were made when it was
first acquired to determine whether there might be any constant bac-
teria associated with this strain. Repeated cultures were attempted
with the blood, with the fluid espirated from the vesicles {the so- called
iymph), with ground, infected pads, the latter filtered—all obtained
on the first day of illness,

No constant, visible microorganisms were revealed by the different
methods of culture, the details of which are described under * Experi-
ments on cultivation.”” Henee this strain was pure and its eflects
could not be ascribed to any agent cultivable by ordinary means.

THE DISEASE IN THE GUINEA PIG

The clinical picture of the experimental disease in the guines pig
corresponded in the main with the comprehensive descriptions given
by Waldemann and Pape (77), by Gins and Krause {30), and by the
members of the British foot-and-mouth-disease research committes
(3, 85, 63). Certain of the more importent points are, however,
worthy of recapituletion.

METHOD OF INJECTION

After a long trial with various methods of injecting the virus, the
writers found that the method of choice, and the one by which practi-
cally all puinea pigs were infected, is the intradermic. The proce-
- dure consists in running s fine needle into the skin along the length
of the hairless pads of the posterior extremities. Attached to 51:3
needle is & syringe containing the test fluid, and with pressure on the
piston the skin tunnel thus made is filled as the peedle is withdrawn,
Three or four such injections are made on each posterior pad; and,
in addition, the thin loose skin along the outer and imner margins of
the pad is filled until it distends to & distinet, bleblike formation.
If the virus is weslk or diluted an additional inoculation is made sub-
cutaneously in these pads. Inoculations by means of skin tunnels
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were also found to be advantageous by the workers of the British
committea (3, .35, 63).
. Injection offithe virus in sites other than the pad skin was fol-
lowed by specific lesions, but certainly not so regularly as those
oceurring after, the intradermie * inoculation, as the following experi-
ment illustrates.

. PROGTOCONL 1

All animals wef’re injected with the same sample of virus taken from a guinea

"pig in the first day of illness. The infected pada of the latter were removed,

ground in sand ajd suspended in phosphate buffer solution (Py 7.6) to a dilution
of 1:25. One-half cubie centimeter was inoeulated in each guines pig:

(0) Inmtramuscidarly in the t.hi?lh. Of 6 animals only 2 showed the typieal
aphthae; in 1in pll four pads, in the second in all pads and in the tongue. cu-
bation period, 48t 72 hours,

(%) Intraperitdpeally. Of 5 animals 3 exhibited vesicles In all pads and in the
mouth. Incubation period three to four days.

(¢} Bubeutanedusly under the abdominal skin, Of 5 guinea pigs 2 showed
aphthae in all pails and in the tongue, 1 in two pads and 1 in one pad. Incuba-
tion pericd, threeito six days, :

(d; Intradermipally in abdominal skin, Of 5 animals 4 showed lesions in all
pads and in the tongue. Incubation period three to five days.

In none of thest: were any lesionsa noted at the site of bhe injection.

In this experimient, as in others mentioned in this report, the activity of the
virus used was always determined by inoculating intradermically the posterior
pads of at least tw'o guinea piga, :

When these :nethods of injection are compared with the intra-
dermic method "already described, by which practically all of more
than 2,000 guinsa pigs were infected, it is evident that the intra-
dermic injection of the posterior pads was more reliable. This test
also illustrates the e vitheliotropic nature of the infection, for, irre-
SEBG_thB of the site of injection, the lesions appeared onﬂ]in the epi-
thelium of the pads or of the tongue or of the mouth. Furthermore,
if & proper injection of the virus was given, no natural immunity to
foot-and-mouth disease was determined in guines pigs.

SECONDARY LESIONS

As slready mentioned, the Str. strain induced secondary lesions
regularly. These appeared in the pads or mouth or tongue, in sites
other than those injected, as early as 36 hours and as late as 5 days,
but as a rule from 48 to 72 hours after inoculation. For an unequi-
voeal determination of experimental foot-and-mouth diseass in the

uinea pig the presence of these secondary lesions was essential, In
soubtful instances, as when the primary vesicles were obscured by
necrosis—a condition found frequently in experiments with anti-
septics, to be mentioned later—recourse was had to transfer to normal
animals for observation of primary and secondary signs before a con-
clusive diagnosis could be made.

FPERIOD OF INCUBATION

In about 95 ger cent of the cases the period of incubation was from
18 to 48 hours, In one instance the first symptoms were noted after
12 days and in three cases, after 10 days. In the remainder the
primary aphthae appeared from 3 to 6 days after injection. For

| "'Intradermlc’ {noculetion, wherever nientloned in this report, Is the particulor method of fpjegtion
deseribed iz the precediog paragraph.
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these reasons, observations were prolonged from 10 to 12 days before
an exact definition was obtained; and when necessary an injection
of sctive material was made in animals which did not react, to deter-
mine the presence of immunity, A neteworthy fact is that the period
of ineubation is shortened and the severity of the disease is increased
as the dose or concentration of the virus 1s augmented.

TIME OF GREATEST INFECTIVITY

Tests showed that the blood of the guines pig was active when
withdrawn 24 and 48 hours after intradermie inoculation, On the
other hand, if this blood, in a defibrinated condition, was kept at
37° C. in vitro, it was active for 24 but not for 48 hours. The period
of greatest activity of the virus in Iymph aspirated from aphthae or
in ground infected pads was obtained from lesions up to 24 hours
in age. From this time up to 72 hours there was a gradual diminu-
tion in virulence and after 72 hours such virus was active only in
exceptional cases. At about this time, the active agent, conformin
to the tendency of filter-passing viruses in general, sometimes invite
invasion by secondary microorganisms which was followed by puru-
lent inflamimation.

MORTALITY

The mortality rate from infection of guines pigs with the Str.
strain was about 1 per cent. As this rate corresponded to the
normal desth rate among the guinea pigs kept in stock, the experi-
menial disease induced by this strain was practically nonlethal,

TRANSFER TO CATTLE

Finally, this strain after propagation in the guines pi could induce
in cattle and hogs typical foot-and-mouth disease indistinguishable
from the natural affection. The material used for such transfers
was derived from guinea pigs, in either the early or last passages.
Further consideration is given to this subject elsewhere in this report.

TITRATION OF THE VIRUS

It was essential to determine quantitatively the activity of the
virus, this estimation being important from the point of view of
controlling survival or preservation, as opposed to multjplication of
the virus in subplants of cultivation tests. This information also
served os o guide for interpretation of the cataphoresis experiments to
be reported later, and gave an idea of the relative size of the active
agent.

The virus was found to be sctive in romarkably high dilutions
as the following experiments will show.

PROTOCOL I

Summary of 15 experiments. The virus used for these tefts consisted of the
aspirated lymph from 24-hour-old vesicles. The diluent consisted of phosphate
bufer solution at Pu=7.5. Dilutions were made with pipettes. The diluted
virus was injected by the intradermic method, already deseribed, in both pos-
terior pads of guinea pigs. ]

In the 15 tests the virus was found setive in a dilution of 1 : 10,000,000 twice;
1 : 2,000,000 thriee; and in 1 : 1,000,000 twice. These were the final dilutions
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in the foregoing trinl. In four additional tests in which, dilutions were made
higher than that of the active range, in 1 : 4,000,000 was in one case positive,
but 1 :8 to 32,000,000 negative; in anothet case, 1 : 2,000 000 was active hut
nob I : 4 to 80,000,000; in 2 third case, 1 : 1,000,000 was positive but 1 ; 2,000,000
begative; in the last emse, 1 @ 400,000 was nckive but not 1 : 1,000,000.

thiese experiments were made with the virus cleared of particles by filtration
through flter pnrer. In the next four tests fltrations were made through
Berkefeld V candies, Activity was shown in all four instances in a dilution of
1 : 2,000,000, the highest made.

¥rom these titrations it is to be noted that the virus diluted to
10,000,000 times its volume may still be active., This fact leads to
several considerations, the first of which is with reference to the prob-
able size of the active egent. Since the material is not solid with
virus but contains the diluent and various products usually found
in an inflammatory exudate, the active agent is only a part of this
quantity. Hence the agent should be still more minute. That the
size of the active particles of the virus is less than 100mu has alzo
been confirmed in the study on molecular filtration to be described
in another section,

(2) Great care should be exercised in measuring or transferring
virus in glass receptacles in tests for comparative activity, such as
the determination of the killing effect of antiseptics and the relative
value of different media in cultivation tests, Spattering virus along
the glass walls may give rise to infections which may have no bearin
ou the problem in hand, Whenever practicable, tljlrerefore, chemie
mixing glasses or conical beskers were substituted for test tubes.

{3) In the commission’s experience with cultivation of the virus,
the third subplant showed activity in five different medin. In this
third subplant ‘the virus was diluted by the method of seeding
about 1:1,000,000. But in the fourth transplant the active agent
wae diluted 1:15,000,000; in this latter, however, the virus was
without action. Apart from this, the writers had other and ample
evidence to show that these media were not suiteble for growth.
Hence the conclusion derived from such experiments is that preser-
vation or survival, but not multiplication is involved, Therefore
the works of Titze (66) and of others who maintained virulence only
in the first few “‘subcultures’” should be interpreted as probably
indicating & mere dilution of the active agent.

4} Since ono semple of the virus is active in s dilution of 1:400 ,000
and another in a dilution of 1:10,000,000, a factor of difference in
nctivity between one specimen and another is 25. The investigators
of the British committee (35) found a still greater factor to exist; one
sample was inactive at 1: 5,000, another was active at 1; 500,000.
Hence, in comparative tests, such as made in the study of the survival
of the virus in different media, trials should be mads with the same
specimen of virus. , . )

(6} The severity of the disense and the length of the period of incu-
bation depended on the concentration of the virus—the more concen-
trated the virus the more severe was the infection and the shorter the
period of incubation. For example, with one sample of a 24-hour
aspirated lymph virus, a dilution of 1:1,000 induced the experimental
disease of severe type in 24 hours in all of five guines pigs; of 1: 200,
000 after three days in one of two animals; of 1: 2,000,000 after four
days mildly in one of two animals; and with & dilution of 1:4,000,000
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one vesicle was noted after nine days on the tongue of one guines pig
out of two inoculated. Higher dilutions were negative.

The rate and encrgy of action, therefore, ure proportional to the
concentration of the active agent.

CENTRIFUGATION OF THE VIRUS

Centrifugation tests were made with two objects in view: (1) To
determine the sedimentation of the virus, and (2) if the virus were
not sedimented, to attempt to free by this process the supernatant
fluid from a hypothetical body which may be the inhibiting factor in
cultures, for example, such bodies as fragments of tissue or cells.

As for the first object, it was determinad by repeated tests that
with the active guinen-pig blood, aspirated lymph, or suspensions of
ground, infected pad tissue, centrifugation at 2,500 o 3,000 revolu-
tions a minute for fwo hours did not cause the deposition of the virus;
the topmost layer of the specimen was as active as the lowest portion.
Thus the writers have confirmed the prior findings of others, notably
the workers of the British committee (35), Abe (2), and Gins (28).
However, the writers could not confirm thereby Froseh and Dahmen’s
(22, 23, 24, 25) first step in cultivation, namely, a concentration or
sedimentation of the virus by centrifugation at 3,000 revolutions &
minute for 0.5 to 1.5 houis.

The inability to sediment the virus may indicate that the active
agent is very minute, but not necessarily that it is of the nature of 2
contagium vivum fluildum.? Duclaux {16) has demounstrated the fact
that centrifugation is not a means for deposition of minute particles.
For, theoretically, with a centrifugal force 40,000 times as great as the
gravity force of a particle (such as is obteined in large centrifuges) a

article measuring 10my will setile only 1 centimeter in four hours.

ut, practically, in addition to this slow deposition due to size, since
all machines develop & certain amount of heat, the whirling current
and that due to convection operate to prevent deposition.. In the
example cited the variations due to these currents should be multiplied
by 40,000 to obtain the actual reading of the forces preventing sedi-
mentation (Duelaux).

In respect to the removal of a hypothetical inhibiting body by
centrifugation, the writers’ repeated experiences showed that the
active guinea-pig blood kept at 37° C. contsined no virus in either
the sediment or supernatant fluid when tested 3 days after centrifu-
gation. But atroom temperature similar ground, pad virus suspended
in phosphate buffer at PH=7.5 remained alive for ¢ days in the sedi-
ment and for 12 days In the supernatant Suid, With aspirated Iymph
under the same conditions, however, both the sediment and super-
netant fluid were sctive for at least 14 days. No further tests were
made in this instance.

To complete these experiments, three additional trials were made
with the sediment after it showed inactivity by standing for 4 days
at room temperature. This sediment was added to either fresh, or
old, active supernatant fluids, and the mixture kept for from 18 hours
to 3 days at 20° C. But no inhibition of the virus in the supernatant
fluid was observable.

¢ Thig term wes frst used by Detjerlnel {1800) (7 to denste the noncorpuscular character af the virus )
of tobacco-moupie (isense, iu the sense of Beljerlnck, the virus is present jnsclution, s, pithough o Buld,
i capgble of reproduction,
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The commission concludes from these experiments that the hypo-
thetical, virucidal bodies can not be deposed by centrifugation from
suspensions of ground, infected pad tissues or of aspirated Iymph.

At this point brief mention may be made of attempts to remove
such substances which inhibit the viability or multiplication of the
virus in artificial media, by precipitation of the globulins, or inactiva-
tion of complement. For this purpose carbon dioxide was used and
prolonged passage of the gas was allowed through material containing
the active agent. These tests likewise ended in failure.

SUMMARY

The strain of foot-and-mouth-disease virus derived from affected
cattle near Strasbourg was propagated in guinea pigs for at least
261 successive passages. These rodents were uniformly susceptible
to the virus after intradermic inoculation. This fact, together with
the absence of natural inununity among guinea pigs and the regular
production of secondary lesions, made this strain and this species of
animal useful for experimental purposes. Furthermore, the virus
could be readily transferred from guinea pigs to caitle and hogs and
from the larger animals back to the rodents.

In the guinea pig the virus was {found to show epitheliotropism, for
primary lesions, and secondary vesicles were induced constantly and
regularly after intradermic inoculation. The fact that inoculation of
this animal in sites other than the hairless pads was often unsuccessful
led to the supposition that the virus has only a limited portal of entry
into the body.

The virus, similar to many other ultramicroscopic viruses, was not
affected by contamination with concomitant or secondary bacteria of
the ordinery species. Indeed, it could purify itself of such bacteria
in the first passages in a susceptible animal.

The limit. of infectiousness of the virus was found at a dilution of
1:10,000,000. There are several considerations to be given to this
extraordinary sctivity. In the first place, it is correlated with an
extremely minute size of the virus for the material used for titration
is not solid with virus, Furthermore, virulence shown only in the
first few subplants in cultural experiments should be regarded asa
mere dilution of the incitant rather than actual multiplication.
Finally, all samples of virus are not equally infectious. A considerable
factor may represent the difference in activity of the weakest from
that of the strongest. Therefore, comparative studies should be
made with the same sample.

In addition to these considerations, it should be understood that
a diflerent technic is necessary for experimental procedures from that
used with bacterin of the ordinary species, namely, a regard for spat-
tering the virus which may give rise to Infeckions unrelated to the
problem at hand.

By means of centrifugation, it is impossible to sediment the virus.
This character possessed by many other ultramicrozcopie viruses may
not be an indication of its fluid nature, for reasons already given.
In view of the evidence presented and other tests to be reported-
later, fallure of deposition is related to the minute size of the incitant.
Finally, centrifugation has failed to remove Irosch and Dahinen’s
so-called **virucidal bodies.”
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CATAPHORESIS AND FILTRATION

CATAPHORESIS

The electric chargs carried by the.active agent, as well as ifs iso- -
electric range, was & criterion by whieh different filtration tests could
be interpreted. Its determination was useful not only to explain the
remarkable resistance of the virus to certain chemicals to be described
elsewhere, but also to compare the charge with that charscterizing
Immown microorganismus. _

The main difficulty of cataphoresis exlieriments with this virus
was the absonce of a recognizable or visible particulate body. But
this was overcome by adapting to the writers’ purpose the Vles ® . -
apparatus. Moreover, guines pigs could be regvﬁarly infected with
even minute quantities of the active agent, so that its attraciion to
one or encther pole could be determined by the biological test.

The apperatus {74) used consists essentially of horizontal U tubes
containing in the curved arms a stoppered empulla, and in each long
arm & stopcock. These are connected to communicating cups by
curved siphons which are joined to each other by & transverse fube
carrying zlso s stopcock. The latter allows & prior establishment
of a hydrostatic equilibrium. The erifices of the curved siphons are
plugged with moist cotton to ]%revent. bydraulic disturbances. The
tubes, fixed to a board, are placed iu series of four (because four
determinations at different Pr readings were made at one time).
At both ends of the series union with the house current is made
through & solutien of cupric sulphate and, in the connecting cups,
through physiological salme solution (0.9 per cent at Pr=8).
the siphons of each tube of the series is placed the phosphate buffer
at the Pm at which the virus is tested. In the ampulla is added the
virus diluted with phosphate buffer at different P’H readings, thus
filling completely the respective U tubes to the stopcocks.

In the following experiments the difference of potential at the
limits of the series in an open circuit was 220 volts. A milliampere-
meter was then placed in the circuit, which registered from 0.8 to
4.7 milliamperes for the four tubes and the fall of potential for each
tube was from 20 to 50 volts, The time of cataphoresis lasted from
20 to 70 minutes. The commission found that the best result was .
obteined when the virus was filtered and diluted 1:1,000 in phos-
phete buffer, at a milliamperage of 0.8, with a fall of potential of 20
1o 20 volts and cataphoresis for 70 minutes.

This experiment, one of & series of 10, is illustrative.

PROTOCOL 3

Twenty-four-hour, aspirated, lymph virus was diluted 1:1,000 with phos-
phate buffer st Pr=7.5 and filtercd through Berkefeld V candles. This maferial
on injection intradermioally in the pads of guines pigs showed getivity in each of
graded dilutions from 1:2,000 to 1:200,000.

The substance was then separated into four portions and each was adjusted
to different PH readings by the colorimetric method. At the same time phos-

19 ‘Phe comemlssion expresses its gratitude to Prof, Fred Viis, of the University of Strashourg, for bis cordial
cooparation o his valuable assistance, not only in thess exporiments but also in others ob filtration,

n Phoﬂphnte bulfer as mentigoed here and elsewhers in this report is mads by addmiza gTams potas.
sium geid phosphate (KHsPO) ta o liter of distilled walar. This i then ndjusted to the desired Htai?
means of potossion bydrade, it i3 of atmost inporiance to rendjust the material just bolore use, {or steri-
lzntlon renders it aeld.
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hate buffer adjusted to similar de;gl"ees was prepared. A% the termination of
ke cataphoresis experiment the following electrometric Pm measures were

. abiained:

s
|- v

The cataphoresis was continued for 70" mis utes with & fall iii-pql:_eﬁﬁal‘ of 20

Guinen pigs were then injected intradermieally in the pads with the Toaterial

. removed from the negative and positive poles of each of four differenily adjusted

specimens with these resulta:
Pa=6.73; R T
Negative pole: 2 guines pigs; both positive after 48 hours:
Posf__ﬁi\_re pole: 2 guines pigs; both negative. T
HH .

- Pa=17.8

Negntive pole, 1:2,000: 2 guinea pigs; both positive after 48 hours,
1:20,000: 2 guines pigs; both positive after 48 hotars.
Positive pole, 1:2,000: 2 guinea pigs; both negative. "
Pn. . 9-5 ’ 1:20,000 2 guines pigs; both negative..

Negative pole, 1:2,000; 2 guinea pigs; both positive after 48 hours. -
. 1:20,000: 2 guinea pigs; both positive after 48 houra,
Positive pole, 1:2,000: 2 guinea pigs; both negative. - . : BN
Preg.il - 1:20,000: 2 guinea pips; both negative.
A~8.11: -

Negative pole:. 2 guines pigs; both negative..- S
Positive pole: 2 guinea pigs; positive after 48 hours. T
gesulgsﬁof other teste at Px readings different frorm those mentioned chowed:’
B=8.6:
Negative pole, 1:500: 2 guines pigs; bath positive after 48 hours. . - .
'TOsitiv'e pole, 1:500: 2 guinea pigs; negative, e
0: :

Negative pole, 1:500: 2 guines bigs; both positive after 48 houra.
p I;OZitive pole, 1:500: 2 guinea pigs; both negative. _ . .
qH="7.4: - .. R ) . o )
. Negative pole, 1:500 to 1: 100,000: In ali dilutions, all guinea pigs positive
o after 48 hours. N _
Positive pole, 1:500 to 1:100,000: In, ail dilutions, all guinea pigs neg-
ative. : : S
Pa=175: o - . L
Negative pole, 1:250 to 1:250,090: Inall dilutions, ali guines, pigs positive -
after 2 to 4 days. R _ L
~ Positive pole, 1:250 to 1:250,000: In all ddutions, all guinea-'plgs neg-

ative. :
Pa=38.0: . o ] L
Negative pole, 1:150 to 1:30,000: Tu all dilutions, all guines, pigs positive
- after 48 to 72 hours, oo . R
Positive pole, 1:150 to 1:30,000: In all dilutions, all guines pigs positive
affer 24 {o 48 hours. : . o
Pr=3.5: o : -
Negativepole, 1:500: 2 guinea pigs; hoth negative, ot
Positive pole, 1:500: .2 guinea pigs; both positive after 48 hours,

It appears, therefore, that the foot-and-mouth-disease virus is
capable of wandering in an electric field and then, if the active agent

- is at a hydrogen-ion concentration below Pr=8, the direction of

miotion 13 toward the negative pole (electropositive) ; if above Pa~=38§,
toward the positive pole (electronegative). At about Pr=8, there
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is 2 tendency te move in either direction {isoelectric range}. Hence
it may be stated that under ordinary conditions the active agent
has an electropositive charge, and that its isoelectric range is at
Pu=about 8. It should be remembered that, in view of the absence
of a visible, particulete body and the slight changes in hydrogen-ion
concentration during cataphoresis, this figure is relative; hence the’
term ‘“‘range”™ is employed rather than the word “point.” :

1t was noted that, 2+ & rule, there was clouding at the pole opposite
to that which the virus was attracted. For example, if the Huid at
the positive pole appeared hazy and at the negative limpid, then the
material et the negative pole contained the active agent. Whether
the force of the electric current is sufficient to tear the virus from the
electrone%at.iv.e protein particles to which it may be attached * it is
not possible to say, but these findings are suggestive. The possible
objection that the virus wanders along with protein does nof hold,
for the incifant moved in an opposite direction from the protein,
ordinarily electronegative. - _

The fect that the virus has an unusually high isoelectric renge and,
under ordinery conditions, is electropositive does not speak against
its f)ossible protein or living nature. For, although bacteria are gen-
erally electronegative in charge, spirochefes, as a genus, earry elec-
tropositive charges (with the exception of Treponema pallidum); so
do trypanosomes, such as the species of brucei, equiperdum, gam-
biense, and rhodesiense. Among protein substaiices, fibrin and
%liadin (at Pa=9.3) are known to possess a high isoelectric point.

hs outstanding fact is that the virus, in respeet to its charge, is-
different from ordingry bacteria.

The determination of the charge, however, was of greatest impor-
tance in interpreting the results of ordinary and melecular filtrution
experiments, and therefore gave indirectly some indieation of the
relative dimensions of the causal agent.

FILTRATION

The filters employed in the following experiments comprised the
Seitz asbestos disks, Berkefeld V and N candles, Chamberland’s L 1,
L2, L3 L5 {I), L7 (B), L3 L11, and L. 13 bougies, various thick--
nesses of collodion membranes, and, finslly, Bechhold’s ultrafilter
prepared with different percentages of acetic colledion.

It is important to note that the foot-and-mouth-disease virus, as
employed in the following tests, may contain the incitant in a free
state, ns well as adsorbed to particles. That the virus cen be fres
and that there is a lack of complete adsorption to a number of differ-
ent substences has been observed by several investigators (Dahmen,
Gins, Bedson, Burbury and Maitland, and Stockman and Minett).
Furthermore, there is practically no loss in activity of the virus after
filtration through coarse and fine filters. In addition, filtrations
proceed in a definite, regular manner, For these reasons, and from
the results of cataphoresis experiments showing a separation of the
virus from profein particles, one can not regard the whole of the
incitent as adsorbed to minute particles of the seme size,

12 I another section will be described the sdsorption of the viras to large protein coaguls.
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Experience with the Seitz filter 1 showed that the virus filtered
easily through one disk of asbestos. The writers did not employ
this method for study of filtration phenomena but merely to purify
the virus from contaminating microorganisms. For this purpose
the Seitz filter is effective.

In regard to the other methods of filtration, a general principle was
mvolved in all cases, namely, all the filters carry an electronegative
charge (68). As the virus has an electropositive charge, considerable
adsorption occeurs during the passage of the active agent through
the candles, bougies, or membranes. In some filters in which the
pore size i3 minutely small and the charge strongly negative, com-
plete adsorption takes place with the consequence that the filtrates
contain no virus.

FILTRATION THHEOUGH BEREEFELD V AND N CANDLES

The material for these tests consisted of aspirated.lymph or of
ground, infected pads suspended in phosphate buffer at PE=7.5 or
7.6. In any cvent, preliminary filtration through one layer of filter
paper was resorted to. This was done to prevent clogging of the
small candles with particles of tissue, fibrin, or cells.

To test the charga and relative pore size of these filters, there were
passed through them suspensions containing micellse of sither charge
and of different sizes. Electropositive particles such as methylene
blue, basic fuchsin, and night blue (bleu de nuit) regularly failed to
Eass, but electronegative particles, such as acid eosin and Prussian

iue, readily traversed the candles, Hence these filters carried an
electronegative charge. .

It was therefore necessary, in determining the size of particles
capable of passing through the V and N filters, to eliminate adsorption
caused by filtering oppositely charged substances. Accordingly,
collargol, the mean diameter of its micellae being 20my and colloidal
arsenic-trisulphide, 100my, were tested, Both passed rapidiy through
V, and definitely, but less speedily, through N candles. Both sub-
stences 'have an electronegative charge. Hence these Berkefeld

ters, with the ndsorption action counteracted, allow the passage of
particles of at least 100my in diameter.

In respect to the virus of foot-and-mouth disease a standard mole-
cule for comparison should be one with a positive charge and of a
definite known size. For this purpose pure crystallized hemoglobin
in solution was used. - Its isoelectric range is at Pe=46.75, and its
size, as computed by Bechhold (6), is 3.6myu in diameter. Suspended
in phosphate buffer (employed also in suspensions of the virus) at
Pu=6, hemoglobin is electropositive, end at Pu="7.5, electronegative.
In the former condition this substance passes through V and N
candles; in an electronegative condition, the passege is more free and
completely unobstructed. Since the virus with an electropositive
charge also passes regularly through both these filters, showing at
times activity in at least a 1:2,000,000 dilution of the filtrate, the
conglusion derived from these obzervations is that the active agent
iz ot least larger than the particle of hemoglobin, This has been
confirmed by the commission’s experiences with filtrations through
Chamberland bougies. .

1 For mote extensive studies on this type of filter, the raperts of the investigatoes of the Britlsh committes
(%5) should be consulted.
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FILTRATION TEROUGH CHALMEERLAND BOUGIES

The Chamberland bougies of all types are similar to the Berkefeld
candles in that they are charged elect.ronegﬁttivaly. Electropositive
articles such as methylene blue basic fuchsin, and night-blue dye
So not pass through their walls, but the electronegative micellae of
acid eosin, Prussian blue, collargol, and colloidsl arsenic trisulphide do.
In regard to hemoglobin, at ].§H==ﬁ, with an electropositive charge,
this substence passes these filters only slightly-—the first few drops
of filtrate are clear, but after & time traces of hemoglobin are revealed
by spectroscopic examinations. At PE=7.5, with an electronegative
charge, hemoglobin traverses freely through all the types of Chamber-
land filters. : '
in other words, as an electropositively charged molecule, hemo-
globin first satisfies the avidity of the electronegative material of
{;ha bougie and later its minute size ensbles it to pass through the
arrier.
A similar experience was obtained with the electropositive virus.
With bougies of graded series to L 5, the active agent traversed
‘through their walls. But with more dense types the passage became
more difficult until with the L-11 type'* the filirates were free from
virus. For example, 5 trials with 5 different new L-7 type bougies
yielded in only one case a positive filtrate; 3 filtrations through
3 different, new, L-9 bougies resulted in 1 positive; and 7 tests
with 7 different L~11 type bougies, 6 of which were new, the seventh
having been used more than once failed in all instances. In these
exiperiments the virus was suspended in phosphate buffer at PA=7.5
(electropositive). Diluted in similar material at P==38.5 the virus,
then in an electronegative state, passed freely through these bougies.
It appesrs therefore that the foot-and-mouth-disease virus, by
elimination of adsorption due to opposite electric charges, can trav-
erse the small spaces of L-11 filters. On the other hand, if adsorp-
tion due to opposite charges is unhindered, the virus fails to pass.
But, in the latter relation hemoglobin under similar conditions can
traverse this filter. Hence the active agent is larger than the hemo-
globin particle of 3.6my dismeter. Fxperiments with filtration
through collodion membranes confirm this relative measurement.

FILTRATION THROTUGH COLLODION MEMBEANES

For a determination which might give a measurement of the virus
between narrower limits, and for s more extended study of the filtra-
tion phenomena, a still tighter filter was employed, namely, the
collodien membrane.

Collodion membranes are negatively zharged. Indeed, the indi-
vidual particles of pure collodion remain so charged, or become even
more strongly negative, in the presence of either acid or alkali, as
measured by the cataphoretic potentisl difference between these
particles and water (48).

The collodion membranes, ususlly in the form of small sacs, were
propared with French codex collodion (5 per cent). In all, 68 sacs
were made with different proportions and conditions of collodion,
so that 18 different experiments were performed. The concentra-

4 Saveral {rinls with & number of tho L-13 t¥ps bongte, supposed to bo the tightest of all of tha serles, re-
sulted [n lrregular fltrations of tittating reagents, Hence work with this type was diseontinued,
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tion of collodion varied from 5 to 12 per cent (12 per cent correspond-
ing to 15 seconds’ reading on the apparatus devised by Gates (26)
for messuring its relative viscosity)., From one to three layers were
used, and dipping in 95 per cent aleohol was resorted to in some
instances to increase the permeability of the sacs. Negative pressure
from 10 to 25 centimeters of mercury was applied. ‘The virus com-

rised 24-hour saspirated lymph diluted 1 : 50 or 1 : 100 in phosphate

uffer at Pa=7.5 or 7.6 to PE=8.5 which in all tests, as measured
by contrel inoculations in guinea pigs, was very active.

Six experiments were also made with sacs prepared after the manner
#*of Levaditi, Nicolau, and Galloway (47} who used three layers of 5
per cent collodien {codex), without alcohol immersion.

To summarize the results of these experiments: The cominission
found that the collodion membranes prepared in the manner stated
are not suitable for the filtration of the virus of foot-and-mouth
disease. More than half of the number of membranes showed macro-
scopic holes before they were put to test. In the remaining ones, the
writers could not convince themselves that microsecopic holes were
absent. In the absence of the standardization of the membrane, it
was necessary that each sac be tested separately by titration with
known substences of definite charge and size, Otherwise the results
were valueless. Membranes which the writers thought were hole-
free and at the same time made so as to withstand a negative pres-
sure of from 10 to 25 centimeters mercury (without this negsafive
pressure, filtration was impossible), failed, as a rule, to allow passage
of methylene blue, eosin, collargol, hemoglobin, etc.—the materials
employed for titration of the Berkefeld V and N and all types of
Chamberland filters. They did allow the passage of peroxidase (which
was found to be more easily filtrable than blue litmus), of blue litmus
itself, the size of which is computed by Bechhold {(6) to be 1.8mu in
diemeter, and of erystalloids. The crystalloids which traversed the
membranes were, in order of moleculsr weights from strychnine,
molecular weight, 397, acid quinine sulphate, to basic quinine sul-
phate, molecular weight, 890.% The virus, on the other hand, failed
to pass through these membranes.

1t may, therefore, be stated that collodion membranes of the types
mentioned are permeable to colloids containing particles in size of the
order of blue litmus, and to crystalloids, but not to the virus carryin
positive or negative charges. Furthermore, in the absence of standard-
ized membranes, they are unsuiteble for {itration experiments. The
writers, however, confirmed the observation of Stockman and Minett
(63) that the virus does not traverse two layers of § per cent colledion.
One conclusion may be derived from these experiments—the active
agent is not comparable to crystalloids in respect to filbration through
collodion membranes.

It wes then found necessery to seek a more permeable membrane,
by which the size of the virus could be delimited more preciseél'fr and,
st the same time, be free from the variables in the methods already
mentioned. For these purposes the commission found the Bechhold
ultrafilter membranes to be very satisfactory.

15 §trychnine was tested for its presonce fn the filtrates by inocuistlon of frogs; quinine, by opalescence
{n a strong beam of light, alter acklulation with sulphurle acid.
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FILTRATION THROUGH BECHHOLD ULTEAFILTEE MEMBRANEG 1

The prepared Bechhold disks are made by impregnating in a vae-
uum Schleicher & Schiill filter paper with different concentrations,
from 114 to 714 per cent, of acetic collodion. By this method uneven-
ness of the Iayer and mieroscopic holes are eliminated ; the membrane
is strong enough to withstand the necessary negative pressure and s
concentration of as little as 114 per cent of the colledion can be used
with, as a rule, yneguivocal results, -

The commission adapted these disks to its purposes by cutting
esch membrane to a circumnference corresponding to that of the lower
part of a Seitz [Manteufel (51), E. K. model] filter. The membrane
was placed over the wire-gauze support and a smooth, well-fitting,
firm, rubber washer was superposed. The cup end was then tightly
screwed in and the mechanism was tested for leakage at the nega-
tive pressure employed in each test.

The Bechhold disk is electronegative. To eliminate the absorp-
tion of substances oppositely charged, both the virus and the test
materinls for titration were employed in & condition of the same,
that is, negative charge. Hence for virus the writers prepared 24-
hour-old lymph aspirated from fresh, unbroken vesicles, diluted to
1: 100 in phosphate buffer at Pr=8.5., The substances for titration
consisted of blue litmas and hemoglobin each suspended in the phos-
phate buffer at the same hydrogen-ion concentration. The collargol
and the colloidal arsenic trisulphide, both electronegative, were pre-
pared fresh after the directions of Ostwald (61). As a test for the
charge of the membrane and its ability to absorb an oPpo_sit,ely
charged substance, a suspension of electropositive night-blue (bleu
de nuit) dye was used. Complete absorption of this dye occurred
In every case.

In Table 6 are summarized the experiments made with membranes
of different permeability, that is, of different thicknesses, containing
from 114 to 714 per cent acetic collodion. The virus under electro-
negative conditions is compared with the electronegative test sub-
stanees, blue litmus, hemoglobin, collargol, and colloidal arsenic
trisulphide. These varied in size from 1.8mg to 100mu in diameter.

The negative pressure required for each type of membrane differed
with the thickness of the layer. For example, with the 7.5 per cent
membrane, —30 centimeters mercury pressure was employed; with
the 6 per cent, —10 cenfimeters; with the 4.5 per cent, from —35 to
— 10 centimeters; with the 3 per cent, —5 centimeters; with the 1.5
per cent, —5 centimeters, In all cases the filtrates were tested for
the presence of virus by intradermic inoculation of the hairless pads
of guinea pigs, and for tﬁe titrating substances by colorimetric spectro-
scopic, and chemical tests. The virus taken from the apparatus,
before filtration and at Pu=8.5, was injected intradermically into
three or four guinea pigs in each instance. After 24 hours all animals
showed the typical experimental disease. Finally, in these, as in
all filtrations, only from 5 te 10 cubic centimeters of material were
filtered, and the time regulated. Resulis therefore can not be ascribed
to employment of large quantities filtered during a long period.

44 ‘I'he e branes are wanufschired by Carl debleicher and Schilll, Dilren, Rbine Provinces, Germany.
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TasLe 8.—Resulls of fltration lhrough Bechhold's ultrafiller membranes

Percentage acetic collodlon io membrapa t
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! A minus sign, —, indjcates the nonfilterabllity, and 4, the flterability of the substance tested. With
ibe 4.5 to 7.5 per cent collodion memibranes, the results were upifores.  With the 1.5 and 3 per cent mem-
branes, there wers alight wetiations, so that the tesis with each ure tabulated,

An examination of the tabulated, summarized results reveals that,
in general, there are only a few irregularities in filiration through the
single-layer Bechhold membranes, indeed, fewer than were expected.
But in view of the fact that each membrane was titrated and its
porosity delimited, the results of the so-called molecular filtrations
appear to be conclusive. Furthermore the selective passage of the
titrating substances witich the writers used is identical with that
reported by Bechhold (6).

Only the minute particles of blue litmus could traverse the 4.5
to 7.5 per cent membranes, which they did with considerable regu-
larity. The virus uniformly failed to pass through them. ,15}18
virus, however, did traverse one of four membranes of the 3 per cent
type. In that instance collargol also passed. In the three others
of this series, two allowed the passage of hemoglobin and one the
blue litmus only. Or the other hand, the virus filtered uniformly
through all membranes of the 1.5 per cent type. In these the porosity
was of such an order of magnifude thet in sll of them collargol
traversed the membranes as well, and in one case, the colloidal
arsenic trisulphide.

It may be concluded, therefore, that the order of magnitude of the
active sgent of foot-and-mouth disease, after elimination of inter-
ference by adsorption due to unlike charge, is in relative terms
correspondingly between that of collargol and of colloidal arsenic
trisulphide particles. In other words, the relative size of the virus
is between 20mpu and 100mu. "’

These tests have not ouly served to delimit the relative size of the
active agent but have also brought to light a valid refutation of the
notion that the virus is a fluid or a contagium vivum fluidum after
ithe meaning of Betjerinck (7}, of which more will be said later.
Furthermore, the same comparative ease with which the virus and
collurgol parficles filtered through the 1.5 per cent membranes and
the difficulty with which colloidal arsenic trisulphide traversed similer

 These tests supply a basis of only a relative caleuiation. Heoce it was decided, especiaily in view of tho
definlte limitation of time for experimental work !n Rurope, to forege (urther trials in an attempt 16 narrow
the range of relative size to closer approzimations,
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digks indicete that the size of the sitive agent may be nearer the
minimsl reading then the maximal. The minuteness of size may
explain the invisibility of the virus; the difficulty of its artificial
cultivation and its resistance to alcohol and other chemicals, to be
described later; its noncentrifugability; and it$ activity in very high
dilutions. Particles of these relative dimensions are governed b

_physical laws different from those influencing larger structures (75}

Finally, the question arises as to whether these measurements pre-
clude the notion that the active agent is living. In the absence of a
standard for comparison, one may compsre the virus to bacteria in
respect to their chief function, the enzymatic, and their composition,
which is mainly protein. The writers have determined tﬁab per-
oxidase can pass freely through spaces which do not permit the
passage of litmus, the particles of which are estimated at 1.8mu in
size (Bechhold, 6). Assuming the virus to be sphericel and of & disme-

ter of 50mp, it should be more than 2,500 times the volume{ V =§-z~r"’)

of the protein molecule hemoglobin., Furthermore V1es * has cal-
culated thet sphericel bodies of the order of magnitude of 30my may
contsin 360 protein molecules and those of 90my, 9,000,

BUMMARY

The writers have found that the ¢lectric charge carried by the virus
is positive and by catephoresis tests have shown that its isoelectric
renge is at the high point of Pa=about 8. With regard to these prep-
erties, it may be said that the virus differs from ordinary bacteria.
The common glenera. of bacteria carry an electronegative charge and
have a much lower isoelectric point. The fact, however, that the
virus has en unusually high isoelectric range, and is, under ordinary
conditions, electropositive does not speak against its possible protein
or living nature. Certsin filiration phenomens can be explained by
this charge, as well as the remarkable resistance which the virus shows
o some chemicals—a subjeet to be denlt with in the next section of
this report. Finally, cataphoresis indicates the possible separation
of the virus from protein particles,

Filtration through Seitz disks, Berkefeld V and N candles, Chamber-
land bougies of practically all sizes, collodion membranes, and Bech-
hold’s ultrafilter confirms the findings not only of the minuteness of
the size of the virus but also its electropositive charge. With respect
to filtration through Chamberland bougies, the active agent traversed
1. 11 flters only when its charge was shifted to negative; under ordi-
nary conditions, ecarrying an electropositive cherge, it failed to pass
this denser wall, and was completely adsorbed in the oppositely
charged barrier. Filtration through collodion was successiul only
when the thinnest and most permesble membranes were used, such
as the most porous of Bechhold ’s ultrafilter membranes. With coarser
collodion filters, prepared in different ways and of varying thicknesses,
the presence of microscopic holes as 2 source of error in positive
results had to be frequently considered. The use of standardized,
thin, collodion membrenes of Bechhold ’s ultrafilter type enabled the
writers, by means of so-called molecular filtrations, to delimit the size

¥ Parsonal comtmunleation,
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of the active particles of the virus. This was found to be, in relation
to other particles of like charge, between 20mg and 100mu in diameter.

The filtration phenomena of the foot-and-mouth-diseass virus can
be accounted for on the basis of minute size of the particles of the
incitant, which carry an electropositive charge, and no evidence can
be deduced thereirom that the virus is a fluid character. The relative
size of the particles is constant and the invariability of the limits of
measurement contradicts the notion that the incitant mey be a solute
varying in different solvents.

RESISTANCE OF THE ¥IRUS TO CHEMICALS

Although ultramicroscopic viruses are generally resistant to cer-
tain chemicals, the active agent of foot-and-mouth disease is excep-
tionally so. In this remarkable resistance a parsllel has been found
thus far in the virus of mosaic disease and also in bacteriophage. For
example, Abe, {2) found that from 70 to 75 per cent alcohol precipi-
tates the virus of foot-and-mouth disease, with the albumins of infec-
tive blood, which can then retain its setivity from 2 to 3 daysin a
dried state. Stockman and Minett (63) reported that from 25 to 50
per cent gleohol does not destroy it after ot least 3 days nor does 10
per cent, after at least 20 days. These writers state that 10 drops of
chloroform to 5 cuble cenitimeters of 1:100 virus do not inhibit activ-
ity for ab least 27 days; and 10 drops of sther to 3 cubic centimeters
of filtrate do not destroy it after more than 10 days. In similar propor-
tions of acetone the active agent survives for at least 4 days, and in
50 per cent glycerol, as is the case with many flter-passing viruses,
indefinitely. ~These remarkable conditions have also been confirmad
in general by Bedson and Maitland (3).

'The results of the American commission’s experiments are in agree-
ment with those of Abe (2) and the British investigators, (85, 37)
for the writers found repeatedly that in 20, 40, 50, and 60 per cent
aleohol the virus either in ground, infected, pad tissue or in aspirated
lymph remeined alive for at least 26 hours. In five experiments the
virus admixed with practically undiluted acetone maintained its via-
bility for 20, but not for 30 minutes. Nor was it repidly killed by
supersaturation with ammonium sulphate; the active agent was
viable in the coagulum for at least 2 hours.

In view of the fact that bacteria generally are destroyed very
rapidly by these agents (staphylococel In one minute by 60 per cent
sleohol), the writers believed that it was sufficiently important to
undertake a series of experiments which might indicate whether the
resistance to chemicals was resl or merely masked. For if the virus
actually withstood these reagents, it might reveal the nature of the
active agent rather as an inanimate chemical than as a living proto-
plasmic body.

The writers were aware that under the methods used by earlier
experimenters o comparison between the resistance of the virus and
that of bacteria, such as staphylococei, could not be made. In the
case of the latter the resgents were added to & pure culture or a mate-
rial which was presumed to contain nothing but bacteria and the
diluent; in that of the virus the chemicals were added fo tissues or the
solid and fluid constituents, mainly protein, of an inflammatory exu-
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date, of which the virus occupied only & small part. Furthermore all
the chemicals to which the active agent is resistent are capable of
cosgulating proteins. That the virus is readily adsorbed to these
large coaguly will be shown in the following protocol:

PROTOCOL 4.—CONTROL

Infected guinea-pig pads 24 hours after injection were ground with sand and a
quantity of 90 per cent alcoho! was added to make the fical dilution of the latter
60 per cent. A heavy coagulum resulied. After two hours' centrifugation ai
2,500 revolutions per minunte, the clear, supernatant fluid and the sedin entad-
material were injected intradermieally into three guines pigs, respectively, for
each of the two portions. After 24 hours all six showed typical primary lesions
and after 48 hours, secondary vesitles in the mouth and pads.

Test

At the same time, the coaguluin of similar alcoholized material, which waa
ective for at least 26 hours, whs allowed to settle for 1 hour. The topmost and
lowest portions were injected into guinea pigs with the result that zll of four ani-
mals exhibited primary lesions 24 hours after inoculation and secoadary lesions
24 hours later. The supernatant fluid was fillered through Berkefeld candles,
The Bltrate was free from virus,

This experiment is typical of seven others. In the remaining tests the contact
with alcohol befare filiration covered o peried of from two to three hours and the
virus used cousisted of infective blood, ground, pad tissue, or aspirated lymph.

To summarize the results of all these tests it may be stated that
alcohol, when added to blood, ground pad tissues, or aspirated lymph
containing the virus, causes the formation of a more or less dense
coagulum. Centrifugation of these agglomerations leaves a super-
natant fluid which is still netive. The writers have alrendy demon-
strated that the virus as it occurs in the tissues of the guinea pig is
not centrifugable and have discussed the inability of the centrifuge
to depose or sediment completely minute particles. ‘On the other
hand, filtration is a more effective means of separating particles from
a fluid. Hence by the use of Berkefeld filters, which, owing to their
relatively larger size pores, permit the passage of the active agent
irrespective of electric charge, these particles are withheld from the
filtrate, The filtrate then is {ree from virus. In cther words, the
active agent is closely attached or adsorbed to the coagula formed
after the addition of aleolol.

Similar resutlts were obtained with acetone. In pure acetone, which
forms a heavy, soft copgulum, the active agent survived for 20 but
not for 30 mnutes. If the materisl was filtered immediately after
complete coagulation oceurred, the Berkeleld fltrate was inactive.

With emmonium sulphate there was the same tendency. In this
case, materials conteining the virus alter supevsaturation with ammo-
nium sulphate for one hour at 37° C. exhibited a heavy eoagulum,
The Iatter wns active, but on fltration of the substance through
Berkefeld candles the filtrates were nactive. In two instances the
cleer filtrate obtained by using two layers of Schleicher & Schiill No.,
589 filter paper was also free from virus.

Hence it appears that the active agent in guinea-pig tissues is com-
pletely adsorbed ana, protected, as will soon be demounstrated, by the
precipitates formed after the addition of ‘alcohol or acetone or am-
monium sulphate,




REPORT OF THE FOOT-AND-MOUTH-DISEASE COMMISSION 51

The next step to suggest itself in a further study of this phenom-
enon was the relation of the amount of protein in the material con-
taining the virus to its capacity to resist the reagents.

By filtration of vesicular fluid through Berkefeld candles, it was
possible to remove a considerable amount of protein substances,
especially cells, fibrin, and larger miscellaneous particles. Filtrates,
however, usually showed the Biuret reaction, so that not all proteins
were thus eliminated. However, when alecohol or acetone was added
to filtrates, only a faint haze of micellae resulted. How this influences
the resistance of the virus to the reagentsis illustrated in the following
experiment,:

PROTOCOL &

One cubie centimeter of aspirated lymph from pads injected 24 hours previously
was added to 20 cubic centimeters of phosphate buffer at Pr=7.5, Thiz was
then filtered through a Berkefeld N eandle and of the filtrate 5.4 cubic centimeters
were taken. To this quantity, 10 cubic centimeters of 90 per cent alcohol were
added which made the concentration of the latter cqual to 60 per cent. To test
its wetivity 0.1 cubic centimmeter of the remainder of the filtrate, nonaltoholized,
was injected into each of two guinea pigs, as controls. In 48 hours both animals
exhibited the typical experimental diseasc.

A sorios of guinea pigs was now inoculated intradermieally with the aleoholized
filtrate after varying intervals. = After 5 minutes, only one of two animals injected
was positive, with an incubation period of 4 days; after 156 minutes the same
resulb oecurred with an incubation of 5 days; after 30 minutes and 1 hour, the
filtrate was inactive.

This experiment is typical of several others in some of which 50
per cent alcohol as well as filtrates of ground, infected pad tissues
were also used.

The conclusions to be derived from all these tests are that although
the unfiltered virus remained viable in 50 or 60 per cent alcohol for
at least 26 hours, filtered material showed no such resistance. When
50 per cent alcohol was added to active filtrates of aspirated lympk or
ground, infected pad tissues, the virus was killed within 15 to 20
minutes, and with 60 per cent alcohol within 1 to 15 minutes, depend-
ing on the concentration of the active agent. The unfiltered material
contained more protein substance than the filtered and hence a greater
amount of congulum which displays a greater adsorptive function.
The consequence was that the virus in filtrates was more open to the
direct attack by the reagent. )

As a corollary, the immediate refiltration of the active coagulum
formed by adding aleohol to filtrates removed the virus. This 18
not due o double, or repeated filtration of the virus materials, for
control tests showed no such tendency. .

From these observations further proof is adduced that there is a
relationship between the amount of virus adsorbed to large coagula
and the killing effect of alcohol. There is an indication here which
points to the possibility of increasing the destructive action of alco-
hol, if the latier could be placed in contact with free or unadsorbed
virus,

The writers believe that they succeeded in bringing this about by
taking into consideration the fact that coagulation of proteins by
aleohol is a periodic phenomenon, depending on hiydrogen-ion con-
centration (42, 52). For example, a basic experiment was performed
with ascitic Huid as the protein material. It was found that the
heaviest coagulation by 60 per cent aleohol occurred between Pa=
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7 and 7.6, maximum at Pr=7.5. At Pr=8.2 there was absolute
clearing snd at PE=6.5, only a slight, micellar haze was noted.
Hence at a certain point, reached %}y adding a definite, minute
quantity of 0.5 per cent NaOH to protein material, alcohol does not
coagulate., Furthermore, the quantity of alkali necessary to prevent
this coagulation is insufficient in itself to kill the virus. Since it is
impossil:%e to make determinations of the hydrogen-ion concentra-
tion of alecohol, the writers proceeded in an empiric manner, after
the method of Loeb (48) in his studies on solutions of protein in
alcohol-water mixtures, to determine precisely the amount of alkali
necessary to cause inhibition of coagulation.

PROTGCOL &

A large number of experiments were mode during & period of three months
and several hundred guines pigs were used before unequivoesl results could be
obtained. It is possible to state here only a résumé of results.

The commission found these technical operations to be important in carrying
out the tests:

(a2} All material should be messured in conical beakers or chemical mixing
glasses and not in test tubes, for the spattering of the virus or insufficient mixing
of the substances may give irregular results.

(8} The active virus, whether in aspirated Iymph or ground, infected pad
tissues should be filterad first through filter paper to remove clots and small
patrticles. The dilution empleyed in tests and coutrols is 1:50 to 1:100. In
each experiment, the paper filirate is injected intradermically into guinea piga
to {est its activity.

{(c) The phosphate buffer at Pu=7.5 should be adjusted to this point just
before use, since sterilization or standing in glass utensils may eause a change in
hydrogen-ion concentration. The buffer is used anly for making suspensions of
the virus, For controls (see Table 7} distilled water is substituted for the alechol
or NaQH, as the case requires, so that the buffer effect remains constant through-
out each series.

(d) In the test the alkali should be added first, then the alcohol (or water in
controls), and lastly the virus. Immediately thereafter these ingredients are
thoroughly mixed, and after the time set for contact, fluid is removed from about
the center of the mixbure.

(¢) Sirce the measure of the killing effect of aleohol is not cultural but biologi-
cal, great care should be observed in the injection of the test materinls intradermi-
cally into guinea pigs to differentiate the dull-white alcoholie ot the dirty-yellow
alkali ipoculstion necroses from the lesions of experimental foot-and-mouth
disesse. As safeguards it is necessary (1) to have a strain of virus which pro-
duced regularly secondary vesicles, {2) to transfer suspected tizsues {o normal
guinea pigs for the observation of urcomplicated effects, and (3) whenever possi-
ble to subject recovered animals {0 an immunity test.

In the tests 60, 40, and 20 per cent alechol dilutions were used. These per-
centages indicate the final concentrations which were obtained by using stock
nlecahal of 90 per cent strength., Of this & sufficient amaunt was {aken to make the
required concentration, In a fotal volume of test or control materials of 7.7 cubic
centimoters,

It was found that in this volume and with these percentages of aleohol the
smount required of the ¥aOHE, 0.5 per cent solution, was (.33 cubic centimeter.

In Table 7 the different amounts of the materizls employed are fabulated,
as well as the general manner of the procedurs, both in regard to tesis and
their corresponding controls. :
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TaABLE 7.—Effect of alcohol .on Joot-and-mouth-disease virus
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From this tabulated résumé it is to be noted that the active agent
as it exists in the tissues or exudates of the guines pig resists the
action of sleohol in dilutions of 60, 40, or 20 per cent. But the
resistance is due to the adsorbing coaguium which results from the
interaction of alcohol on the proteins of the milieu in which the virus
resides. The latter iz also unharmed by the tp:resmnce of NaQH
0.5 per cent, in the small quantity used, that of 0.33 to 8.03 cubic
centimeters (or about 1 in:5,000) of the medium. But in the presence
of the alkali, aleohol fails to coafulate the protein; the resultent mix-
ture is elear. Then the alcohol comes into direct contact with the
unprotected virus and kills it quickly, the 40 per cent and 60 per
cent dilutions within one mintue, and the 20 per cent within an
average time of 214 hours.”® . ' ' '

The writers coufd msake no comperison with other filter-passing
viruses in respect to sensitiveness to aleobol under similar conditions.
Hence the commission turned its attention to a definite, living micro-
organism, the staphylococcus, for a relative study.

COMPARISON WITH BTAPHYLOCOCOL

In the following experiments cultures of Stephylococeus aureus,
obtained from a patient with osteomyelitis, and grown on plain agar
slants, were substituted for the virus materials, and then subjected
to alcohol action under similar conditions.

PROTOGCOOL T

Suspensions of staphylocoeei were made in phospbate buffer at Pp=7.5. Pro-
portional amounts of this and of the stock 90 per eent aleohol were taken to
meke fingl concentrations of 60, 40, and 20 per cent of the latter, with the same
quantities outlined in Table 7 for the virus-aleohol tests. This constitued one
geries, to check the next in which again 0.33 cubic centimeter of NaOH, 0.5 per
cent, was added to the volume of 7.7 cubie centimeters of staphylococeus-aleohol
suspensions. A tabulation of the resuita is given in Table 8.

TasLe 8.—Action of alcohel on staphylococct ?

Staphyioeocci-Faleohol Nsat% 'hlg_ g?;ggiotlﬁcg%glic.

60 par A por 0 per A0 por 20 per
cent alco-|cent aleo-|cent alco- cent aleo-jcent alco-
hol hol bol hol ol hol

Afinntes Colories | Colonics | Coloniea
1

1 The mipus {—} sign signifies no growlh Jn subeclinte of 0.2 ¢, &,

11Inf, signilies prodigious, normal Erowth as coonpresd wikll contoola, .

1 P. G. stgoifies profuse, conlescad growth, making it impossible ta count individual colonies. Control
enltures of tha staphylocoeeus suspansion showed the usual growth after fonr days.

1 Iy {our inetances the lethal point was 1.4 hours, 1 haur, ar less, but in one lnstanes, which the weilers
caz not axplain, the virus resisted 20 per cent alcehol plus NaOH for 7 hours.  Stockmman and Minett (65),
however, found that 25 per cent alechol of [tself kills the virus after 3 days and 10 per cent after 3¢ days.
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In respect to & suspension of stephylococei containing only miero-
organisins which are not admixed with proteins asis the case with the
virus, Table 8 shows that 60 per cent alechol wes capable of inhibiting

owth completely within 1 minute, 40 per cent alcohol killed staphy-

ccocel after 8 minutes, and 20 per cent after 3 days. But with this
microorganism as well, the addition of the alkali increased somewhat
its sensitiveness to the reagent—in 40 and 60 per cent alechol the .
lethsl action was too short to msake a definite difference, but in 20 -
per cent aleohol the killing time was shortened 2 days, :
It is now possible to make a comparison between the -virus and
stephylococe: in regard to this phenomenon. :
n 60 per cent alcohol the virus in its protein milieu remains alive
for et least 26 hours—for s much longer time according to Abe and
the workers of the British committee. But, freed from the protective
coagulum, the virus is killed within 1 minute—so are staphylococei.

In 40 per cent alcohol the virus in the gninea-pig tissues or exudates
is resistant for at least 26 hours, or even seversl days. In its free
state, however, it is killed also within 1 minute. The growth of staph-
ylococel is inhibited, on the other hand, after from 514 to 6 minutes.

In 20 per cent alcohol the virus in ifs natural state can remsin
viable for at least 3 days. But when it is not adsorbed to coagula
end there exposed directly to the action of this reagent it is killed in
less than 1 hour, though in an exceptionsal case it remained slive 7
hours. Staphylococel, on the other hand, are killed after 28 hours
(with elkali) and after 8 days {(withou$ alkali).

When one is dealing with the virus admixed with proteins, ohe
encounters in antiseptic reactions complications caused by the pro-
tective action of the protein cosgula, When coagulation is prevented
by teking advantage of the perlodic phenomenon, and the virus is
exposed completely to the action of the reagent, it is then even more
sensitive to destruction than a culture of microorganisms, such as
staphylococei. The opinion, therefore, that the active agent of foot-
snd-mouth-disease, by itself, iz more resistant to sleohol than living
bodies, such as bacterin, i1s untenable.

ALODHOLIZED ¥IRUS IN CULTURES

It was believed that concentration of the virus could he effected by
its adsorption to the coaguium which is formed by adding 60 per cent
alcohol to the active agent in & protein milien. By employing such
alccholized virus the writers alse had in mind the possibility of remov-
ing ordinary, contaminating bacteria and, at the same time, the in-
hibiting substences which prevent growth in vitro. Results of
experiments show that the virus prepared in this manner can not be
used for culture, For example, in buffered gelatin (described under
the heading “Experiments on cultivation” control virus survived
2t 34° . for at least nine days bui no activity was noted with aleo-
holized virus on the fifth day of incubation.

VIRUCIDAL CHEMICALS

It may be concluded fron: the observations elready stated that
chemicals which cause coagulation of proteins and consequent pro-
tection of wvirus adsorbed to the formmed particles may not be active
a8 virucides. On the contrary, such substences which do not coag-
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ulate the proteins of the material containing the virus, thus placing
‘one in more direct contact with the. other, may act more powerfully
a3 destructive agents. As the sequel will show, the writers were
justified in this point of view,. : ' .

. The scope of this problem war éxtended to include chemicals
which are coagulating and those whicii are not, both being employed
with the same sample of virus materials and their powers of destrue-
tion compared. - Accordingly the commission chose as examples of

the first group such substances as bichloride -of mercury and two

. samples of cresol. Later a new preparation advanced as an effective
antiseptic against foot-and-mouth-disease virus, chloronal (67), was
added.® As specimens of the second group of noncosgulating sub-
stances the writers selected antiformin and sodium hydrats.

In view of the fact that under actual field conditions the co_a%ulat-—
ing substances are generslly used as virucides, most often cresol and
bichloride of mercury, the results of the following experiments assume
greater importance. : -

- 'The first experiment dealt with the virucidal properties of bichloride
of mercury ' and twe different samgles of cresol, one labelled as such,
and the other as “compound cresol.”” Protocol 8 illustrates one such.
test.

FROTOCOL B

Agpirated lymph virus was diluted in phosphate buffer 24 Pu==7.5. This form
of virus was employed instead of fragments of infected tissue so as to favor any
- destructive action of the chemieals. To 2 cubie centimeters of -1:100 of the
sugpension of the active agent were added 2 eubic centimeters of 1:500 bichloride
of mercury and to other respective lots, 2 cubie centimeters of & per cent cresol
and the compound cregol, In the end the dilution of the virus was 1:200, of the
bichleride 1:1,000, and of the cresol preparations § per cent, After perieds of
contact varying from 5 minutes to 6 hours (the longest time of testing), the mix-
tures were injected intradermically inte guinea pigs, The results with all these
eubstances were practically identieal. Guinen pigs injected with material after
from 5 minutes te 2 hours contact showed primary vesicles in 24 hours and second-
ary lesions in 48 hours. Those animals injected with material after 4 to 6 hours’
ﬁontact exhibited primary lesions in 48 hours and secondary vesicles after 72
OUTS. .
All the precautions mentioned in protoeol 6 were employed and great care was
taksn not to confuse chemical necroses with the lesions of experirnental foot-and-
mouth disease.

Hence bichloride of mercury, cresol or the cresol compound—all
forming large coagula with virus materials—acted as alecohol did.
They did not destroy the virus quickly, at least not after six hours,
the longest period tested. On the other hand, in two other experi-
ments chloronal in & 5 per cent solution, which forms much lesser and
finer coagula, showed no destructive action within from 30 to 32
minutes, but after 1 hour inactivated the virus.

The next step was to test the action of antiformin and sodium
hydrate, substances which do not coagulate the proteins of the

medium conteining the virus,

PROTOCOL ©

Of antiformin, 1 per cent was used, of sodium hydrate one-fourth, one-half,
1, and 2 per cent. The virus was diluted in phosphate buffer to 1:40 and, as s
more severe test of the action of these reagents, consisted of pround, infected,

# According to Trautweln (87), chloronal contalns 25 to 3¢ per cent chiorlne, mainly in & dissocinble
atate, but It I3 stated that it congulates albumin,
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ad {issue, unfiltered, and containing particles up to about 3 millimeters in size.
n other experiments in this series, aspirated lymph was alse used as a source for
virus; in still others the latter was diluted only 1:10. In all cases, however, the
resgults were identical, and are given below.

All guinea pigs injected intradermically with antiformin 1 per cent in contacs
with virus for 1, 2, 314, 5, 15, and 6C minutes failed to show signs of the experi-
mental disease.

In two of four guinea pigs injected intradermically with sodium hydrate, one-
fourth per cent, there were, after three days, primary lesions of the experimental
disease, with specimens in whick the alkali and virus were in contact for one
minute, The virus, bowever, after exposure for three minutes was inastive.

One of four guinea pigs injected intradermically with sodium hydrate, one-half
per cent, showed, after two days, primary vesicles and after five days, secondary
lesions. The virus was exposed {o the alkali one minute. After three minutes’
contact all the injected animals remained well.

. None of four guinea pigs injected with sodium hydmate 1 per cent in contact
“wwith the virus for one and three minutes were affected.

Of 10 guinea pigs injected intradermically with sodium hydrate 2 per eent in
contact with the virus {1:20 to 1:40 &nal dilution) for one to three minutes all
remained normal. Observations were also extended to cover a period af econtact
from three minutes to one hour. Again none of the animals incculated with
virus after more prolonged contact with alkali were affected.

It is to be noted that variations in the technie outlined in protoeols 6 and 8 may
lead to errors of interpretation. With antiformin and sedium hydrate, especially
in higher concentirations, chemical necroses are apt to ocour at the site of injection
which may mask the primary lesions. Hence attention should be given to the
appearance of secondary lesions, and, in addition, material from all suspected
pads should be removed and suspensions of them injected into a series of normal
animals for controf of the specificity of the reaction.

These experiments demonstrate that chemicals such as antiformin
and sodium hydrate, which do not coagulate the proteins of the
medium containing the virus and therefors come in direct contact
with the active agent, were powerfully destructive to the incitant.
Antiformin, 1 per cent, killed the virus within one minute.® Sodium
hydrate, 0.25 to 0.5 per cent, destroyed the active agent within three
minutes but not in one minute. At this concentration, however,
the destructive effect was weak and irregular. But in 1 to 2 per
cent sclutions the inhibiting action occurred within one minute and
was complete and regular, It may be stated, in favor of the com-
pleteness of this neutralizing effect, that the virus was penetrated
and killed even when present in fragments of tissue, as 1 %round,
infected, pad tissues containing particles about 3 millimeters long.

The guestion arose then whether soda could replace sodium hydrate
in respect to the latier's powerful action. But the writers’ experi-
ence with 5 per cent anbhydrous sodiuma earbonate has shown that
this can not be done,

The rapid, regular, and energetic destruction of the virus by sodium
hydrate in low concentrations led the commission to seek a practical
application, Field conditions were imitated by admixing virus in
bits of tissue with cattle urine, manure, and with garden earth, and
theu exposing such mixed materials to the action of sodivm hyd,mte.
An illustrative experiment, one of several, follows.

PROTQCOL 10

"Twenty-four hours after injection, four infected pads were removed from
guinea pigs and ground in 20 eubic centimeters of phosphate buffer at P,="7.6.
To this were added 20 cubic centimeters of aspirated lymph virus of a dilution

01 Stockmmn and Mioott (83) have algo found that the virns (in comparison with its great resistance to
aleohol, ether, cte.) 13 easily destroyed, in " less than one bour,” by antiformin, 1 per cent.
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of 1:10. The material was unfiliered and contained & number of small particles
of tissue, Two cubic centimeters of this virus suspension were added to 2 cubic
centimeters of urine from a normal cow. The probable dilution of virus in this
instance was 1:20. Two cubic centimeters were also added to about 5 grams
cf manure from normal eattle and to a similar amount of earth obtained from an
area nesr the stalls, In all instances the virus was thoroughly mixed with the
substances to which it was added and the mixtures were allowed to stand at room
temperature for cne hour. :

Then to the virus suspension itself, and to the urine, the manure, and the earth
containing the virus, a quantity of sedium hydrate 4 per cent solution was added
to make the final concentration of the latier 2 percent. Guinea pigs were injected
intradermically with the mixtures exactly 1, 3, and 5 minutes after the alkali
had been added. Observations extending over 12 days showed that none of
these animals were affected.

At the end of ar haur or after the completion of the test, portions of the virus
suspension itself, and the urine, the manure, and the earth containing the virus,
were injected intradermically into rcspestive guinee pigs, which served as con-
trols for activity of the different materisls, In all animals typical, primary
lhf:sionsI wert; observed 24 hours after injection and secondary vesicles 12 to 24

ours later.®

1t appears, therefore, that sodium hydrate in a 2 per cent: solution
is capable of destroying, within one minute, not only the virus, even
when couteined in fregments of tissue, but also such virus admixed
with cattle urine, with manure, and with earth.

As a further application of the virucidal value of this reagent fo
field conditions, the test was extended to include cattle as experi-
mental animals. The results are shown in the following protocol.

PROTOCOL i

The materials used in this experiment were prepared in & manner exactly
similar to thnt mentioned in protocsl 10. To portions of a suspension of viras,
and virus mived with cow’s urine, with manure and with earth—in all cases
thoroughly ingorporated—was added sodium hyvdmate in o sufficient quantity
so that the final concentration of the latter was 2 per cent (see profoccl 10).
One minute Inter 8 cattie were inoculated by scarifying the mucous membrana
of the mouth and thenr rubbing in the substances briskly; 3 eattle were inceulated
with the NaQH-virus material, amt 2 each with the remaining thres mixtures,
resgectivcly. .

ne hour Inter 3 normal cattle and 4 guinea pigs were inoculated, the former
by the same scarification method used in the test animals, with the suspension
of virus, and the latier intradermically, with the portions of the remainder of the
four different virus mixtures. These nnimals served as controls for the aecfivity
of the virus and the Intter admixed with urine, manure, or soil. In addition
to these controls, o hog was injeeted intravencusly, and 2 convalescent heifers
were inoculated by scerifieation of the gum ard dental pad.

None of the cattle inoculated with the virus mixtures exposed to the action
of sodium hydsate for one minute were sffected, while all the control animals,
except the recovered heifers, showed within 48 hours the symptoms of experi-
mental foot-nnd-mouth disease.

The nine cattle, the first group, used in the test series, were inoculated, after
28 days, by the same scarification method, with sctive virug. AR became ill
with the typical experimental diseave, thus demonstrating that the absence of
effect after the first inoculation was not due to a naftural resistance.

It may be concluded from the foregoing that the destructive
effect of 2 per cent sodinm hydrate on the active agent is complete
and rapid—ib cccurs within one minute—as tested not only on guinea
pigs but on cattle as well. This leads to the consideration of this
resgent us an effective virucide in practice.®

i Care shoukl be taken not to confuse chamical necroses with the trite, typieat lesions of experimental
foot-and-mouth disense. (See protocoi B, par, &} i

13 Tha limited time nad spacs at the disposal of the commission preveated similar tests on cattly with
1 per cont socfum Bydrate, Bub the resulls with guices pigs d trate thet this Lzation of the
shemleyl may bo cqually effective,
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COMPARIBON. OF ACTION OF REAGENTS OY STAPHYLOCOCCI

Attention was now directed to the action of the different chemicals
used as virucides upon definite, living microorganisms, such as
staphylocecei. The object in such determinatioris was io note
whether the active agent of foot-and-mouth disease is by virtue
of these reactions in a class by itself, or whether it. can be correlated
with living bacteria.

PROTOCOL. 12

Suspensions of Stephylocscous aureus were prepared as in the experiments
cited in protocol 7. To these wers ndded, respectively, bichloride of mer-
cury in 1:1,000, cresol or the compound eresol in 3 per cent, chloronal in 5 per
cent, antiformia in 1 per cent, and sodium hydrate in 2 per cent, final con-
centrations. After varying periods of $ime 2t room temperature, 0.1 eubic
centimeter was subcultured on agar, The results are tabulated in Tabie 9.

Tanne 89.—Efect of certain chemicals on Staphylococcus aureus!
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1 The mlnus {~) sign slenites na growth is subculturs of 0, 2 eubie centimeter,

1Inf. stgnifies proddigiony, normal growth a3 compared with coatrols. i

! P. . signifies profuse, coalesced growth, making it impossible to connt indiclinal colonies, Controd
cultures of Lhe staphylococcus sudpension showed the usual growih after feur days.

The results summarized in Table 9 reveal that pure cultures of
staphylocoeci were killed by contact with bichloride of IMErcury
1:1,000 sfter 5 minutes; by cresol 3 per cent after 1 hour; by chlo-
ronal § per cent after 3 minutes; by antiformin 1 per cent after 1
minute; and by sodium hydrate 2 per cent after 5 minutes.

The destructive action of these substances on pure staphylococei
may now be compared with that on the virus as it is ordinarily used
in 8 protein medium. For greater ease of comparison the results
of the latter experiments are summarized in Table 10.

Table 10 shows that the virus resisted the chemicals which ceused
protective coagulation of the proteins of its medium, but wes killed
within 1 minute by those which did not form a coagulum. By com-
paring the results given in Table 9 with those in Teble 10 it will be
noted that the active agent when not protected by coagula is still
more sensitive to destruction by the same reagents, sodium hydrate
and antiformin, than are staphylococci. Hence these tests confirm
the prior conclusions with respect to the action of aleohol or the virus
and on staphylococci. Furthermore, none of the effects of these re-
agents on the virus can be interpreted rs an indication of its inani-
mate character.
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SUMMARY

The virus of foot-and-mouth disease exhibits a remarkable resist-
ance to such bactericidal agents as the narcotic solvents (alechol,
ether, and chloroform, or such antiseptics as phenol, bichloride of
mercury, or eresol), as shown by tests made by others and the writers,

Tanre 10——Effect of cerfain chemicals on fool-and-mouth-disease virus !
(Plus sign {4 #ignifiés that virus waog alive; minus siga {—} aigngim thot viras was dend}
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1 The virus was elther In the form of iymph, diutad 1: 49, or admized with, adberent to, or incorporated
[n amoll fragmeants of tssue. Sl hours was the langedt perlod tested.

The resistance of the incitant to these chemicals operates only
under certain conditions. For example, some reagents coagulate the
proteins of the medium in which the virus is, as a rule, suspended;
one does not apply the chemicals to & pure culture of the virus, as is
done in the case of cultivable microorganisms. As a eonsequence of
this coagulation the virus is protected by the large coagula, owing to
its minute size or to its positive charge, or to both factora. Hence the
virus is held from direct contact with the chemicals. The writers
showed that this cosgulation can be prevented (as, in the case of
alcohol, by adding & trace of sodium hydroxide). The virus is, under |
these conditions, scted upon directly by the antiseptics. The incitant
is then as sensitive to destruction by the reagents as is the livin
staphylococeus. As a corollary, the active agent can be destroye:
as quickly as staphiylococci by substances which do not form
cos:lgu.la. Among the Iatter may be mentioned antiformin or sodium
hydroxide in 1 per_cent solutions. Either reagent kills the virus
within 1 minute. It can nob be stated definitely, therefore, that
the Tesistance of the virus to chemicals is an indication of its ineni-
mate nature. '

EXPERIMENTS ON CULTIVATION

Mention has slready been made of the fact that the lesions induced
by foot-and-mouth-disease virus are free from ordinary bacteris.
But before undertsking an extensive study on cultivation, it was
believed desirable to add to the routine, morphological studies, and
0 the use of some ordinary means of culture, & large variety of media
under different atmospheric conditions, different temperatures, and
with different sources of the active sgent. In this way the writers
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thought that there might be revealed any constant, secondary, or con-
comitant microorganism.

Accordingly, a large number of ex‘feriments were made with the
virus in the blood of actively infected guinea pigs, with filtered and
unfiltered lymph, and with filtered and unfiltered, ground pad from
guinea pigs and material from the mouths and feet of cattle. The
materials were cultured in media &t room temperature, also at 34°
and 37° C. The stmospheric conditions varied from serobic to anae-
robic and in either condition plus the addition of carben dioxide up
to 25 per cent concentration. A variety of media, both fluid and solid,
was used. Ascitic fluid with 5 per cent defibrinated, guinea-pig blood;
ascitic fluid, calf-tongue broth; 5 per cent sheep blood, I per cent
dextrose calf-tongue broth; and these media with 2 per cent agar.
Agar plates with rabbit or sheep blood were also used.

No constant, visible microorganisms were seen in these artificial
media, even after repeated subplants. Nor, in the absence of visible
growth, were the writers able to obtain a pathoeenic eulture sufficiently
diluted to eliminate actusal transfer of the virus. These preliminary
tests showed, therefore, that the ordinary methods appeared to be
unsuitable for the cultivation of the virus. Another coneclusion was
that only the filtered pad material, or the blood, was useful for eulti-
vation. The unfiltered, ground, infected, pad tissues or aspirated
lymph were often admixed with the different bacteria normally present
in the pads of guinea pigs or in the oral cavities of cattle, and the ususl
method of searing the surface was ineffective. :

The commissicn’s plan of study from this point wes to make a
deduetive inquiry into the conditions which were best suited for the
viability of &ie active agent In vitro. It was thought that this way
of approack would yield more satisfactory results in the limited time
available than that of applying at once special methods of cultivation.
But before this could be done it was essentisl to investigate the find-
ings of Frosch and Dahmen (21, 22, 28, 24, 25).

A widespread interest was aroused In 1924 when these writers
snnounced the cultivation, by spécial methods of minute, bacillary
bodies, Loeffleria nevermanni, which they maintained were the inciting
agents of foot-and-mouth disease. Their colonies, as well as the
bodies themselves, were visible only by means of short-wave length,
ultra-violet photomicrography. Their method of culture consisted
in centrifuging the virus materials (lymph) during a long period to
concentraete the virus, and then washing the sediment in changes of
salt splution to free the virus from inhibiting substances. The sedi-
mment was seeded on a solid, slope medium containing Martin broth,
3 per cent agar, to which was added, just before use, 20 to 50 per
cent of horse or ox serum. The medium was adjusted to Pa=7.8.
Growth occurred aerobically after 7 to 10 days at 33° to 34° C.
Suspensions of these subvisible colonies, even to the twenty-fifth
generation, induced in guinea pigs experimental foot-and-mouth -
disease, nlbeit at times the reactions were rather feeble.

According to the statements of Frosch and Dahmen, prolonged
centrifugation of the virus materials was a prerequisite for success-
ful cultivation. The writers have already shown that this step in
the technic does not concentrate the virus, nor can the so-called
inhibiting substances be thereby removed. Furthermore, in repeated
tests the virus failed to survive in the Frosch and Dahmen medium
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after 3 days, although a sample of the same specimen of virus, seeded
at the same time, remained viable for 7 days in buffered 10 per cent
elatin at Prr=7.6, and for 9 days in buffered phosphate at Pu=7.8,
he writers will show later that broth is an unsuitable medium; this
applies with equal force to the serum. In addition, the hydrogen-ion
concentration and the aerobie conditions which are employed in this
method weresalso found to be unsatisfactory,

The American commission, therefore, could not confirm the con-
clusions of Frosch and Dahmen, nor did it find in them, on analysis,
any clew which might lead fo a lengthening of the life of the virus
under artificial conditions. In respect to this lack of confirmation
of Frosch and Dahmen’s results the American commission is in agree-
ment with the German commission directed by Doctor Gins (28},
who also found thet in Martin broth serum-agar the virus dies in
three days. The writers are also in accord with the work of the
British comumittee (3, 35, 63). These investigators have shown that
the so-called colonies and their constituents could be imitated by
materizals other than the virus of foot-and-mouth disease.

In view of the importance generally ascribed to the hydrogen-ion
concentration of media in affecting growth or vishility of micro-
orgsnisms, the writers’ earlier studies were directed to the optimum
range required for the virus.

OPTIMUM HYDROGEN-ION CONCENTRATION

As the following iliustrative protocol shows, variation in the hydro-
gen-ion concentration of the media containing the virus affected its
viability.

PROTOCCL 13

The same specimen of virus, 24-hour-old aspirated lymph in phosphate buffer
and filtered through o Berkefeld candle, was employed in all these tests; one-
half cuble centimeter was inoculated 1nio each 10 cubic centimeter of the medium
to be stated.

{a) Buffered 10 per cent gelaiin at Pu=0.9 after 5 days’ incubation at 34°
C; two guinen pigs injected intradermically. Both negative,

Buffered 10 per cent gelatin at Pu=7.5 after 5 and 7 duays’ incubation at 34°
C; four guinen pigs injected, two each respectively with the & and 7 day incubsated
materinls. Al positive.

{t) Buffered agar one-fourth per cent at Pu=8 after 3 days’ incubation;
two guinen pigs injected intradermieaily. Both negative.

Buffered agar one-fourth per cont at Pu=7.0 after 3, 5, 7, and 9 days’ incuba-
tion; eight guinen pigs injected, fwo ench respectively with a portion of each
specimen. All positive, L

These instances do not show the extreme effect of varistions of
hydrogen-ion concentration on the preservation of the virus. In
one case in 2 per cent dextrose, 5 per cent sheep blood, calf-tongue
extract medium the latter survived 25 days lonFer gt room tempera-
ture at Pu=7.4 than at Pu=6. In general, a large experience
. demonstrated that the optimum hydrogen-ioni concentration best
suited for the viability of the active agent in vitro is et Pu=7.5
to7.6. Variations above or below this narrow range exhibit an unfay-
orable influence. The writers are thus in agreement with the findings
of Stockman and Minett (63) and of Bedson and Maitland (8) of
the British committee. Conversely, it became apparent from =
number of tests, which need not be utjuoted here, that the phosphate
buffer solution at PE=7.5 or 7.8 could be used to greater advantage
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as a base for the preparation of a wide variety of media used in tests
of their preserving action than media not prepared on this base.

TEMPERATURE

The active agent is very sensitive to higher temperatures. The
writers have already stated that the virus in guines-pig blood sur-
vives after 24 but not 48 hours at 37° C. The following protocol
exemplifies the advantageous effect of lower temperatures.

PIOTOCQL 14

Virus material consisted of a 1 : 100 dilution of aspirated lymph in phosphate
buffer, adjusied to Pu=7.6 and filtered through a Berkefeld candle, One portion
was kept ot 37° C, another at 32° to 34° and a third at 18° to 20° (room tem-
perature). After vurying intervals of time the materials were injected intra-
dermically into guinea pigs. The virus refained at 37 survived for 3 days but
not for 5; at 32% {0 34° for 9 days but not for 11; and at 18° to 20° for at least
25days. Inaddition, in this medium plus 50 per cent glycerol the virus remained
alive indefinitely in the ice box (2° Lo 5°).

In another test with a more complex medium, the dextrose, sheep-hlood, cali-
tongue extract mentioned kept under anaerobic conditions, the virus survived
therein for 6 days al 37° C., and for 25 but not for 32 days at from 18° {o 20°,

From these and other observations to be described later it appeared
that the virus of [oot-and-mouth disesse, like that of mosale disease
(41) and other filter passers, is sensitive to the higher but is quite
resistant to the lower temperatures. At37° C. the writers were unable
to keep the active agent alive for more than 6 days. At 32° to 34°
vigbility was maintained for 10 days; at 18° to 20° for from 2 weeks
to over 2 months (in an instance to be deseribed later), and at ice-box
temperature, indefinitely. These observations concur in the main
with those of the workers of the British committee.

OXYGEN TENSIION

The importance of the question whether the life of the virus is
favored by aerobic or anaerobic conditions was sufficiently realized.
Hence & number of repeated tests in a variety of media were made,
some of which are exemplified in the following.

rnoToCOL 15

TFwenty-four-honr-old virug in the forin of aspirated lymph, 1 to 20 eubic centi-
meters phosphate huffer at PrR="7.6, was filtered through Berkefleld candles. Of-
the filtrate 1 cubic eentimeter was added to each 10 cubic centimeters of the
medium which was always placed in Petri dishes so as to give it as much surface
exposure as possibie aither to the acrobic or to the anerobic eondition,

A medium of 10 pe- cent gelatin was prepared by Loeb’s method (to be described
later). After 5 days’ incubation of this medium, guinea pigs were injected respec-
tively with the aerchic and anaerobic.materials. Those injected with aerobic
subplant showed after 48 to 72 hours mild, primary lesions and 24 to 48 hours
later similar, secondary vesicles. The others, injected with the anaerchic material
exhibited within 24 hours severe primary vesicles and 24 hours later many second-
ary lesions.  Afler 7 days’ incubation, the acrobic subplanis were inactive; the
anaerobic could induce the typical experimental disense after 48 hours.,  After 10
days’ inenhation, the anacrobic material still showed activity in one of three
guinea pigs.

The same pgeneral results were obbained when other media were employed.

These experiments reveal that under strict anacrobic conditions
the virus retained its viability at least twice the length of time beyond
that in an aerobic condition. The investigators of the British commit-
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tee (63) report, however, that the state of air tension is of no impor-
tance from the stendpoint of survival. The discrepancy in results
~ can be agcribed to a difference of technic. The writers used not only
Petri dishes for the tests but slso the Bo&z apparatus for producing
anaerobic conditions (¥0). This mechanism, emploiing vacuum, con-
sists of B central-post catalyzing station for the combustion of oxygen.
It is leak proof and establishes a perfect and permenent anserobic
condition within five minutes. Nons of the methods employed by the
British, such as capping tubes, or using a vacuum {Geryk) pump, or
exhausting air with or without hydrogen, or boiling, then quickly cool-
ing the medium, and later adding vaseline, are comparable to the
Boéz apparatus # in promptness and effectiveness . Indeed, in prac-
tically all their methods 1t is questionable whether = strictly anaero-
bic condition prevailed.

INFLUENCE OF DIFFERENT MEDIA

In tha following experiments efforts were made to study the effect
of diffsrent media on the duration of life of the virus. The work
began with a series of substances which comprised the Frosch and
Dahmen medium, namely broth, serum, ager, end elso Witte and
Martin peptones.

BROTH

The writers have slready stated that the virus dies within three
days in Martin's broth. No greater success was obtained after
repeated trials with plain broth, buffered brotk, tryptie broth, broth
prepared with calf tongue instead of beef infusion, and beef infusion
itself. In view of the fact that in. other media, such as simple buffer
phosphate or 10 per cent gelatin, the virus survived much longer
under the same conditions of temperature (34° C.) and in parallel
experiments, it is apparent that broth is noxious to the active agent.
Furthermore, when materials—for example, 10 per cent gelatin—
which in themselves were capable of maintaining the life of the virus
for a considersble period, were added to broth, not only was the latter
unimproved but the favorable action of the intended adjuvant was
alao lost., For example, in 10 per cent gelatin broth the virus did not
survive after three Xays, but in the gelatin itself it remeined viable
after nine days. )

Hence broth including the Martin variety may be considered not
only an unfavorable medium but, moreover, & rapidly destructive
agent to the virus. .

The question naturally arose as to whet role peptones played in
this regard. They were therefore put to test,

PEPTONER
Two samples of peptone were available for study, Martin’s and

Witte’s., The following protocol, presenting one of many experiments,
exemplifies their action.

“;‘ 1;’;:}“!101' improvemmants of thls apparatus such aa were made nse of 1 thesa tests ore deseribed by Botz

11t ‘wae detorm!ned, for example, thad Baecleritm preumotinter, & strict anperote, Islied to grow by
methods dependlng on the mechonleal extraction of alr per se, When the vasoline seal method is used the
cooling of the medium permits o prompt reabsorption of air (27},
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FPORTOCOL 16

Aspirated lymph, 24-hour-old virus was diluted 1:50 in (Phosphste buffer at
Pr=7.5. This was fillered through & Berkefeld candle and I cubic centimeter
of the fijtrate was added to each 10 cubic centimeters of each of the media to be
stated. All were incubated at 34° C.

Medium A comprised phosphate buffer at PE=7.5; medium B, the aame plus
1 per cent Martin's peplone, and medivm €, the phosphate buffer plus 1 per
cent Witte's peplone.

After three days’ incubation portions of each were inoculated intradermically
into ench of two guinea pigs, respectively. Within 48 hours all anjmals showed
the typical primary snd secondary lesions.

After five days’ incubation, medium A could induce primary lesions within
24 hours; medis B and .C much weaker reactions after 48 to 72 hours.

After seven and nine days’ ingubation, medium A was still active in both of the
two guinea pigs; medin B and C inactive.

In addition to this experiment, another was made in which I per cent Martin's
or 1 per cent Witte's peptone was added to buffered agar or buffered washed 10
per cent gelntin, thus making four distinet combinations.

The virus remained alive in the agar (0.25 per cent) for 9 days, but in the agar
with Witte's peptone only & days, and in the agar with Martin's peptone only
3 days. The virus survived in the 10 per cent washed gelatin for 7 days, but in
the gelatin with Martin's or Witte's peptone for 5 days. In the latter instances
only one of twe guinca pigs showed feeble reactions after injeetion,

This experiment demonstrates that Martin’s and Witte’s peptones
were neb only unfavorable for the preservation or viability of the
virus, but that they also tended to exert a harmful effect when added
to medie which by themselves are favorable to preservation. In
this action a counterpart is found in broth. Hence peptone is one
of its constituents which is noxicus. Since, however, the period of
survival in peptone is somewhat longer than in broth, 1t appears then
that there may be present thercin enother harmful agent. The
writers have not yet been able to identify this element.

BERUM

What has been stated regarding the unfavorable effects of broth
or peptone on the survival of the virus applies with equel weigh$ to
fresh, animal serum and also to human ascitic fluid. For example,
the virus remained alive in buffered 10 per cent washed gelatin for
seven days st 34° C,, but in this medium with 50 per cent fresh,
sheep serum, the seme sample of virus was insctive after five days of
ineubation. Repeated tests have shown thet fresh sheep or horse
serum, or ascitic fluid added to substances such as agar or gelatin,
which by themsalves are favorable to the preservation of the virus,
exerb a virucidal effect. Serum or ascitic fluid slso does not counter-
act the injurious action of broth. Hence thess materials are value-
less as adjutants in artificial cultures.

AGAR

Three per cent agar is the final ingredient of the Frosch and Dahmen
medium. The writers have found that 2 to § per cent agar exerts a
harmful influence onr the virus, as the latter does not survive in this
medium longer than three days wheress other media under the same
conditions can maintain it for a much longer period. However, the
authors’ studies on the influence on lower concentrations of agar
were extended with the hope that perhaps a semifluid, rather than a

92678°—28—>5




66 TECHNICAL BULLETIN 76, U. 8. DEPFT. OF AGRICULTURE

solid medium, might be favorable. The next protocol‘illustrates the
results obtained.
PROTOCOL 17

The virus employed in these tests consisted of aspirated Jymph diluted 1:30
in phosphate buffer at Pu~7.6 and filtered; 1 eubic centimeter of the filtrate
was added to specimens of agar of 10 cubic centimeters each. The agar was

thoroughly washed in distilled water, buffered by the phosphate buffer (1) {o
+ Pu=7.8, and prepared in concentrations of 0.1, 0.25, and 0.5 per cent, respectively.
After 5, 7, 9, and 11 days of incubation at 34° C., a portion of each of the inocu-
lated agars was injected intradermically in at least two guinea pigs respectively
for cach test. The virus survived in the 0.1 and the 0.5 per cent agar for 7 bub
not for 9 days, and in the 0.25 per cent agar for 9 but not for 11 days.

The optimum was at 0.25 per cent of the concentrations of buffered,
washed agar used. In this simple medium, the virus survived for
nine days. DBut as already stated, the addition of 1 per cent, Witte’s
or Martin’s peptone, 50 per cent beef maceration, 50 per cent fresh
sheep serum, or 50 per cent ascitic fluid, shortened the viability period
to five days or less. In addition further tests were made with 1 per
cent lecithin, 1 per cent dextrose, 4.6 per cent glycerophosphate,
and 2 per cent sodium citrate. When these latter substances were
added respectively to the 0.25 per cent agar, the life of the virus was
again shortened to less than five days.

It sppears from the foregoing, furthermore, that the survival of
the active agent depends on the simplicity of the medium in which
it is eontained—a principle amply confirmed by later tests.

The next step was to test the survival of the virus in 0.25 per cent
agar at & lower temperature, namely 18° to 20° C.

PROTOCOL 18

The virus consisted of a fltrate of infected pads, removed 24 hours after injec-
tion, ground in phosphate buffer at Pr=7.53. The filtrate, the final dilution of
which was 1:100, was injoeted intradermically into two gmuHnea [ijigs, which
promptly reacted with the tyvpieal primary sand sceondary vesicles. horoughly
woshed agar, 0.25 per cent, buffered with the phosphate buffer to Pg=7.5 com-
prised the medium. To each 10 eubic centimeters 1 cubic centimeter of the
filtrate wns added, and the wixtures were kept at 18% to 20° C. At intervals of
7, 12, 18, 24, 35, 52, and 76 days portions of the semisolid medium were injected
intradermically into at least two guinea pigs. It was found that the specimens
incubated for from 7 to 52 days were active in the animals, but that of the seventy-
second cday was inactive.

Subplants were made from the first series of inoculated media after seven days’
incubation inio fresh npgar. This sccond transfer also showed activity. The
second transfer after six days’ incubation was subplanted to fresh, similar mediom.
Fhe third was still active. The fourth subplant, howcver, failed to affect guinea
pigs. This test of subplanting the virus was repeated after different periods of
incubation and the results were always the same. Activity was shown in the
first three transfers but not in ihe fourth, provided that the third tronsfer was
within 52 days after the originsl seceding of the medium.

In these tests the comimission also encountered a minute bacilloid mieroorgan-
ism which was filter-passing through Berkefeld V filters in the first but not in
Iater generntions, It also grew in peptone #nd beef maccration, semifluid agar.
In tramsferring this microorganism, an admixture of it with some of the virus
medium was employed, as it was impossible to obtain a pure culture. Material
;;ontét}ining this microbe was also infectious in the third subpiant but not in the

ourth,

From the foregoing one may conclude that 0.25 per cent agar is
a favorable medium for the preservation of the virus; at least, it is
not toxic to the nctive agent, for it can survive therein for 52 days
ut 18° to 20° C. In view of lator experiences with gelatin, which
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acted still more favorably than agar, it appears that the beneficial
effect of tho latter is due to 1ts physical property of providing a semi-
solid structure to the medium.

This experirent also demonstrates that activity in three successive
subplants was obtained not only with the virus but also with a micre-
organism for which there was sufficient evidence to indicate that it
was merely concurrent with the particular sample of virus studied,
and that it could not be identified as the active agent itself. But
the fourth subplant in both these cases failed. Since the fourth
transfer is the critical one (see “Titration of the virus”’), for in this
the virus is diluted beyond its original limit of activity, the infec-
tivity of both the virus and the microorganism—which was main-
trined not in pure culture but admixed with the virus in the medium—
can be interpreted as an expression of preservation but not of mul-
tiplication.

GELATIN

The advantege of 10 per cent gelatin, which forms a semisolid
medium, over other substances as a preservative of the virus soon
became apperent and the writers were thus led to an extensive study
of this materinl.®

It 15 well known that gelatin contains, as impurities, metals such
as arsenic and copper and a considerable concentration of acids. A
comparative test was made first with the same sample of virus added
to the ordinary Poulenc 10 per cent gelatin and this substance thor-
oughly washed in distilled water. Both media were buffered at
Pr=7.6. The active agent survived in the unwashed gelatin for
about three days but in the washed, seven days.

The next effort concerned the probability of prolonging the pre-
serving action of the washed gelatin by adding to it a number o
organic or protein substances:

PROTOCOL 19

Te diffierent lots of 10 per cent washed gelatin prepared on the phosphate buffer
bnse at Pe=7.6 were added, respectively, an equal part of calf-tongue broth; or
1 per cent Martin's tryptic, or Witte’s peptones; or 0.5 per cent aspargin; or 2 per
cent dextrose, or an equal part of fresh sheep serum. As a countrol medium,
buffered, washed agar 0.25 per cent was employed. To each of these substances
was added 24-hour-old rspirated lymph virus diluted 1:30 in the phosphate
buffer, Pn=7.5, and filtered. After varying periods of incubation at 34° C,,
portions from each were removed and injected intradermiestly in guinea pigs,
The virus survived in the agar for 9 days, in the washed gelatin for at least 7
days, but in the mixbure 0% orgauic and protein substances with the washed
gelatin not longer than 3 to 5 days.

Thus, a8 in the case of agar, the addition of protein or other
organic substances has s distinctly deleterious effect; the virus
requires for its life only the simplest material. From this point
studies were therefore made on the effect of the gelatin alone.

The writers then used & more thoroughly purified gelatin, prepared
after the manner of Loeb for making isoelestric gelatin (48). The
method of preparation was as follows;

Fifty grams of Poulene powdered gelatin wWere added to 3 liters of M/128 acetic
acid at 10° C. and stirred frequently, After 30 minutes the supernatant liguid

R The protein gelatln nlso is favored by jts simplicity of compasition. Tts minimal molecular wetrht
13 estimated ot 10,300 and that of hemoglobin at 50,000, For comparisan, furthermore, the minime! molee-
Eﬂu}r wolght of egg albumen is stated ag 33,800, of Qbrin 42,000, of serutn g[obu]in 81,000, and of casein 142,000
18,
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was decanted, and fresh M/128 acetic acid at 10° (or in the cold room) was added
to equal the original volume, The mass was frequently stirred and after a half
hout the acid was again deeanted and replasced by an equsl volume of distilled
water at 5°. The gelatin was well atirred and then filiered by suction in a
Bichner funnel. It was then washed in the funnel five times with § liters of
eold water, After all the water was drained off the gelatin was removed and
suspended in the buffer phosphate to a concentration of 10 per cent. It was then
heated in the sutoclave for sterilization on three successive days for one hour at
100° and the PH was adjusted to 7.6 between the heatings and after the final
sterilization.

The writers then compared the effect of this buffered Loeb gelatin
with buffered 0.25 per cent agar and found that the former permitted
the survival of tha virus for a much longer time than the agar. For
example, in one experiment the same sample of virus remained salive
in the gelatin for 11 days at 34° C., but in the agar for less than 5
days. Hence ihe Loeb gelatin was not only superior to that washed
by ordinary methods, but it also surpassed agar.

The Loeb gelatin was simplified still further by omitting the buffer
phosphate solution and adjusting the material to Pr=7.5 or 7.6
merely with potassium hydrate. Comparative tests revealed that the
“adjusted” gelatin maintained the virus for longer periods than the
buffered, at either 34° or 18° to 20° C., and under either aercbic or
angerobic conditions.

In the adjusted Loeb gelatin the virus was kept alive for a longer
period than in any of the other media tested. This period was longer
than 69, but shorter than 100 days, when the material was kept at
room temperature (18° to 20° C.). In a parallel experiment, the active
agent remained viable in 0.25 per cent agar for 45 days.

In this medium three successive subplants showed activity, as in
the case with the agar, But this fact is regarded as merely indicative
of, preservation of the virus rather than of its multiplication, for the
fourth subplants—the critical ones, the ones in which the virus is
diluted beyond its original limit of activity—were uniformly negative.

At this point, when the writers had developed the optimum medium
for the preservation of virus, namely, the adjusted Loeb gelatin, the
limitation of time compelled the discontinuance of the tests.

While these experiments were in progress the commission attempted
the cultivation of the active agent in & variety of other special media
and by different methods. These are reportad here, because of their
generpl interest.

MISCELLANEQUS CULTIVATION TESTH

In Smith-Noguchi medium the virug was incubated at 32° to 34° C,, and sub-
plants were made after three days. Material of the first subplant induced the
typical, experimental disease in all of three guiren pigs injected, but that of the
second sud of the third successive transfers was inactive. In a similar medium
without the vaseline seal and ineubated at 32° in an atmosphere of 10 per cent
carbon diexide, eombined with complete anaerobiosis, identical results were
obtained. In the Smith-Noguehi medium, therefore, the virus is preserved for
about three days, or in the first subplant. But no evidence has been obtained to
indiecate that the active agent can reproduce itself therein.

Tissue cullures

In tissue cultures made after the manner of Borrel, somewhat better resulta
were obtained. These eultures were made with chicken plasma, chicken or guines-

1 "Phy third subplants wers maintsined at o femperature of 3#° 0., a3 well ayat 18° 10 20° C.  Ineach case
the medium preserved the virus.
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g embryonic juice, and with fragments of embryonio epithelivm, In these exper-
- iments it was possible to maintain the life of the virus through the second subplant,
or for four days. The third and subsequent suecessive transfers, however, were
uniformly negative, In the later transplants the writers frequently encounterad
aecondary contaminations, eo that the results of tissue. culture are fnconclusive.
Adjusted YLoeb 10. per cent gelatin: In this medium stil better results were
. obtained. At from 32° to 34° C. the virus was found in three successive sub-
lants—in other words, in & period of nine days from the time of seeding. But .
ater transfers were negative, Hence no multiplication was noted here as well.
Efforts were made to employ this medium in s 10 per cent carbon-dioxide atmos-
phere but this method proved less favorable—the first subplant was the only ore
positive. The addition of a fragment of fresh, rabbit kidney to thiz pelatin
showed no better results, but this is additional proof that the requirements of
the virus for life pogtulate the simplest structure of the medium: Whether the
authors' experiences with this medium can be interpreted to indicate that the
eonditions of preservation sre distinet from those of muitiplication, or whether
the medium can be still further improved to the point of making it & basic material
for suceessfut artificial cultivation, remaine an open question,

CONCLUSIONS

No multiplication of the virus in vitro was observed. The com-
mission found, however, that the optimum conditions necessary for
the preservation of the virus in artificial media are as follows;

The hydrogen-ion concentration of the medium should be 7.5 to 7.6
not only at the beginning but, and more important, at the conclusion
of the period of observation. A strict anaerobic condition is slso
favorable, as is a tempereture below 37° C. A semisolid structure
of the medium appears to be advantageous and this cayv. be effected
by the use of one-fourth per cent agar or 10 per cent gelatin. Of
the two, gelatin is more desirable, and the most effective preparation
is gelatin prepared after the manner of Loeb and adjusted to the
proper hy(ﬁ'ogen-ion concentration with potassiom hydroxide. Gela-
tin is the simplest of protein media available and its employment is
in keeping with the principle that the virus requires only a simple
material for life. The addition of organic substances or of proteins
causes a destruction of the active agent,

From the standpoint of technic, it was found necessary when com-
paring two or more medie for their effectiveness to employ all of them
in a parallel experiment with the same sample of virus, sinee the
factors of potency of the active agenf, contamination, and changes
in the hydrogen-ion econcentration, if variable, may give rise to
faulty interprotations. Furthermore, activity in three successive
subplants may be regarded as mere preservation but not multipli-
cation of the virus.

Finally, the commission consistently failed to confirm the results
of Frosch and Dahmen in respect to their reported artificial culti-
vation of virus.

MISCELLANEOUS EXPERIMENTS

The writers now report experiments of a diverse nature, some more
or less fragmentary, thus completing the laboratory mvestigations

of the virus.
RESPIRATION OF THE VIRUS

A study of this problem was undertaken with the ides that the
living nature of the virus could be confirmed. In one test an attempt
was made to measure the respiration of the active agent in the blood
or tissues by changes in hydrogen-ion concentration; in another, by
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changes in the oxygen, carbon dioxide, and nitrogen volumes during
its infective periods. In the end these experiments were diseon-
tinued for want, of & suitable control; the virus could neot be separated
in pure state from respiring living tissues. : - '

INTRADEEMIC REACTIONS

An effort was made to eoncentrate the virus by adsorbing it to
coagula which are formed by 50 and 60 per cent alcohol, and in
undiluted acetone. It weas believed that by so doing a sufficiently
potent material could be obtained which on injection intradermically
might yield o difference of resction between animals with the active
disease and those normel or recovered from the experimental disease.
It was thought that perheps ultimately & diagnostic skin test might
be evolved.

To summarize a large number of experiments: The virus after
immersion in 50 per cent alcohol for 26 hours was still active. The
coegulum which formed was centrifuged at the end of that time,
was%ed, and suspended in physiolegical, saline solution to opaeity to
8 beam of lighs$ throu%h 3 centimeters of the suspension. After
injection infradermically into a shaved area of the abdomen 8
guinea pigs with the active, experimental disease showed a some-
what greater indurstion and discoloration thar 6 normel and 6 recov-
ered animals. These reactions began after 48 hours and persisted
for two to three days. This experiment was then performed on
heifers; 3 actively disessed, 3 recovered, and 1 normal of these ani-
- msals were injected intradermically with the same material and in
similar amounts {0.2 cubic ceniimster). There were practically no
reactions., It is to be noted that the dose employed in the heifers
is not in the same proportion to body weight as that in guines pigs.®

With 60 per cent alcohol and 26 hours’ contact precisely smmilar
results were obtained with active material in the seme proportion
of guines pigs. Cattle were not used in this test. '

On the other hand, in undiluted acetone, immersion of the virus
for one-haif hour led to its destruction. The coagulum prepsred
as in the case with the 50 per cent alecohol showed practically no defi-
nite reaction in 10 actively diseased, 6 normal, and 6 recovered
guinen pigs. :

The virus after Immersion in 60 per cent aleohol for three days
was also inactive. Intradermic imjections of this ingctive material
yielded practically no resctions in 4 aclively diseased, 4 normal,
and 4 recovered guinea pigs.

In conclusion 1t may be stated that if the msterizl employed for
the skin tests is aetive, there is, as a rule, a slightly more prominent
reaction in guines pigs at the height of the experimental disease
than in those which are normal or recovered. But in a few instances
the reactions in the normal or recovered animals Were as pronounced
88 in some of those in the gcfive stages of the disease. On the other
hand, when the material for injection is inactive practically no reac-
tions are exhibited. Hence, while these findings tend to show a
cerfain sensitiveness of the skin of guinea pigs with active experi-
mental foot-and-mouth diseases to the Tiving virus, there is no practical
value in these tesfs ss a diagnostic aid.

1 The normal heifer, altheogh Injecled intradermicaily with 0.2 cubic centimeter of active virus was not
thereby luunpunized ugsinst s Iater injection in the mocoss of the month with a larger dose of virns,
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EARTHWORMS AS CARRIERS

In a single experiment 12 earthworms from 4 to 12 centimeters
in length were placed in garden earth kept in & clay vessel. To the
dried earth, contained In an area of & I6-ceniimeter cube, wera
added aspirated, lymph virus taken 24 hours after incculation,
dilated 1 to 10 in phosphate buffer at Pr=7.5. Of this diluted
“virus 200 cubic centimeters were used. It is to be noted, therefore,
that the worms were in & pabulum of strongly concentrated virus.

Evaporation was prevented by covering the container, which waa
kept at 9° C. so as to favor the preservafion of the virus. After
5 and 10 day intervals living worms were removed and washed
thoroughly. Thick suspensions of worms ground in sterile sand,
their washings in distilled water, and suspensions of the earth were
injected intradermically in the hairless pads of guinea. pigs. Only the
suspensions of the earth but not the other materials induced the
typical, experimental disease. At this point the test weas discontinued
with the inference that earthworms probably do not harbor the virus.

SURVIVAL OF THE YIRUS IN EARTH

Dried, garden soil wes saturated with virus in a dilution of 1 : 10,
The latter consisted of aspirated Iymph from 24-hour-old vesicles
and was free from tissue particles. The mixture was kept at 9° C.
for 10 days and thereafter 0t 20° C., For 15 days the earth was moist
and thence it was permitted to dry so that from the twentieth day it
was sensibly dry.

Five grams of this material were removed and suspended in 25
cubic centimeters of phosphate buffer at Pe=7.5, at intervals of
5 days, and of this, 0.4 cubic centimeter was injected intradermically
snd subcutaneously into the hairless pads of guinea pigs. The sus-
pensions of earth after 5, 10, 15, 20, and 25 days induced in the
enimals typicel, experimentsl foot-and-mouth disease. At this
point the experiment was discontinued.

The commission found, therefore, no evidence to sustain the earlier
experimenters in their opinions that the virus dies very rapidly out-
side of the snimal body. Under the varying conditions described,
the active agent was found to be viable for at lesst 25 days, and if
conditions in nature could be more closely imitated the period of
preservation in earth might prove to be much longer. In another
experiment described elsewhere in this report the virus in a fragiment
of bovine tissue admixed with hay and kept in a stall survived for at
least 30 days. Further tests in this case were not made because of
exhaustion of material.

THE PARTICULATE AND LIVING CHARACTER OF THE ViIRUS

The commission considered the guestions which have often been
discussed as to whether the filter-passing virus of foot-and-mouth

. disease is an manumafe chemical material or & multiplying, living

body, or whether it is fluid, as postulated by the theory of contagium
b vivum fluidum (Beijerinek) (7) or particulate. A justification of
" experiments on artificisl cultivation rests on the assumption that the
virus may be perticulate and living.

With reference fo the theory of contagium vivum fluidum, it
appears that the definition of this ferm is not in accord with the
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modern concept of the particulate structure of matter. The burden

“of proof that fluids, in general, are not corpuscular rests, then, on the
partisans of this theory. Apart from this the commission has pre-
sented what it believes to be sufficient evidence that the active agent
of foot-and-mouth disease is particulate, for by repeated and con-
trolled filtration tests it hes not only delimited measurement of
individual, active masses as relatively between 20mpu to 100mg but
also found that this relative size is constant. The invariability of the
limits of size contradicts, therefore, the notion that the incitant may
be a solute varying in size in different solvents. The electric charge
carried by these particles, has, moreover, been determined by cats-
phoresis which can effect their separation from the protein substances
in the medium containing virys.

The activity of the living character of the virus in extraordinarily
high dilutions, its inability to sediment by means of centrifugation,
and its remarkable resistance to such bactericidel agents as the
narcotic solvents {alcohol, ether, and chloroform), or such antiseptics
as phenol, cresol, and bichloride of mercury, tend to support the idea
that it is manimate, or & ehemicel substance,

The commission believes, nevertheless, that nothing has yet been
brought forwerd in these respects to prove conclustvely that the
active agentis inanimate. The factors just mentioned may represent
resrfions consequent upon its minuteness of size or its electropositive
charge, or both. It should be remembered that minute particles
react to physical laws in a manner different from that of larger struc-
tures (78). TFor exemple, internal pressure, surface tension, and
charge exert profound effects. However this may be, if each of the
factors mentioned as opposed to the nofion of e living nature of the
incitant is analyzed, as will be done immediately, it will be noted
that neone are incompatible with this ides..

The corunission found that active materials are still infective in &
dilution of 1:10,000,000. This can heinterpreted as merely indicsting
the minute size of the active agent although it is sufficiently large in
volume fo contain from several hundred to several thousand protein
molecules. On the other hand, the action of the virus stops at a defi-
nite dilution and is directly proportional in respect to the length of
incubation period and severity of symptoms upon its concentration.
Tkre writers have not encountered any effect similar to that noted in
cerfain enzymsiic actions, of nullifying antibodies In low dilutions.

As for the 1nability to depose the virus in & fluid medium by centrif-
ugation, it has already been explained that this method is not useful
for sedimenting minute particles—whirling and convection currents
and other forces hinder the deposition. This property is, therefore,
algo a consequence of its size and does not indicate, by itself, a fluid
material.

The resistance to chemical reagents is really illusory, sinee these
reagents cosgulate the proteius of the medium in which the virus is

8s & rule suspended. As s result the virus is protected by the coagu- .. 4
lum and direct contect with the resgent becomes impossible. If

cosgulation is prevented, which can be done, the virus is then acted -2
upon directty by the antiseptics. The incitant is then more rapidly
fiestro_yed by $ue chemicals then are living bodies, such as staphy-
ococel. :
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Finally, among analogies to living microorganisms, may be men-
tioned the epidemiological factors, the existence of at least two dis-
tinet types of virus, and the more or less solid immunity which is
induced, and a period of incubation which can last, at times, 12 days.
Studies of these conditions are described in detail in another section
of the report. On the other hand, if the virus is a living body, it
appears to be of an order wholly different from that of known, culti-
vable microorganisms. Ior, aside from its electropositive charge,
deductive study of its requirements for artificial life indicates that
the metabolism of the incifant is of a very simple kind and is quite
limited to definite and inflexibie conditions.

The commission, therefore, concludes that nothing has yet been
Eresented to prove that the virus of foot-and-mouth disease is of &

uid character or inanimate nature. '

SUMMARY OF PHYSICAL AND CHEMICAL PROPERTIES .

This section of the report deals with the results of studies on the
ghysical and chemical properties of the virus of foot-and-mouth
1sease and meludes s description of efforts at eultivation. Of the
commissgion’s personnel, Doctors Olitsky and Boéz wers mainly inter-

& ested in these problems and Doctors Schoening and Traum in the

| work described in the remainder of the report. However, there was
a free interchange of ideas and suggestions and a hearty cooperation
. among all the colleagues, so that the entire report may be regarded
b as the result of collaboration es a unit.

A strain of foot-nuiid-mouth-disease virus was recovered from a cow
at the height of the disease and was propagaied through st least 261
passages in the guinea pig. Cornsiderably 7aore thar 2,000 of these
animals were sensitive to the virus, which could be transferred at will
back to cattle and hogs and then agein returned fo guines pigs. No
natural inminunity in guinea pigs could be determined. Secondary
lesions were easily and regularly indueed, thus making this strain
particularly favorable for experimental purposes. In genersl, the
guinea pig, therefore, may be regarded as the animal of choice for
laboratory studies. The virus was shown in these passage experiments
to be identical with the Valiée O type, and was characterized by itz
freedom from ordinary cultivable microorganisms and its tendency
to purify itself of chance concomitant bacteria in the first passages
through n susceptible animzl, a charactor generally possessed by flter-
passing viruses.

The guinea pig can be infected by different methods of injection
in different sites, but constant and regular production of primary
and secondery lesions follows intradermic “ tunnelivg ”’ combined with
sul_ml;fianeous inoculation of the posterior hairless pads of full-grown
animals.

% This problem is stll] being studied by one ol the Wwriters {Olitsky), bat with [the virus of vesicular
stomaetltis of horses. This virus is similar in ¢linical menifestations and in many bielogleal reactions, ta
ba raported loter, to those of foot-and-mouth disease. In a recent collaberation with F. L. Cates, of the
Rockefoller Tnstitute, it was found that the virus of vesfeninr stomatitis is destroyed by the same limits of
energy and wave length of ujtra-violet 1ight which can kijl staphylococel. **Since the absorption of speeific
spergles is one jndex of chemlcs) character, and in thi2 instapce results in similer effects, these parallel
reactions are indirect but snggestive evidence that the gubstance of the virus Is aimilar io ehacacter and
chernlcal constitztion to bacteris] protoplasm' {68).



http:nature.29

74 TECHNICAL BULLETIN 76, U. 8, DEPT. OF AGRICULTURE

The virus can be active in a dilution of 1:10,000,000. This indi-
cates not only the minuteness of the active agent but also the neces-
sity for & change of technic from that used with larger-sized infectious
agents. Apart from this, the dilution factor is importent in inter-
preting meve preservation of the virus rather than multiplication
when only early successive subplants in culture experiments are pos-
itive. On the other hand, some samples of virus are not so active—
among 15 specimens titrated, the weakest showed one-twenty-fifth
of the activity of the strongest. This demonstrates that comparative
tests—as, for exataple, of survival in different media—should be
made with the same sample. In any case the rate and energy of action
of the virus are proportional to its concentration.

The active agent is not sedimented by centrifugation. This may
not indicate its fluid nature, but, rather, in view of other evidence
presented, its minute size. This method has slso failed to remove
virucidal bodies in the sense used by Krosch and Dahmen.

Cataphoresis experiments demonstrate that the virus carries an
electropositive charge and that its isoclectric range centers at the
high point of Pr=about 8. Although cultivable bacteria are as a
rule clectronegative, yet certain protozoa, such as trypanosornes and
spirochetes, are also electropositive. However, a knowledge of the
charge carried by the virus is important among other reactions in
interpreting filtration phenomena and in delimiting its relative size.
Moreover, cataphoresis can effect the separation of active material
frcm the protein particles in the medium containing virus.

Filtration experiments were made with different types of filters—
Seitz, Berkefeld V and N, and Chamberland, of practically all sizes.
The results confirm the electropositive charge of the virus as well as
the minuteness of its size. Filtrations were nositive through all
flters except Chamberland L 11.  In this bougie, however, the virus
will pass throus' when its chazge is shifted to a negative condition,
Filtrations thr, - h electrounegative, collodion membranes prepared
in different ways and of different thicknesses resulted, as a rule, in
failure, unless the thinnest and most permeable membranes were
employed; but in these, the complication of microscopic holes was to
be considered. -Hence, this method was regarded as impracticable.
Success, however, was obtained with Bechhold’s ultrafilter raem-
branes of the most permeable type. With these it was possible fo
measure, by a system of molecular filtrations, the relative size of the
active masses. This wag determined to be between 20mp and 100mpy
in diameter.

The commission confirmed previous investigations svith regard
to the remerkable resistance of the virus to chemicals, but showed
that this resistance is merely masked. The virus is not employed
in these tests as 2 pure culture but admixed with the animals’ proteins.
The addition of those chemicals to which the active agent is resistant
ceuses 8 coagulation of the proteins, with the consequence that the
virus is fully protected by the large cosgula. But if this coagulation
is prevented by taking advantage of the periodic type of this process,
the virus can be placed directly in contect with the reagents. Then
the active agent is destroyed as rapidly as staphylococei. Chemi-
cals, such s« sodium hydroxide and antiformin, which do not cause
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coagulation, are very destructive, and these also are as active on the
virus as on staphylococei. The commission ean not subseribe there-
fore to the opinion thet this remarkable resistance of the virus
admixed with proteins is an indieation of its inanimate nature.

A large series of experiments have led to the conclusion that of a
number of antiseptics employed, the simple sodium hydroxide in
1 to 2 per cent solutions is an effective virucide. It is capable of
killing the virus within one minute, as shown by tests on eattle and
guinea pigs. Furthermore, its effectiveness is not diminished even
when the infective material is admixed with cattle urine, manure, or
earth, The experimental evidence suggests its use in field practice.

It was found that the skin of guinea pigs in the active stages of
the experimental disease is slightly more sensitive to the living nctive
agent than is that of normal or immune animals. But no practical,
diagnostic, skin test for detection of the disease, or immunity thersto,
could be developed.

The commission could not implicate earthworms as carriers of
the virus,

The crusal factor of foot-and-mouth disease can survive In earth
or hay for at least 25 to 30 days—longer periods were not tested.
Thus, contrary to the opinion prevuj%ing in some laboratories, it
appears that the virus does not die rapidly outside the animal body.

The commission’s efforts at cultivation were unsuccessful, but a
deductive study of the prerequisites for the survival of the virus in
artificial media has demonstrated several noteworthy conditions:
The hydrogen-ion concentration of the medium is st its optimum at
PeE=7.5t0 7.6. A strict anaerobic condition favors survival. The
temperature requirement is less than 37° C. A semisolid structure
of the medium is also favorable and for this purpose either 0.25 per
cent ngar or 10 per cent gelatin can be used, but the latter is the more
effective. Of the preparations of gelatin, the one of choice is that
from which the impurities have been most thoroughly removed,
namely, the gelatin employed by Loeb for his isoelectric determina-
tions. The commission found also that the requirements for lifo of
the active agent are of the simplest. The addition of organic or pro-
tein substances such as dextrose, broth, serum, lipoids, ete., to &
simple, basic medium interferes with the effectiveness of the latter.
It is thus not surprising thai the writers were unable to confirm the
cultural results of Froscl. and Dahmen, for neither their madium and
its cornponents, nor their method satisfies the essential conditions
necessary to maintain artificially the life of the virus.

PLURALITY OF TYPES OF FOOT-AND-MOUTH-DISEASE VIRUS

In 1922 Vallée and Carré (69) reported that catitle recovered from-
natural or artificial infection with {oot-and-mouth-disease virus,
type O, derived from the French Department Oise, were immune to
this same type. They were, however, susceptible to reinfection
either by contact with or by injection of virus originating in Germeany
(Allemand type A). Vallée and Carré (70) also demonstrated later
that cattle recovered from infection with type A virus were immune to
that virus but were susceptible to type O virus. Here were two
viruses, each of which could protect against its own effects but not
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against those of the other., This finding explained, at least in part,
the many cases of reinfection, and the failure to immunize by methods
which have hitherto had certain value in procedures of immunization,

The existence of more then one type of foot-and-mouth-disease
virus was not at first generally accepted (76). Plurality of virus
hias an important beering on the interpretation of results of experi-
mental work and alse on the control of the disease. -

Investigation of the correctness of Vallée and Carré’s work was
therefors one of the first subjects to Teceive the commission’s atten-
tion. At that time there were avsailable cattle, swine, and guinea pigs
which had recovered from experimental infection with the Stras-
bourg virus. Professor Vallée furnished the commission with samples
of type A and O viruses in the form of defibrinated blood. The
writers started with the assumption that the Strasbourg virus would
Tesct in the same manner as Vallée's type O. This was scon found
to be correct, for early experiments indicated that the Strasbourg
virus was not like Vallée’s type A in the immunity it produced—
animals recovered from infection with Strasbourg virus were sus-
ceptible to type A. The commission did not use Vallée’s strain of
type Oin its subsequent studies but substituted for it the Stras-
bourg strain. This virus, therefore, was classed as type O after com-
perison with type A. '

Either type of virus readily induces experimental {oot-and-mouth
disease in cafttle, swine, and guinea pigs. The reactions of these
animals fo the two types show no distinguishing features. Neither
induces the disease in the horse. 'The determination of plurality of
foot-and-mouth-disease viruses is based on ecross-immunity tests.
In -addition to Vallée's type A and the writers’ Strasbourg virus, &
sample from the isizand of Riems was also used in the tests. This
sample was obtained through the courtesy of Professor Waldmann
and when received had been passed in series through 1,271 guinea

igs, The strain was highly virulent for guinea pigs; extensive
Easions were produced with s high mortality, It served a useful
purpose in the following experiments as a rigid test for the complete-
ness of immunity, since its enhanced virulence might breek down
any feeble resistance.

CROSS-IMMUNITY TESTS IN CATTLE, SWINE, AND GUINEA PIGS

CATTLE

The cross-immunity tests in cattle are recorded in Table 11. For
convenience of presentation the data in that table are further tabu-
lated and discussed under two groups, (1) the resistance of animals
recovered from each virus to later exposure to one or more viruses,
and (2) the effect of each virus on animals recovered from infections
with one or more viruses.




REPORT OF THE FOOT-AND-MOUTH-DISEASE COMMISSION 7

TapLr 11.—Resulls of inoculations of catile and hogs bearing on pluralily of types
of foot-and-mouth-disease virus

iaoncmagn Type of virus Spurco of virus Method of exposure | Resuitl

Heiler 1 Hept. 30, 1525 [ Strasbourg._..| Guinea pig, 70tk pos- | Intramusenlar .| Positlw;.

8550,
Oet, 26, 1835 Val;aiﬁle cgverlnp;s from | Locsl—searificotion 1. De,
. eifer 2,
Nov, 20, 1925 | Strasbourg....JCGulnea plg, 123d pas- | Negntive,

s5ge.
Jan, 4,1026 | Volléo A__.._.| Guines pig. o Do,
Hoifer 2....| Sopt. 20, 1025 | Strashourg. .- Natural (heifer 10)._..] Positiva
Oct. 16,1025 | Vallde A Bload of cow 308, re- | Intramuseular. ... Do,
ceivad from Velléc.
Nov, 26, 1025 Gulues pig, 123 pas- |..___do

S0ge.

Heiler Bapt, L7, 1025 (uites jHE, 07th pos- | Local—scarifeation. .} Posttlve,
dage.

Nov, 26, 1925 Quinen plg, 123d pos- Nogative,

sags.
Feb, 12,1026 Guinea pig, 178th pas- bao,
SBED.
Haifer 4 Sept, 30, Guinea plg, 78tk pas- | Intradermic—gurms_ | Posltive.

sage.

Dec. Rlemsa Quinea pig Lueal—searification .| Negative,
Jan. Birashourg dn do
Fub, Vellés A do. do
Hatier 5 Out. eeelO e .| Huifor 2. do
Nov, 025 | Biragbourg....| Guinen pig do.

L]ih] Valide A do do MNegative.
Huifer © Bept. 1;.102.5 Strashourg do Intradermic—pad and | Positive.

ip.
Oct. 31,1025 .B’giterﬁl, 2, and &; and Lacni—smriﬂmﬁon. . Da.
of 3.
Nev. Strashourg... .y Guinea pig. Megative.
Jan, 4,1026 1 Vnille A do, Do.
Holfar 7.....| Sept. 17, 1025 | Strasbourg....| Gulres pig, 87th pas- Positive.
9,

5ag

Deq. 91825 | Riems_ .. _.___; Guigea pig, t Negative.
Jod., 8 1926 | Valied A..._..| Heilers 2 and 12 and LocnI—sc.ariﬁcﬂtion..__ Positive.
hogs 4 od 5.
30, 1025 | Strosbourg Gulnes pig do Dra,
3,102 | Risms ao o Negative.
Sirashourg do do. Do,

do do, o Do.
Buyllg. ... Sopt. Guines plg, 67th pas- | Intramuseular. .7 Pesitivae,

saga.

Nov. Local—searifieation. .| Negative,
Helfer 17| Sapt. Bull & Hatural (bull #)_.____.[ Fositive.
Japt. 1 I plg Intramusculsr..___ ...} Negative.
Jono. Valiéa A ... | Hetfers 2 snd 12, and | Local—searificatlon___| Positive.
hogs 4 ond 5
Haifer il....] Nov. Strosbourg....| Gnines ple
Iam. Voilto A do
Heifor 12....] MNov. Strashourg du
Jan, Vrilda A do
Helfor 13....| Dec. tiems do .| Local—scarlfieation....
Jan, Vallte A_-....| Beliers 11 12 Nn.tu:al (heifers 11 and|

. 12},

Helfer 14,1 Inn. O ...} Gulnoa pig. Lomi—sm:!ﬁmtion-_-

Foh, 3,10% do. Negative,
ADr, 1-{ 1628 | Btmmshourg 0, Tmn- i Positive.
Hailfor 15....1 Jan. 15, "1928..§ ¥ s T Loml—scariﬂmtmn-_. Do.
Feb, 2, 1628__| Straghoarg. n._-_ Da,
Hailer 16....| Mor. 3, 1025, d Do,
Haolfer 28 _.1 May 7, 1090. .| Strasbourg. . Do,

38},
June 190, 1028, Guinea plg Do, -
Sept. 30, 1625.] Strasbourg._._| Guines pig, Foth pas- 4 Dao.
sage.
Mov. 9, 1025._| Rioms Gui DB Negative.
Jan. 8, 1§20, . Helfers 11 azd 12; and s Da.
hogs 4 and 5.
Inn. 15, 1020_. 4 CGuinea pig_ o ooooeeoos Do,
Bept. 30, 1925, (Guines pig, 79th pas- Pasitive.

siga.
Nov. 0, 1025, Guinea pig Nogative.
Jan, 8, 1626... Hgifers 11 attd 12; and Do,
hogs 4 end 5. .
Jan, 15, 1026 (ulnea pig_-. . De,

t Normal cattlo and hogs were used to control the sctivity of the virus.
* The virus waa applied to o scarifted aren on the gum and dental pad,




W

78  TECHNICAL BULLETIN 76, U. 8. DEPT. OF AGRICULTURE

TapLe 11.—Results of inoculations of catlle and hogs bearing on plurality of lypes
. of foot-and-mouth-discase virus—Contirued

Klnd and Date of
N?).nnli Inseulstion | Tyme of virus Saures of virus Method of expostire Rasylt
an 1l
Hog 3ooo.__| Oct. 26, 1025 Vallée A Haifer 2 Intravenous. . .....__.| Positiva,
Moy, 28, 1025 | Strashourg..._} Guinea pig do - Do.
Jan. 4, 1926_..] Vallée A _ 1 [ P, i [ TR Negativa,
Hog, 4.._...] Mov, 28, 1025 Steashourg do, do Positive.
Jan. 4, 1020...| Vollfe A doo.-. da - Do,
Hogd. ... Nov. b, 1085 | Stcasbonrg. do do Da.
Jan, 4, 1925, .] Valldo A do. ... dp Do,
Hog 6. _._.] Jno. 15, 1026, do, - da doo... Dra.
Feb, 3, 1020. do do_. do Negntive,
Hog ¥oooeoe Jan. 14, 1026 do - do, .. do._.. -] Positive.
Feb, 3, 1025 o, do... do ] Negative,
Hop 8. Jao. 15, 1528 do - do. L+ [ TN Posltive,
Feh, 2, 1020._] Strasbousy A0 en da____. Do.
Hog. $....__| Feb. 3, 1026..] Valite & _ A0 e e do - Do.
Apr, 14, 1826_| Strasboneg_ ... i+ S Local snd intravenous | Dro.

It appears from Table 12 that the Strasbourg virus can induce
Immunity against reexposure to itself and also to Riems virus, but
not to Vallée type A.

Tanre 12.—Resulls of exposing ceitle recovered from Strasbourg-virus infection fo
lhat virus, Vallée A, and Riems virus

Fositive resnlts Virus used Negative results Virus used
Helfer 1o Vallfa A Helfer 3 Strashourg.
Helfer 2. e Da, Holfer 4. Riems.
Haifer 0. oo Lio. Heiler ¥ Do,
Hailer 11 Do Holfer 8 _— Do
Hoifer 12 Do, Eletfer 0 Strashonrg.
Helfer 23 o, Hagifer 10 Do.

Tanue 13, —Resulls of exposure to Strasbaurg virns of animaly recovered from infec-
tion with that and with other viruses

Positive

results Provious exposure to— Nrf,%u“tg 8 Previous exposure to—
Vallte A virus, Strasbourg and Vallée A viruses,
Da, Da.
Da. Strasbourg virus,

Strashourg and Riems viruses,
Vallte A and Risms virases,
Strashourg and Vialite A viruses.
.| Strnsbourg and Riems viruses,
- Sr.mDsbourg virus,

o

Table 13 shows that the Strasbourg virus caused infection in three
animals which had first received only Vallée A. On the other hand,
Strasbourg virus did not induce disease in snimals recoversd from
either Strasbourg or Riems strains. Thus either Strasbourg or Riems
virus is eapable of producing immunity against Strasbouwrg virus. Ani-
mals recovered from Vallée A infection, on the contrary, exhibit no
protection from later injections of the Strasbourg strain.
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Tapis 14.-—Resulls of using Vallée A virua on caltle whick had been infected with
and recovered from one or more of the viruses

Posiltive cases Previpua exposure to— Nepativo cases Previous expo. i to—

Strashourg vlrus. " Heifer 1______| Strasboury apd Vallée A viruses,
. Vallée A and Strashourg viruses,

-1 Strasbourg and Risms viruses. Helfer 6_._....| Strasbourg and Vallfe A. viruses,

.| Strashoury virgs, Helfer 14 Vallda A virus.

Strasbourg and Riems viruse.

Strosbourg and Strashourg viruses.

Strashonrg vlrus.

Helfer 13__.___. Riems virus.

Heifer 28 Strashourg virue.

The tests recorded in Table 14 demonstrate that Vallée A-virus
indueed foot-and-mouth disease in animals which had been infected
with and recovered from either Strasbourg or Riems types, or both
viruses. Nomne of the nine animals reacting positively to Vallée A
virus were previously infected with this type. On the other hand,
Vallée A virus did not induce foot-and-mouth disease in animals
recovered from type A infection,

Riems virus was used ou cattle (hiefers 4, 7, and 8) recoverad from
Strasbourg-virus infection. None were Infected, thus indicating
that Strasbourg virus induced immunity against Riems virus. Heifer
13, recovered from Riems-virus infection, developed foot-and-mouth
disease when exposed to Vallée A strain.

On the basis of these tests in eattle it may be concluded that
Strasbourg and Riems strains are of the same type, and differ in this
respect from the Vallée A virus.

SWINE

Table 11 contains n record of cross-immunity tests in hogs. Four
hogs (1, 2, 4, and 5) recovered from Strasbourg-virus infection were
exposed to either Riems or Vallée A virus. Those which received
Riems virus {1 and 2) were unaffected, but the ones injected with
Vallée A virus (¢ and 5) showed typical foot-snd-mouth disease.
Five hogs (3, 6, 7, 8, and 9) recovered from infection with Vallée A
virus were given Jither Strasbourg or Vallée A virus. Those injected
with Strasbourg virus (3, 8, and 9) developed foot-and-mouth desease,
while the ones injected with Vallée A virus {6 and 7) remained
unaftected.

Hogs 1 and 2 were first infected with Strasbourg virus. They
then showed resistance to Riems and also to Vallée A viruses. No
explanation is offered for these untoward results. Lack of time and
accommodations did not permit & repetition of this series of tests.
Attention is directed, however, to the case of cattle 4, 7, and 8, which
were infected with Strasbourg virus and later were refractory to
Rioms virus but not to later injection of Vallée A virus. The case
of heifer 13 may also be considered at this time. It recovered from
& Riems-virus infection, then contracted a Vallée A infection by
experimental contact exposure to cattle 11 and 12.

"The tests indicate in the main that Strasbourg virus induces in hogs
an immunity against Riems virus, but not against Vallée A; and




8} TECHNICAL BULLETIN 76, 0. 8. DEPT. OF AGRICULTURE

Vallée A protects from effects of itself, but not from those of Stras-
bourg virus®
GUINEA PIGS

(djross-immunity tests in guinea pigs are summarized in Tables 15
and 16.

3
TaBLE 15.—Resulis of guinea-pig crossimmunily tesls with Strasbourg and Vallée
A viruses

Flrst jojection

Becond infection,
Number of days Irus used
Virus used before second
injaction

Birashourg. ... ... 4Sec.

Valléa A d —~5ec.; 3 negative.

Birasboury —8eq,; 10 negative,

Valléo A d Je,

Strashourp, ivo.

Vaoilée A d }Bee, .

Strasbourg 3 +8ee.; ¥ Pr.-+-8ee.

Vailéo A.. 1 vo.

Strasbourg ive.
d

—

4 negative.

& Pr.+Sec.

5 negative; 1 M. P.—Sec,
2 negative; 1 M. P,—8ec.
5 Pr.+8ec,

15 negotive; I M, P.—Sec.
16 Pr.48ee,

OIS R~ Pl b

bt b

i In ol tesis norrmel guines pigs were used to eontrol the activity of the yhus. Y Pr.-Bec.* =Primoary
and secondary vesicles, " Pr.—Sec.’'=Primary vesicles eply, “M. P, (mild primery} is the desfgna-
tion glven tonslight primary leslon, The guines plgs in the groups giving an ' M, P —48en ™ {mild pri-
miary only) reaction are cunsidered immune $o the vims used. See foctnote on Pp. 118, under " Com-
parative studies of vesicular stomatitls and foot-and-rnouth disease.” ‘

* Swedish snd Denmark ¢ viruses are of the Vallde type A.

Tanre 16.—EResulls of guineq-pig cross-immunily lests with Strasbourg, Vallée 4,
and Riems wiruses

First injectlon

Second Infection,
Number of days viras used
Virus used befors second fn-~
jaction

0

-

Py A Y T - S PR AT P ey -

Valito A 4 M. P.—Sec.!; 6 negative,
Riems.. fu 2 Pr.-+Bec.
A 8 Pr,+8ec.
3 negntive.
7 negative.
4 neeative.
2—Pr.-4-B¢4 2 negative,
T nogative.
18 negative: 1 M. P.—Hee,
5 negativa; 1 M, P,
& negative; 2 b, P.—Bec.
5 negotive.
& Pr.+Bec.
7 negative; I Pr.—Sac.
& negatlves; 1 Pr.—8ec.
_ f negatlve.
Riema___. 12 negatlve,

hii]
i1

12
13
14

15
18

b

[

I Ses footoote, Toble 15

®Additional datn on the plursiiiy of types of the virus sy bo found under " Certlers of foot-and-mouth-
disqnsn virus,” ‘There it I3 shown thab 4 hogs sod 11 oud of 13 cottle recovured from typs O virus were
aguio recdlly infeetut] with type A vimus. .
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The principal results of the cross-immunity experimental work
may be stated briefly as follows:

Of 73 guinea pigs recovered from Strasbourg virus infection and
then exposed again to the same virus, all proved to be immune.
Twelve of these guines pigs were in test 2, 7 in test 3, 5 in test 5,
17 in test 8, 7 in test 11, 17 in test 13, and 8 in test 15.

Of 45 guines pigs recovered from Vallée A infeetion and then
again exposed to the same virus, all proved to be immune. Six of
these guinea pigs were in test 1, 7 in test 4, 6 in test 6, 6 in test 7,
3 in test 11, 10 1n test 9, and 7 in test 12.

Of 20 guinea pigs recovered from Riems virus infection and then
a?nn exposed to the same virus, sll proved to be immune, Three
of these guines pigs were in test 10, 5 in test 14, and 12 in test 16.

Of 28 guives pigs recovered from Strasbourg virus infection, ell
proved to be susceptible to infection with Vallde A virus. Ten of
these guinea pigs were in test 1, 6 in test 4, 5 in test 6, and 5 in test 7.

Of 18 guinea pigs recovered from Strasbourg virns infection and -
then exposed to Riems virus, sll proved to be immune. Eight of
these guinea pigs were in test 14, and 8 in test 16.

Of 32 guinea pigs recovered from Vallée A virus infection, all

roved to be susceptible to infection when inoculated with Stras~
ourg virus. Seven of these guinea pigs were in test 2, 9 in test 3,
8 in test 5, and 10 in test 8.

Of 16 guinea pigs recovered from Vallée A type infection, all
proved to be susceptible to infection when inoculated with Riems
virus. Kight of these guines pigs were in test 10, and 8 in test 14.

Of 20 guinea pigs recovered from Riems virus infection, all proved
to be immune when subsequently exposed to Strasbourg virus.
Four of these guines pigs were in test 11, 6 in test 13, and 10 in test 15.

Of 6 guines pigs recovered from Riems virus infection, 4 were found
susceptible and 2 immune when exposed later to Vallée A virus.
Two of these guinea pigs were in test 8, and 4 in test 12.

The combined resuits show that of 258 guinea pigs recovered
from infection with any of the three viruses {Strasbourg, Riems, and
Vallée A) 256 reacted in a manner stmilar to that of cattle; that is,
guinea pigs recovered from either Strasbeurg or Riems virus infection
were immune to the effect of either of these two viruses, bub wers
susceptible to infection with Vallée A virus. On the other hend,
the guinea pigs recovered from infection induced by Vallée A virus
were rendered immune to Vallée A, but not to either the Strasbourg
or Riems virus.

Two exceptions to this ususal occurrence were noted in 2 group of
four guinea pigs recovered from Riems virus infection {(test 12).” So
far as could be determined nonc of the four showed visible, primary
vesicles; two, nevertheless, exhibited unequivocal, secondary vesicles.
Results such as these in guinea pigs might be expected from an injec-
tion of virus in sites other than in the pads, although only pad inocu-
Intions were made in these instances. The general principle deduced
from these lerge series of tests in cattle, bogs, and guinea pigs, is that
foot-end-mouth disease can bs caused by at least two immunologi-
cally distinet types of virus.

92678°—28—46




PLURALITY OF VIRUSES DETERMINED BY SERUM TESTS

The serum from guinea pigs, recovered from the experimertal
disease,™ offers further evidence to confirm the plurality of foot-and-
mouth-disease virus. Such serum contains protective properties ~
against the homologous, but not against a heterologous type of virus.

TasLE 17-—Plurality of viruses demonsiraled by serum testa

ferom lojected c?fus‘:nniiy Virus to which exposed

o
. o7

Guigos plgtypa O Vallée A
{4] 1]

PR | 8

W HEIE
5 5 2 O et e 5 0 G Y 1 ek

[FR=A=N-NrR=N=N=N-}
CooMRDanlonGoooD

M, ..

A

Strasbat_ﬁ-é type O

L1 PR

Lo AR
OO D O O LR e G O G L I beh bt

LRI

do
Cantrol. .
do__._

{s]

1 8ee footnote 1, Tabls 15.

Table 17 shows that guinea pigs injected with as much as 3 cubic
centimeters of type O serum were not protected against generaliza-
tion * induced by type A virus, whereas guinea pigs injected with as
small & quantity es 0.5 enbic centimeter of type A serum were pro-
tected against generalization caused by this same type. Guinea pigs
which received 0.5 cubic centimeter of type O serum were resistant
to generalization induced by type O virus, but those injected with 3
cubie centimeters of type A serum were not resistant to the secondary
lesions of type O virus. Additional tests are mentioned in the discus-
sion i}f ,t.,yping viruses, under the heading “Danish and Swedish
samples.

These findings indicate that the antibodies in recovered animals
are {ype specific. The practical significance is that serum used in
treetment and prevention should be derived from the same type of
virus which causes the disense. :

3 For o dlscusslon of this tost the reader {s reforred to the chepter on “Serum tests in guines Flgs," .86,
“I 'lé‘he term [3 used i¢ dencie a generalirstion of the virus os shown by the nppesranee o secondary
wealgles, .
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TYPING VIRUSES

A study of the viruses responsible for outbreaks of the disesse in
the various countries where foot-and-mouth disease is enzootic should
furnish information of grest interest to epizoology, to laboratory inves-
tigations, end to the preparation of immune serum for trestment and
prevention,

In addition to the writers’ studies with Vallée type A and Stras-
bourg type O, there was a limited opportunity to type several other
viruses.

SWISS SAMPLE

Through the courtesy of M. Biirgi, chief federal veterinarian of
Switzerland, & sample was obtained of foot-and-mouth-disease virus
contained in the coverings of a ruptured tongue vesicle of a cow
slaughtered at the munieipal abattoir at Berne, Switzerland. No
difficulty was found in propagating this virus in guinea pigs. It
was . carried through 55 passages and them discontinued. This
sample was designated “Berne” virus. Cross-immunity tests on
guinezcx} pigs, using Strasbourg type O wirus, revealed this strain as
type L.

TanLE 18.—Guinea pig cross~immunily lests, Strasbeurg and Berne viruses

First cxposurs Second arpasure

MNumber of

days before |

sepond ex-
posure

Stansbuurg type | 0ip20..___| Btrashonrg | Aug. 6,1925 | 6 negative .

trpo O,
B0emememe---| 1D 10 20 Berne do do

Fto4l Strnshourgt Oct. 2, 1925...| 3 negative...
typa O,

24 to 45 do do § negutive;
3 M, P.—

Seed
Strou.sbourg Lypo | 22 to 44 Rorne Oct. 3, 1925__.| 8 negativa.__|

Beroo- - .. 85 to 46 do__._ do. 7 negative; 1
NP,

! yrmal animnls were used to control tha activity of the virus.
1 Sea fugincte!, Tahla 15.
1 Tha number of duys between the frst and second exposures i sanimais developing mild, primary tesions,

As will be seen in Table 18, 14 guinee pigs recovered from Stras-
bourg (type Q) infection were entirely resistant to reinfection with
Berne virus. As a control, 9 guinea pigs recovered from Strasbourg-
type infection were also completely resistant to reinoculation with the
honrologous type. Of 9 animals recovered from infection with Berne
virus, 6 were completely resistant to reinoculation with Strasbourg-
type virus while 3 showed only mild, primary lesions. Of 8 guinea
pigs recovered from the effects of the Berne virus, 7 were completely
resistant to the same strain, and 1 reacted with only a mild, primary
lesion. Type A virus weas not at hand at the time so that cross-immau-
nity tests could not be mrde with that virus.
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O'I"HE'B STRASBOUEG SAMPLES

" Two samples obtained at dJﬂ'erent times from animals slaughtered
&% tho Strasbourg abattoir were easily transferred to guines pigs, -
After several passages active material from both sources was injected -
into two series each of six guinea pigs which had recovered from
Strasbourg type O infection. None of the animals were affected,
mdmatmg that Loth of these virnses were of the type 0. No test
was made with type A.

DANISH AND SWE’DISH SAMPLES

In March and April, 1926, speclmens of viris were received from
C. O, Jensen, chief federal veterinarian of Denmark, and H. Mag-
nusson, director of the veterinary bacteriological Iaboratory of the
Lin of Malméhus, Sweden, with thé requests that the type of these
viruses be determined. In connection with these samples the follow-
ing conditions prevailed in Denmark and Sweden.

%[n 1924 fovt-and-mouth disease became very extensive in Denmark.
The Lin of Malishus, Sweden, owing fo its elose proximity to Den=
mark, elso became involved and the disease rapidly spread to & large
number of herds.

- In Denmark the epizootic reached its peak in January, 1925, when
about 62,000 farms and 50 per cent of the whole number of animals
were affected. The epizootic gradually abated, but in February,
1928, a recwrrence took place in the districts which were involved the
.previous year. Tt is noteworthy that animals which had had the dis-
eage the previous year again confracted the melady, in many cases
in & much more severe form than in the first sttack. In Denmark
convalescent Serum was used extensively in the 1924-25 outbreak in
the treatment of the disease, as a result of which the severity of the
disease was moderated and the number of deaths considerably
reduced. However, the convalescent serum obtained from affected
anireals of the 1924-25 outbreak had no influence whatsoever on the
course of the 1928 disease, but convalescent seruwm from animals
affected in 1928 acted with beneficial Tesults.

The same conditions appeared in Sweden. In 1926 the disease
attacked animals which were effected in 1925. Convalescent serum
from 1925 ceses was of no avall in treatment of animals affected in
1926u1bu1; similar serum obtained from the Iatter animals proved to be
usef

The fact that the second epizootic swept through herds affected the
previous year, and the mefﬁcacy of the convalescent serum collected
the previous year and fhe favorable action of convalescent serum
obtained during the 1926 outbreak seemed. to indicate that this out-
break was caused by a type of virus different from that causing the
192425 outbreak.

S.mples of virus irom both Denmark and Sweden were tested by
the writers on guines pigs.since no large enimals were available,
The results follow.
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DANISH SAMPLES

Five separate samples of virus in the form of coverings of vesi- -
cles were received in glycerol-saline solution.. Only onesample was
easily transferred to guines pigs and this was propagated through
successive passages. Three samples were very irregulsr in their
action in guinea pigs; difficulty was experienced in adapting: them
to. this enimal. One sample could not be transferred. The cross-
immunity tests could therefore be made with only one specimen
designated Denmark 4, After the ninth passage through guinea pigs
this virus was inoculated into & guines pigs recovered from type O
infection with the result that all 5 developed promptly primary and
secondary vesicles. /9 guinea pigs recovered from type A infection,
7 wore unaffected by the Danish virus and 2 showed only mild,
primary vesicles. These results clearly indicated that this satnple

-was of type A. o ' :

These results were confirmed by the guinea-pig serun test, which
revealed that the 1925 outbreak in Dénmark was due to type O virus.
For example, 2 sample of Danish convalescent serum which had been
received in 1925 was then tested for its neutralization of type O, and
of the Danish type A virus.

TanLE 19.—Danish serum prepared in 1925 tested agniﬁss type O end type A viruses

Qusntity of Denish convalescent
Guloen pig No. | ' serum Vi.rua.

- Typ&a O, Strashotirg. oo -
0.
da

da,
..o
do
- --do.
do.
-] Type A, Donmnrk 4

L Pr.—35ee. = Primary vesiole gnly, Pr.+9¢p. = Primary and secondary vesieles,

As will be seen in Table 19, the Danish convalescent serum of 1925,
in quantities as small as 2 cubic centimeters, protected guinea }llnigs
agalnst generalization of type O virus. While one guinea pig which
had received 2 cubic eentimeters, and another which had received
5 cubic centimeters of serum developed secondary vesicles, these
results are in marked contrast to those in which the serum-treated -
guinea pigs were exposed to the Denmark 4 (1926} virus. In this
series of guinea pigs all developed secondary vesicles; amounts of
serum as large as 10 cubic centimeters failed to arrest generalization
of the Denmark 4 (1926) virus. - - :

These results show, therefore, that convalescent serum obtained
in 1925 in Denmark had a distinct retarding influence on fype O
virus, but had no effect on the course of the disease produced by
the Denmark 1 (1926 type A) virus. Hence the 1926 outbreak of
foot-and-mouth <!izease In Denmark, at least in a certain locality,
was caused by type A and the 1925 outbreak by type O virus.
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- . SWEDISH SAMPLES

Two samples of foot-and-mouth-disesse virus were received from
Sweden. One consisted of vesicular coverings obtained from s
guinea pig in the sixteenth passage, derived originally from s cow
with a second sttack of the disease within a year. The second sam-
ple consisted of fresh, vesicular coverings of 9 cow affected one year
after the first attack. - Both materials were suspended in glycerol.

The first sample could not be transferred to guinea pigs. The
second, from the cow, was easily transferred to the guines pig. Active
material from the first passage was injected into guinea pigs recovered”
from type A and type O infections with the following results:

Of 6 guinea pigs recovered fromn type A infection, 5 failed to reveal
any evidence of disease and 1 showed only a mild primary vesicle.
Of 5 guines pigs recovered from type O infection, 4 developed pri-
mary and secondary vesicles and I showed only a primery vesicle.
These results indicated that the Swedish virus was also of type A.

Tests with Swedish convalescent serum prepared in 1923 gave
results similar to those obtained with Danish convalescent serum.
In brief, the serum showed protective value against type O but none
against the Swedish 1926 virus and the commission’s Vallés A virus.

ence, here again the 1925 outbreak was caused by type O and the
1926 outbreek by type A virus.

IMMUNITY--IMMUNE AND HYPERIMMUNE SERUM
SERUM TESTS IN GUINEA PIGS

The discovery that foot-and-mouth disesse could readily be trans-
ferred to guinea pigs brought this species into prominence as 2 test
animal for a study not only of the virus itself but also of various
immunological problems.

Waldmann and Pape in 1921 (?8) reported on the use of guines
pigs as test animals for titrating hyperimmune foot-and-mouth-
disease serum (Loeffler serum), Their method was to inject a series
of guinea pigs subcutaneously with graded doses of serum and st
the same time to infect the animals with foot-and-mouth-disease
virus by scarifying the hairless pads of the hind legs and then ribbing
the virus into the scarified area. Controls of the activity of the virus
were elso used. They found that the serum failed to arrest the
development of the disease at the site of inoculation, for primary
vesicles formed in all the serum-injected animals as well as in the
controls. Generalization of the disease oceurred in a]l control ani-
meals and in some test animals which received small quantities of
serum. A cevtain amount of serum, depending ou its potency,
prevented generalization of the virus—pigs receiving that or larger
amounts failed to yield vesicles at sites other than the point of inocu-
lation. In animals which had received smaller amounts, however,
the disease did become generalized, 25 shown by the formation of
secondary vesicles. The amount of serum which prevented second-
ary manifestations was considered to be the unit of neutrsjizetion.
Normel horse and cattle serum, even in large amounts, did not pre-
vent generalization. A sample of convelescent serum, on the other
hend, protected against secondary lesions, but the sraount required
for that purpose was twenty times greater than that of hyperimmune
serum.
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EXPERIMENTAL TECHNIC

A largs number of tests were made with normal, convalescent,
and hyperimmune serums. The technic employed was in genersal sim-~
slar to that of Waldmann and Pape. Guinea pigs.were injected sub-
cutaneously with the serum and at the same fime were exposed to
active virus by scarification of both pads of the hind legs. Controt
guines pigs were inoculated simultaneously to check the activity of the
virus. It was found essential to use an active virus—one that would
produce primary vesicles in 24 hours and secondary lesions 24 to 48
hours later.

The methed of inoculation of the virus was as follows: Liymph
and coverings of vesicles of guinea pigs inoculated 24 bours previousl
were ground in & mortar with a small quantity of physiological salt
solution. A drop of this material was placed on the hairless pad of
each hind foot and numerous punctures made in the skin with a fine,
sharp knife or needle. The virus was then gently rubbed into the
injured skin. No attempt was made to measure the activity of the
virns. Al pigs in the test were injected in a like manner. Readings
were made every 24 hours for 10 days. Animasls which failed to show
secondary vesicles within that time were considered protected.

NORMAL BERUM

The effect of normel serum from cattle, swine, horses, guinea pigs,
and rabbits on the course of foot-and-mouth disease in guinea pigs
was first studied.

PROTOCOL 20

Normal serum from 45 cattle was injected subcutaneously into guinea pigs in
quantities of 5 and 10 cubic centimeters. The animals were then exposed to 24~
hour, guinea-pig virus by searifieation, Control animals to check the activity of
the virus were inoculated at the same time. Primary lesions appeared in 24 houxs
at the site of inoculation in all animals, followed in every case by generalizatios
of the disease as shown by secondary vesicles 24 to 48 hours later. That the caltle
from which this serum was obtained were susceptible to foot-and-mouth disesse
was later proved when they contracted the disease following artificial inocculation.
Likewise, numerous tests of normal swine, horse, rabhit, and guinea-pig serums
used in quantities from 1 to 10 cubic centimeters showed that the serum from these
different specics invariably failed to protect guinea pigs against the generalization.

It may, therefore, be stated that no substances, specific or non-
specific, could be demonstrated in normal cattle, swine, horse, rabbit,
or guinea-pig serum which were capable of protecting guinea pigs
ageinst secondary manifestations of foot-and-mouth-disease virus.
Tndeed it was often noted that the disease assumed a more severs
form in the normal serum-treated animals than in the controls.

IMMUNE OR CONVALESCENY SERUM

It has been found from field experience that convalescent serum
when used in large quantities has considerable value in lessenin
the severity of the disease in naturally susceptible animals, an
when the malignant type prevsils the mortality is reduced by its
prompt use. Protective power in auch serum can be readily demon-
strated by the guinea-pig test, and when a sufficient quantity of serum
is used, guinea pigs will be pro tected against the generalization of
the disease. This is in strong contrast to the ineffective action of
normal serum. The following experiment, which has been repeated
many times, illustrates the action of convalescent serum.
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PROTOCOL ¥

Each of twp guines pige was inoculated subcutancously with tHe following

uantities of convalescent cattle serurn: 0.5, I, 1.5, 2, and 5 cubic cenfimeters,

he same number of guinea pigs was inoculated with the same quantity of
nermal cattle serum, he animals were then exposed to 24-hour, guinea-pig virus
in the ususl manner, Two normal guinen pigs were aleo inoculated with the virus
alone ss controls for it activity. All showed primary vesicles in 24 hours.
The pigs injected with normal serum, those injected with 0.5 cubic centimeter
of convalescent serum, and the two controls yielded secondary vesicles from 24
i0 48 hours later. Those receiving 1, 1.5, 2, and 5 cubic centimeters of convales~
cent serum fniled to develop secondary lesions. This test demonstirates that 1
cubic centimeter of convalescent serum was sufficient fo protest guinea pigs
against generalization. Five cubic centimeters of normal serum, however,
failed to protect.

The potency of convalescent serum varies. It depends on the
individual from which it is taken and on the length of time between
recovery from the disease and the drawing of the blood. Reference
to Table 20 shows that within 23 days after infection, some serum
will prevent generslization in guines pigs in doses of 0.5 cubic centi-
Immeter, whereas between 1 am% 3 cubic centimeters of other serurns
are requi“ed to accomplish the same result. Serum collected from
guines pigs 10 days to 2 weeks after infection with foot-and-mouth-
disease virus ususlly showed sufficient protective properties in quan-
tifies of 0.5 cubic centimeter to prevent secondary lesions. Limited
time prevented any special study of the duration of protective bodies
in the serum after recovery, but it was observed that serums 1 to 2
months after infection were not so potent as thoss cbtained 2 or3
weeks after. It is generally held that the maximum amount of
antibodies is present from: 10 to 14 days after nfection. Affer a
certain length of time it may be impossib{e to demonstirate protective
bodies in convalescent serum, as the following test shows:

Serum from eight cattle, which was drawn from 80 to 210 days
after natural infection with virus, failed to arrest the development of
secondary lesions in guines pigs although as much as 5 cubic centi-
meiers was employetf The animals from which these serums were
obtained could not be tested for immunity, as they were not available
for further use. As a rule, immunity in catéle, however, persists for
a longer period than 210 days. It is believed, therefore, that all or
most of these cattle were still immune to the disease even though
protective bodies demonstrable by the guines-pig test had disap-
peared from their serum.

The application of the serum guinea-pig test as a mesans of deter-
mining the susceptibility of cattle to foot-and-mouth disease or for
diagnosis of their prior infection is, therefore, of limited value.

Data on the length of time that the serum retains its protective
activity are furnished in the following éxperiment. :

FPROTOCOL 22

The iiters of various convalescant serurns fested varied from 0.5 to 2 cubie
centimeters. Two lots of serumg,® A and B, were tested affer being held in o
cold chamber approximately¥ one yesr. In June, 1925, 1 cubic cenfimeter of
serum A and 2 cubic centimeters of serum B were found to prevent generaliza-~
tion of the disense in guinen pigs. These two samples were again tested in May,

BT hrongh the courtesy of D, H. Magousacn, Molms, Sweden, and Doctor Schmit-Jensen, Copenhiapen,
Donmark, seversl bottles of convaleseent serum were obtalnad, s prepared for use in those countrles in
combating foot-nnd-mouth dlsease,




HREPORT OF TEE FOOT-AND-MOUTH-DISEASE COMMISSION 80

1826. During this interval the bottles were kept in the eold chamber. Serum B
was found to be just as potent, but serum A was less active, its tifer having
fallen to between 2 and 5 cubic centimeters. Serum A was found to contain a
VEry heavgr precipitate which filled half the bottle, obvicusly a result of contam-
ination. BSerum B was free from preeipitate and was in good condition.

It appears, therefore, that convalescent serum can retain its potency
for at least one year if kept in the cold chamber and kept free from
contamination. Tt is also evident that bacterial contamiuation may
cause a reduction in potency.

The next step was to study the possible usefulness of convalescent
serum in preventing the formation of the primary vesicle at the site
of inoculation.

PROTOCOL 23

Three guinea pigs were inoculzted subeutaneously with 1, 2, and 5 cubie centi-
nieters respectively, of convalescent cattle serum A. The pads of the hind fest
of o fourth guinea pig were searified, a drop of the convalescent serum was rubbed
into the scarified area, and a small quantity of the serum was also injected intra-
dermically into the skin of the pad. Four additional guinea pigs were treated
in a similar manner with convalescent cattle serum B, In addition, two guinea
pi%s were injected with normal eattle serum. One received 5 cubic centimeters
subcutanecisly while the other was inoculated by scarification of the pad in 2
manner similar fo that given to the test animals.

Forty-eight hours affer the injection of the serum the 10 guinea pigs were
inoculated on both pads of the hind legs with 24-hour guinea-pig virus by the
wsual puncture-scarification methed. Two normal guinea pigs were inoculnted
at the same tine to serve as controls on the nctivity of the virus. As a result of
this incculntion all of the 12 guinea pigs showed after 24 hours well-marked
primary vesicles ab the sibte of inoculation. Between 24 and 72 hours later the
tollowing pguinea pigs developed secondary vesicles: The two cooirols, the two
ireated with normal serum, both animals given convalescent A and B serums
locally and the guinea pig which received I cubic centimeter of convalescent B
gerurm. .

Convelescent serum injected 48 hours prior to artificial exposure to
the virus failed, therefore, to prevent infection. Primary vesicles
occurred at the site of inoculation within the usual time of 24 hours,
Direct application of the serum to and into the skin of the pads on
the hind legs had no retarding effect on the development of vesicles
whon the virus was inoculated 48 hours later into these sites.

BYPERIMMUNE SERUM

Numercus tests were made on the setion of hyperimmune serum
in guinea. pigs. The sources of the serums were as follows: (1)
Loeffler serum, purchesed from the Staatliche Forschungsanstalt
“(the government research station), island of Riems, Germany; and
(2} serums obtained from various species of animals which received
numerous injections of foot-and-mouth-disease virus for the purpose
of hypertmmunizing. The Loeffler serum was received in original,
sealed flasks of 1,000 cubie centimeters. It was kept in the cold
chamber from the fime of its receipt and was used well within the
expiration date marked on the label,

PROTOCOL 24

A eomparative test was made with the following serums: 1 of LoefRer hyper-
immune, § from convalescent enttle, 1 from a normal hog, and 1 from a normal cow.
Guinea pigs were injested subcutancousty with .05, 0.1, 0.5, 1, and 3 cubic centi-
meters of the hyperimmune and convalescent serums, and 5 cubic centimeters
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of normal serum. Al animsls were then exposed to 24-hour, %uinea-pig virua
by the usual puncture method on the pads of the hind legs. ontrol animals
were also inoculated at the same time. .

Three convalescent serums proved to be as potent as the Loeffler hyperimmune

N serum. The titers were between 0.5 and 1 cubie centimeters. Two convalescent

serums showed a higher tiler, that is, between 0.1 and 0.5 cubic ceniimeter, and
three & lower titer, between 1 and 8 cubic.centimeters. TFive cubic centimeters
- of both normal serums failed to arrest generalization of the disease, These
" results are given in Table 20.

: .TABLE._ 20.—Comparative liters of hyperimmune, convalescent, and normal serums

Ssrum Duoyst| Date of test Tlter Berum Daysi Dale of test | Titer .

Cubie i Cubic
centi- centi-
melers melers
Hyperimmunp Convolescent  se- =
. (Loetfler) sarum Qet. 20,3926 0.51 _rum-—heiler 7..... Qct. 20,1025 | 0.51
Crnvalescent  se- Convnleseont  se-
rum—hoifer 13.... G1-0.5 rum—helfer 8. 3
Convalescont  se- Coovalescent  se-
rum—heifer 3_.__. 0. 6= rum-—bauli . 1 -3
Convilascont  se- Convelescant
rum—heifar 4.____ 0140, 5 ram—holfer 10 1 -8
Normal  serim— Neormal — serom— '
hailer b . 15 hog 4 15
Convalescent
rum—haifer 6 51

I The nuiber of dnys betwean infectlon and the collection of serum.
7 No protection was obtained,

These results are not in accord with those of Waldmann and Pape,
who found that Looffler hyperimmune serum by the guinea-pig test
gave protection with 0.08 cubic centimeter and convalescent serum
with 1.6 cubic centimeters. Through the courtesy of M. Biirgi, chief
fedoral veterinarian of Switzerland, a sealed liter bottle of Loefller
hyperimmune serum of s different serial number was obtained. A
comparison of this serum with the original lot tested showed no
practical difference between the wo.

From the foregoing test it may be concluded that two different
seriel lots of hyperimmune (Loeffler) serum showed no greater
activity than three convslescent cattle serums. On the other
hend, two other convalescent serums showed a higher measure of
protection, and two edditionel ones, a lover.

Loeffler hyperimmune serum elso feiled to prevent the appesrauce
of primary or inoculation vesicles when used as described in protocol
23 for convslescent serum,

The writers’ efforts to make a hyperimmune serum are illustrated’
by the following protocol:

PROTOCCL 25

In attempts to produce & hyperimmune serum, 5 guinen pigs, 4 rabbits, 3 cattle,
and 1 horse were ysed. These animals were given repeated injections of foot-
and-mouth-disease virus; most of the injections were made intradermically.
Asg the virue of foot-and-mouth disense is of an epitheliotropic nature, it was
thought that virus injecfed into the skin might produce a more potent serum
than virus injected by other routes. The virus for incculation was obfained
from the lymph and epithelinl coverings of vesicles from guinea pigs which had
been inoculated 24 hours previously. A few injections 'were also made with
;iﬁuleﬂt guinea-pig blood. The method of injection for each species was as
ollows:

Guines pigs.—Five guinen pigs which hnd recovered from fool-anrd-mouth
disease were used. The dates of inocculafion and method used are given in Table
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21. TFrom 0.25 to 0.5 cubic centimeter of a heavy suspension of virus was injected
intradermically in the skin of the thigh or abdomen. When the virus was injected
intraperitoneally 0.5 cubie centimeter was given, Blood was eollected from the
suimals five days after the last injection by severing the large blood vessels in
the throat. The scrum was collected, preserved with phenol £EO.5 per cent), and
stored in the ecld chamber.

Rabbits~——Four rabbits were injected with foot-mond-mouth-disease virus as
indicated by the method shown in Table 21. No evidence of foot-and-mouth
disease in any of these animals was observed subsequently, For intravenous
injections, 1 cubic centimeler of a heavy suspension of virus was given, and for
the intradermic in the nbdominal region, 0.5 cubic ecntimeter. Tollowing intra-
dermic injection of the virus, nbscesses were noted at the site of inoculation.
The same virus injected intradermically in the guinea pigs, cattle, and the horse
dict not cause such abscess formation. guppumﬁion following the intradermic in-
jection of foot-gnd-month-discase virug in rabbits has also been observed by others,
Tive days after the last injection of virus, blood was drawn from fhe ear, the
gerum collected, preserved in phenol 0.5 per cent, and stored in the ecld chamber.

Catile—Threc cattle, recovered from foot-and-mouth disense, were injected
with the virus ng indicated in Table 21. Intradermic injections of the viras were
made into the skin of the fold of the tail and into the mucous membrane of the
lower lip.  One cubic centimeter of a heavy suspension was the amount usually
injected. Tor intravenous injections, 10 cubic centimeters of virulent guinea-
pig bloed were used. TFive days after the last injectinn the animale were bled,
the serun preserved with 0.5 per cenb phenol and stored in the cold shamber.

Horse—0One horse received a number of injections of foot-and-mouth-disesse
virus as indicated in Table 21.  Although o large number of injections of active
virus were given, the animal never reacted with eymptoms of foot-and-mouth
disease. Intradermic injections werc made in the skin of the lower eyelid. The
amount usually given was 1 cubic centimeter. The subcutaneous dose was 2
cubic centimeters. The intravenous injection consisted of 5 cubic centimeters of
virulent guinea-pig blood. Serum was collected five days after the last injection,
preserved with phenol (0.5 per cent), and stored in a cold chamber.




TasLe 21—Preparation of hyperimmune serum

G6

EYPERIMMUNIZATION OF GUINEA PIGS

: . . 3 . | Dec. | Dec. | Doc. Dec. | Dec. | Dec. | Dec. | Dee. | Dec.
Date of inoculation 2% |7 T2 | s |"4 e 7 8 Ve || a2t

Method of inoculation? 2D LD LD |LPILDILD. | LDJLP|LD.|L P.|IL.D, LD LD,

HYPERIMMUNIZATION OF RABBITS

Dec, . | Dec: | Dee. | Dee..| Dee. | Dee, | Dec. | Dec. | Dee
Dae of troculation 7 T2 [ e e [Tr |78 e [0l 2 |

Method of inoculation ? . VAL VALDALVALDALD. L V. |[LD|{LV.|LV, |LD. LV

HYPERIMMUNIZATION OF CATTLE

: 3 3 .| Dec. | Dee, | Dec. | Dec. | Déc. | Dee. | Deo.
Date of inoculation 7 10 11 12 19 ar 22 2

Methed of inoculation LDILDYLD. LD, |LD. (ILD.{ILD.|LD.|LD.|LD,

HYPERIMMUNIZATION OF HORSE

Date of inoculation . D_ec. 10{ Dec: 11} Deec. iz Deg, 19§ Dec.21| Dec. 22

Method of inoculation 1. ...z 9 .D. .D. | LD, [ LD. | LD. | 1.D. .D, | LD,
. . B, 8, 8. 8. . 8.

FUOLINOIEDY J0 "IJEQ 'S "Q ‘9L NILITINE TYOINHOEL

. 11 D.=Intradermic; I, P.=Intraperitoneal; I, V.=Intravenous; .S.=8Subcutaneous.
. 3'Virus consisted of virulent guinea-pig blood,

v
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The pz_'otec;tive sction of fhese various serums was then tested on
guines, pigs as follows:
PROTOCOL 26

Five guinea pigs were used in testing each serum, Four were injected sub-
eutaneously with .005, 0.01, and 1 cubic centimeter of hyperimmune serum
respectively, and one guines pig was injected with 1 cubic eentimeter of normal
serum taken from each species before immunization, The animals, after the injec~
tion of the serum, werc exposed to zetive virus by the ususl purcture-scarifica-
tion method. Two control animals were employed ss checks on the virus, The
results of the test are summarized in Table 22.

Tanue 232 —Result of lests of serums of animals hyperimmunized

Source of serum, Tiiur of serum Source of serum Tier of sezum

Hetween . end 1 0. c. Tabblt 1__ i Batween 0.0 and G.1q, .

Qrentor thap L .o, | Do.

Buti 9 0, Do.

Pooled serum of five | Between 0.0l and i g.e, | Horsa .. Groater than T e. e,
guinen plgs,

The titration of the serum of the cattle gave results similar to those obtained
with convalescent serum. In the serum of one animsl a guantity between 0.1
and 1 cubie centimeter protected, and in ihatof the other two, 1 cubic centimeter
failed to prevent generalization. Decidedly betier results were obtained with the
gitinea-pig and rabbit serums., The guines-pig serum and the three rabbit serums
all showed a titer between 0.01 and 0.1 cubic centimeter. In respect to the horse
serum the largest gquantity used, 1 cubic centimeter, failed to show any protective
property whatsoever agnins generalization. All the guines pigs injected with 1
cubic centimeler of the normsl serum from each species showed generalization.
of the disease, as did the two virus control 2nimals.

Serum from rabbits and guinea pigs after numerous injections of
virus showed distinet, protective properties in smell quaniities, when
more then 10 times these amounts of normal serum failed.

From the experience gained from a large number of tests certain
conditions were found necessary to insure generally satisfactory
results. The guinea pigs should be of healthy stock in good con-
ditien, of medium or large size, and uniform weight. A sufficient
number should be used to overcome the factor of individual differ-
ences in reaction. It was frequently observed that guinea pigs suffer-
ing from malnutrition es e result of faulty diet or intercurrent diseases
were more resistant to infection when inoculated with the virus of
foot-and-mouth disease than were normsl, healthy animals., This was
manifested by the delayed appearance of the primary and secondary
vesicles. The failure of the secondsry vesicles to sppear in somse
instances was so frequent that the serom of similarly sick animals was
tested for the presence of antibodies. In no case, however, did the
serum of such animels in 1 to 2 cubic centimeter quantities prevent
the generalization of the disessa.

Owing to the large number of tests made it was at times impossible
to select the animaels properly and in some of the tests paradoxical
results were occasionally obtained. For exsmple, a guinea pig that
had received a certsin smount of a serum showed secondary vesicles
whereas an anims! that had received & smaller amount of the same
serum was protected. Such irregularifies may be a consequencs of
disproportion of the dose used to the body weight,
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Lack of time prevented special study on other methods of testing
serums, but 1t was felt that the guinea-pig test could be considerably
improved by other methods of inoculation of the virus, A more
ideal method might include a standard dose of virus and s method
of injection whereby the primary lesion would be eliminated.

ACTION OF HYFERIMMUNE SERUM IN CATTLE

For several years guinea pigs have been used to test the potency
of hyperimmune serum. 'I‘Ij’ne method employed is deseribed else-
where in this report under the heading “Serum tests in guinea pigs”
(p. 86). Although many reports have been issued concerning the
value of hyperimmune serum in preventing foot-and-mouth disease
in cattle under field conditions, there has been little direct experi-
mental work on the subject. TLoeffler and his coworkers tested each
lot of hyperimmune serum by the injection of two cattle, each weigh-
ing between 400 and 500 pounds, with 100 cubic centimeters of the
serum in one case and 200 cubic centimeters in the other, Twenty-
four hours later each animal, as well as a normal! bovine anima!, was
injected intravenously with 0.1 cubic centimeter of fresh virus.
Seruin was considered active if it protected the two treated cattle
while the control developed the disense.

A series of tests with Loeffler hyperimmune serum was made by
the writers on 12 cattle with resulfs as shown in Table 23,




‘TaBLE 23.-—Results of tests of hyperimmune serum. (Loefler) on cattle

Date of
Weight serum
injection .

uan-
8ty of
_serum
injected

Time
botween
serum
injection
and virus
exposure

Method of
exposure
to virus

Observations (1926)

May 20

May 30 | May 31

June 1

June 3

Results 1

Pounds
375. | May 11,71926_

{Mny 11,1026,
?Mn)(,'l 25, 1926.

Cubic
centi-
meters

100

100

Loeal seari-
fieation.

do.

Primary in-
oculntion
vesicle.

No otl

ar lesfons developed

75

75
60
60

Primary inoeu-
lation vesicle.

Lo MR

RS ) O

{Coutnct in-
| fection,

SRS+ () S

Other mouth.
esions.

Other mouth
lesions,

Feot le-

1

slons.
No other lesio
No other lesio

ns developed

ns developed |

l

do....

do
do

Pr.~Bec.
Negative.
Pr.+Se0.
Pr.—8ec.
Do.
Pr.4-Sec.

Negative.

Do.
Do.
Do.

Do.
Mouth - and
feet lesions,

1The abbreviations “Pr.” and “Sec.” signify primary and seconddry vesicle, respectively.

NOISSINWOD HSVASIC-HLAON-ANV-L00I ‘EHL J0 LIY0dTH

g6
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The serum was injected in several places under the skin of the neck.
The cattle were later ‘exposed to foot-and-mouth-disesse virus, either

" by scarification of the upper gum and applying virus, or by contact

with animals during the initial stages of the disense. Throughout
this experiment the cattle were so handled and stabled that exposure

4n all instances was limited to the time Indicated in the table.

The results of these tests indicate thab at 1, 8, and 14 days, respec-
tively, after the administration of the hyperimmune serum, the
animals were susceptible to local inoculation of the virus. In animals
61 and 75, exposed 8 days and 1 day, respectively, after the adminis-
tration of the serum, the disease became generalized. ©Of two cattle,
47 and 48, exposed to local virus inoculation 14 days after the admin-
istraticn of serum, one showed only a local inoculation vesicle, and
the other was unaffected. Tho failure of one to develop the disease,
and the appearance of only local lesiong at the site of noculation in
the second animal of this group can hardly be explained by the doss
of serum. _

In proportion to the weight, there was no great difference in the
smount of serum used in the two animals. Both were suffering
from papillary stomatitis * which involved a considersble portion
of the mucous membrane of the gums, lips, and palate. This disease,
however, did not necessarily csuse the results obtained, since the
writers had no difficulty, on seveval former oceasions, in transmit-
ting both types of foot-and-mouth disease and also vesicular stoma-
titis to animals affected with or recovered from peapillary stomatitis.
The fect that the serum failed to protect the sanimals T and 8 days
after its administration indicates that it alone, could not prevent
the development of lesions at the site of inoculation ; hence an explana-
tton of the failure In the 14-day animals should be based on other
grounds.

In the test of exposure to foot-and-mouth disease by contact, the
commission found that one animal, No. 60, exposed from 10 to 12
days after the administration of serum, exhibited lasions in the mouth
and in the feet. The others eseaped infection. It is evident that the
extent and severity of contact exposure cen not bs so well controlled
as the inoculation of virus by scarification. In these tests the writers
were Unable to control {by means of normal cattle) the infectivity of
each animal which acted as a source of the virus for contact exposure.
Although exposure in this test appeared to be severe, yet in another
contact experiment made at the same time, three out of seven con-
trol animals failed to develop symptoms during the period of obser-
vation.

These tests indicate that serum in full doses, and even in larger
doses than those recommended, fails to protect against local inocula-
tion vesicles and genoralimtion when the virus is administered locally.
On the other hand, all but one of the treated animals failed to develop
thf disense when exposed within 8 to 14 days to ordinary. contact
infection.

* Papillary or papuiar stomatitis resombles the discase deseriberd by Oatertag and Bugea (60). It mani-
fosts itself by tho formaticn of civctine or oval nodules, varying fron 0.3 to 2.5 contimeters ln dinmeter,
Theae are sharply deflned by distinet, reddanacl bordars of atwut 0.5 to 1 mitiimeter In width., Later they
nssiuma o granulating, vecrpeous geowth, Thoy appear usually an the gums, palate, and inner surface af
the liBs and cheeks, antl ecenslonally and mild]]y on tha tongue. Chanoges in othar parts of the body ware
not observed. Complete heallng tokes plpca w thin about two weeks, In France, many of the puthorlties
belleve the nilment i3 cansed by an Irritating or infections substance in the feed.
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IMMUNITY FOLLOWING. INFECTIONS OF IMMUNE SERUM ANMD VmUS | L
o . GUINEA PIGS :

. The writers have already referred to the measure of protective
action of immune serum in the guines-pig test by the appearance
in these animals. of primary but not, secondary lesions if a pad inocu-
lation of the virus follows shortly ‘the injection of serum. On, the
other hand, failuré of protection in guinea pigs is shown by these
enimals reacting, ynder similar conditions, with both primary and
- secondary lesions. _ - —
Seventy guinea pigs which were injected with cattle-immune serum
and then exposed to virus, were later subjscted to pad inoculation
of the virus ta tost their immunity, The results ¢f the later injecs
tions are recorded in Table 24. ' ' : B

Tante 24, —Immunily following calfle-immune serum plus virus injections in
: guines pigs :

Immun;:?&gﬁ_t:iiﬁg;mmm . Emmanity tet with virug

MNombar
of %ulnua
B

s in Results! Days : . Resuliz!
tost halore Date:

second : .
Pr.—Sec.| Pr.-+8ee.| axposnre Pr.—See| Negatlve

" 101-103 | Nov. 25,1895 |
: .

Jp— 11 ]

Q.

I [ ]

lo.

R 1))
Fab. 12, 1028
()

! The torma * Pr."” and * Bec.” indicate primary and secondary vasicles,

It is observed that of the 20 guinea pigs which showed primary
but no secondary vesicles following the serum plus virus injections,
none resisted completely subsequent pad.inoculation. Six developed
primary snd secondary vesicles and 14 primery vesicles only. Of
the 50 which showed both primery and secondary vesicles as a result
of serum and virus inoculations, 10 revealed only primary vesicles,
none revealed secondary vesicles, and 40 were found to be wholly
resistant. : : : S .

These tests indicate a difference in the degree of immunity in the
two groups of guinea pigs and show that when protection is afforded
by the cattle serum plus virus injeetions, the immunity is not so solid
as thet in guinea pigs which have recovered from infection by the
virus itself or in animals in which the sexum afforded no protection.

Additional data relating to the effect of this procedure on immunity
gre aveilable in o similar test on 15 guinea pigs which had recovered
from serum plus virus injections and ﬁu;;- were given pad inoculations

02678°—28——T7
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of virus. The serum injected in these animals was derived from
horse, rabbit, and guinea pig. The results follow:

Serum frem a horse, supposedly hyperimmunized, was injected into four

uines pige, which. were then exposed to virus by scarification of the pads of the

iﬁjnd lega.  All these animals showed primary and secondary lesions, ~ On second
injection with virus, 37 days afterwards, all remained normal.

Berum from a hyperitnmune rabbit was injected into 8 guines pigs which
were then exposed to virus by the ususl scarification method. Four showed
primary and secondary vesicles and 4 only primary lesions., All the former
remained normal after inocuiation with virus 87 days afterwards, but of the 4
of the eecond group, 2 remained normsl and 2 showed primary lesions only.

Peoled serum from hyperimrmunized guinea pigs was injected into 3 guinea
pigs which were then exposed tc virus by scarification of the pads of the hind
legs. Two of these animals showed pritnary lesions only while 1 yielded botk
primary and secondary vesicles. Of the former, 1 reacted with primary vesicles
upon reinoculation of virus 37 days afterwards and the other remained normal,
as did the one which showed both primary and secondary vesicles,

To sum up, the resistance shown in these tests was more solid
than in those in which cattle-immune serum was used, for in no
case were secondery lesions induced by reinoculation with virus.
Furthermore, all guinea pigs which had shown primary and secondary
vesicles as o result of serum plus virus injections resisted completely
subsequent pad inoculations of virus.

The results obtained in these tests arein accord with those reported
by Waldmann and Trautwein (79). However, their deduction that
in the simultaneous inoculation the production of immune bodies
is hindered by the use of heterologous, immune serum, whereas wher
homologous serum is used the effect is the same as obtained when
virus alone is used, is not borne out by the findings. In the tests,

immune-rabbit serum and virus produced just as solid protection in
gmnea pigs as did immune guinea-pig sercm and virus.

ATTEMPT AT IMMUNIZATION WITH AVIRULENT BLOOD

Active guinea-pig blood was defibrinated and placed in theincubator
et 37° C. for 48 hours. Tests on guined pigs showed this blood to
be then avirulent. Of 11 guinea pigs 3 were given three injections
of 2 cubic centimeters of this material subcutaneously, 4 received
three injections of 0.5 cubic centimeter intradermically in the right
thigh, and 4 were given three inoculations in the hairless pads by
scarification. These injections were made August 21, 26, and 31.
{On September 6 all the animals wers reinoculated with active virus
by scarification of the pads of the hind legs. All animals revealed
primary vesicles at the site of inoculation, end later secondary vesicles.

COMPLEMENT-FIXATION TESTS

Complement fixalion as a test for specific foot-and-mouth antigen
or antibody reactions has been reporited hitherto as valueless. The
cominission’s results also were unsuccessful. ’

Attempts were made by the use of hyperimmune and immune
serumns to detect antigenic substances in various tissues of animals
affected with foot-and-mouth disease. The hyperimmune serums
consisted of Loeffler serum and that of guinea pigs and rabbits which
had been given repeated injections of virus and which, according to
guinea-pig titrations (detalled in the discussion of serum tests in
guiner pigs, page 86) showed a high degree of activity. Serwmn from
convalescent catitle was also used.
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Virulent guines-pig blood suspended in physiclogical salt solution,
and virulent blood laked by the addition of distilled water to release
any virus contained in the red cells, showed no antigenic value when
tested with specific serum. Similarly, negative results were .also
‘obtained with fresh, active, vesicular fiuid suspended in physiologicsl
salt solution or distilled water, with similar material precipitated
with acetone, and dried and suspended in saline solution; and -also
with fluid and coverings of fresh vesicles of guines pigs, ground in
saline or distilled water snd shaken for several hours. Moest of the
material for the preparation of antigen was obtained from guinea
pigs, but several tests were made with coverings of vesicles from
cattle and from swine.

Because the hyperimmune-rabbit serum showed a high titer as
read by guinea-plg test, it was chosen as beat for demonstrating anti-
gen. _An interesting result was obtained with this serum, the details
of which follow, '

An antigen was prepared from fluid and coverings of fresh vesicles
from guinea pigs. The material was thoroughly ground in sand and
distilled water, placed in & shaking machine Tor two hours, and then
in the ice box overnight. The next dey this antigen was tested with
‘hyperimmune and normal rabbit serum. The latter was obtained
from the same rebbit before hyperimmunization was begun.

Certain rabbit serums when inactivated at 58° C. contain anti-
complementary as well as nonspecific, complement-binding proper-
ties. However, by carbolizing and heating to 62° for 35 minutes,
these objections are eliminated when 0.05 and 0.1 cubic centimeter
ere usec for test.

Therefore, rabbit serums were employed which were inactivated
at 62° for 35 minutes, and tested agsinst an antigen prepared from
fluid and coverings of vesicles of guinea pigs. A marked complement-
fixation reaction was noted; 0.15 cubic centimeter of the antigen
produced complete fixation of complernent with.0.1 cubic centimeter
of the hyperimmune serum, while 2 cubic centimeters of the antigen
in the presence of 0.1 cubic centimeter of normal, rabbit serum showed
no anticomplement action. Antigen and serum control tubes
showed no avidencen(?]i}yanticomplementary action.

The hyperimmune serum had been prepared by injecting rabbits
with fluid and coverings of vesicles from guinea pigs. To check the
specificity of the reaction an antigen was prepared in s similar manner
'with the hairless pads of the hind legs of normal guines pigs and tested
agdinst the hyperimmune and normal rabbit serums. An identical
roaction was obtained with this anfigen, indicating that the rabbit
had developed immune bodies against guinea-pig protein. Such
nonspecific reactions should be considered always, since in the absence
of a pure culture of virus an antigen containing a mixture of different
proteins must of necessity ba employed.

Hyperimmune-rabbit serum also gave & negative reaction when
teséeﬁp against an antigen prepared from coverings of vesicles of catile
and hogs.




100 TmCHNICAL BULLETIN 76, U. 8. DEPT. OF AGRICULTURE

PERIOD OF INFECTIOUSNESS IN CATTLE AND IN HOGS

A limited study was made.of the period of infectiousness of animals
-with foot-and-mouth disesse, by determining the length of time that
certain substances removed daily from the animals remained virnlent
for guines pigs. These substances consisted of blood, urine, shreds
of epithelium from tuptured vesicles, and saliva.

Material from the mouth was obtained by rubbing sterile coffon
swabs over all observable lesions. If no lesions were present, the
swab was passed over the tongue, gums, and dental pad. In some
cases use was made-of sierile, wooden spoons whereby lesions on the -
back of the tongue could be reached. These spoons were valuable as
well for collecting considerable saliva. Whenever possible, epithslial
shreds from vesicles were used, but as a rule they disappeared quickly
after rupture. Later material, therefore, consisted in the main of
that collected by the swabs and the spoons. :

Material collected was ground in a mortar with physiological saline
solution and injected into guines pigs In the usual menner. The
guines pigs were kept under observation for at least 10 deys after
moculation. For the sake of convenience the experimental data are
given in Twiles 25 to 35. Kach unimel from which material was
collected is considered separately.

‘Tanpne 25.—Resulls of inoculations of guinea glgs with matericl taken daily from
infecled heifer 1, inoculated intramuscularly September 30, 1926, wilh Strasbourg
guinea-pig virus

. Moterial used for
Data Temperature nud symploms of belfer guines-plg inoculntions

°F
.88, m. Noevideove of di
. Ivouth lesion Moulth awah : .'Er‘-ILSec.
Ed [y ) [+

584 .
ib2 a. &1, LS p.m deo Neg;_ltiva.
1014 0. ., 1GL.6 p. 2. do.? Tr.4-Sec.

LG a, m, 08p.m de.
1080, m., 1014 p. m. do.
101.8 f. ., 1GLE p. M [

1 ' Tha shbreviations “ Pe.' and * 8ee.” indicate primary nnd seccndary vesleles of foot-ind-month disense.
t Contained & smnll plece of tongue epithelinm,

Heifer 1 was inoculated intramuscularly September 30, 1925, and
showed lesions in the mouth October 5. Swibs of oral cavity col-
lected October 5 and 6 proved to be infestious to guines pigs. Swab
tsken October 7 was negative, but that of October 8 was positive.
This materisl contained a small piese of epithelinm of & ruptured
vesicle from the tongue. Swazbs taken October 9, 10, snd 13 wers
wogative. Hence, oral swabs contained virus three days after the
appearsnce of the firs$ lesions. :

Heiler 2 contracted foot-und-mouth disease September 26, 1925,
following natural exposure to heifer 10. Materials taken from the
mouth Septermber 286, 27, and 28 were infectious to guinea pigs, but
later specimens were negative. Therefore, virus was present two
days after lestons were first observed. (8ee Table 26.)
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" TinLE 26.—Reaulle of noculations of guinea pigs with material laken daily from
‘heifer 2 tnfected wilh foot-and-mowth disease September 26, 1925, by natural
exposure o heifer 10

Dats

Tempersture and symptems of heifer

Material used for
guinea-pig imoouiation

o

163.7 8. m., 144 p. m. Mogth lesion
02, m

Month swab
do

Sept.

100.6 6. m.  Feet lesion

do

i4a m

do.

Sept. 30_____.

if2da m,08p m

do

Pr.4-Bec.
Do,
Da.

Negative.
Do,

Oct, 1. 10i.2a. m., 1014 p. m, PR Do.

t The sbbravistions ** Pr.” aod ' Ber.” indicate primary ond secondary veaielas.

Heifor 3 was moculated by scerification of the mouth September
17, 1925, and showed lesions st the site of inoculstion September 18.
No material was inoculeted on that date. On September 19 blood
was drawn ab 10 o. m., when the temperature of the anima! was
102.6° ¥., and wes injected into a guines pig with negative results.
At 5 p. m. the temperature of the heifer had risen to 106°, but there
was n¢ opportunity to eollect s second semple of blood st that time.
Mouth swabs and shreds of epithelium of ruptured foot vesicles taken
on September 20, 21, 22, and 23 were capable of infecting guinea pigs.
A mouth sweb on the 24th wes positive and foot material negative.

-Guines pig 503 imoculated with mouth swab September 25 was
killed four days after mmoculation because it was affected with some
intercurrent disease, but up to that time the animsl showed no evi-
dence of specific infection. Mouth swab contsined virus six days
after appearance of first lesion. {See Table 27.)

Tasue 27.—Resuliz of inoculalions of guinea pigs with malerial laken daily Z)‘rom

infected heifer 8, inoculnied locally by scurification of the gum and dentel pod

Seplember 17, 1525, with guinea~vig Strasbourg virus

t

Material used for
Temperature aud symptoms of helfer Egmmtpig Tased for

Quingn

Date pig No.

[

1 g m., 1033 p.m. Mouth jesion
A4 1¢2.0 0. 1., 106 p. @

ig3.3 n, m, Foot festons

iH.2n. m., 1018 p. m.
.t 103.6 8. oy, 404 oo m.

Wld 8,

Blood, 102, m
Nouth swob
-tlo_

| Beegative.
Pr.4-See.

o.
Fool materinl
m, 14 p.m J\‘Iou:h swab___
MMonth swab___

Mouth sweb

0100
. 0L3a,

m., I2ip. m
W, 102, m

t Tha abhroevintions ** Pr.,” and “*See." indieate primary and secondury' vesleles.
* HiHed Oct, 99, 1925, on weeount of fnlevcurrent disensa.

Haifer 4 'was incculated intradermically September 30 and showed
lesions at site of inoculation at 8 &. m. October 1. The temperature
of the animal at this time wes 104.8° F. Blood was collected ab
10 a. m. and injected into a guinea pig with negative results.

Materiel collected on mouth swabs October 2 was positive, but
on October 3, negative. No further tests were made.

Result: Mouth swabs contained virus on the third day after first
® appoarance of lesions, '
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Tinss 28 —Resulls of inoculations of guineg pigs with material fuken daily from
infected heifer 4, inoculated September 30, 1928, iniradermically on upper gum
with guireg~pig Strasbourg virus

Date Temperatyre gnd symptoms of hetfer | Matarial used for Result

guinaa-pig inoculations

izt °F,
Bept.30_____ .l 0%e.m, 1022 0.5 .
Oct, Loo_....| IM.890. m, Month lesiens ____...-.. Blood collected 10a. m. Megative,
Ho.m Mouth swab Pr.+4-See.
102.8 5, m,, I8 p. m, TFoot lest L[ . Nogutive,
- l28a. m de.... Pr.+8ee.
Qet. 5oL We2s, m,, 1022, Mmoo do Negatlve,

I The shiroviations “Pr." gnd # Sec.” indicate prhnary and secondary vesicles,

Heifer 6 was imoculated intradermicelly September 17 and showed
lesions of the disease at the site of noculation September 18. Blood
drawn September 19.at 10 a. m., when the temperature of the animal
was 104.8° . yielded a positive result when inoculgted into & gunes
pig. Urine collected at 3 p. m. on this date was mjected mto &
gines pig with negative results. Mouth swabs were infectious from
Septomber 20 fo 24 and negative after that time. Foot material
was negabive September 22, posifive September 23, and negative
September 24. Active material was found in mouth swabs six deys
efter first appearance of lesions. (Ses Table 26.)

Tance 29.—Results of tnoculalic s of guinea pigs with malerial iaken daily from
infected heifer 6 inoculaled ialradermically Seplember 17, 1825, in dental pad
and lower hvp with guinea-pig Sirasbourg virus

Material used for

Tomperaturo and sympioms of haifer @uinea-pig inccylations

1016, m., 1038 p.m. Leston at slte of

ingeulntion

1048 3. @., 105 p. m ’ : Bt oo

Bapt. 20 105 5, m, Yool loslons Pr. 4 8Sec,
Hapt. 2% WM. m, A Do m fa .Bo
. 0,

Sept. 22 18 8. m., 1042 {ﬁm s Neaniio.

viouth swab_... T. e,

163 g. m., 134 p. M Foot material .. D

7,
1036 8. T, G B . : Pr. -+ Beg.

Hegative.
s m,ipipm Do,
0.4 c.m
g m, 3l8p. m
JJi2de.m, 162p. mo

1 The ohireviations “Pr.” and “Sec."” lndleate primary and secondary vesicles.

Heifer 7 was inoculated by scarifieation of the mouth Sepiember
17, 1925, and showed definite lesions at site of inoculation September
19. On this dey the temperature of the animsl at 9 o. . was 104°F.,
and at 5 p. m. 106°, Urme collected from this animsl at 3 p. m. was
injected mmto & guinea pig with negative results. Mouth swabs wers
positive on September 20 and negative after that time. Foot material
was positive on September 22 but negative thereafter. Virus was
found in the feet three days after first appearance of lesions. {See
Table 30.)
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Tance 30.——Resulls of inoculations of guines pigs with malerial taken daeily from
tnfected heifer-7 inoculated by scarificatien of the gum and denial pad with guinea-
pig Strasbourg virus Sepiember 17, 1985 B :

Platerial used for Guines
Data Temperature snd symptoms of haifer guines-pig inoculations| pig No. Hesult 1

=

102 5. m., 103.4 p. m. No definito Ie-
{any

B .
1M 4. m., 106 p. in. Mouth lesions.___| Urige, 3 p, m MNegatlva,
1M.2e. m, ‘Footlesions_..____________| Mouth swab ; Pr.-+5ec;
104.28.20 d Negg.ive.
4,

120 m., IM4p. m B -I—So. .
102,6 8, o1, 1084 0. b & Nﬂgil:;é‘:e.

Mo m i Dot

Mouth sweb_.__._____
do

1 The abbreviations * Pr.” and “Sec.” Indieate primary and secondery vesicles,

Heifer 8 was inoculated locally September 30, 1925, and showed
lesions at the site of inoculation October 1, 1925. Blood colected
at 10 a. m. (temperature 102.2° F'.) gave negative results when injected
into a guines pig. Mouth swab collected Qctober 2 produced lesions
of disease when inoculeted into a guinea piz. No further materiels
were taken from this antma!. (See Table 31.) :

TanLe 8l.-—Results of inoculations %r guinea pigs with material faken daily from
infected heifer 8 inoculated locally Seplember 30, 1926, with guinea-pig Strasbourg
virug o

Date Temperaturn snd symptoms of heifer mﬁggﬁg}'ﬁn‘fgﬁﬁﬁjm ggiﬁ? JRasalt1

1925 °F,
Oet. 1_..._... 102.2a.m., 102p. m, Bhowsruptured | Blood, collected 10
vosiclo, n.om.
Oct. 2. ... 1024 5. m, 103 p. 10 Mouth swab

MNegative,
Pr.+Bee.

550
560

{ Tha abibrovlations ¥ r.” aq":"‘Sec." indicaty primary and secoundary vesicles.

Bull 9 was inoculated intramuscularly September 17, 1925. At
4 p. m. September 18 the animal had a temperature of 104.4° T, but
no lesions of the disease could be seen. A sterile cotton swab was
rubbed over the gum and tongue so that it was well moistened with
salive, MMaterial from this swab injected into s guinea pig gave
& positive result, indiceting that the virus was in the saliva ‘before
any lesions of the disease could be noted. A sample of blood col-
lected ot this same time also gave positive results in guinea pigs.
Mouth swab was positive September 22 ; foot materiaﬁ and swab
wore nNegative on the 23d. (See Table 32.) On September 24 and
25 meterial from the mouth and foot were positive, but the results
on these days may have been due to probable contamination of mate-
rigl by heifer 10.  Heifer 10 had very elose contact in the ssme stall
with bull 9. Heifer 10 developed theé disease SBeptember 24 and from
this date the possibility of contaemination of bull 9 with virus from
heifer 10 can not be excluded. It appears, then, that saliva or mouth
secretions removed before the appesrance of lesions contsin virus,
Blood also is infectious at this time.
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TasLE 32 —Results of inoculations of guinea pigs with matennl taken daily from
infected bull 9, snoculaied Seplember 17, 1926 tndramuscularly with guinea-pig
S.',msbourg virus -

.| Temperature-and symptoms of helfer

Matarial used for
muines-pig inoculations

Sept. 28 ...

B3

e
10148, m., 14 4 p. m., Noindication
ol lesions.

1M.5 8. m,, 105.3 p. m. maeuth lasion.
1H.6 6. m., Foot ledions
10348 m, M4 p m....

Month awn.h, collent-
eddp.m
Blood, colleated 4 p.m,

MMoath swab
do

100.8.4. m., 102 p. m
1014 a. m., 10L.8 p. m

1018 n. m., 1014 p..1n
101.2 0. M, 1022 [, m,

L [ TN
WNaw tissuo 1

MIouth swab..

Foot material

Motutth swab.

Foot, material

Mouth swab._.

Pr.+Ber.
To.
Da.

Negative.

Pr.+8ec.

Negative.?

Nagntivoe.
D,

Pr. -I-Sem

Do

L The ntibrevlationa “Pr,” apd “Sea.” indicats primsry and sscaondary wesitles,

1This 1&&{21:1 to the henvy, yellowlsh wall-ocganizedl exudlate that o many cases.covers tha ercdion in the
process o ing,

1 Positive reaulT.s later than this date must be attributed io probabla coptamination- of material from
belfur 10 which wes placed in sema stable with holl #on Sept, 19, and developed faot-nnd- mouth {lizepse
Matezial from helfer 10-proved to be iniectious on galuea-plg tnoculstlon Sopt. 28, Bee Table 33

Heilar 10 was exposed to bull 9 September 19. Mouth swabs teken
on the 21st and 22d were negative on guinea-pig inoculation. Mouth
swab teken on the 23d was infectious for.e guinea pig, although
careful examination of the mouth failed to show any evidence of
lesions. Mouth swabs wers positive on September 25 but negative
after that date. Therefore mouth swabs contained virus one day be-
fore lesions were seen and for ons day after their first appearance.
Since animals 9 apd 10 were stabled together it is possible thatb
active virus inoculated into guinea pig 484 may have come from
bull 8. However, the fact that inoeulations from bull 9 -were negative
three times before the appearance of lesions in heifer 10 reduces
this probability. Environmental contemination, however, can not
be entirely eliminated in this case. (See Table 33.)

TasrLe 33.—Resulls of inoculations of guines pigs wilh matmai taken daily from
infected heifer 10, exposed to bull 9, September 19, 1925

Materinl nsed for
guinan-pig inoculations

Tomperature sod symptoms of helfer Gulnes

°F.
103 &, m-.
102, No mdwntmn of lesions.
10168, m,, 103 p
101.7 . 11, ' 163, 2 p m Noiodicatlon
of lesiona.
1016 g m., 102.8 p. m. No iodieation
of lestons.
IH4g m., 14p. m. Firstevidence of
disease. Month lesion,
103.4 a. m., 195 . @
10Z2.8 a. m. 3
10248, M.
| 101.8 8. m,, 102 p. m

Mouthawsb______.___
do

| The sbbreviations * Pr.” and “Sec.” indicate primary and secondary vesicles,

Hog 1 wes inoculated by scarification of the mouth September 30
and -showed lesions at the site Qetober 1, 1925, Shreds of epithdlium
of vesicles from the feet were infectious for guinea pigs until October
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4, After that time guines-pig inoculations ‘were negative. Hence,
‘epithalivm from.coverings of vesicles in the feef were infectious three
‘days after vesicles wers first observed, but not later. (See Teble 34.)

Tanrr 34-—FResulis of inoculations of guinea pz'%s awith ‘malerial laken daily from:
infested hog I, inoculaled September 30, 1825, by scarificalion of the snoul with
. guinea-pig Slrasbourg virus

Tomperdture and symp- Material used for guinea-pig Gulnen .
toms of hog Inoculation i | pig Ne. Regult !

°F,

.6 §. m,, 105 p. m.
Mont: lesion.

1054 g, m., 1006 p. o
Feet lesions, :
06 m,, 105 P. Maeemee o caﬁri?" from unrypinred vesicle

of foot.

e} 1036 . Cgv{erlng from ripiured foot ves-

icie, ’

o By 1084 B, T, MM DM Foot materinl raptured vesicla. ..

HY A0, ., 1002 .o m do ;

HMg.m., W5p m Foot material spparently unmp- 2]

L e em and ing of c-2
- 050 2P clium and covaring o . -
105 0. m., 163 p. oo ¥ nnarontly uncuptured veaiclo, }

1K.Bp, m, 1H2p m | Foot muterial, ruptured vesicle.... { g:nl_?

! Theabbravintions " Pr.” ond " See.” indicats primary and secondary vesicles.

Hog 2 wis inoculated intravenously September 30, 1925, and foo}
lesions were noted QOctober 1. Pieces of epithelium .of ruptursd ves-
idles on the feet October 5, 6, and 7 were negative on guines-pig
dnoculation. In this case vesicle coverings collected four days after
first lesions were observed were not infectious for guinea pigs. {See ~
Tabls 35.)

TABLE 35— Resulls of inoculaiion of guinea pigs with material taken deily from
infecled fog 2, injecled intravenously September 80, 1835, with guinea-pig Siras- -
bourg virus ) ’

Temperatura ond symp- Materigl nsed for guinea.pig Guinea : -
Dato toms of hog Inoculntion pig No. Result !

1026 °F, .
o dlooooool| 1G53 A, m., 160 p. m. | Neneceollacted.
Font iésion.
H.8 5. m., 1054 DML e
Wia. m., I6p.m da

. dao.

Wida. m,dip.m Covering of ruptured vesicla ‘Negtive.

4.8 p. m,, 354 p. mio....| Coverlngs fromt raptured gnd ap- | - 583 .
parently unriplured vesicles. ’

103,64, m,, 4.2 p. M Coverings from ruptured vesicls., 593 Do,

In conclusion, it should be stated that the results of the series of
testy are fregmentary because of limitations of time and also of
animals. Negative results are hedged in by doubt since a larper
number, fully four or five, of guines pigs should be used when dealing
with small quentities of virus, for under such conditions it sometimes
happens that only one of the test animals may show positive results,

These tests confirm the findings of others, thet blood and saliva
may ‘herbor the active virus of foot-and-mouth disease before the
lesions of the disease are present. The activity of the virusin the
vesicular fluid and in the coverings of both ruptured and unruptured
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wesicles decrpases rather rapidly. Its presence was not demon-
-strated by the writers later than six days after the appearance of
lesions; and in the majority -of tests with one guines-pig inoculation
eebive virus was not demonstrated later than three days after the
aﬁ)pea.rance of the lesions. The important prectical significance .of
these findings is thet in animal inoculations for the purpose of estab-
lishing diagnosis only material from fresh, vesicles not more than
2 days old should be depsnded on.

That the virus was present even before the rise of temperature
s strongly indicated, but not proved, by the testswith mouth swabs
of heifer 10. {Teble 33.) Circumstances surrounding these tests
are set forth in the protocols.

SURVIVAL OF THE VIRUS OUTSIDE TEE ANIMAL

Experiments on the survivel of the virus outside the animal were
limited by the shortness of time at the disposal of the commission.
An attempt, however, was made to study this problem and in a
previous section wers described some tests on viability of the virus
m earthworms and soil. In addition, the following date concern the
survivel of the active agent in tissue fragments i hay.

Coverings of unruptured, lingusl vesicles from two cows with
foot-and-mouth disease were collected and cus into fragments approx-
imately 10 by 7 by 3 millimeters. Each piece was loosely wrapped
in & small bundle of hay and placed in a cheesecloth sack (12 by 25
centimeters). The sacks were fastened with long strings and dis-
tributed in o stack of hay in one of the stables. At definite intervals
& sack was withdrewn. The tissues when removed were found to
be considerably shrunken and brittle, heving & refractile appearance.
They were ground in & mortar with sand end physiological saline
solution and inoculated into guines pigs in the usual manner. The
results of the inoculations are given in Table 36.

Tasve 36—Resulls of guinea-pig inocult_ztéons with virus kepl in hay for varying
periods .

Bam-| Mima Quinea Ssm-
1;‘}lcs kept in | pig inoc- ple Result L
0. hay wister o,

Days Nunber
¥

7

12 Pr.—Hee.

Pr. Dled affar 4 doys.
Pr.—Bec.
20 : Lo,

Da.
24 M. P.—Sec.

| Phe sbbroviations “Pr,," * M. B, aod * Sec." lndicate primery, mild primary, and secondary vesleles,
raapectivaly.

Table 36 shows that the virus of foot-and-mouth disease as it
exists in the epithelial coverings of unruptured tongue vesicles
of ¢attle and kept in hay at the temperature of the stable was active
for guines pigs for 30 days but not for 50 days.
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Tt is pointed out elsewhere in this report that in the living animal
the virns contained in the epithelial coverings of vesicles rapidly
loses its ability to induce the disease in oa pigs. It may s=o
happen, however, that coverings of a freshly ruptured vesicle rich
in virus may become detached from the ammal and fall to the

ound. That under favorable conditions such virus may retain.
1ts activity for a long period is indicated by the results of the fore-
going experiment.

CARRIERS OF FOOT-AND-MOUTH-DISEASE VIRUS

It has been generally accepted by workers on foot-and-mouth dis-
ease that a very small proportion of animals recovered from foot-end-
mouth disease retain active virus and later eliminate it from their
bodies. (Loeffler, Nevermann, Bartolucei, Bang, Biirgi, Hess, Guil-
lebeau, and others.) Thus are explained otherwise inexplicabls ori-
gins of foot-and-mouth-disense outbrealss. Experimental work on
this subject is, hotvever, meager and the prepoaderance of the evi-
dence on which the existence of carriers is based consists of field
observations. This field evidence is usually derived from one of two
premises: (1) Animals develop the disease after having been placed
in eontact with recoverad cpses on previously infected ferms; (2)
recovered animals introduced among previously noninfected herds
-cause infection among the latter,

The first cen not be accepted as good ground on which to base
the presence of enrriers, since the possibility of infection from con-
taminated materials on the premises can not be eliminated. In spite
of the conclusions reached by Lebailly (44), Vallée and Carré (71),
that environs of animals soon free themselves from active virus, expe-
rimental and field evidence definitely indicate that virus mey remain
active and capable of producing the disease for weeks and even for
months after the last animsl of & herd has passed through the active
stage of the disease.

he second presents more convincing evidence for the existence of
carriers, for in many of the reported cases no other source of virus
could be found. In Switzerland the question of the carrier has re-
ceived special attention and date covering e period of years have been
collected, an interpretation of which strongly fsvors the probability
of corriers.

For controlling epizootics of foot-and-mouth diseese in Switzer-
land special regulations are in force with reference to the danger of
spread by carriers. Animals recovered from the disease are pro-
hibited from contect with suscepiible animals until eight months
after recovery. The Swiss have collected numerous instances in
which there appears no other explanation for infection than that of
contact with recovered cases. Thus, the cantonal (1) statisties for
the yeurs 1919 to 1923 show 408 outbresaks in which association with
previously infected animals were found. (Fig. 4.) These statistics
name and include the two classes of evidence mentioned above, but
unfortunately do not give soparately the number of cases for each one.
The records of the fedsral veterinarian’s office in Berne for 1925 and
1926 show infection occurring in instances when recovered aninals
were brought into direct and indirect contact with previously non-
infected cattle, for summering in Graubiinden and Waadt Cantons,
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in-the Alps. The records also contdin reports of casesin which foot-~
-and~mouth disease ogourred in-previously noninfected places after the

introduction of animals recovered from the disease. The following ' {

-offers an -example:

On premises in the vicinity of Chateau d’@Ex, foot-and-mouth :dis-
-ease sppeared December 23, 1925, eight days sfter the introduction
of cattle which recovered from the disease in September of the same
year.

The commission’s discussions with the federal and cantonal veter-
inarians of Switzerland indicate thdt may outbreaks attributed to
.carriers belong to the group in which infection followed the placing
of recovered animals on previously noninfected premises. Hofstet-
ter's (38) study on the outbreak in Canton Zurich, Switzerland, con-
teins practically the same kind of information for this canton as found
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Fig, 4.—0utbresks of fapt-ond-mouth disease in Switzerland coused by carriers, 1019+ to 1023,
Joclusive. Of the total 408 outbresks, 237 were consed by onimals betweon the second and
elghth months aftor recovery, and ecne outbreak wis cousetl by an neimsl ns Iate as 20 montha
aiter rocovery from the discasa .

in the centonal statistics. The same .comment applies to the value
of his reported cases as evidence on the carrier in foot-and-mouth
digease. The governmental report of Canton Zurich for the outbreak
of 1820-21 contains simmilar reports on the carriers in foot-and-mouth
«disease. It gives, however, the following general .and specific inci-
dences of infection in previously noninfected Lierds which followed the
introduction smong them of recovered aiitmals. In Stifa, Rafz, and
Hirzel, cattle on noninfected premises became infected in 16 to 17
-days and even up to 4 months after introduction of cattle which had
been affected with foot-and-mouth disease from 8 to 4 months previ-
casly. An ox which recovered from foot-and-mouth disease in the
early part of November, 1920, was brought to a noninfected farm in
March, 1921.  Beventeen days afterwards the previously noninfacted
caftle on this farm came down with the diseuse.
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The British Ministry of Agriculture and Fisheries (33, 36) reports
two cases as follows:

Caee (17} In Lancashire, At Maghull {(near Liverpool} on the 11th August:
In this outbreak, two animals had been purchased from premises wherefoot-and-
‘mouth disesse had oceurred sbout eight months previousty and in-which the ani-
mals were isolated. It is possible, therefore, that in this instance the disense
was introduced by one of these animals, which though making a normal recoyary
nevertheless was a “carrier” of infection. The great majority of recoveret ani-
1als are not infective, but a very small proportion.of them is believed fo be-cap-
able of infecting others. It is believed that this occurs through the release of
infective material held in the horn structures of the hoof which, in-course of time,
allows the escape of infection.

Case (8) Yorks (W. R.) {Wadsiey Bridge, Sheffie}d} confirmed 26th March:
Seven cattle were found affested out of & total of 15 eattle and 14 pigs. A bull
and a heifer were purchased on July 9, 1924, from eertain premises in Cheshire
where an outbreak was confirmed in November, 1923, and in which isolation was
adopted. During that outbreak both the bull and heifer had passed through an
attack of foot-and-mouth disease, the bull reecavering early in Januvary, 1924,
and the heifer about the middle of January, 1924. It would appear possible, there-
fore, that one of these animals was & “carrier” of infection. No further cases
oceurred in this ares.

Mohler (54) reports the following observations during the 1914
and 1915 outbreak of foot-and-mouth disease in the United States:

In the early part of November, 1914, foot-and-mouth disease appeared among
747 cattle on exhibition at the National Dairy Show in Chicago.” Special per-
mission was pranted by the Secretary of Agriculfure to retain these cattle under
absolute quarantine until they had fully recovered, and by test proved not to
be disseminators of the virus. December 26, 1914, arrangements had ‘been
made to remove all but seven caftle to Cieero, Ili. These seven cows were
slaughtered. TFive had persistent mastitis and two reacted positively to tuber-
cilin. The other 740 cattle were sprayed and scrubbed with 3 per cent cresol
solution, were taken through a fool bath and placed overnight in cleaned and
dizinfected quarters, and were then placed in box cars and transported to-Cicero,
Ili. On Mareh 25, 1915, 50 head of young cattie were placed in -contact with
the recovered cases. In addition to this contact exposure, injections of saliva,
feces, urine, vaginal discharges, and serapings from the interdigital sepaces were
made into the susceptible animals. ‘On April 8, 50 hogs were added o extend
the test. They were fad on milk from the recovered cows and were also allowed
to consume the lesvings and droppings from the caitle. Until Mey 30 no
cases of foot-and-mouth disease had developed and the animals were released
from quarantice. .

The Prussian veterinary service reports many outbreaks of foot-
and-mouth diseane which have apparently followed the release from
«quarantine of recovered animals. One such outbreak followed the
contact with an animel recovered from the disease seven months
previously,

A tesolution by the Bavarian ministry, December 27, 1912, con-
tained the following:

There is evidence that here (in these cutbreaks) are cases in which the virus
{(almost without exception) in the deeper cracks or in otherwise difficulty reached
areas of the hoof horn of recovered animals, is finally eliminated with the worn-off
horn porticns of the hoof, and then taken up by suscepiible animals.

The lterature contrins many similar references and conclusions.
Although many of the reported cases are apparently free from other
means of infection, the possibility of infection from unrecognized
sources can not be entirely overlooked, because the disesse is enzootic
and at times widespread in Europe. The fact thet England is
freer from foot-and-mouth disease than the Continent adds weight
to their observations as evidence of the existence of carriers. Never-
theless, it should be borne in mind that in England, as elsewhere,
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outbreaks of the disease have occurred in which the source of infection
-could not be definitely determined, although carriers as the cause -
could be absolutely eﬂm’inated.

Asgel (4}, in 1813, in attempting to explain the origin -of certain
outbreaks, studied the infectivity of salive, urine, feces, and hormn
tissue from snimals 251 deys after recovery from foot-and-mouth
disease. He succeeded in producing in 1, and possibly in 2 of 3
animals, foot-and-mouth disease by exposing their injured buccal
mucosa to horn tissue. He could not, however, demonstrate active
foot-and-mouth disease virus in the salivae, urine, or feces from the
recovered cases, De Blieck (30) demonstrated experimentally the
active virus of foot-and-mouth disease in the hoofs of cattle 30 days
but not 3 months after recovery.

‘Zschoklke {84), in his gross and microscopical, anatomicel studies of
foot lesions in cattle, showed that the anterior portions of the sole and
other areas of the hoof may contain incased lesions which cen not be
detected by physical examination. He suggests thet in such cases
the virus is protected and does not reach the exterior until the old
hoof js worn down or cut out artificially, In a similar study, Bohm
(9) shows that hogs may have hidden lesions of foot-and-mouth
disease in their feet and virus contained therein is not eliminated until
the hoof is worn down. He also suggests that the source of certain
outbreaks that can not otherwise be traced may be due in some in-
stances to virus which had been preserved in this manner, Béhm
reports that he has induced foot-and-mouth disesse experimentally
with portions of horn from cattle eight months after recovery. De-
tails are not given in his report. Lebailly (46) distributed 62 recov-
ered catile among 450 animals without the occurrence of eny infec-
tion among the latter. The exposed cattle were presumably sus-
ceptible, but no definite statement to that offect was given by Le-
bailly nor did he test these animsls for their sensitiveness to the virus.

The possibility that the virus may be retained in other portjons of
the body has been suggested. However, no date other than tha
reported by Horvath (39) have been submitted in support of this
possibility. The experimentsl disesse wes induced with materisl
from & cardisc abscess from an enimal slaughtered from thres to
four months after recovery from foot-and-mouth disease.

The disease wes introduced by two cows with abscesses in the velves
of the left side of the heart one year sfter they had malignant foot-
and-mouth disease. Fortner (20) explains the deaths in &ffected
guines pigs, which oceur weeks after the inoculation of the virus, by
the prolonged retention of the virus in bodies of the animsls, He
demonstrated the presence of virns in one case in the blood and sali-
vary glands 19 days after infection. In snother guines pig he found
the virus in the blood and urine 22 days, and in e third, in the blood,
34 days after inoculation. In still another guinea pig, remarkable as
it may seem, the virus was found in the blood, urine, and unruptured
tongue vesicles 198 days after infectjon.

EXPERIMENTS IN ‘CARRIERS AT ALFORT, FRANCE

The French Ministry of Agriculture, through Professor Vellée,
laced at the writers’ disposal its excellent experiment stetion, the
aboratoire National de Recherches, at Alfort. There the American
commission found an opportunity to study the cerrier problem in
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_ foot-and-mouth disease. The Swiss veterinary service, through Prof..
M. Biirgi and his staff, cooperated with the writers in-obteining cattle
which the former believed might becarriers. All these animels were

specially selected .and ‘were -of the fype of recovered animals that
are usually associated with outbreaks of the disease in ‘Switzerland,
Professor Viallée and Doctor Rinjard sided whole-heartedly and-made
the experiment possible. . o

*On February 25, 1926, there arrived at Alfort the recovered -cases
of foot-and-mouth dJisease recorded in Table 37, which Professor
‘Biirgi purchased for the experiment.

" TaBLE 37 —Liat of cattle recovered from foot-and-mouth disease ond used in carrier
ezperiment '

LOT 1

i Date fool-
Age _ﬁnisd"mf';tahs' . ‘Cattle No.
eontracted

15 mentha Dee, 17,19250 O v 426 i
Jam. 4, 109 b -Cuow 427 4 wenrs_. Be
Jan. P -H| Feifer 428, ....| 15months ] . 18,

Nov, 4,1925 i Cow 429 6 Fears Aug, B amn -
Hailfer 425 Sept, 24,1925 || Heifer £30 | & years . Nov., 26,1026

These catile were placed for observation in the jsolated foot-and-.
mouth-disease stalls ‘of the laborstory. Even though special care
had been taken to prevent contemination with foot-and-mouth-
disenge viins in transit, the bedies of the animals were freed from
* gross contaminstion. of litter and manure and their feet were thor-
oughly washed with tap water on arrival st Alfort. o
Sixtesn Bretonne cattle were purchased from = locality from which

the lsboratory for many years obtained its susceptible cattle for
_experimental work on foot-snd-mouth disease. These catile, num-
‘bered 402 to 417, inclusive, arrived at Alfort February 25, 1926, end
were isolated at the horse pavilion &t the veterinary college and cared
+ for by =a special attendant until March 9, 1926. They were then
. .brought to the research laboratories and placed in contact with the
recovered cattle from Switzerland. The animsls wers moved about
so that every normel, susceptible animal was continuously in contact
awith one or two recovered ones. During this piriod the stables-were |
not.cleaned for periods varymg from four to seven days.

On March 12, 1926, four hogs, shipped in individual crates from
Molshein:, Alssce, arrived at Alfort. They were quarantined and
kept under observation for 11 days. They were then placed in the
stables occupied by the cattle, in which the litter still remained.
The hogs were kept in these stables for periods of from three to five
days apd their feed was placed on the litter.

At least two daily $emperatures of ell cattle and hogs were taken,
and frequent examrnstions of the animals were made. No foot-and- -
mouth .disease devaloped in the hogs or in the Bretonne catile.

Harly in April it was decided to extend the experiment by adding
asecond lot of recovered snimals from Switzerland., These cafile
arrived in Alfort April 8, 1926, and were placed in.one large stable
on the grounds of the laboratory. Thefeet of these animals werenob
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cleaned or washed, as was done with the first lot. - Table 38 describes
the second group of recovered cases: -
-experinent
LoT2

TanLr 38.—List of cattle recovered from fool-and-mouth disease and used ‘Sﬂ_'{.‘arf‘ier

“Dats foot- ' 7. i Datetoot

T . -t and-mouth X . ‘and-motth
. Cattle No. diseass was Catile No. - Age disense was
contracted contracted

Oct. 30,1925 || Helfer 440 2 yoars
QOet. 81025 || Cow 451 4 years

Sept. 10, 1925 . d

- Jan. 251928 14 months, ...
Cow 447_____. Jap. 20,1926 || Helfer 452 ... ;16 months . _

Another group of 12 Bretonne cabtle (431 to 442) arrived in Alfort
Marck 30, 1926, and were placed in ‘the horse pavilion. After 10
days’ observation, on April 6, 1926, they were brought into contact
with the second group of Swiss.recovered cattle in one large stable.
The: normal animals were at all fimes in close contact with the recov-
ered Swiss eattle.

The experiment was in progress several weeks but no infection
oceurred. It was fhen suggested that perhaps the smsll Bretonne
cattle were not so Susue_pﬁib%e as the heevier Swiss Simmenthal cattle;
therefore, seven supposedly susceptible Swiss eattle (453 to 459, in~
clusive) were purchased. They arrived at Alfort April 15,2926, and
were kept in the horse pavilion of the veierinary college until April
24, 1926. They were tgen brought inio contact with the -second
group of recovered cattle, in the furge stable at the laboratory.

Until the latter part of May no disease occurred. Theresafter more
rigid tests were made. The hoofs of the recovered sattle were trimmed
and the removed horn sllowed to remain in the stalls. The susceptible
animals were exposed to this material-and were slso kept in contact
with recovered cases for 10 days before the laster were finally slaugh-
tered. At that time none of the exposed animsls had developed foot-
and-mouth disease. It was decided, however, to test the infectivity
of the bile and the hoof materials from the —acovered cases by inject-
ing thlese materials into the Bretonne and Simmenthal susceptible
animals. : :

“On June 2 the 19 (heifer 452 died ¢f dystocia) recovered snimals
were slaughtered. Samples of the bile from eall the recovered cattle
except Nos, 422, 424, 426, 429, and 430 were collected ssparately
and 20 cubic centimeters of each injected subeutaneously into -the
following cattle June 4, 1926:

Bile from Inoeulated into | Bilefrom Inoeuiated into
animal Wo. animal No. .

Twenty cubic cenfimeters of & mixture of equal parts of the samples
of bile were inoculated into each .of three Simraenthal cattle (453,
455,-and 457).
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The feet fivln animals 421, 422, 423, 425, 420, 2483, 447, 449, 450,

and 451 showed evidencs of prévious foot-and-mouth-disease mfec-

tion. 'The individual feet of these animals were kept separate and

:  material from the lesions was cut into very small fragments, groutid

‘with aalt solution,.and placed under vacuum in refrigerator at —5° C.
for 18 hours. The hoof lesions in cattle 421, 423, and 443 were
particularly interesting because they wers less dry and more Hemor-
thagic than the .others. The material from these was treated as
others, except that to each was added sufficient physiologic salt
solution to cover the material. The inoculations of these suspensions
were made intradermically into the mucous membrane of the lips
of the following animsels, each of which received 1.5 cubic centi-
meters. XFach of the injected animals alsy swallowed abouti2 cubic
-centimeters of the suspension.

‘Hoof material from No. 421 was inoculated into Stmmenthal 456.

Hoof material fram 423 was incculzted inie Simmenthal 458,

Hoof ‘materigl from 443 was inocculated info Simmenthal 459,

Bretonne catile 431, 436, and 441 were inoculated with a mixture.
of guspensions of materials from ocattle 422, 425, 429, 447, 449, 450,
and 451.

INone of the inoculated catile developed foot-and-mouth disesase.
In view of the negetive results, the next step was fo test the suscep-

. tibility of the exposed animals to foot-and-rmouth-disease virus. On

June 14, 33 of the animals were injected intradermically in the muceus
membrane of the upper lip with type O guinea-pig virus, and 32
developed typical and severe experimental foot-and-mouth disease.
The pericd of incubation varied from 32 hours to ¢4 days. One
animal (410), however, showed no evidence of the disease.

On July 14, 13 of the cattle were available for test for suscep-
tibility to type A virus. The test was made by intradermic injection
into the mucous membrane of the upper lip with fresh vesicle cover-
ings from a heifer. Eleven of these animals developed severe foot-
and-mouth disesse. Two (402 and 417) proved to be resistant to
this injection.

‘The four hogs developed foot-and-mouth disease as a result of
inoculation with type O virus, June 14. One month later they proved
to be susceptible to type A virus. Bach inoculation induced a
severe form of the disease. None succumbed.

Following is & sutumary of the results of these experiments.
Twenty specially selected recovered cattle, from 58 to 234 days
after infection with foot-and-mouth diseese, did not transmit the
disease when placed in contact with 35 cattle and 4 hogs. The
periods of contact in these cases were from 56 to 57 days.

The bile from 13 of the recovered cases was injected subcutaneously
into 16 cattle. Materinl from the foot lesions of 10 recovered cases
was injected into the mueous membrane of the lips of 6 cattle. All
these injections failed to infect.

Thirty-two of 33 cattle and the 4 hogs were proved to be suscep-
tible to type O virus, and 11 of 13 of the same cattle and the 4 hogs
gere infected with type A virus one month after exposure to type

VITus.

In addition to these experiments at Alfort, another series of fests
was undertaken at Strasbourg. Thiz comprised the injection of

92678°—23 —-8
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%u.'ma pigs with :ma,tanal from he:af lesions of the a.mmals van'gﬁ“ _
le 39 ‘which had recovered from -experimental foct-ant -mouth

TABLE 30 —~Resuilt o}' guinea-pig inoculations wilh }maf material from oaﬁ!e aﬂd
. ahog ?ewuered Jrom: m:penmeﬂtal foat—aﬂd-mcmth disease

. L | Number
Number of animal sed as hool mate- | ‘Date of in- “!l_‘vgg.sof Dataof |l guines
.risd sodree fectlon ¥ ) .daﬂshter D%minﬂml

(=]

Hept. 17,1925

_Bapt. 30,1025
‘Fab, 2,1026
Oct. 26,1025
Nov..20, 1925
Bept. 17,1925
Jon. 5,102
Sept, M, 1925

gze

o#ooOPk» o

‘Marz. .22

PO M

Apr. 18
do.

Apr. 14
da )

Mar, 22
do.

Msy 4
d‘ﬂ

. 25, 1925
Feb. 8,192
Nov. 28, 1025
Jon. 4,192G
Nov, 26, 1025
Jen. 4,19%
Dee. 9,105
Jen. 7,1926
| 7en. 15,1028
ApT. 14,1926
Feh. 15,1008
Feb. 2,19%
Mar, §,1926 |

58! REpeReRerloerrenrnnlOiskanten

shEznnaaasacISRSRRsERERERE AL

POk o O 0RO

Apr, 14,1926
May 14,1926
da.

do
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Apr, 14,1926
o

do.

dn

do

‘Mar. 21020
Apr. 14,1920

O O O Q0 O O

1 Home tag numbers weros duplicated.
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Table 39 shows that material was used from the foot lesions of
21 recovered cattle and 1 reeovered hog slaughtered from 20 to.
186 days after .experimental infection with foot-and-mouth: disesse.
On inoculstion iniradermically into the posterior pads of 68 guines
pigs, experimental foot-and-mouth disease was induced in only 1
(63). This guines pig wes inoculeted with material from heifer 30,
34 days after infection, and was the last guines pig of the series
inoculated with hoof material. ¥rom the pad lesions of this pig,
typical foot-and-mouth-disease lesions were produced in other guines
pigs. The question-arises in this Instance whether there is s remote
possibility that virus may have contaminated foreign material which
entered the space between the old and new horn where it was retained
and was later included in the inoculum. The hoofs, however, were
washed, serubbed, and were otherwise carefully controlled against
contamination with outside virus, but since the latter may be active
in a oiution of 1:10,000,600, the question vs to whether such con-
tamination occurred it this single instance raust remain unanswered
at present.

FOOT-AND-MOUTH DISEASE IN THE HORSE

The similarity between foot-and-mouth disease and vesicular
stomatitis, as shown elsewhere in this report, and the use of the
norse as the chief means of differentiating the two diseases, make
the question of the horse's susceptibility to foot-and-mouth disease
1mportant.

Thetmiters have beent uneble to find in the liferature any account
of the definite transference of foot-and-mouth disease-experimentally
to horses, although s few unsuccessful attempts are recorded. Hutyra
snd Marek (40) stale that experimental foct-and-mouth disesse in
horses was shown by Brauer and Woestendiack, but Gins and Krauss
(30} state that the latter investigators noted the disease s ocourring

. only spontaneously and not as & result of experimental inoculation,
as_incorrectly stated by Hutyra and Marek. In the widespread
epizootic of 1919-1921 1t was reported that foot-and-mouth disease
-occurred in the horse in & number of instances. In these cases the
amimals were in direct contact with infected cattle,

The clinica! picture of the disease as reported in equines is prac-
tically the same as that in cattle. A short desecription of four cases of
foot-and-mouth disesse, as recerded by Wildsfeuer {83}, follows:

Case 1.—In a stable of six cattle infected with foot-and-mouth disesse of the
malignant type stood two horses from 18 to 20 years old. The horse elogest to
the cattle ate the same feed. On the fifth day after the outbreak of the disease
in the eattle this horse began to dree! profusely and did not est. The next day
its temperature was 40.2° C., pulse G0, respiration 28. There was some swelling
of the throat lymphatics, drooling, the s=liva was ropy and tenacious in character,
almost like gum arpbic, and the mucous membrane of the mouth and tongue
was markedly swollen. On the bucczl muecosa numerous small vesicles were
Rlso observed. At the next observation, after five days, the temperature was
39.6° C., pulse 56, respiration 28, and drooling was still pronounced. Erosions
were present in the mouth ot the site of the vesieles. 'The tongue was still swollen
and showed a large aren dentuded of epithelium. The fever gradually disappeared,
although the drocling lasted more than three weeks. The normal appetite
returned after four weeks. The second animal rernained healthy.

Case 2.-—0n o farm of 14 catile in which a malignant form of foot-and-mouth
disease appearted, a yard of 20 meters separated the horse from the eatile stable.
Different attendants eared for ench species. In the horse stable were 10 horses,
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of which one was a yearling and the remainder from 8 t¢'2D years old. Oa the
sixteenth day after the outbreak of feot-and-moutk disease in the cattle, one
horse, 15 yeats old, beenme sick.  His temperature was 39.8° C., pulse 55, respirs-
tion 25, he had a poor appetite, nnd drooling was marked. Vesicles appeared on
the mucous membrane of the mouth. The course of the disense was milder
than iu case 1. Regovery occurred sfter 10 days. )

Ceses 3 and #.—0On a farm in which the mild type of foot-and-mouth disease
broke out in catbile, the horse barn was situaied 40 meters irom the cow barn, a
shed intervening. The animals in ench inclosure were carecdl for by different
attendants. The horse stock consisted of five animals, . One-animal, 3 yvears old,
was found affected. The floor in front of this animal wns found web with saliva.
When moved the horse was somewhat unstendy on his hind legs. His tempers-
ture was 40.8° C., respiration 30, and pulse 68. The throat lymphatics were
slightly awollen. Tle huceal mucosa and tongue were swollen and vesicles were
observed in the mouth. Droeoling cceurred. The animal was abserved four
days later and was found to be somewhat improved. The owrner reported that
the onimmal stabled next to the siék horse had shown symptoins of the disease the
previous day. On examination this animal showed the samc conditions as the
first, but not in so marked & form. Six days later both horses were recovered.
Wiidsfeuer concludes, therefore, that horses can be infected with foot-and-rnouth
disesse either directly or indirectiy; that this condition is more common than
herotofore supposed, and that owners, perhaps, may hide thi-fact for fear of gquar-
antine restrictions of harse stock.

“As a result of o questionnaire of the Reichsgesundheitsamt (govern-
ment health office) sent to official and practicing veterinarinns
throughout Germany following the epizootic of 1919-1521, these
reports were received on foot-and-mouth disease in the horse (82, p.
519):

Cases were observed in which individual horses contracted the disease after
close contact with affected cattle or contaminated feed and in which the exposure
was heavy. The symptoms were loss of appetite, fever, vesicles on lips and mu-
cous membrane of mouth, erosions on the tongue, and uleers on the ghme, and
more or léss dreoling,  The symptoms were similar to those seen in cattle. Gen-
eral disturbances, as colic and abortions, were also noted. In the main the dis-
cose wag nonlethal and mild, and recovery took place in from 3 to 14 days. In
fonls, however, deaths oeccured when milk from infected cows was consumed.
Changes in the heart muscles were noted, similar to these found in fatal bovine
infectious.

Giovine (31) observed foot-and-mouth disease in a mule which was
in contect with two affected cattle and ate of the same feed moistened
with saliva of the cattle. It reacted with typical vesicles on the lips
and tongue and recovered in 20 days. ) ] _

In comparative studies which the writers made with the virus of
foot-and-mouth disease and vesicular stometitis, the susce bibility of
horses to both viruses was put to test. Six horses injected with foot-
and-mouth-disease virus (two of which were inoculated with type A)
were uneffected. Four of the horses were inoculated with the virus of
vesicular stomatitis and all contracted the disease. The detailed
results of inoculations follow:

Horse 1.—0n Novernber 26, 1925, the horse was inoculated by scarification of
the mucous membrane of the lower lip and tongue with guinea-pig type O foot-
and-mouth-disense virus. The animal remained normal. Two cattie inoculated
by searification of the mucous membrane of the mouth, one intramuscularly,
and three hops intravenously with the same material, developed the disease.

On December 12 hyperimmunization of horse 1 was begun. This animal re-
ecived 17 injections of active foot-and-mouth-disesse virus subcutaneously, intra-
venously, and intradermieally as shown in Table 21. At no time was any evi-
detice of feot-and-mouth disense seen as a result of these injections. Further-

more, ite serum failed to protect against foot-and-mouth-discase virus in guinea-
pig tests.
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On Janusry 25, 1826, the animal was exposed by scarifiestion of the tongue
and muccus membrane of the lower lip to active type A virus. It vemained
normal. Control guinen pigs inoeculated with this same material contracted
the disease in the usual manner. On February 15 the horse was exposed to
guinea-pig, vesicular-stomatitis virus by searification of the tongue and the mucous
membrane of the lower lip. On February 17 it showed well-marked lesions of
vesicular stomatitis. On Mlarch 4 it was again exposed to vesicular-stomatitis
virus by searification of the muecus membrane of the lower lip. The animsl
remnined pormal.

Horse 1 wes therefore resistant to the effects of beth s and A types of foot-
and-mouth-disense virus, but was susceptible to later injections of vesicular-
atomatitis virus.

Horse 2.—0n January 25 horse 2 was inoeulated by scarification of the tongue
and mucous membrane of the lower lip with active type A foct-nnd-mouth-
disense virus. The nnimal remzived normal. Coutrol guinea pigs inoculated
with the same maierial became infected. ]

Horse 3—0n April 21 harse 3 was inogulated by scarifieation of the tongue
and mucous membrane of the upper lip with type O virus. The animal failed
to show any evidence of disease. Conirol guinea pigs inoculsted with the same
material contracted the disease. On March 26 horse 3 was exposed to vesicular-
stomuntitis virus by scarification of the tongue and the mucous membrane of the
lower lip.. On March 29 the tongue showed well-marked lesions of vesicular
stomatitis,

Horse 4~-On April 21 horse 4 was sitmilarly inoculated with type O virus.
The animal failed to show any evidence of disease. Contrel guinea pigs injected
with the same materiat contracted the disesse in the usual manner. On March
29 the horse contracted vesicular stomatitis as a result of exposure to this virus
by scarification of the tongue and mueous membrane of the upper lip.

Horse 5—0n Aprit 21 horse 5 was injected intramuscularly with type O
virus. It remained normal. Control guinea pigs injected with this material
were positive. On April 5 the horse contracted vesicular stomatitis as a result
of inoculation by scanfication of the tongue and mucous membrane of the lower

pHorse 6. —Horse 6 on May 28 was injected intramusewlarly with type O virus.
The animal remained normal, although ecootrol goinea pigs inoculated with the
same material becime infeeted.

‘These experiments show the marked resistance of the horse to
types A and O of the virus of foot-and-mouth disesse. Ifs insus-
ceptibility is further borne out by field experience in the United
States. With reference to the few prior reporfs on the infrequent
and irrepular occurrence of the disease in horses, the experimental
evidence presented indicates that there is a possibility of confusion
of foot-and-mouth disease with vesicular stomatitis in the horse,
especially since the clinicel picture of both diseases In cattle may
at times be very much alitke. TUntil direct experimental proof is
presented to the contrary, the howse should be considered as practi-
cally insusceptible to the virus of foot-and-mouth disease.

COMPARATIVE STUDIES ON VESICULAR STOMATITIS AND FOOT.
AND-MOUTH DISEASE :

The similarity in the clinical picture of vesicular stomatitis and of
foot-and-mouth disease in cattle is &t times strikingly close. The
determination of a distinetion batween the two should be important
from the points of view of epizoology and contrel. Hence, during
the course uf the commission’s studies on the virus of foot-and-mouth
disease, an investigation was made of the comparison of one disease
with the other. :

This section deals with comparative studies on the two viruses;
their action in guinea pigs, cattle, swine, and horses; the immunity
induced, the results of cross-immunity tests with the different ani-
mels, and the filtrability of the viruses.
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EXPERIMENTAL YESICULAR STOMATITIS IN GUINEA FIGS

‘Wealdmann and Pape {77) succeeded in producing experimental
foot-and-mouth disease quite regularly in gumea pigs. Their Tesults
were amply confirmed by others, including the British and American
commissions. The transmissibility of this virus to guinee pigs isnow
regarded as an established fact. .

The ‘writers’ first experiment in 8 comparative study of vesicular
stometitis end foot-end-mouth disense began, therefore, with an
ettempt to transfer the virus of the former to guinea pigs. Portions
of the tongue of a horse showing lesions were received November 18,
1925, from Weshington, D,‘C. This was the only strain of vesicular-
stomeatitis virus available for the work., A salt-solution suspension
of this virus, which was sent in 50 per cent glycerol, was applied to
the scarified hind peds of three guinea pigé November 21, 1825. On
November 22 all three showed moculation, or primary, vesicles.
‘Generalization of the disease, as evidenced by secondary-vesicle for-
mations on the pads of the front legs of one guines pig, appesred
November 28. The other two failed to exhibit secondary lesions.
Cotton (14) recently has also reported the transmission of vesiculer
stomatitis to guinea pigs.

In genersl, the virus.of vesicular stomatitis induced in guinee pigs
lesions similar to those yielded by that of foot-and-mouth disease.
In the writers’ experience with these viruses it was found that as a
rule vesicular-stomatitis virus was slower in pro¢ cing primary and

secondary vesicles. Primary vesicles appearsd from the thirtieth to

the forty-eighth hour, and secondary usually from the seventy-sscond
to the ninety-sixth hour after inoculation. Bt this is not o definite -

distinction between the viruses, for infrequently there may be o SN
delay in the appearance of the lesions of foot-and-mouth disease. 3

Indeed, with the strain of the type A virus used by the writers, primary
vesicles did not usually appear until between the thirtieth and forty-
eighth hour, though occasionelly, as after the first inoculation with
vesicular-stomatitis virus, the primary vesicles may appear within
the first 24 hours.

In 250 guines pigs inoculated with vesicular-stomatitis virus, one-
half the number developed secondary vesicles, while the remainder
showed only primary lesions on the inoculated pads. With foot-and-
mouth-disease virus, on the other hand, the development of the sec-
ondary vesicles is the rule, Nevertheless, there are some strains of
foot-and-mouth-disense virus which mey also fail to produes sec-
ondarg vesicles, especielly in early guinea-pig passsges, in & certain,
though small, number of cases, Although thereis s difference between
the time of the appesrance of the lesions and the number of cases in
which secondary vesieles develop, this difference offers no definite
basis for differentiating the viruses. The results of the test are shown
in Table 40.

Furthermore, Table 40 indicates that the number of guinea-pig

agseges had no sppreciable effect on the development of sesondary
esions.

o

% (Phe term *“primary” vesicle a3 used in this report refers to the vesicle at the site of inceuintion and the
term “seconifary ™ vesicle refers to guneralization of the disegse as evidenced by the formation of vesicles at
poicts other thap the site of inoculntion,
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TabLE 40.—Effect of guinea-pig pasagge on the development of secondary vesicles in
“vesicular slomatilis ’

Eleventh| Twenty-

to twen- | first Lo
tiath | thirtieth
pussage | passage

Vealcle (evelopmant

11

-Guinea pige dovelaping grimn;s_f but no secondary wesicled (Pr.—Bec.}____ 87 x
g both primary and secondary vosicles (Pr.+8ec.}.. %2 - 25 ]

Guinea pigs davelopin

1 The abhrevintions "*Pr.” and "*Bee.” refor to primmary sod secondary vegicles.

Of all the guinea pigs inoculated by intradermic injection or by
locel applieation of virus to the hind pade {injured by scerification or
puncture with s fine knife or needle), only one snimal exhibited a
tongue lesion. This, as wall, is not a difference between the viruses,
since & mumber of guinea pigs inoculated with some strains of fool-
and-mouth-disease virus also fail to develop vesicles on the tongue.
Howavar, when larger doses of vesicular-stomatitis virus were
employed, and these were injected either intramuscularly or intra-
dermically In hairy sreas, no vesicles developed at the site of inocu-
lation, but in & considerable number of cases, lesions wers notad on
the tongue. :

Thus of 15 guinesn pigs inoculated intradermically in the abdominal
region, 6, or 40 per cent, and of 15 inoculated intramuscularly, 3, or
20 per cent, exhibited lesions on the tongue. The ercsions followin
the rupture of the vesicle in these cases were more severe and heale
much more slowly than those which occurred after inoculation of the
foot-and-mouth-disease virus in the pads of the feet. -One snimal of
‘these series, 8n & result of intramuscular inoculation, yislded vesicles
on two feet as well as on the tongue, while after the intradermic
inoculation » single animal developed lesions on the fest only; the
other 19 failed to show eny evidence of disease.

From the foregoing it will be observed that so far as the effecis of
injecting the virus of foot-and-mouth disease or of vesicular stoma-
fitis into guinea pigs are concerned, there is little, if any, difference
between them,

OROSS-_II\{HUNITY TESTS OF YESICULAR STOMATITIS AND FOOT-AND-MOUTH-
DISEASE IN GUINEA PIGS

The writers then attempted to discover any differentinl factor in
the immunity reactions of these two viruses.

Table 41, test 1, shows that 18 guines pigs which had Fecovered
from vesicular stomatitis failed to yield lesions when again inoculsted
with vesicular-stomafitis virus, while of 31 guinea pigs, recovered
from one or more types of foot-and-mouth disease, 30 were susceptible
to vesicular stomatitis.

Test 2 shows that when 14 guinea pigs recovered from vesicular
stomatitis, were Inoculated with type A foot-snd-mouth-disease
virus, all exhibited primary and secondary vesicles. Moreover, 6
control animals, recovered from the type A virusg, after reinoculation
with the same type A virus, revealed no secondary lesions, hut in 3
only mild, primary vesicles,

Test 3 reveals that of 11 vesicular-stomatitis convalescents, inocu-
lated with type O foot-and-mouth-disease virus, all showed primary
and secondary vesicles. Of the 12 recovered from type O foot-ande
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mouth-disease virus, 10 resisted infection with this strain completely,
-and 2 developed mild primary but no secondary lesions.’

Tapus 41.—Resully of srossimmunily lests with vesicular stomalitis and feol-and-
mouth-disease viruses in grinea Yigs

First exposuse v Becond exposure

Foriod

befora

second
capoaure

Days . .
‘Vestenlar stomitl- HPI.+§EC., T 2te2s 18 megative.
s il

- FPr.—8ec.
Foot-and-|12Pr+Sec...] 2ftos 8 Pr.+Seg., 4 Pr.—

cC.

6 Pr48ec., 5| 3tosd 8 Pr,+fec, 3 Pr

Pr.—See. —Eec.

3 Pr48ec....] 2to®d 2___1’:.+Sec., 1Fr.—

g l{Vosicnlar Sec. :

vy stomnbi-r Jan, I

2 PriSea, 1| 76to8: || Y& 1 Pr.Sec.
Pr.—Bee.

Foet-and-!3Ffiec 51 2 Pr.—Bec.

mosth O-%

Foot-anid-|2Pr,+Sce.....|] 74t070 . l’ﬁr.-!-Sec.INem-

. o,
el P o 446

mauth -2, '
14 Ve:';ilcmar siomatl- { 6§ Pr.48ec, 5] 3itosl [1-1 Pr.48ea.
5

. Pr.—8ee, . Foot -ond- }Jan n
0y Foot-and-id4 Pr48ec., 2| 42{055 mputh A . - 3M. P.—See, 3

mouib A Pr.—Eec. ‘nepative,
11 | Vesleutar stomati- | 9 Pr+4-8ec., 2| 30 {066 } 11 Pr+8ec.

tis, Pr.—Ser. Foot-and-
12|Foot-and-| 12 PR | 20tost | mouth ot jioa. 25

i0 nogative. 2N
month Q=% .

P.—Gee.

t Tn theso tosts ono vesienlar-stomatitis virus, two $ype O and one type A foot-and-month-disense virltse
w:;:gg:c_hm” indicates development of primary vesicles but mo 5“?”‘1“7{ iesions. “Pr.-See.” indl-
cates development of bath primery and secondary vesicles. M. .. (lld primary) indicates small,
pr’il?na p : gﬁ?ﬁuinm—pig passages with fopt-and-mouth-dlsesss virns type A secondnry lesions wioo nob
produced renilarly.

These series of tests, the results of which are recorded in Table 41,
demonstrate definitely that vesicular-stomstitis virus can readily
snd regularly be distinguished from the two types of foot-and-mdjuth-~
disease virus by guinea-pig cross-immunity tests, and these therefore
should be nids in differentiating the two disenses,

As discussed elsewhere in this report, the serum of an animal col-
lected a short time after recovery from foot-and-mouth disease con-
tains antibodies which are specific for the type of virus inducing the
disesse., The serum of gnimsls Tecovered from vesicular stomatitis
also contains protective substences agminst the virns of vesicular
stomatitis. >

‘Cross-immumnity tests were made with the serum -of animsls re-
covered from vesicular-stomatitis and from foot-and-mouth-disesse
types A and O. Guinea pigs were injected subcutaneously with
serum and then exposed to virus by scarification of the pads of the
hind legs in the usual manner. - (See Table 42.)

®» Immunity in foot-and-rmonth disease may be loca! and manifest itséll by the prevention of primary-
vesielo formation gt the site of inoculntion, or it moy be goncral and pravext the developrnent of secondary
lealons. Thalocs! immunity is tha first to disgppenr. Thus guinen pigs mny siill possess Immunlty against
a straln of foot-ondl-mouth-diseasa virus evan though prlmery ineculntion vesicles do oeeur, provided such
fuineﬁ pire sre protected from secondary vesleles ngoinst o virus which constontly produces sseondary
asions. ‘e guloes plgs recorded ' Pe.’—*See.” {primury vesicles only} with the virusea nsed ars con-
sidered immuno {6 thot vicus.
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TaBLE 42.—Seruin c‘r‘oss-fimmunity tests with guinea pigs
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_1%Pr +4Sec.” indicates primary and secondary vesloles.  Pr.~Seo.” indicates primaty vesiclés ohly. “?Pr.” indicates questionable primary vesfcles. “?Bec.” indicates gues- . -
tionable secondary vesicles, ; ’ :
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As will be seen in Table 42, 0.1 cubic -centimeter of vesicular-
stomatitis-immime serum prevented generalization of wesicular-
stomatitis virus, while 3 cubic centimeters failed to protect against
generalization of foot-and-mouth-disease-virus t¥pes O and A,
Five-tenths of 1 cubic centimeter of convalescent serum from type
O foot-and-mouth disease prevented generalization of the type O
virus, while 3 cubic centimeters of this serum failed to prevent gen-
eralization of type A foot-and-mouth-disease virus and of the vesic-
ular-stometitis virus. Five-tenths of 1 eubic centimeter of con-
valescent serum from type A foot-and-mouth disease Pprevented
generalization of the type A virus, while 3 cubic centimeters failed
to prevent generelization against type O virus. One cubic centi-
meter of this serum failed to protect against generalization of the
vesicular-stomatitis virus. ‘Of two guines pigs inocculated with 8
cubic centimeters of serum, one showed questionab’e secondary
lesions, while the second exhibited only primary lesions. These
results, therefore, indicate that serum from recovered animals which
were previously infected with one type of virus fails to neufralize
the effects of another type. '

‘EXPERIMENTAL VESICULAR STOMATITIS IN CATTLE

The commission then directed its attention to & study of the
lesions produced by these viruses in large animals,

Vesicular stomaititis, like foot-and-mouth disease, is characterized
by the formation of vesicles on the mucous raembrane of ‘the mouth
which are followed by ercsions. Before and during the appearance

of the vesicles there is fever. In foot-and-mouth disease, as a rule,
the lesions are more extensive and more severe. But in vesicular
stomatitis the injury may be so extensive, and in foot-and-mouth
disease so mild that a differential diagnosis becomes extremély
hazardous. In the inoculated animals this condition was oftentimes
strongly manifest.

Table 43 shows that 40 cattle were -exposed to the virus of vesic-
ular stometitis by one of several modes of injection. The 12 cattle
inoculated loeally exhibited the disesse. The injection in each cese
'was made by epplying the virus to searifisd areas on the uppser gum
and tongue. Foot lesions were not found in any of the ceses so
inoculated, nor did the writers observe definite, secondary vesicles
in the mouth, although extension from the point of injection was
often seen.

Of the 14 cattle inoculated intramuscularly with 1 to 3 cubie
centimeters of heavy suspensions of virus, nons developed definite
lesions of vesiculer stomatitis. One snimsl so ‘reated showed &
series of exfoliations of epithelizm on the tongue, but two susceptible
guinea pigs injected with material obtained on the dey of the appesr-
ance of the lesions failed to develop the disease. ‘On the other hand,
‘the commission’s experience, confirming that of others, with intrs-
muscular inoculations with foot-and-mouth-disease virus indicates
that this procedure is very efficient in producing the disease in cattle,

Eight cattle were inoculsted intravenously with a heavy -suspen-
sion of vesicular-stomatitis virus. Six remained unaffected while two
exhibited the, disease. Of these two, one showed o mild lesion on
one foot only, material from which induced vesicular stomatitis in
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o, .
giinee pigs. The other positive case showed lesions around the
nostrils ‘and muzzle. These two. animals owing to uiavoidable cir-

.ctmstances, were handled by the same attendant in the same stable

in adjoining stalls. The location of the lesions on the nostrils and

muzzle of the one suggests that the.virus may have been transferred

by the .attendant while holding ‘this animael for examination.

"Tasre 43.—Resulls of ch!tfe- fnoculations with vesicular-stomatitis virus

Mfethod of exposnre

Dabiot | TIn- |
inoenls- ‘trae

-
nons |

Horse. 1 {vesiels | Feb. &pﬂsitﬁé..
covarings). .

Gatlnen -nigﬂ M, . C .f.'.pmitlvn

Giilnso pigs 621
’ D60 THES -
. B~ih.
S e
Ciginen plgs - 1 positive.
and B5.
Horsa 4__ : 2 pogitive :
Helfer28 .. . _._ . 30 1 positive.. 1.2 pegative_ . 7 | .2 positive,
ii mega-
‘tive.

Ggé:lmn pigs 076 { [ ¢ 8 pegntive

"Total.. [ 12 positive 14 pegative | -Gnegative, | 3 ;ﬂpmiﬁva,.
- . 2 pol- | DigL-
tive. tise,

1 Record of exposure of three negative cases: Haifer 8 wns placed in same stall with heifer 3 Feh, 17, 1926. .
On this day heifer 3 was inoctulated by scarification with vezleular-stomatitis vin:s and showed leslons of
the disease Feb, 10, 1020; helfer 15 was piaced Lo satme stoll with heifer 6 Feb. 17, 1024,  Ounihis day helter
5 was inoculated by scarifleation with veslcular-stomatitis virns and showed lesions o the disease Feb.
19, 1920; hull 18 was placed in same stall with belfer 7 Jrab. 1§, 1026. Hoeiler 7 showed first eymptoms of
vesicular stomatitls on that day..

Six animals were exposed by contaet to others suffering from the
disease, Three contracted the malady and three remained well. As
the footnote of Table 43 indicates, the animals were brought together
at the time when the lesions first appeared, or even before that time.
‘Contact at such time has been found necessary in foot-and-mouth
disease, to insure exposure during the infective stage, and this prob-
ably applies also to vesicular stomatitis. Hence, it may be concluded
thet the virus of vesicular stomatitis induces lesions indistinguishable
from those of foot-and-mouth disense. However, a difference was
noted in the resulis of various methods of inoculations: Intramus-
cular or intravenous injection of vesicular-stomatitis virus, even
with massive doses, failed in the commission’s experiments to induce
.obvipus lesions regularly, but the same methods with foot-and-mouth-
disense virus yielded, as a Tule, the typical vesicles.

IMMUNITY IN CATTLE FOLLOWING EXPOSURE TO VESICULAR-STOMATITIS YIRUS

Owing to the limited time for its studies, the commission had no
opportunity to cbserve the duration of immunity in -cattle which
follows recovery from the natural or arfificially induced -disease.
From the data presented in the preceding pages it is evident that
immunity to vesicular-stomatitis infection should be based on: the
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resistence to inoculations by scarification, since the intramuscnlar or
the intrevenous methods of inoculation usually fail 1o provoke visi-
ble lesions. "The following is a summary of the results of immunity
tests in animals which were exposed, by different methods, to the
active agent of vesicular stomatitis. .

Three cattle which recovered from the disease after local inocu-
lation (by scarification) were proved to be resistant when given,
subsequently, stmilar injection.

Six cattle received the first inoculation intrarauscularly, with nega-
tive results. Later, 4 were injected locally; of these, 3 were immune
and 1 developed the -disease. The second inoculation in the posi-
tive case was made only five days after the first. - The remaining :2
cettle in this group were later injected intravenously, with negative
results. Hence no conclusions could be drawn as to their immunity,
for this method may fail to reveal demonstrable lesions.

Six cattle inoculated intravenously with negative results were
injected later locally. All proved to be resistant.

Six cattle were first exposed to vesicular stometitis by being
brought into contact with infected cattle. Three animals developed
the -Eisease. The thres unaffected ones were later injected intra-
venousty and therefore yielded no evidence on which to draw con-
clusions as to their immunity.

These results indicate that immunity in vesicular stomatifis in
cattle is easily indueed. It is important to note that resistance
Tollows intramuscular or intravenous injection of virus, although no
visible lesions are produced, at least by intramuscular injection. .

CROSS-IMMUNITY TESTS OF YESICULAR STOMATITIS AND FOOT-AND-MOUTH ™
EASE IN CATTLE

The immunity in cattle following exposure to the virus of vesiculer
stomatitis has been demonstrated; similarly, animals recovered from
foot-and-mouth disease are resistant to reinfection with the same type
of foot-and-mouth-disease virus for varying periods of time.

The close similarity between foot-and-mouth disease and vesicular
stomatitis gave rise to the idea of the possible resistance to foot-and-
mouth disease of cattle recovered from or immune to vesicular stoma- -
titis. The ability to produce immunity to vesicular stomatitis in
cattle without producing visible lesions as a result of intramusculsr
injections lent encoursgement to this idea. Additional support to it
is found in the case of cowpox and smallpox. The two viruses are
closely related but not identical, yet the cowpox virus produces an
Immunity -egeinst smallpox. The results of cross-immunity tests
between foot-and-mouth-disease virus and vesicular stomatitis in
guinea pigs failed to indicate such protection. However, guinea pigs,
while furnishing an ideal means for the study of foot-and-mouth-dis-
ease virus, are not naturally susceptible to the disease, but cattle are.
Hence, cross-immunity tests in cattle were considered with especial
interest to determine this point.

Table 44 shows the results of inoculstion with foot-and-mouth-
disease virus of cattle recovered from or immune to vesicular stoma-
titis. The animals were exposed by meens of scarification of the
mucous mewbrane of the gum, dental pad, or tongue, or by intramus-
cular injection, and it will be seen that all the animals thus inoculated
developed foot-and-mouth disease.
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Tuma 44 -—Resulls of immainity tests of cattle imivitne fo or recovered From vesicular
- glomatilis. when exposed lo fost-and-movthi-diseese wirue by acorificalion or - -
. dntramuscular injection o _ " B

- Date of .
) etxp_j t- | Mathod of expis . q

o . o fogt- ] ol ure.end |-
Previous history and- type of vics ased -

. . mouth

disease |

028 .
) mﬁ“‘{g"ﬁ‘%‘fﬂ” stomatitls, | Apr. 14 | Intramnseniar, G virns.] Positive, Apr. 16, 1928,
Mar. 10, 1028, ) . . :
. Recovered from vesienlsr stomn- [ do____| ‘Bearifieatlon, -0 virps_
' ttis, Feb, 17, 1926, ’ ;
| Immune to vedicular stometitiz, |...do. do -
‘Mar, 4, 1020,
-i Immurae to vesicalar stomntitls, |...da_...{ Intratousetilar, O virus |
Feb. 17, 1926, ; :
| Reeoverad from vesiculnr atome- |.._do._..| Searifieation, O virns__|
- 1itis, Mar. 24, 1926, : i _
i[nﬁnun% Jnlggmﬂnrstommtis, oo Intromescnlsr, O vires | Pogitive, Apr, 17, 1800,
ar, g, T . . )
" Recovered from vesicular stoma- do | da : Peaitiva, Apr. 18, 1924,
Litis, Mar. 30, 1926 , o e
| Imh?nng goiggsaicu]nr stomutitls, |..do....| Bearifleation, O virus._.| Pesitive, Apr. 17; 1828
or, 30; 1826, : ] .
oo Intraxppsculer, O virns) Fositive, Apr. 16, 1024,
- S | Bearlfication, O vinis. .| Positive, Apy, 17, 1926,
LN . Intreipmscniar, O vims_ | Pesitive, Apr, 16, 10926,
O ) Bearifieation, O vires., . To.
da_____. _— 1 De.
Recovered from vesienlsr storna- d Intramusculas, ¢ Do.
titia, Mar. 30, 2926.

4
Ly
[i
L

1t All animels contracted;foat-aud-moutk disease In typical form, . -
- Imipune os g reselt of intramusenlar or (ntravenous injection. These animels showed no ¥islble lesions
of vesicular stomotitls. . .

Exposure wes next made by contact. Table 45 gives the Tesults.
of the first experiment. On April 27, four cattle (Nos. 21, 22, 28,
and 29), that had recovered from vesicular stomatitis, were placed
in & shed with two normal cattle (Nos. 37 and 38). On that day the
‘two normals were inoculated with foot-and-mouth-dispese virus by
scarification of the mucous membranes of the gum and dental pad
«of the upper jew. In 48 houars both animals showed primery vesicles
:at the site of inoculation, followed in a few days by vesicle formation
on other ‘parts of the mouth and on the feet. The four test animals
were in very cless contact with the affected animals and all were fed
- and watered by the same attendant. On May 7 animal 28 -developed
- foot-and-mowuth disease; the remajning three test asnimals were
were again placed in contact with No. 28 but failed 4o contract the
--disesse. The experiment was terminated May 20. - Control snimals
for this experitnent were not available and for that reason the experi-
ment was not conelusive. However, three out-of four animals recov-
ered from vesicular stometitis, placed in contact with catile suffering
from acute foot-and-mouth disease, and thus actively exposed to the -
wirus, resisted infection. : '
As 8 result of the apperent resistance to foot~-and-mouth diseasa,
by contact, of three out of four caitle recovered from wvesicular
stomatitis, it was desirable to obtain further information -on this
subject, particularly as to the resistance of aninals that have become
.imm;lrne to vesi__culir stomatitis as a result of intramusculsr injec-
tlon.

* Tharotgh limitaticn of time, immunclogical studles on foot-nnd-menth disesse and on vesioular atoma-
Hitls in Jatge onimals were bagun only toward the end of the commission’s stay in Burops. i
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"Tanry 45.—Resilia of zmmumm lests of . caitle vecovered. From vesicular stomafitis
. when. e::posed’.o fooﬁ-and—mou!k disease by mmz

Aptmal} - “Provions histery
AN

_Method of sxposare and -
typoolvirusused .~ Resmit:s

21...__;. Reeovemd!mmvmlclﬂarstoma—

titis Mar, 24, 19%

- Htis Mar, .28, 1926,
 4lila Mar, 30,

%......J Hecoversd from vesimhr stome-

‘titls Mar.. 29, 1626,
. BTuuemni) Normal animal e oo
38 da.

‘Recoverad from, vmléniarstuma p
Reucovared from. vmicularswnw' A

“Nattral exposure to Nes. 37 and 38)] Neantive.
Nntural e::posure teMe 2B f

. Exposuze to 'was. 37 _m_d.as.---; —
.| Local scartfication guinea pig-0 |
virus, .

da

1 Explerimant termlmted May 20, 1926

Tun..n 46.—Resilts of tmmunity lests of caitle recovered from er tmmuneto. ﬁem.culur -

slomalilis when exposed lo fool-and-mouth disease by contact

8 .
Ankrasi Methed. of exposure and
Nao. History of vasicuiar stomatltis type of virus Result
Bleuno--f Inttamuseslar Injectlon, . Natoral exposure to vl- | Pogitlye, June D, 1098,
11, 1626, us, animals 33, 40,41, | 7.
-12 43, 44, 45, 46, 85, 64,
‘B2 ﬁn .| Positive, May 30, 1998,
[ S Intramuscuiar in!ec:ion, ) RO « T AU |- Positive, Fune 1, 1098,
11, ma, May
E ] da 'Pasitive, June 4, 1928,
Q- Inﬂ“?’ﬁmﬂm inje 0, -do. .| Positive, May41, 109,
- L3
.7 S “Intramus In!action, b ..do “Negative.
11 192& May 15.
i3 [+ | do. 1‘.D.o.
[ SRR Boo Tabla 44 do. do, i
] o Ao, de. :Pos!tive, Moy 3, 1920,
il 4o do da, Nezatlve. -
7 (S .Ncrma! enimnl {gontrol). do. do. Posltive, Tune:10,,1924,
68 da do. 1 ‘Negative.
88, . do.___|.____ da I’asltive, Tune], 1926,
B[ S do. o, do. Positi've, May 31, 1806,
71 do. do o -} Negotive.
a2 Ao do 0, Do,
7 do -do do. .I-‘osit!ve, ‘Fune:3, 1926,
... Mormal animal {vim.-: anlmals) do. Local scarification, [ Positive, May. 2‘: 192,
-1 guinea-pig virna 0O "
T S da. A (1) do - .
41 do. ~do .do o,
A2, do. do. do ‘Positive, May 29, 1928,
43 do &0 .-do N ‘Do,
&4 da da I T “Posltive, May 27, 1028,
45 do do -de N Do. -
4 -do. do s | S Do,
&6 do do. do Fositive, May 20, 1424,
- 86 do do, e - Positive, Moy 22, 1006,
-‘Ij._-_....___.\_d e mmmmmmmmmm mmmm g, da, --| "Paosltive, May 29, 1924,

i The virus nniraais Were so distribufed smong the test nohmals 25 0 causes uniform expesore.  The

Py

mals int this experiment were housed In two sbeds. Anlmals we.cs chalned to. 6 headbosrd for restreint.

Thers wers no partitions betwean Individual animaly. Qonsequantly contacs with Jarge ameounts of viros )

-was thus obtained.
¥ Fhese

animals were.lnoautlated b;
and-imenth-disease virus type O derly

.-

searification of tg%amuconsmumbma ot tha gum and pad with toot-
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Therefore, on Msay 11, 1928, seven cattle (Nos. 51, 52, 53, 54, 55,
57, and 58) wers injected intramuscularly with 2 cubic centimeters
of & heavy suspension of active, vesicular-stomatitis virus obtained
from guines pigs. On May 13 heifer 55 showed a series of exfolia-
tions of epitheEsum on the tongue, but two susceptible guines pigs
‘njected with material obtained on the day of the appearance of thesa
lesions faiied to exhibit any indication of disease. On May 15 heifers
53, 54, 57, and 58 received a second intramuscular injection of 2
cubic centimeters of a heavy suspension of sctive wesicular-stomatitia
virus derived from guinea pigs. Al the animals remsined normal.
On May 25 these 7 animals, together with Nos. 21, 22, and 29, which
had resisted the effects of foot-and-mouth-disease virus before, and 7
normal, control animals, were exposed, by contact, to 11 cattle inoc-
ulated by scarification of the mucous membranes of the dental pad
and gum with. foot-and-mouth-disease virus (guinea-pig type 0). All
the virus animais showed primary vesicles in from 48 to 105 hours,
followed by generalization of the disoase. The affected animals were
placed so thet the test enimels (contacts) were in constant close con-
tiguity with animals in the virus-spreading stage of the disease. The
commission’s impending departure for tﬁe United States compelled

the termination of the experiment June 10. Table 46 vecords the
results of the experiment.

As will be seen in Table 46, the results were asfollows: Of 7 animals
injected intramuscularly with vesicular-stomatitis virus, 5 (Nos. 51,
52, 53, 54, and 55) became infected with foot-and-mouth disease
and 2 remained well, Of the 3 animals which had previously resisted
foot-and-mouth-disease virus, 1 (No. 22) became infected with foot-

and-mouth disease and 2 remained normal. Of 7 normal animals
used as controls in this experiment, 4 (Nos. 67, 69, 70, and 73)
developed the disesse, while 3 remszined well.

From this experiment it appears, therefore, that cattle immune
to vesicular stomatitis, either as a result of recovery from the disease
or following intramuscular injections of the virus, were not resistant
to any appreciable extent to foot-and-mouth-disesse virus when
pleced in contact with animals affected with the latter disesse.

Table 47 shows the results of infection with the virus of vesicular
stomatitis of cattle recovered from either or both types of foot-and-
mouth disesse.

It will be noted in Table 47 that 10 cattle recovered from one or
both types of foot-and-mouth disease were exposed to vesicular-sto-
matitis virus. Five of them were inoculated locally and all revealed
the ilisease. The other 5 were placed in contact with vesicular-
stomatitissinfected cattle. Three developed the disesse while the
other 2 remeined well.

From the foregoing tests it may be conculded that cattle recovered
from vesicular stomatitis are susceptible to foot-and-mouth disease,
and, conversely, animals recovered from foot-and-mouth disease can
readily be infected with vesiculer stomatitis.

EXPERIMENTAL YESICULAR STOMATITIS IN SWINE

Mohler (#3) reported the fransference of vesicular stomatitis to
three hoge by local inoculation. The commission’s experience con-
firms this finding, as shown by the fact that of eight hogs exposed to
the vitus of vesicular stomatitis, by local or intravenous moculations,
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Tansre 47—Resulls of immunily lests of caltle recovered from types of A and O
: foot-and-mouth disease when exposed to vesicular-stomalitis vivus

Dats of

exposue
te vesle- | Method of ex-
ular poguro
stemn-
titis

1920
[ Recovered from foot-and-mouth Jdisonsa | Feb, 17 | Scarification .} Posltive,Fab. IS, 1020,
-0 virus, Sopt. 17, 1925,
i Recoverut! from  foot-and-mouth-li do. <o Pasitive, Fob. 19, 1926,
A \rim.;. Oet. 26, 1625, and O virug, Nev, ’
28, 1925.

Recovered from  foot-and-month-disessa |.._do do Dao.
{ virus, Sopt. 17, 1925, god A virus,
Jan. 8, 1928,

| Recovered from  fout-and-mouth-discase Naturnl Nogative,
0 virus, Sepk. 30, 125, Mar. Iotravensns.. . Do,

Mnr. de. Do,

Rucovered frgm  foot-and-mouth-discass Positive, Feb, 27, 1928,
O virus, Sept. 25, 1025, and A virus, Jun.

Recovered from  fost-and-mouth-disease , p Do.
G virus, Sept. 30, 1925, and A virus, Febe. g

3, 1925,
Recovered from  foot-and-inputh-lisgasg Negutive.
A wlus, Fag. 15, 1926, nnd O virus, Feh. . Totrnvonons. | .
2, 1026, & -tlo Do.
BearlNention.. .| Do.
Recovered from  foot-nad-mouth-dlscuso Natural Positlve, Fab, 25, 1970,
A wirus, Feh, 3, 1046,
Hecovered from  foot-amd-mouth-disease Searifieatlon.__|-Positive, Moy 9, 1920,
o \{imS. Apr, 14, M6, . o
O, Uo. 0.

six revealed the disease. The discase produced by intravenous inocu-
lations was clinically indistinguishable from feot-and-mouth disease
11 swine.

The injected animal shows, after from 24 to 48 hours, & marked
rise in temperature. Usually, in 48 hours, distinct vesicles made
their appearance on the feet, involving the inferdigital space, the
coronary band, and the heels, extending in some instances to the gian-
tar surfaces. Insome cases the dewclaws also are involved. The
animals become very lame and move aboub with difficulty, often
walling on their knees, as is seen in foot-and-mouth disease. Vesicle
formation may also vecur on the snout. The animals are rather sick
and as arule do not eat for severa] days. Within a few days ‘the tem-
-perature drops to normal, the animals begin to eat, the feet become
less sensitive, and healing gradually tekes place. After a few weeks
a distiges line of separation occurs between the new and old horn.
These processes are identical with those of foot-and-mouth disease.

As g result of local inoculations, swine show a vesicle at the site
of inoeulation snd, following its rupture, an erosion occurs with a
raw, red base. The vesicular-stomatitis lesions at the site of inocu-
lation appesr to be more pronounced than those of fooi-and-mouth
disease, following the same method of inoculation. A marked rise
in temperature is coincident with the appearance of the local lesion,
or it may take place later. In the three animals inoculated in this
way no secondary lesions could be seen. In foot-and-mouth disease,
s g rule, secondary lesions are noted following local injection. Only
three hogs, however, were inoculated locally with vesicular-stomati-
tis virus. This number is, of course, too small to be of any value
upon which to establish points of difference between the two diseases,
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- Twd hogs (Nos. 4 and 7, Table 48) were exposed to natural infection
‘by placing them in contact, in the sume pens, with hogs artificislly
infected. The animais were togother from the time the latter were
injected. Neither of the two exposed animals exhibited the disease.
Hog 4 was resistant o two later inoculations, one intravenous and
one by scarification, while hog 7 was proved to be suscepfible by
reacting to a later inoculation of active virus by scarification.

Thus it appears that swine are susceptible to vesicular stomatitis
and react with lesions similar to those of foot-and-mouth disesse.

CROBS-IMMUNITY TESTS WITH YESICULAR STOMATITIS AND FOOT-AND-MOUTH
‘DISEASE IN SWINE

Cross-immunity tests in swine demonstrated, as in similar tests
in. guinea 'pigs and cattle, that animals recovered from foot-and-
mouth disease were susceptible in genoral to infection with vesicular
stomatitis and that hogs, recovered from vesicular stomatitis, were
readily infected with ty\)c O of foot-und-mouth-disease virus.
Type A virus was not used.

’.Fable. 48 shows that of nine hogs recovered from .one or both types
of foot-and-mouth disease and then inoculated locally or intrave-
nously with vesicular-stomatitis virus, all except hogs 5 and 6 revealed
clear-cut evidence of the latter disease. Fog 5, as a result of an
intravenous inoculation, showed n questiouable lesion of the discase
on one {oot only. This pnimal was, however, resistant to a subse-
gusnt-, intravenous injection. Hog 6 Iailed to show any evidence of

isease following an intravenous inoculation. It was later found to
be resistant to one intravenous and one local injection. Hog 4,
recovered from floot-and-mouth disease, was exposed, by contact,
to vesicular-stomatitis virus, but failed {o show any evidence of dis-
esse. It was resistant to later injections, two intravenous and one
local, of active vesicular-stomatitis virus.

Two of the hogs (Nos. 10 and 11), recovered from vesicular stomasi-
tis, revealed foot-and-mouth disease following an intravenous inocu-
lation of the latter virus. It is to be noted, thersfore, that eross
immunity between the two viruses does not exist in this speoies.

TanrLe 48.—Resully of cross-immunily lests in swine with fosl-and-mouth dissass
and vesicular slomatitis

Vieng Lo witlch fmmns Hasult

Senzlfication.........| Posftive.
ntravensus, . Do.
I s T | Do
S[Maturnl Nogative.
Intravenoi Da.
f18enrifieatinn, Do.
.| Doubtful.

+veeet Faot-untl-mauth P -

) da Natirnd. . .
e B R E ) Smlfiﬂcﬂliﬂn
¢ Foot-antl-mouth O and A _ . Y M

Foot-nid-mouth A carde oatlo Lo IRt
e Foot-gmbmouth O . 0 . o Lo
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EXPERIMENTAL YESICULAR 8TOMATITIS IN HORSES

Five horses wore inoculated locally with vesicular-stomatibis virus
as follows: A small portion of the dorsal surface of the tongue and &
portion of either the upper gum or inner surface of the lips were scari-
fied. Vesicular fluid and epithelial coverings from either guinea-pig
or eattle lesions were then applied to these scarified aress, Four of
these horses developed sevare lesions at the site of inoculation on -the
tongue. The fifth failed to show evidence of disease ab the points of
inoculation. It did, however, reveal o temperature of 104.8° F. on
the fourth day. Five days affer inoculation, this horse was killed
while in the agonal stage of meningitis. The cause of the meningitis
was not defermined.

In general, the appearance of the experimental disease in the horse
is as follows: From 36 10 72 hours after injection the tongue shows,
at the site of inoculntion, aress of blanched, eusily dotachable epithe-
Yium, which soon fill with clear, straw-colored fluid. These aress
coalesce, forming o large vesicle contatning from 5 to 10 cubic centi-
meters of fluid.  Within the next 24 hours the vesicle ruptures, leaving
n deep, red, raw erosion, which henls very slowly. Definite, secondary
lesions have not been observed, although extension of lesions have
been seen beyond the points of inoculation.

The lesions at the other points of inoculation, such as on the gum
and eon the lip, are tuild, and limited to small vesicie formations,
followed by crosions which hesl rapidly. In one of the four cases no
definite lesions developed in any other site than on the tongue. In
tho horse the tongue apponrs to be & more suitable place for inocula-
tion of vesicular-stomatitis virus than other parts of the buceal mucosa.
Such was not the writers’ experience in cattle. In cattle there seemed
to be no marked difference between the severity of the lesions pro-
duced on the tongue and those on other portions of the muecous mem-
brane of the mouth.

Bix horses were inoculated, locally or intramuscularly, with types
O or A of font-and-mouth-diseas» virus. These inoculations failed
in every case to produce any evidence of disease. The literature,
however, contains raferences to natural cases of foot-znd-mouth
disease in horses which ave discussed in another section of this report
under ‘‘Foot-and-mouth disease in the horse.” The commission
concludes, from its tests, that the horse is very resistant to infection
with foot-and-mouth disense, but is highly susceptible to the virus
of vesicular stomatitis.

FILTRATION EXPFERIMENTS

_ It is generally accopted that the virus of foot-and-niouth disease
is filteable. The membars of the comumission, in moere extensive

observatious, found that the virus ordinarily carriss an electro-

posttive charge—its iscelectric range centering at Pu=about 8—
and that this condition influences liltration through the commonly
employed clectronegative filters. To summarize the results of the
comnussion’s expertnents: The foot-and-mouth-discase virus, in its
alectropositive condition, is filtrable through the Seitz asbestos
disk, through Berkefeld ¥V and ¥ candles, and through the various
sizes of Chamberiand bougies up to L 11.  With vespect to the L 11
filter, eloctropositive virus failed to traverse this type of Cliamber-

e et S

B S W g Y



. REPORT -OF THE FOOI-AND-MOUTH-DISEASE coMmissioN 131

land bougie, but when the charge of the virus was shifted to electro-
negative it then passed freely through this same filter. These
experiments ave described in detail elsewhere in this report.

On the other hand, the virus of vesicular stomatitis was regarded,
at the inception of the commission’s studies on its filtration in Novem-
‘ber, 1925, as nonfiltrable. Mohler (63}, in 1918, and Cotton (Z4), in
1926, reported that the virus failed to pass filters which retain bac-
teria of the ordinary species such as Bacillus prodigiosus.

Following ave the results of 18 different filtration tests from 13 of
which an unequivocal conclusion can be drawn that the wvirus of
vesiculer stotnutitis is also filirable and that a distinetion between
this virus and thet of foot-and-mouth disease on the basis of filtrs-
bility -does not exist.

V%}he first test was made, November 30, 1925, with a Berkefeld
' ter.

PROTOCOL 27

A new Berkeleld filter, type V, was employed with n vepative pressure of 20
centimeters .of mereury. A vigorously growing culture of Bacillus predigiosus
was firsb filtered, with the result that the materinl hefore filbration yieided a
profusc growth but-the filbrate remained sterile.  Then the aspiraied lyvinph from
six guinea pigs with experimental vesicular stometitis was diluted 1 : 8 in physio-
logical saline 8t Pu=7.6 and fiitered through the same candle. Two guinea pigs
were injected intradermically in the posterior pads with the fltrate and four with
tite unfiltrated materials. All six exhibited the typieal lesions of vesictilar stoma-
titis within 48 hours.

Thus, in @ carefully controlled filtration experiment, it was found
that the virus of vesicular stomatitis was filtrable through a Berkefeld
V candle. This experiment was repeated under exsctly similar con-
ditions except that the virus material was diluted 1:15 in physiologi-
cal suline at Pu=7.8. Io this case 4 guinea pigs were injected, 2
with the unfiltered and 2 with the filtered substance. Al showed
typical vesicular-stomatitis lesions within 48 hours. Another repeti-
tion was made with the virus diluted 1:25 in the saline. Hers
agein the 2 guinea pigs injected with the unfiltered and the two
with the filkered material vielded typical experimental vesicular
stomatitis within 48 hours. A fourth test was made with the aspirated
lymph diluted 1:20 in phosphate bufler at Pa=7.5. The other
conditions of the experiment remained the same, 'Three guinea pigs
injected with the unfiltered and 3 with the Rltered virus showed
the typical vesicles of vesicular stomatitis within 48 hours.

Hunes, in four different tests, in which active virus was used from
different sources, and diluted from 1:8 to 1:25, either in physio-~
logical snline or phosphate buffer at Pa=7.5 to 7.8, filtration was
effected through en equal number of new Berkefeld V candies,
impervious to a culture of B. prodigiosus.

The nex’ experiments concerned the filtrubility of the virus through
Berkefold N candles, which are less porous than the V type.

FROTOCOL 28

In ali, 10 different filkration tests were made, employing o new Berkefeld N
filter in ench instunce. All these filters were tested, for absence of leakage,
with Bacillus prodigiosus cultures and in every ense the unfilteret] culture grew
profusely but the filtered materinl remained sterile. A negabive ‘dressure of 20
gentimeters of mercury was used throughout these tests. The sources of the
virus were the vesicular fluid or finely ground tissue covering, the vesicles from

N




VT Y AT i T K AT

-of L

T AN Ay AL

Vremy paw e T e *

W

" 132 TECHNICAL BULLETIN 76, . S. DEPT. OF AGRICULTURE |

‘the tongue of a heifer, and of four differmnt horses.- In adlditionthere was employed
the vesicular Auid from the foot Jedions of a hog and those of three ‘Euines pigs. E
The diluents ware either physiological saline solution ot ‘phosphate
buffer ub Pr=7.5 t0 7.6 and the dilutions of the virus mutetials in
them were from 1:10 to 1:150. In -each -experiment, 83 -a -control,
the uniiltered, diluted virus was injected inte two guinen pigs ‘which
showed, within 48 hours, es & rule, the ‘_i;y(})ica'l vesicles of vesicular ..
stomatitis. The filtrate was injected intradermically ‘in the posterior
‘pads of from two fo three guines pigs for each test. The results of

‘the: inoculation of filtrates are given in Tyble 49,

Tins 49.—Resulls of insculation of fillrales of vesicularsstomalitls virus through
Berkefeld N filter )

Iniectinn of
Source of material Dilutlon | Gltrate (0

snines pigs

Touoguo vesile, horse
-Fongt vesicle, gilinea pig_.
Tongun vealcle, harss,
F¥rool vesicie, ho

Foot vesivle, jainen pig

Fositive.
Da.

4T
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-—}-u—i-—-.—-,—-—-n-n-l—_-

0.
Tongl(ue vesiclo, heifer
an -

‘This series of 16 separate fiitration tests, made with active virus
diluted 1:10 to 1:150 and obtained from different sources, shows
‘that the active agent was also filtrable ‘through Berkefeld N .candles
which were impermenble to Bacillus prodigiosus. TIn 4 -of ‘the 10
experiments, the virus, however, failed to traverse the filters. '

Filtration of the virus through a Seitz filter was ‘then -attempted.
The Manteufel, B. K. model, with one asbestos disk, was used at
& negative pressure of 20 centimeters of mercury. The virus oM~
—Eri'sed the fluid and ground -coverings of a vesicle on ‘the tongue.ofa
horse, diluted 1:150 in phosphate buffer at Pr=7.5. Both the
unfiltered and filterad material could induce experimental ‘vegicular
stomatitis in gninea pigs. o

Finally, filtrations were made ‘through Chamberland bougies,
sizes 1.3, I 7, and L 11,% all of which were :;proved impermesable ito
living B. prodigiosus cultures.

TROTOCOL ‘X

Single expetiments were made with each of the L 3, L 7, and L 11 types of

‘Chamberland filters. No negative or positive pressure was applied, but -the

virug iuaterials wore allowed to drip through the walls for about ane hiour. The
virus consisted of the fluid or ground coverings of vesicles on 'the tongued of two
horses with vesicular stomatitis, diluted about 1:20 in phosphate buffer at
Pu=7510 7.6.

The unfiltered materinl from each horse was injected into three -guinen pigs,
or #ix in all. These six showed the typical vesigles of vesiowlar -stomatitis
witliin 48 hetrs after injeotion.

The filbrate of the L 3 type bougie was inoeuiated into three guinen pigs. -One
ghowetl primary and secondary vesicles; the other two were apparently unaffected.

* An L 5 typo ftitor was plso ased bot it was founid to contain Javelle water (a chiorine compound) with

;hifh-the fiter was cleanad, The negntlve results in this ra%6, thereflore, could not be conaldered ns con.
usive,
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But a reincculation of 1 of the negative guinea pigs with active virus 15 duye
lator agoin revealed no sympltoms.  Hence, lesions tnuy have been prosent after
the firat injection Lut they were probably so slight as to be magked or overlooked.
The other negative pig died, _

The filtrate of the I 7 type bagie was inoculaled into three guinga pigs. One
exhibited the {ypical disense which could be fransferred to a normal animal, but
the second and third were negative. On reinaculation with active virus 13
days later one of the latter two were positive, the other vegative. It is apparent
that here again the symploms after the first lnjection may have been overlooked
in one of these animals,

oThe filtrate of the L 11 type bougie was injested into three guines pigs. Al
retnnined well and p reinoculation of active virus afler 14 days induced in these
three animuls the typical primary and sevoudary vesicles of vesicular stomatitis.

This experiment demonstrates that the virus can traverse the
L3 and L 7 types of Chamberland filters but not under ordinary con-~
ditions the L 11. In this respect an nnalogue is to be found in the
similar behavior of the foot-and-mounth-disease virus—a condition
to be discussed later. It is noteworthy that no pressure, positive ox
negutive, wns employed in the experiment and that the filters were
capable of retaining Bacillus prodigiosus.

Table 50 summarizes the results of the separnte filtration tests.

Tapne 50.—Results of filiration of the 1}:5:‘:;» nf vesiculur stomatitis through various
Jiliers - :

Num- l Hua-

ber of lier of
cany.  iDfectjonsness of fl- o, -
! r:?a 4. lrute in guines 1lgs Type of Mler usetl ;3?;‘;"1’11-

Leathng. tentions!
Berkelald V. . 4 4 poshive. Chumberlond L 3. I pisltive,
Berkefehl M. . 10 - & pogtive; 4 neealive. | Chumberlandl T 7. Do,

Beltx. ... ... Tl 1 poditive. ,t Chambwrland 2211, I negetive,

Inlectlousness of 1.

Type afl fller usal truli in guines pigs

To prove the specificity of tha virus contained in the vestcular-
stomatitis filtrates, o cross-dtrumunity test was made in which a Berke-
feld N filtraie of the virus was injected intc three guinen pigs recov-
ered from vesicular stomatibis; into three having bad a type A
foot-and-mouth disesse, and into u like number convalescent from
t.i{ ¢ O foot-nnd-mouth disease. The results of this test showed that
the filtered vesicular-stomatitis virus induced the typical experi-
mental disense in recoverad type A aud type O foot-and-mouth-
disease guinea pigs, as well as in the normal controls, but was without
effect in the pnimals which had been through an ptback of vesioular

stomatibis,3®
DISCUNSION

Tn the compnrative studies of foot-and-mouth disease and vesicular
stomatitts, the commission’s efforts were directed to find eriteria by
whieh one could be differentinted {rom the other.

That the vesicular-stomatis virus produces lesions in the guinea pig
has been shown. Tn general these lesions are indistinguisheable from
those of experimentul foot-und-mouth disense. Tt has been pointed
out that as a rule the vesiculer-stomatitis virus requires n longer time
to exhibit vesicles.than does the foot-and-mouth virus. Furthermore,

9 Phe eordithuns unter whic these ﬂhrl\l.iunsdw ere carrled ou are simlur to those desetibed unhder Phys-

feal and chieoueal progeciies of the vins," p, 3



http:Joot-Itnd-mou.th
http:storJlntitis.39
http:experiment.f1.ud

134 “TECENICAY, BULLETIN 76, U. 8. DEPT. OF AGRICULTURE

secondary vesicles were not so constantly present in experimental
vesicular stotnabibis in guinea pigs. Those findings were not constant
for the virus of elther disease vnd caun not be relied upoun s o ariterion
for differentiating the two diseuses by guinea-pig inoculations.

The cross-immunity tests in guinea pigs, however, indicate defi-
nitely that one disease does not ymmunize against the other. Hence,
this can be used in supplementing other meansof differentiating vesicu-
lar stomatitis from foot-and-mouth disense. For exwmnple, a supply of
giinea pigs recovered from or immunized against vesicular stomatitis
could be T:ept constantly on hand by the Buresu of Animal Industry.
Buspected material is then inocwlated into a series of 5 or more vesict-
lur-stometitis-immune guinea pigs and also into 2 or 3 normal guines
pigs. 1If the suspected material 1nduces lesions in the normal guinea
pigs and vot in the vesicular-stomatitis immunes, it would be proof
that the inoculnted material contained vesicular-stomatitis virus.
‘On the other hand, if both the econtrol normal guinen pigs and the
vesiculnr-stomatitis immunes beeame infected, it would indicate that
the suspected meterial contained foot-and-mouth-disense virus® It
is not possible under existing conditions in the United States to have
a supply of foot-and-mouth-disease-immune guinea pigs to complete
these cross-immunity tests.

The use of foot-and-mouth-disease and vesicular-stomatitis immune
serums in guinen-pig tests for differentiating the two diseases also
suggests itself.

ross-immunity experiments with cattle yielded practically the
sare results as those in guinea pigs. Tt is apparent, however, that
unless cattle immune to vesicular stomatitis are by chance evailable,
the constani, regular supply of immunized guines pigs is riore eco-
nomiecal and quite as eflective.

The cattle inoculations, however, yvield differences, which, if care-
{Tully considered, may be of some aid in differentiating the two dis-
enses. It has been pointed out that definite lesions of vesicular
stomatitis were not observed in cattle inoculated intramuscularly
with as much as from 1 to 3 cuble centimesters of heavy suspensions
of vesicular-stomatitis virus. On the other hand, with foot-and-
mouth-disease virus, this mode of inoculation induced typical, pro-
nounced lesions in all 11 cattle injected. Other investigators also
report positive results with intramuseular injection of foot-and-
mouth-disease virus.

The intravenous inoculation of vesicular-stomaditis virus into
seven -cattle resulted m one enimal's showing a definite but mild
affection. The writers did not incculate foot-and-rmouth-disense
virus into cattle by the intravenous route. Qthers, however, report
positive results by that method,

Even with local inoculation there is almost always a difference
in the behavior of the two viruses. When cattle were inoculated
on the tongue or gums with vesicular-stomatitis virus, no foot or
other secondary lesions were observed. With foot-and-mouth-
disense virus, inoculation by scarificafion, as a rule, causes foot and
othar secondary lesions.

W, E. Cotton (43) has recently found o plurulity of vesleulur-stomatitls vicus to exist, uad this fset
Itnl.}&t therelore ho considered when Interpreting rexufls where vesivulorsiomstitis-fmmiune animels ehow
edlong,
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For proper interpretation of the inoculation results it is essential
that the injected materiel, either from foot-and-mouth disease or
from vesicular-stomatitis suspocts, should contaiv fluid or coverings
from fresh, or recently rupiured, vesicles. Under certain conditions
the virus loses its virulence rapidly.

Hogs appear to be at least as suseeptible to vesicular stomatitis
as to joot-and-mouth-disease virns, when inoculated locally or intra-
_venously, and offer no means of differentiating the two diseases.
‘Cross-immunity tests, however, reveal a sharp difference, but hera
there is no andvantage over guinea pigs for differential tests.

The horse is the most reliable animal for distinguishing between
the two diseases. While this animal is readily infected with vesic-
wlar-stomatitis virus, the writers were unable to infect 1t with either
types A or O of foot-and-mouth-disease virus. The results of the
writers' experiments with horses and the field experiences in foot-
end-mouth disease in the United States and other countries may be
accepted us evidence of the resistance of this animal fo that disease.

Tn differentiating between foot-and-mouth disease and vesicular
stomatitis by the use of the horse as s test animal, however, ‘the possi-
bility exists, although it may be very rare, of the two diseases being
present in the same herd or in the same animal simultaneously.
Vallée * has shown that an animal can be infected with both the A
and O types of foot-and-mouth disease simultaneonsly and that both
types of the disease can be produced with virus from such an animal.
While lack of time prevented experiraental study of the action of
mixtures of the viruses of vesicular stomasitis and foot-end-mouth
disense, it is thought that the following procedure might be an aid in
eliminating & posstble mixed infection.

With the suspected material one or more horses and two or more
cattle are inoculated by scarification of the mucous membrane of the
tongue of the horse and the mucous membrane of the gum or dental
padlof cattle. It is of course essential that susceptible animals be
used.

The development of the disease in the horse and the cattle would
indicate that the inoculated material contains at least the virus of
vesiculur stomatitis. Two or more normal cattle are now inoculated
with the material collected from the horse. This should contain
only vesicular-stomatitis virus, assuming that the foot-and-mouth-
disense virus {if present in the original material) had been lost
because of the insusceptibility of the horse to infection with foot-
and-mouth disense.

Thus we have two groups of gatile immune to subsequent exposure
to the virus with which they were inoculated: Group A, inoculated
with the original material, and Group B, inoculatad with that derived
from the horse. After an interval of one week both groups are in-
jected with the origina] substance which should be Lkept in a cold
chamber in phosphate buffered 50 per cent glycercl, the preparation
of which is described elsewhere in this report, Then,

1. If animals in Group A are unaffected, and those in Group B are infected,
it would indieate that the original maierial coutains both vesicular-stomatitis
and foot-and-maouth-disense viruses.

9 If animals in Groups A and B are unaffecied, it wouid indiecate that the
original material contained only the virus of vesicular stomatitis.

1 Hypsanal eainmunicatlon,
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Guinea pigs may be used as test animals in conjunction with cattle
or alone. In each group check animals should control the activity
of the virus.

It was demonstrated that cattle are readily immunized agsinst
vesicular stomatitis by local, intramuscular, .or intravenous inocula-
tion of the virus, even though no evidence.of the diseass is.observed.
By aunalogy to the immunity produced in certein -other diseases, it
was hoped that this strong, easily produced immunity in vesicular
stomatitis would also protectagainst foot-and-mouth-disease infection.
A large series of cross-imumunity tests proved, however, that cattle,
racovered from vesicular stomatitis, become infected when exposed to
foot-and-mouth-disease virus by contaet, by scarification, or by intra-
museular inoewlations,

In view of the fact that the intremuseular injection of cattle with
vesicular-stomatitis virus is followed by no demonstrable lesions
(et Jeast in the limited number of animals used by the writers),
and that this procedure renders the animal solidly immune, it is
su%gested that this may be a means of immunizetion egainst vesi-
culsr stomatitis i field work. Tor such a purpose, virus propagated
in guines pigs could be used.

respect 1o filiration, there is no distinction between the virus
of vesicular stomatitis and that of foot-and-mouth disease. Both
respond to the test in a falily parallel manner. It appears that the
virus of vesiculer stomatitis under ordinary conditions has a tendency
to become sadsorbed in the walls of the denser types of filters, as in
the case of the Berkefeld N and the L 11 type of the Chamberland,
‘With the foot-and-mouth-disesse virus this condition also prevsils
and hes been found to be & consequence of its electropositive charge.
No cataphoresis tests were made, however, with the active agent of
vesicular stomatitis, so that s definite interpretation .of this phe-
nowenonisnotpossible. Theresultsof the experiments are suggestive,
however, if such adsorption occurs as a consequence of electropositive
charge, that the virus of vesicular stomatitis may be of the order of
magnitude of that of foot-and-mouth diseass.®

‘CONCLLUSIONS

From the foregoing work the foliowing conclusions may be drawn:

1. Vesicular-stoinatitis virus is reedily trensferred to guines piws,
There 3s little to differentinte this disease from fooi-and-mouth dis-
ease by a study of the lesions induced. Cross-immunity tests in these
enimuis, however, offer an aid in differentisting the two diseases.

2. Vesicular-stomatitis virus induces lesions in cattle, which are at
times indistinguishabie from those of foot-and-mouth disease., Differ-
ences were noted, however, ju the response to various methods of
inoculation of the two viruses, Divergence in the course of the two
diseases was zlso.observed. Immunity produced.in cattle by vesic-
ular stomatitis end foot-and-mouth disesse is solid for its respective
virus, but in the considerable number of cattle inoculated with, or
exposad by contact to, the two viruses, no evidence of cross immunity
was found,

£ Sinve (hiy wos wrilttan, one of the writers has shows that both viruses are ldentical in seversl other
physical, chewlonl, sud! biologlenl charoeters, (Olitsky, P. K., In Exp, Moed., 1827, XIV, 068,)
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‘3. Swine are susceptible to the active agent of vesicular stoma-

titis; ‘the disease induced is then ‘indistinguishable from foot-and-
“mouth-disease. Here again no evidence of cross immunity between the
two was discovered. _

4, Horses are very sensitive to infection with vesicular-stomatitis -
wirus by inoculation on the tongue. On the other hand, these animals
-are resistant to foot-and-mouth disease when inoculated on the tongue,
mucous membrane of the lips, or intramuscularly. The horse can be
regarded as the best of test animals to differenfinte vesicular stoma-
titis from foot-and-mouth disease. -

5. In 13 of 18 carefully controlled filtration experiments it was
found ‘that the virus of vesicular stomatitis was filtrable through
Berkefeld V and N candles, through Seitz asbestos disks, and through
‘Chamberland bougies, sizes 1,.3 and L. 7. The virus, similar to that
-of Toot-and-mouth disease, is not filtrable under ordinary conditions
through (Chamberland L 11 typebougies and shows the saine tendency
to -adsorption in ‘the walls of denser -alectronegative filters.

REGULATIONS FOR THE CONTROL OF FOOT-AND-MOUTH
DISEASE IN EUROPEAN COUNTRIES

[Compiled by the Bwedish Foot-and-Mouth-Disease Commission]

These rules and regulations for the control of foot-and-mouth dis-
ease in certain FEuropean countries were compiled, in 1925, by the
Swadish foot-end-mouth-disease commission, which has given per-
mission for their publication in English.

The American comunission takes this opportunity of expressing to
‘the Swedish commission appreciation of its courtesy. The writers
also thank Charles H. Heisler, American consul at Malmé, Sweden,
and Verper ‘Carlsson, of the Americen consulate at Malm, for the
translation of these regulations into English.

Regulations for the control of infectious diseases are based .on the
nature of the disease and ars in accordance with -conditions existing.
in & country. ‘Genernlly spealdng, there is no marked difference be-
tween the United and European :countries in the rules and regulations
governing the control' of most animal disesses. Foot-and-mouth
disease, however, is one distinct exception. The methods .employed
in the United States in handiing this disease differ from those .of
Furopean countries, except the United Kingdom, and the rules and
regulations of these countries, therefore, differ from those of the
United States. y

In the United States foot-and-mouth disease is combated by the
slaughter or “stamping out” method, while in continental Hurope,
as n.ieneral thing, it is handled by means of isolation and quarantine.

A knowledge of the rules and regulations for the control of foot-and-
‘mouth disease in Europe is-of value to the United States Department
of Agriculture and others charged with the suppression of this disesse.
The%mowledge is valuable not only ss a source of exact information
8sto whatis being donein the various countries, bub also because this
information is at hand in the event of any necessity to change existin
methods of dealing with ‘foot-and-mouth disease in the Unite
States. TFurthermore, a report-of an epizoological study of foot-and-
mouth disease in Europe must of necessity include methods of con-
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trol. The rules and regulations for the .control of the «isease in cer-
tein Buropean countries are, therefore, submitted by the United
States Department of Agriculture foot-and-mouth-disease commission
28 & section of its report. .

"The rules and regulations and methods .of controlling ‘foot-and-
mouth .disease in the various countries * are ipresented for each
-country in the following erder: Bel ium, Denmark, France, Germany,
Sweden, Switzerlend, The Netherlands, and United Kingdom. =

BELGIUM
METHOD OF REPORTING

Report shall be made to the mayor of the municipality in which
‘the enimals are located at the time of infection. Owners and POSSEs-
sors of animels, veterinarians, and mest inspectors are under .obli-
gation to report.

In fixing the infected ares considerstior is paid to three points,
nemely, whether there are on the farms in the wmres wnimals that
are (1) infected with the disease; (2) suspected of being infected,
or (3) suspected of being exposed to the dissase. -Owners of such
farms shail report the mmatter to the muyor and thereafter keep
their animals separated in such manner that they can not come in
contact with animals that can become infected with the disease,

Animgls that are suspected of being contaminated with foot~
and-mouth disease are all ruminants and pigs, (1) which have been
2t & place suspected of being infected or in aliserd compriging snimals
infected or suspected of being infected with the disease; (2) which
have been on s pasture separated from other pestures .only by a
fence that permits contect with the neighboring animals, -or only
by means of 2 body of water or watercourse that is a common watering. -
place for the animals; (3) which have been on the frst edjacent
meadow downstream, that receives water from the infected pasture;
{4) which have followed & road which might have been infected
during the previous four days by the Ppassing of animals infected -
with the disease; (5} which have been touched or tended by 4 person
who the same day has been in contact with an infected animsl;
end (8) which are or have been subject to ofher possible source of
infection, as estnblished by an officisl veterinarien. . :

Distinction is made between the following kinds of infections areas: .
Infected premises, infected zone, snd sefety zone.

'The aren of infeeted premises includes the farm, pasture, or other
plage where infected animel or animals suspected of being infected or
of being contaminsted sre confined or inclosed.

By ‘‘infected zone” is understood the territory, cutside of the
infected premises, within s radius of 300 meters (about one-fifth
of amile) orin such larger or smaller radius as the mayor mey decide.

‘The measures taken for combating foot-and-mouth disease .are
adopted according to the spresd of the disease, so that a distinetion
1s made between two periods, viz, the first period, when the disease
is raging in only & restricted area and thereig hope of eradicating or
checking the disease; and the second period, when an economical dis-
position of the cattle would be seriously impeded should the regulation
ge applied in ull their rigorousness.

§1 A& general dlscussion of the fopt-und-moubh-disease situation 1o Italy, Austrls, and Hungary s given
usider *Epizonlogy and conttol of apizoolics, p, 5.
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SLAUGHTER AND APFRAISAL OF ANIMALS

In «cases prescribed by the minister of agriculture the mayor orders*”

. glauphter of infected animals or animals suspected of being infected.
Compensation in such eases is granted to the owner .of the animals.

- Itis fixed by appraisel of one expert, who definitely settles the matter.

*The expert is appointed by and sworn into office by the governor of

the Province. The president of ‘‘la Fédération provinciale dlélevage”

{about the same as an agricultural association) nomineies the expert.

QUARANTINE OF PERSONS

A person who has entered an infected place or has been in contact
with infected animals, when he leaves the place, shall be disinfected
according to the instructions of the veterinarian, ° '

Admission to an infected place shall be prohibited to all persons
except veterinarians, supervising disinfectors, policemen, and attend-

ants,
" Public roads leading to the infected place may be closed by the
mayor on the recommendation of the veterinary inspector. Such
roads may be traveled -only by persons holding pass bills issued by
the mayor.

Persons who do not belong to the farm must not stroll on ifs prem-
ises. 'This regulation applies to the whole safety zone.

QUARANTINE OF ANIMALS
INFECTED IREMISES
During the first peried animals declared by a veterinarian to be
mfected or suspected of being infected or contaminated shall be kept

in stables. o : :
Tf the veterinarian finds it impossible -or inadvisable to keep the

T
5o

Tl

animals in the stables and their slaughter is deemed imopportune,

they may be placed, at the direction of the veterinarian, in an inclosure
either together or in groups. _ .

Animals for slaughter that show no symptoms of the dizease and.
have no fever may, under police surveillance and according %o the
- direction of the veterinarian, ke trensporied in carts to & public
slaughterhouse or other slaughterhouse which has been assigned by
the veterinary authorities. .

During the second period infected and suspected animals are isolated
either in stables or on pastures, aceording to the direction of the
authorities.

INTECTED ZO0NE

During the first period, ruminants, pigs, dogs, and poultry may not
“enter plﬂgﬁic roads or premises other than those to which they belong,
except however, that they may cross public roads in -order to reach
pasture, and that draft cattle may be used for such purposes outside
the farm. As a condition for these exceptions it is stipulated that
the anitnals before entering the pasture and prior to being brought
beck into the stable shall pass through a tank .of lime solution o &
height of 22 centimeters, that they shall when leaving and return-
ing to the stable pass through the lime solution as above, snd that in
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, both cases the animals do not.belong to a farm which is an infected |
place. Animals also may leave the infected zone to ‘be brought to :
% public or other recognized sbattoir where they shall be slaughtered
‘within 24 hours. The transportation may not ‘take place unless the
“veterinarian has issued a pass the same.day or the day ‘before. "The
-animals mey also be exhibited at market places reserved for-animasls:
intended for slaughter. - _ -

During the second peviod the movement of animals is prohibited

- but the veterinary inspector may grant general modifications .in ‘this - 3
respect under such conditions as he ‘may find it reasonsble to pre-

“seribe; this shall not .apply, howsver, to animals belonging ‘to an |
infected place. : _ _ - o

BAFETY ZONE

Cloven-footed: animals may not leave the zone solong as this pro--
hibition is not revoked by the veterinary ingpector in charge. :

The holding .of fairs, the -assembling of young ecattle and pigs for
sale, the transportation of boars, anf ‘trespassing -of strangers and = 9
animals from other farms on the pastures are hkewise prohibited. :

The use of common pastures and the ‘bringing ‘together.of animals
are reguiated by the veterinary inspector. -

When the ‘disease has reached the second period the veterinary .
inspector may issue modified regulations regarding the sale of cloven-

footed animals.
RESTHRICTIONS DN 0008

The removel, from the infected place, of manure, muck, hay, straw,
or other products that might spread the infection to.other animals is '}
prohibited until the isolation regulations have been canceled. In
‘emergency cases the transportation of muck may be-permitted by the
veterinary inspector. Special regulations are in force with regard
to milk, ' o '

MILK

Milk from an infected farm may be brought to creameries if the
anagement of ‘the creamery is willing to receive 1it, ‘but not until all
work with milk from uninfected farms has been completed.

The milk may not be sold unless heated to 80° C. '

The countainers shall be disinfected both inside and outside by
being immersed in boiling 3 per cent solution of soda, :

This disinfection tales place at the CIBAMATY. o

Newly slaked lime shall be spread every day -on the roads leading
to the creamery and on its yard, as well as on the bottom of the bodies
of thie vohicles used for the transportation.

A vehicle used for the transportation of the milk may not be brought
from sn infeeted to an uninfected farm. The same cart may not be -
‘used for infected and clean Tarms, _

No compensation for losses cansed by milk restrictions is provided

for in the {aws. _
HORSES, DOGS, CATS, AND POULTRY

Horses, other single-hooled antmals, and draft-dogs may leave an
infected place du ting the first period in order to perform work, pro-
vided the hoofs and paws nre disinfected prior to the departure. No
restrictions .are preseribed ertaining to ‘the use of these animals
tluring the second period. l‘[t is provided, however, that & veteri-




'REPORT .OF THE FOOT-AND-MOUTH-DISEASE COMMISSION 141

narian has a right to-give instructions.to that effect so far as the in-
" fected place.is concerned.

Poultry,.except pigeons, and dogs on infected farms shall be locked”
up or tied in such manner that they can not reach s public ‘road or
.enter the property of other persons. .

. “In the entire safety zone it is prohibited to allow dogs to run at
large. o
DURATION OF QUARANTINE

INFECTEER PLAGCE

If the veterinary inspector does not oppose a measure of the kind
the mayor.cancels the regulations which isolate & stable or inclosure
provided disinfection was performed within three days .afver .the
veterinarian established the recovery of the animsls and s general
disinfection of the animsls and of all infected places and .articles

. . has teken place. Certificate of the recovery may not be issued,

‘however, until .at least 10 days have élapsed sinee the declaration
of infection. '

Access -to infected stables and pastures is prohibited to men and
animals for n period of not less than 14 days after establishment
of the recovery. During the same period the animals remain under
public surveillance and may not be sold or come in contact with
other animals susceptible to the disease; and finally they mey not
enter roads used by other cloven-footed animals.

INFECTED ZOWE

, The regulations are canceled 14 days after establishing the recov-

" ery of the last case of infection. Animals that have been guaran-
tined in & stable and have recovered for more than two weelks may,
however, be taken on public roads before such prohibition is revoked.

SAFETY ZONE

‘The veterinary inspector in the district where the disease has
‘broken out fixes the limits of the safety zone and informs the mayor
both of this fact and of a suitable time for the abolishing of the regu-
lations,

GENERAL PRECAUTIONARY MEASURES

Special regulations apply, with regard to markets for cloven-
footed animals, in which among other things veterinary. examination
of each animal is prescribed.

The Minister of Agriculture may prohibit the holding of such
markets when & great spreading of foot-snd-mouth disesse may be
be expected. .

The Minister of Agriculture may also issue special instructions for
such merkets which are considered particularly infectious. When
the markeb is closed snimals may be brought to public abations
where they shall be slaughtered within five deys. If the animals.are
brought to & slanghterhouse at some other place they are marked
in a specified manner. The transportation may take place in & card
or by raillway.
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NOTES AND COMMENTS

The most charncteristic festure of the Belgiun luws is that. they
Tecognize the need ol specinl methods of combat as the diseusse
apreads. Special regulations apply to the pertod when the disease
is new .and of less prevalence, “the first period,” and to the period
thereafter, “‘the second period.™ Furthermore, the system which
recognizes three kinds of infécted areas is provided for in the laws;
and the laws are well and clearly arranged. .

DENMARK

METHOD OF REPORTING

In cases in which foot-and-mouth disesse is :suspected the owner
or the individual in charge of the animals shall either call.in g veteri-
narian or report the matter to the respective chief of police or his
representatives. '

EXTENT OF INFECTED AREA

According {o regulations now in force, included in the provisionsl
regulations of February 13, 1925, regarding messures for combating
foot-and-mouth disease, the infected ares comprises partly the farm
on which the disease has broken out and partly other farms in the
immediate vicinity. Different regulations are, however, in force
for an infected farm and adjacent farms.

Prior to the regulations of 1925 those of November 28, 1924, were
in force, which mention two kinds of infected areas, :
‘‘Lokelafspaerring” (local isolation) comprised the infected farm
and an ares surrounding it. If the infected farm was located in a-

. village, the local isolation should comprise the whole of the village.

Otherwise the isolation should include, besides the infested farm,
those adjacent farms the buildings of which were located at a . dis.
tance of about 400 meters {rom the buildings of the infected farm.

“‘Icktagelsesdigtrikt” {observation district), which included an
aren with. a radius of not less than 2 kilometers, provided, however,
that o village falling partly within the limits thereof should in its
entirety belong to the ohservation district.

Contiguous local isolation areas should be considered s g unit,
and likewise contiguous observation districts.

If the Minister of Agricultwre prescribed quarantine measures
referring to a lerger ares, the establishing of observation distriets
could be omitted.

QUARANTINE OF PERSONS

INFEQTED FARM

The owner shall see to it that strangers are not admitted to stables,
menure piles, or any part of the yard. This applies particularly to

. _persons such as butchers and cattle dealers who, on account of their
- izade, constently eome in contset with clovenfooted animals., If

such persons have been on the farm after the outbreak of the disense
the police shall order disinfection of their clothing.

Everybody living on the premises is forbidden to leave except
when absolutely necessary, and then only after a complete change
of clothing and footwear, Persons workine on the infected farm
but living elsewhere shall, so far as pussib?e, remain on the farm
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until the disease is over. If this is not possible, they shall, before
they leave the farm, carefully wash their hands and faces with sosp
and water sud change their clothing and footwesr. They shall go
directly to their homes and may not visit farms or houses where
there ure cloven-footed animals. .
 If any person on the farm moves from there, his working clothes
shall be disinfested, which if possible shall be done by boiling all
wearing apperel that will withstand such treatmens. The chief of
police shall keep himself informed as to where the person in guestion
moves and see that the new employer is informed of the fact that he
comes [rom an infected farm. If such person has been engaged in
the care and treatment of cloven-footed animals, the chief of police
shall prohibit such person from entering a steble or coming into con-
tact with cloven-footed animals for eight days.

Attendance at school and church and taking part in meetings
is prohibited for every person residing on an infected farm and also
for persons who work on the farm but live outside the farm aresa.

Those who milk or attend infected cows shall change their clothes
or put on overall clothing and change their shoes before they go
into the stable, and every milker shall in addition use a hood or read
cloth during the milking. The change shall take place in the stable.
When the clothing used in the stable has been taken off, the hands
shall be thoroughly washed with water and soap.

Farm in the immediate vieinity of the infected farm which js placed
under “public surveillance,” having been declared infected or sus-
pected of being infected. Xor such {arms the same regulations apply
s regard to personal intercourse as for infected farms.

According to the regulations of November 28, 1924, there were in
foree for the local isolation the same regulations as have been given
above for infected farms. Relative to attendanee at sehools it should
be stated, however, that under special circumstances and in the event
of & greater spreading of the disease, the Minister of Agriculture may,
on the request of chief of police, grant exceptions to the regulations
pertaining thereto.

Tn observation districts there is no restrietion on personal inter-
COtse. QUARANTINE OF ANIMALS

INFECTED PARM

Infected animals as well as animals that have been exposed to infec-
tion shall be kept in stables.

It may, on the other hand, be permitted that animsals which have
mingled with livestock which have not been exposed to infection (for
instance, because they have been on special pastures) may remain
there if they are kept together and watched, so that they can not
enter premises belonging to a neighbor or escape to & highwtﬁr: If the

i

disease should appear among such snimals, all the stock sha mnedi-
ately be stabled. In exceptional cases the chief of police may, on
permission from the veterinarian allow the animals to remain on the
pasture, if they are kept within inclosures at a distance from & neigh-
bor’s animals, or kept tethered and under constant watch day and
night. Such permission may not be granted except in cases where
on%y partof the livestock is on the pasture and the disease has appeared
only among that part; or, when the police, after consultation with
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‘the agrieultural representative, consider it impossible ‘o Pprocure
stable fodder; or when on account.of local conditions they are of the
opinion that it would be more dangerous to take the animals home
than to let them remain in the open. The chief of police may also
under the circumstances mentioned sbove Permit animals from
infected livestock to be placed on pasture,
. When the disease on the farm is over, so thet the disinfection of the
stables can be performed, the chief of police
i pas before t {ec performed.
Prior thereto the hoofs of the snimals shall be carefully cleaned and
hoofs and clefts of the hoofs smeared with tar or tar alcohol (3 parts
tar and 1 part aleohol), in addition to which the animals shall be
serubbed over the entire body with g disinfectant, The animals if
possible, shall not be allowed to enter the public highways and shall
nob be placed in the vicinity of the neighboring farm, and may not,
‘without special permission, be brought home if-they have to pass ovear
a hichwey.

Cefttle, sheap, goats, and pigs must not be moved from an infected

:Itafrlm to other parts of the country or to ancther country exeept as
GLLOWS.

When the disease has been found on a farm but is not prevalent
among the pigs and if theipigs are kept in a building which is not in
direct communication with or in the mmediste vicinity of the cattle
stable, the veterinary police authorities may grant permission to have
the pigs transported under satisfactory control o the nearest, slaugh-
terhouse under veterinary supervision for mmediate slaughter, pro-
vided the animals have been found sound af s veterinary examination
performed immediately prior to the removal. The transportation to
the abattoir shall take place direct in cart or truck and the animals
shell be accompanied by a bill of health.

Perinission may furthermore be granted, eight days after the com-
pletion of the disinfection, to ship in cart or truck to the nearest
slaughterhouse for immediste slaughter, under veterinary control, elo-
ven-focted animals that have gone through the disesse and also those
that may be suffering from results of the disease, such as vesicles of
the feet, inflamumation of the udder, or the like. Before the animals
are shipped [rom the farm they shall be washed and the hoofs cleaned
and terred. A bill of henlth shall fsccompany the animals,

ADJACENT FARMS UNDER FUBLIC OBSBERVATION

The seme regulations as are in force for infected farms apply to
adjacent farms, However, the owner (though not a buyer) is per-
raitted to ship animals for slaughter to a near-by slaughterhouse under
the following conditions: _

{1) The animals shall be examined by & veterinarian who, if the
animal is found sound, puts on s visible anark (earmark, clipping, or
peinting} and issues g bill of health, in which are stated the number
- of animals, kinds and marks, the slaughterhouse to which they shall
be brought, and & statement to.the effect that the owner has declared
that the animals have belonged to him during the last two weeks.
‘The veterinarian also issues g certificate whick, when the bill of hezlth
is zrenulrned, must contain an indorsement regerding the receipt.of the
animgls.
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(2) The slaughter shall take place &t a public slaughterhouse or at
&n -export abattoir authorized by the minister of agriculture, or at 2
private slaughterhouse under public coutrol, and the slaughter shall
take place within 24 hours after the issuance of the bill of health. If
there is no such slaughterhouse in the vicinity, the chief .of police
‘mey permit slanghter .ot a private slaughterhouse and instruct the
vaterinarian to-exercise the necessary control. * At the slaughterhouse
the animals shall be examined both prior to and after the slaughter.

~(3) The bill of health shall be delivered to the veterinerian of the
slaughterhouse, who makes & notation thereon to the effect that
glaughter has been performed and returns it within two days to the
veterinarian who issued it. If the latter veterinarian has nof received
the bill of health within four days he shell inform the chief of police
who investigntes the matter as soon as possible and prosecutes for
any offense committed.

LOCAL QUARANTINE

Prior to the law of February 13, 1925, certain regulations were in.
force with regard to loca! isoletion snd the iransportation of animels
for slaughter. If the transportation was performed with truck, it
should be performed direct and without stops.

Trueks should not proceed, in isolated districts, to collect animals
from different herds, and should not, at the same time, transport
animmals from isolated areas and from areas not isolated. The cart
or truck used for the transportation should be cleaned and disin-
fected, which should be arranged by the slaughterhouse. Manure
and straw remaining on the vehicle should be either buried or burned.
If the transportation is performed by railway, it shouid talce place in
8 locked car, into which no other animels should be brought than
those intended for slaughter at the same sbattoir. If a vessel is
used, other animals than those intended for slaughter at the same
abattoir should not be transported on the sane voyage. Railway
cars and the ship’s hold where the caftie were stabled should be
cleaned and disinfected efter the transportation is performed. The
. space at railroad stations and the quays used for such transportation
should immediately after ench shipment be cleaned and disinfected,
which should be arranged by the respective stations. If the slaughter-
house had no connection by reil with the station or vessel docks,
the transportation of the animals from the railway or from the vessel
should take place by carts which should be disinfected at the slaugh-
terhouse, or under the supervision of the proper chief m;lfolice. The
transportation of pigs to n sluughterhouse for pigs should be so per-
formed that the animals from isolated arees are received after pi
from other districts. The place where they were discharged shouﬁ
be cleaned and covered with lime after the pigs have been received.

Within the aree of local isolation cloven-footed, domestic animals
are not allowed to be driven loose, and animals should not be taken
from one herd to another for breeding or for sny other purpose.

OBPSERVATION DISTRICT

The regulations for an observation district apply only to transpor-
tation of cloven-footed animals. Thus, such animals must not be
brought to other perts of the country or to any other country. On

92878"—25——I10
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the ofher hand, the owners (not buyérs) are entitled to bring their
snimals to a near-by sluughterhouse for slaughter on the conditions
set forth Tor fransportasion of animals from an ares of Iocal isoletion
provided, however, that instead of the system with bill of health and
‘the marking .of the animals the following should apply: Before the
removal, and not earlier than the day before, ‘the owner should Hll
-out ind sign a pass bill and file it ‘with the guthorities designated b
the chief of police. "This bill should contain information correspond-
ing to-the information furnished in o bill of health, and the owner, in
attaching his signature, should make a sworn statement thet the
animals had belonged to him for not less than 14 .days and that there
were no symptoms of foot-and-mouth disease in his herd. Author-
ities designated by the police should certify to the correstness of the
pess bill and #ill out the corresponding certificete. Tn case of trans-
portetion by railwey, the railway adininistration should receive the

ass bill which should sccompany the shipment to the slaughter-
Eouse, the veterinarian of which should make & notation of the arrival
of the animals and return it to the represensstives-of the police, who
%}Ell(flﬂd note on the corresponding certificate the return of the pass
bill.

‘RESTRICTIONS ON.GOODS

INFECTED FARM

Hay and straw mey not be removed from an infected farm; ‘the
chief of police, however, may permit hay and straw from ricks on the
ground fo be removed if the persons of the farm do not assist in the
removal. Hay, straw, and turnips that have been particularly ex-
posed to the contagion may not be removed even after the public
control of the farm has ceased. Bags and other packing used for
forage products may not be removed from the farm until the disin-
fection has taken place.

The chief of police is authorized to sive permission o remove grain
from the farm when necessary, and then on the condition that such
begs are used for its transportation as have not been in contact with
cloven-footed animals since the outbreak of the disease on the farm
?r have had any communieation with cattle stables or pigpens on the
farm.

Fertilizer kept on the farm at the outbreak of the disease may not
be carried awey without the permission of the veterinarian, but shgll
be covered with a thick leyer of straw, chaft, or the like,

If the manure pile is in the immediate vicinity of a road, the owner
shall provide wire netting or similar fencing of such & height that
poultry can not have access to the manure pile.

Under special circumatances, for exampfe, the veterinary police
authorities may meke special arrangements as to treatment and
removel of manure on farms in cities. The infestious manurs shall
be kept covered until removal, which shall take place in earts with
tight bottoms.

I a container of urine is full at the outbreek of the disesse, the
contents shall immedintely be removed. Where there is & urine pit,
its contents shall be mixed daily with chloride of lime.

Slaughter of animals under public surveillance may take place only
under special permit {rom the Department of Agriculture and on-

Ppremises under the coutrol of a veterinarian. The meat from infected
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animals may not be removed from the farm without special permission
from the depertmnent. The hoofs shall be buried, the hides disin-
fecied and then, if possible, talen direct to a tunnery. The head and
the tongue shall be sither buried or boiled on the spot.

‘Caressses of cattle, sheep, and goats, which have been found sound
prior to slaugliter may be freely removed, but hides and hoofs shall
first be disinfected. Carcasses of pigs ‘which were sound when
slaughtered msy, when scalded and cleaned, likewise be removed
from the farm,

Poultry, including pigeons, may be removed if slaughtered.

ADJACENT FARMS UNDER PUBLIC SURVEILLANCE

What has been stipulated for infected farms with regard o meat,
carcasses, abte., of sﬁa,ughterad animals applies to adjacent farms
under public surveillance, but not what has otherwise been stipulated
{or infected farms.

ICAL IBOLATION

Tn each ares cloven-footed animals, either alive or slaughtered, mey
niob be removed except by special permit. The restrictions extend
glso to cloven-footed game, and to hay, strew, and manure. Hides,
horn, "hoofs, hair, and wool of cloven-footed animals may not be
.exported unless previously disinfected and salted. It is also prohib-
ited to remove, from the farm, implements and articles that had been
in the stables or that had in some other manner been in contact with
a cloven-footed besst. The chief of police is authorized to gren
exemption from the prohibition $o remove hay and straw.

OBBERVATION DISTRICT

There is no provision for restricting the removal of commodities
from such areas.

‘MILK

According to the law of April 14, 1920, regarding infectious dizseases
in domestic animals, milk mey not be removed from an infected farm
unless the Minister of Agrieulture has grented permission. It s pre-
seribed in & special ordinance that the chief of police may prohibit the
exportation of milk from an infected farm, if the disease has oceurred
sporadically in & deiry district and provided that none of the infected
herds, either alone or together, have more than 50 mills cows. In
case of & wider spreed of the disease within the dairy districts or in
case it ocours in herds with more than 50 milk cows the chief of police
may not issue prohibition egainst the exportation of milk without the
consent of the veterinarian. According to the instructions of the
veterinary police, the Minister of Agriculture may authorize the chief
of police to permit the exportation of raw milk to & cresmery under
certein precautionsry measures. Such suthorization has also been
granted. At least as early as in November, 1920, before 1,000 cases
of the disense had occurred in the country, such transportation of
milk was general.

If prohibition has been issued ngainst the exportation of milk from
an infscted farm the owner receives compensation therefor to an
amount which is the difference between the market value of the milk
ab the time in question and its feeding value. The owner shell meake
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out & sworn statement as to the quantity of milk produced -during
the period of infection.

l'll‘he restrictions-on the delivery of milk from infected herds are ag
follows:

(1) The milk containers may not be brought into the stable and
before they are removed from the farm they shall be carefully limed
either by being whoily immersed in newly prepared lime white (1 part
slaked lime and 8 parts water » Or &b any Tate by dipping the bottom
while the other part of the container and the cover are washed with
lime. Tt is, on the.other hand, not satisfactory to lime the containeis=—~
with & broom, The liming of the containers shall be done, so far as
possible, by a person who does not come in contact with infected _
anirnals. The cover shall fit tightly, If necessary, parchment or
& rubber ring should be piaced between the container and the cover,

(2) Milk from infected herds may not be brought to the creamery
together with milk from sound herds, but shall be brought either in a
go lection cart intended for such milk or directly from the infected

’]rim. L
(3) The driving to the creamery shall be done by a person who has
nothing to do with the care and grooming of infected animals, and
Shlg]ul Ee performed as carafully as possible to prevent the spilling
of milk. -

(4) Milk from infected farms may not be received at the creamery
until all milk from noninfected herds has been treated and the milk
carts bave left.” The drivers may not enter the cresmery or come
in contact with its personnel, with other persons at the creamery,
or with cloven-footed animals. '

(5) When emptisd, the containers from infected farms shall be
carefully scalded, both inside and outside. ¥f raw milk is spilled
ftnf'where, boiling water or lime white shall be poured on the spilled
mulk. “The receiving platform at the creamery and the place outside
of 1t shall be limed daily. All the milk carts shall be scalded and limed
-every day before they leave the areamery and they may not, so long
&s engaged in such traffie, be used for the fransportation of living

imals, or forage produets, hay, straw, or forage roots outside of
the infectod farm. They may not be placed or used on farms where
foot-and-mouth disease is not prevalent,

(6) Those of the personuel of the areamery ‘who handle the infec-
tious milic shail wear during this work special overall frousers, blouse,
and footwear, and afterwards wash themselves carefully. Every day
immediately after having been used the overall clo thing shall be boiled
and then dried at the boiler. The footwear shall be cleaned immedi-
ately after having been used. _

(7) The milk shall be heated o not less than 90° C. either prior to
being broughtinto the creamery proper, which in general is preferable,
or prior to the centrifugalization, if regenerator is used, or else both
the cream and the skimmed milk shull be warmed to the reguired
temperature. If the raw milk has passed through a weighing vat,
preheater, and centrifuge, these implements shall be cleaned end
soulded very carefully after being used. Finelly the floor in the
crepmery shall be sealded.

{8) At a conspicnous place in the creamery and at o man’s height
there shall be placed a printed poster of the measures preseribed. %\To
other persons than those employed in the CremInery may enter it.
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(9) Milk, creum, and whey delivered to the contractors of every
creemory receiving milk from herds infected with foot-and-mouth
disease shall be heated to 50° C. before they leave the creamery.

(10) Tf cattle or pig raising is conducted on the creamery prermises.
or near by or if any person employed in the creamery is the owner of
cattle, sheep, goats, or pigs, this fact shall immediately be reported
to the police or to the veferinarian so that mecessary precautions can
he taken. '

Transportation of milk from infected herds by railway or vessel is
prohibited.

HORAES, DOGS, CATS, AND POULTRY

No animal mnay be removed from an infected farm without special
Eermit from the veterinary police, but the owner is permitted to use

is horses outside the limits of the farm if they are separated from
cloven-footed animals on thefarm. If the animals have bean exposed
to the contegion through the manure from cloven-footed enimals,
the soiled parts must be carefully cleaned and disinfected prior to
the animals being used outside the farm. The horses meay not be
placed in s stable outside of the farm. '

Horses from infested farms may not be lent for use anywhere else;
neither may they be used for the transportetion of milk from sound
livestook. Eight days after the compﬁation of the disinfection the
veterinary police mey give permission to remove the horses to other
farms after the horses have been carefully washed with e disinfsctant
and their hoofs cleaned and farred. Stallions stebled on infected
ferms may not be used to serve mares from other farms, and mares
from such farms may not be brought to infected farms for service.

Within a redius of 5 kilometers (eboub 3 ruiles) from an infected
farm all dogs shall be tied or led by leash. Loose dogs shall betaken
in charge by the police and killed if no$ claimed within four days.
Hunting with dogs is prohibited. If a dog running loose can not be
ceught the chief of police shall have it shot. For cities and like
communities the chief of police may issue special regulations.

The cats of an infected farm shall be killed or kept locked up; the
same applies to cats on adjacent farms.

Poulbry and pigeons on infected and adjacentfarms shall be penned.

Tf thers are Tats on an infected farm, the chief of police may at the
suggestion of the velerinerian prescribe the use of an offective at
poison ot public expemse. This poisoning shall be }}::lberformed &S
soon as possible, and not later than the beginning of the final disin-
fection.

GENERAL PRECAUTIONABY MEASURES

The holding of cabtic markets (nob horse markets) and auctions
for the sale of cloven-footed animals, the bringing together of ani-
mals for purchase and sule, or uny other gathering of cloven-footed
animals for sale or for any other purpose is prohibited. It is per-
missible, however, to hold export enimals in certain specified cities
for the sale of saninals for export from the country.

The admission of strangers, particularly tradesmen, to stables is
prohibited.

Tradesmen’s stables where preguant cows are stabled, and the
assembling stables of exporb assoclations ure undet veterinary super-
vision,




TR L T T AR e P e W Y

150 TBCHNICAL BULLETIN 76, 1. §. DEPT. OF AGRICULTURE

H .considered neecessary and not accomupanied by considerable
inconveniences fo communieation, the chief of police s authorized
to prohibit &ll communications on public roads with the -exception
of highways leading through or immediately adjacent to -an infected’
farm; from this prohibition he may -exempt spectfic individuals resid-
ing near by, but not their domestic enimals,

‘Owners of trucks or other wehicles used Tor the -conveyance of
cettle, pigs, fertilizer, or raw hides shall report to the proper chief
of police.” All such vehicles shall be disinfected after each transpor-
tation, and the -disinfection shall be arranged by the respective
slaughterhouse or csttle markst immediately after the :discharge,
provided the transportation telkes place to an export abattoir -or
cattle market approved by the Department of Agriculturs, ‘With
regard o other transportefion the chief of police shell see that disin-
fection is performed under control of suthorities designated by him.

FRANCE
METHOD OF :REPORTING .

{Cases or suspected ceses of disease shall be reporfed to the mayor
of the community. Under obligation to report sre the owaner,
gssistants, shepherds, and veterinarian consulted. Veterinarians
supervising fairs or markets shell report eny observed cases of infec-
tious enimeal disease to the local police authorities, '

{EXTENT OF INFECTED AREA

The prefect declares an aree infected which includes the farm with
the stables, fences, meadows, and pastures where infected enimals
are kept, and in addition surroundi g territory, secording to circum-
stances. There appears to be nothing to prevent the inclusion :of
other territory than that belonging to the -fg.lm. Notices regarding
the infection shall be Pposted on the door -of the office of the mayor,
on the boundary posts and on the ways out of the willage or munic-
ipality. BLAUGHTEE AND APPRAISAL OF ANIMALS

The statutes contain no stipulation regarding slaughter of ani-
mals on account of foot-and-mouth disease, with the exception of
-emergency slaughter.

' QUARANTINE OF ‘PERSONS

Iu the declaration of infection which is jssued by the prefect,
prohibition is given against entering the infected ares, the limits
of which are establishe according to circumstences. No prohibition
to depart from the area appears to be given.

QUARANTINE OF ANIMALS

The declaration of infection may include isolation of the cloven-
footed animsls, separation of sound snd infected animals, examina-
tion, listing, and marking. Infected animals Inny not be sold for
other purposes than slaughter. In such case they shall be slaugh-
tered on the spot. The ssme applies to animals suspeeted .of beine
infected, with the exception thaf they may be taken to an offici
slaughterhouse. In the latter case they shall be marked with a
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brander -end 'i;mngﬁorted by cart-or by railway, in addition to which
the veterinarian shall issue & pass bjﬁ which shell he visaed by the
mayor. The pass bill shall be sent to the mayor within five days
accompeniad ‘with & certificate from the manager -of the slaughter-
house to the sffect that slaughter has been performed. :

‘RESTRICTIONS ‘ON GOODS

There is nothing stipulated in the laws regarding the -delivery of
goods from infected farms. Where local regulations are issued by
the prefect they are believed to bhe based partly on the regulation
that when foot-and-mouth disease has been found, & .certain ares
may be placed under “prohibition.” From the circular communica~
tion from the Department to the prefects it appears that foodstuffs,
forage, manurs, :etc., may not be exported unless & guaranty is
furnished that these articles are absolutely free from contagion.

‘MILE

Milk from infected Livestock is included among the cominodities for
which export prohibition ds stipulated, unless guaranty can be.fur-
nished to the affect that such commodities «do not dransfer the
contagion. ' ,

In the repulations aveilable there is no provision for compensation
for milk which can not be utilized on account of the guarantine

prescribed.
‘HORSES, DOGS, CATS, AND POULTRY

No regulations regarding these animals exist-except that the Minis-
ter of Agriculture has pointed out in & communication to the prefects
the importance of preventing the animals from coming in contact
with animals infected or suspected of being infected.

DURATION OF QUARANTINE

The declaration of infection is not revoked until 14 days after the
recovery of the animal last infected and after the completion of the
.disinfection.

GENERAL PRECAUTIONARY MEASURES

When foot-and-mouth disease assumes a more serious character,
the prefect prohibits the holding of markets of all kinds for cloven-
footed animels and the exhibition or marketing of such animals on
public roads or in the yard of an inn. Exeeption is made for markets
in cities which have slaughterhouses under veterinary control; but all
animals brought to such market shall be slaughtered at the slaughter-
house. The prefect also prohibits the bringing of l:ipigrs within the
Department or part thereof except those transported on vehicles.

In addition, the prefect may prescribe that a cattle dealer who
brings cloven-footed animals into his stables shall report such fact and
the animals may not leave the place until the expiration of five days
and until a veterinarian has certified that they are free from foot-and-
mouth disease.

The prefect’s instruetions above referred to can not be revoked until
the conditions causing them have ceased to exist.

T4 an infectious enimal disease is found at a market, the infected
or suspected animals belonging to the same owner shall be placed in
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il ‘an inclosure until they have recovered: The owner ingy demand -
‘slaughter, when the infected aninials are slaughtered-on the spot-and |
£hose suspected of higing infected-zuay be brought.4o s Ppublic gbattoir. ;
‘under observation :and prescribed precautionary meastres. Animals |
of other 6wners which have heen iz contact with the infected animals °
shell be marked with clips and may not leave the market without the |
permussion of the veterinary inspector. Such permit, or pass bill,
shall be Teturned to him sithin five days accompanied with a.certifi- p
-cate of the mayor in the community to which the animals have been
sent. o ’ o S ' : '
. "NOTES AND COMMENT

with {oot-and-mouth disease which have been slaughtered. . ...

In France there is an advisory committes for epizootics, Tt .con- -
sists of eight members: One cabinet minister appointed by certsin
Departments, the director, and the sssistent director of agrieulture, .
the director genersl of ghe customs, the inspector general of the
welerinary .coiTegas, of the public health, and of the veterinary depart- .|
ments, and the nssistant secretary of the veterinary «division of the
Department of Agriculture. : : :

There is no hindrance -‘to-i.he cohsump:tion'}of meet animals infected

GERMANY
METHOD OF REPORTING o
Cases or suspscted cases of disease shall be reported to the police ¥
anthorities or to other authority, as fixed by the government of-each - ;
State. Under obligation to report are the possessor -of the animals
or his agent, attendants, watchmen, transportation officiels, veteri~
narians, and others who are engaged in the curingof animal diseases; -
professional castrators, meat inspectors, slaughterers, ‘butchers, .and
others professionally engaged in the preparation, use, and destrie-
tion of slaughtered animels and their parts.

“EXTENT -OF INFECTED AREA

In the law in force in the whole of the Germen Republic with |
regard to infectious animal diseases, as well gs in administrative
regulations pertaining thereto, four kinds of infected areas are men-
tioned, a larger one including the smaller onsg, viz: _ .

{1) Farm where infacted animals are kept, (2) closed ares, (3)
observation ares, and (4) a larger ares where certain regulations
reladive to trade in cloven-footed animals are in force..

SLAUGHTER AND APPRAISAL OF ANTMALS

The regulations for the control of infectious animal «disoases contain
{ke stipja;bion that, if foot-and-mouth disease appeers sporadically
in & district ctherwise free from the disease, authorization may 'be
given for the slaughter of animals, infected or suspected -of being
mfected, provided it can be assumed that the contagion will thereb
be exterminated. In the explanation of this stipulation it is st&teff:
It the infection has already gained ground or if there is reason o ‘preswme,
nfter o sporadic outbrenk, that the pontagion has already spread $o0 .48 great extent,

for instance, by means of the propagation of the infection from & large cattle
market, slaughter mush be omitted as heing useless from the start,
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Compeénsation for animals thus slaughtered is paid out of public

- funds.

. The basis for compensation is the market value of the snimals,

: . regardless of such lower value ss may have arisen through the infee-

! fiop. In case of foot-and-mouth disesse the total value shall be

compensatad, provided, however, that deduction shall be made partly

for whiut may be paid for slaughtered animals on.account of insurance

. asgreements and pertly for the value of such parte of the animal as
. the owner may dispose of under the regulations of the police authori-

ties. Compensation is not given for illegally imported animals or

% for animels which have been found infected with foot-and-mouth

i disease within 14 days after their importation, unless i can be proved .
that they were not infected unntil after their importation. - ‘The right.
to compensation is forfeited in certain instances, as when the owner

of the animals *has neglected to report the outbreak of foot-and-
mouth disesse or violated resulting regulations.

Furthermore, -every individual State of the confederation issues
special instructions with regard to the payment of compensation,
for instance, as to how the compensation shall be determined.
Prussia the following regulations epply with regard to this mafter:
The appraisal is made (1) either by & veterinary official or (2) by him
and two arbitrators. The veterinsrian appraises alone {a} when the
owner consents thereto,-or (b) when it is permitted in the reguiations
issued by provincisl or municipa! confederations of the same standing,
provided the' total amount appraised does not exceed in case (1},
1,500 marks and in case (2) 500 marks. The regulation in question
was issued in 191%. Otherwise the appraisal shall be performed
by & vetermarian and two arbitrators.

For each kreis {an administrative district comparsble o a county)
the managing board of the district appoints & number of persons o
serve s arbitrators for a period of three years. A kreis may slso
be divided into several srbitration districts. The arbitrators shall
be sworn. The same applies to veterinarisns acting in behalf of
the official veterinarian. The police authority calls in arbitrafors
in case appraisal is to take place. Relationship with the owner and

' other circumstances of the kind are cause for being barred as arbi-

trators. In ease of difference of opinion smong the appraisers the
average of the various values appraised shall as a rule be considered
as the value actuslly appraised. If, however, the values determined
by two of the appraisers sgreeing with each other be lower then the
average amount, the lowest value shall apply. The appraisers make
a record of the appraisal. The decision may not be sppesled from.
The eppraisel shall, i possible, take place prier to the slaughter and at
the place where the snimals are kept. . :

NFoney for the payment of compensation for animals slaughtered
on account of foot-and-mouth disease is paid in Prugsia partly from
the funds of the provincial or municipal confederation of the same
standing and partly from the public treasury, and in equal shares.
The confederation mey decide to assess the owners of snimals for
contributions for the payment of compensation and for sdministra-
tive expenses, to such extent as they are not borne by the public
treasury. With regard to the,foot-and-mouth disease, only owners
of animals that can be infected with the disease may be assessed,
and the number of livestoek is used as & basis for the contribution.-
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Assessment can alse be made, however, for the forniing .of & fund

* for the purpose. o ' - B
’ QUARANTINE OF PERSONS ] . . .
A quarantined stable-on an infecl, farm may ‘be entered only by

“the ‘owner or his representafive or 'Ly’ those who have to:look after
or attend fhe anirmals. Persons having remained in a quarantined
stable -are subject to disinfection if :they desire to leave the farm, 4
The disinfection consists of the cleaning and disinfection of such shoes 3

and clothing as-are soiled- and not changed,.ns well as:of the hands .

and other parts of the body thathave heen 'in contact with the .auis .2
mals. Other prohibition to leave or enter an infected farm is .not - ¥
.expltessly-st.i_plﬁated. in the general laws, but restrictions in :the per-
sonal intercourse may be prescribed by the police authorities for
certain places within the -infected district, such as fazm, stable,
- pasture, or market place. Buch restrictions may servs to prevent
. ceftain tradesmen, such as cattle dealers end butchers, from.entering

a -designated area, but may also include instructions for the disin- 3

fection .of persons vistiing infected places.

QUARANTINE OF ANTMALS
INFECIED: FARM

Cloven-footed animals may be moved front an infected farm only
for slaughter with the permssion of the police authorities. If ‘the
animals are grazing; they shall as & rule be placed in stables.

Cloven-footed beasts may not be brought to the farm.

The infected animails shall be separated from the sound ones,

ISOLATED AREA

Animals suspected of being infected shall be separated, b‘ut,"’on"lfer-
mission of the police authorities may be removed for slaughter, -
portation of cloven-footed animnals into the area may not take place
exeept for immediate slaughter,

OBSERVATION AREA

Cloven-footed animels may not be driven through -the district.
Exportation for feeding and breeding purposes may be granted by
the police authorities. Cloven-footed animals may ‘be brought to a
near-by slaughterhouse or railway station for transporation to =
slanghterhouse if on vetarinary examination not.earlier than 48 hours
prior to the departure the herd has been found sound. .

For the whole district commeon grazing may be prohibited as well
-as the use of common watering places for cloven-footed animals. In -
this manner some kind of compulsory insurance is obtained. The
decisions reached by the confederations in regard to matters of the
kli%nd must be ratified by the minister of agriculture in order to become
effective, '

RESTRICTIONS ON GOODS

INFECTED FARI

Manure may be transported from infected stables only under the
obgervation of certain disinfection procedure. Like conditions apply
to the removel from the farm of manure and urine of cloven-footed
animala, Without the permit of the police authorities forage and -
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digter may not be removed, and then only if, with consideration paid
to their storage and inanner of traunsporation, they can not ba con-
sidered as bearers of infection. Implements, weohicles, containers,
and other articles, if they heve been in contact with animals infected
or suspected of being infected or with waste from such animels, must
Jbe disinfected pricr to heing removed [rom the farm,

ISOLATED AREA

Magnure and vrine from cloven-footed beasts as well as implements
and othey articles mag be removed from the ares only with the per-
orities and under observance of such precau-
~tionary measures as those authorities may prescribe.
With regerd to the other two kinds of isolated areas there are no
regulations pertrining to the exportation of goods. ~

MILK

As a genersl rule it is prescribed that milk from an infected farm
mey not be removed unless it has been heated to a certain temperature.
Exemption, however, can be granted for the transportation of miik
to an establishment where such heating can be performed. As a
condition for the granting of exemption 1t is stipulated that ]l milk
shall be warmed to 2 cerfain degree of heat. This is determined in
the following maenner: (1) Heafing over open fire until beiling takes
place; (2} heating to not less than 85°-C. throngh steam acting direct]
or indirectly; (3) heating in & water bath, at not less than 85° g
for 1 minute or not less than 75° C. for 30 minutes, the last method
carried out being under conditions prescribed by the proper authority.

- In Germany, exemption has become the rule, The milk s sent to
the creamery, or ofher dairy establishment, immediately after the
-vutbreak of the disease, without any interruption. :

The German statutes contain no provisions for compensation for
milk which it has not been possible to utilize in the ususl manner an
account of the regulations in force.

HORSES, DOGS, CATE, AND POULTRY

Horses and other single-hoofed snimals may be used outside of
the infected farin, provided, if they are placed in querantined stable,
that their hools are disinfected before they lenve the farm,

Within the isolation area all dogs shell be tied. A dog which is
led by a leash or put to & vehicle is to be considered as fied. Exemp-
tion may be given for waichdogs when they accompany watchmen,
and for hounds during hunting.

On an iffected farm the poultry shall be penned. The same applies
with regard to pigeons where cireumstances permit.

DUHRATION OF QUARANTINE

It is preseribed with regard to an infected farm that it shall be
declared free (1) if all the cloven-footed gnimals have died or have
been sloughtered or removed; (2) if no recurrence has occurred within
three weeks after the removal of animals infected or suspected of
heing infected or after recovery is established by veterinary exami-
nation: and (3) if, in both cases, disinfection has been performed
and been approved,
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Relative to otherisolated areas it is stipulated that the regulations
1ssued with regard to them be revoked ps soon as the risk of the
disease being transmitted to noninfected farms within the arers does
not exist,

INOCULATION

For the professional production of serums as a proteciion sgainst
or for the eure of infectious animal disease a license is required which
1s issued in Prussia by the Minister of Agriculture when the applicant -
is a public institution and otherwise by the president of the local
government. License is granted only for specific serums and anly
to experts heving suitable facilities. The institution is placed under
public veterinary inspection.

GENERAL PRECAUTIONARY MEASURES

The regulations for the control of infectious animal disesses and
laws relating thereto contain a number of measures pertaining to
protection against the permanent danger of infectious animal diseses.
They refer, for example, to the supervision of cattle, markets, examina-
tion of animals for railway and ses, transportation, limitation of the
right to drive animals on public roads, certificate of origin and bills
of health for animals being broughf; to markets and exhibitions, com-
pulsory Pastenrization for creamerios, and the establishment and man-
agement of slanghterhouses and ragrkets.

NOTES AND COMMENTS

The German lews are characterized by great detail. Germany’s
forin. of government is responsible for a lack of conciseness. Firss
come the regulations concerning animal disepses, valid for the whole
country {82 paragraphs), with the addition of export regulations com-
]Jrising 15 paragraphs and supplements. Each State has its expors
aws pertaining to the law regarding snimal diseases, to which belong
special regulations, and finally come in each Siate police regulations
regarding animal diseases (315 paragraphs and various supplements).
There are also a few special regulations. As a result the same subject
and the same wording oceur several times,

SWEDEN

PERSONS ENTERING STABLES, ETC,

According to royal proclamations in 1924 (1) owners of suscep-
tible animals must see to it that cattie buyers, butchers, or other
persons not caretakers of the animals do not enter buildings where
cattle are kept unless they have a permit from the medical department.
(2) Persons coming from a foreign country infected by foot-gnd-mouth
disense ure prohibited for six months from association with cloven-
footed unimuls unless they pass a medical examination and are duly
disinlected.

MILK

A law of June 6, 1925, prohibits, within a certain ATea, ANy POrsons
tfrom selling or delivering milk, buttermilk, or whey intended for use
as cattle feed unless such product has been heated to at least 80° C.
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TRANSFOUTATION OF ANIMALS AND GOODS

Horses and cloven-fooled animals must not be moved to infected
counties except by permission from the medical board. Exports of
animals and certain described offal, bones, hides, and skins, and hay
and straw mny not take place from infected territories without a
permit. It is provided, however, that horses may be moved to and
from an infected county when harnessed to a cart.

GENERAL REGULATIONS

Regulations formulated in 1898 to suppress foot-end-mouth dis-
ease nnd other diseases describe in detail the funetions of the munici-
psl and heslth boards, also lin {county} government boards, and
the rights and duties of the police and owners of the domestic animals.

Whete foot-and-mouth disease has broken out a veterinarian
appointed by the lin government board makes a thorough inves-
tigation and furnishes the bourd and the owner of the animals with
written Instructions concerning messures necessary to stop the
spread of the infection. The functions of the locg police are set
forth, also the duties of owners regarding segregation of infected
animals, attendants [or same, disposal of dead animals, and of manure,
milk, etc. Dogs must be kept in & shed or tied up until the premises
are declered free. Provisions concerning disinfection of premmises,
compensation to owners, and penalties for violations are detailed.

When foot-and-mouth disease was prevslent, especially in the
early stage of the epizootic, the lin government boards suspended
all church services and c¢losed the public schools and smusement
places. The report states, however, that when the disease made
greater progress it becune necessary to relax some of the prohibitory
Imeasures.

SWITZERLAND

METHOD OF REFORTING

Report shall be made to the competent cantonal suthority. Per-
sons under obligation to report are the owner, watchmen, and attend-
ants of animals, all departments of the veterinary police, veterina-
rians, ment inspectors, slaughterers, customs officials, cantonal and
municipal police departments, proprietors of inns, and cattle deulers
with regard to animals stabled with them; all institutions, both those
of the confederation as well as those of the cantons, and finally every-
body who can assume that otherwise & report would nob be made.

EXTENT OF INFECTED AREA

The law specifies bwo kinds of closed areas, viz, local quarantine
and extended quarantine.

The latter contains two areas with different regulations, viz, the
infected area and safety area. The aren of local quarantine includes
inclosed territory, such as stable, premises within fences, ete. The
aren of extended quarantine includes, for example, a village or a
whotle districk. Tt seems, however, that in the combas of foot-and-
mouth disease extended quarandine is resorted to immediately when
a case of the disease has been lound.

In fixing the limits of the safety arer, consideration is taken, if
possible, of the geographic conditions, but the limits may be fixed
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without consideration to the borders of municipalities .of cantons.
If 1t is a question of including in u zone more than one canton, the
national veterinaty authovities fix the zone limits.

SLAUGHTER AND APPRAISAL OF ANIMALS

Inasmuch as slaughter appenrs to be a means of successiully
combating the infection, the vaterinary authorities, or the cantonal
board of health shall preseribe that infected animals or animals
suspected of being infected shall be slaughtered. Slaughter shall
particularly be resorted to if in &.district only sporadic cases of the
d{sease appear or if the disease appears at an especially dangerous
place.

The extent of the slaughter is determined by the veterinary author-
ities in concurrence with the cantonal boards of henlth. When
differonces in opinion arise between them the matter is decided by
the department of agriculture. .

In this connection it should be especially. noted that animals not
fully r<-overed may be slaughtered whon the quarantine ceases.
This ¢+ 3 to animals that are considered to be carriers of the infec-
tion,

Before the slaughter, official appraisal shall be made .on the basis
of the price the owner would have to pay for a like animal.

The authorities ordering the slaughter shall prescribe whether and
in what manner the carcasses of slaughtered animals may be utilized.

If many animels are slaughtered the veterinarian shall endeavor
to [ncilitate the utilization of the slaughtered animals.

Slaughter shall take place if possible where the animels are kept.
The necessary arrangements for slaughter shall be made by the
cantonal veterinarian. In order to render the wastes harmless they
shall be buried on the spot. Heads, tongues, and viscera may be
used only in boiled condition. Tf they can not be thus treated they
shall be immediately burned or buried. The fect shall be cut off and
be burned or buried. The buried parts shall be covered with lime
before the grave is filled. The hides shall be disinfected.

If the slaughter can not take place on the ‘'spot, the animals shall
be brought to e slaughtering pﬂce with the grestest precautions.
The cantonal veterinarian shall personally supervise the transporta-
th;n. The following precautionary measures shall particularly be
taken:

{1) The hoofs of the animals shall be cleanad nnd disinfected
they shall then be painted with iodine and covered with & thick layer
of tar. TIn addition a bag soaked with a disinlectant shall be folded
around the feet.

(2) The cavities of the mouth and of the nose shall be protected
vith a bag of impervious muterial to prevent mucus from falling
to the ground.

(3) Trausportation shall take place in a cart. If this is not pog-
sible, only such roads may be used as arc neither open fo passenger
traffic nor used by enimals from other farms,

(4) The parts of the voads used shall he thoroughly disinfected,
and the excrement shall be romoved and hurned.

In exceptional cases the voterinary authorities may permit the
trapsportation of animals by railway to the place of slaughter.
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QUARANTINE OF PERSONS

BIMPLE OQUARANTINE

Admission to quarantined animals is prohibited unless an official
weterinarian has given permission.

INFEUTEER ZONE

Porsons living in buildings in which there are quarantined animasls
must not leave the buildings without permission. If they have neo
contact with the animals the cantonal veterinarian may grant them
%ermission to live at some other place during the period of isolation.

efore such trunsfer they shall be disinfeated. _

The personnsl usad for the ntiendance of the animals must not
leave the premises ussigned to them by the wveterinarian., On
nstructions of the cantonal veterinarisn specified persons meay be
granted permission to lesve the quarantined aree for the purpose of
performing agricultural work of an urgent nature.

BAFETY 7ZCONRE

No special regulatious are in force for this zoné with regard to per-
sonsal intercourse.
QUARANTINE OF ANIMALS

Animals infected or suspected of being infected are isolated within
a fixed space, stable, inclosure, or the like. The animals may not
leave the ares and healthy animals may not be placed there. With
the permission of the veterinarian, animals in the ares may be trans-
ported to slaughter.
.EXTENDED QUARANTINE

INFECTED ZONE

No snimals of any kind mey leave the area where they are isolated,
and if the animals are grazing (on the Alps), where there are no
stables, they shall be assembled in herds and watched day and night.
Animals not susceptible to foot-and-mouth disease may be removed,
however, with the permission of the cantonal veterinarian efter they
have been disinfected. )

Importation of animals susceptible to the disease is prohibited.

BAFETY ZONE

Animals within this zonz (outside of infected zone} may not be
removed or offered for sale. With the permission of the cantonsl
veterinarian animals mey be used, however, for agricultural work
and also may be teken to near-by pastures. Transportation of ani-
mals for slaughter may also be permitted by the veterinarian.

RESTRICTIONS ON GOODS

The removal from the infected zone of commodities that might
transfer the disease is prohibited.
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MILE

Milk may not be sent from a farm where foot-und-mouth disesse
‘has been found or is suspected of heing present. 1t may be used only
at the place of production. Butter produced from such milk shall
be melted.

A creamery that has received milk {rom a farm that i s infected or
suspected of being infected shall be isolated as well as the farms that
‘have delivered milk to the creamery during the last 14 days. Milk
from these farms may not be placed on the market and may be deliv-
ered to the creamery only after having been boiled. It must be
transported by persons who do not come in contact with the animals

infected or suspected of being infecied.

In exceptional cases and upon paermission of fhe cantonal veteri-
nerian rew milk may be gathered in carts from the various owners of

‘animals and brought to the creamery.

The contuiners shall be returned in a clesned and disivfected con-
dition to the owners of the animals. So Jong as such arrangements
are upplied, only such persons may be adiitied to the creamery as
are employed in it.

. According to the stututes no compensation is paid for daage on
account of milk restrictions.

HORSES, DOGS, CATS, AND POULTRY

Horses, dogs, cats, and poultry are not specifically mentioned in
the laws. Reference should be made, however, fo the general regu-

lations in force regarding animals within the area of extended modi-

fication, according to which no enimals may leave the area except by
permit from a veterinarian.

DURATION OF QUARANTINE

Ag to the duration of the isolation regulations it is In general
stipulated that they shell remain in force until expressly changed or
révolked. As a basis for the duration of quarantine the final exam-
ination of the official veterinarian is accepted. The following regu-
lations, however, should be noted. If slaughter of the animals has
taken place, the farm remains quarantined for four weeks thereafter.
If the snimals have not been slaughtered, they shall be marked,
after recovery, with the year and month when infected. The marked
animpls may be used within the isolated area, but until eight months
have elapsed they may not be removed for any other purpose than

sleughter or in order to be brought together with animals belonging =~
4o o herd that h-'s had the disease. Through a speciel decision -

after the passing of the law this period of eight months was reduced
to three months, but later was set again at eight months.

At places where slaughter has been resorted to, animals may not
be trken until four wezks after the final disinfection, and at places
where the animals have had the disesse, new animels may not be
placed until eight months after the guarantine has ceased to exist.

INOOQULATION

The veterinary authorities consider -the scientific and practical
value of biological products and are wuthorized to supervise the
production of sugh articles. Enterprises engaged in the production

e e,
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of, or trade in, biological products are under the supervision of the
* weterinary suthorities.

-GENERAL PRECAUTIONARY MEASURES

The trade in horses, cattle, sheep, goats, ‘and pigs is regulated.
"This is made possible by dividing the cantons info cattle-inspection
.districts in -each of which there is & cattie inspector, and if ;posaible
4 veterinarian employed bfy the canton. This official 1nakes s record
-of all domestic animals, of the kinds mentioned, which are imported
into or exported from the district. Jxportation .can not teke place
unless the inspector has issued a bill -of health :which inay include
either one animal or several animals. (Cattleumarkets and exhibitions
are under veterinary and police supervision. Anirnals may not be
. imported into such.district without bills. of health, and veterinary
examination takes place prior to the importation, The trade in
enimals by -taking them from farm to #farm is prohibited, but the
cantons mey grant exemption for such trade in poultry.

‘NOTES AND.COMMENTS

The Swiss regulations pertaining ‘to the combat of infectious dis-
eases among domestic animals consist of a law and an executive
order, the former of June 13, 1917, acd the latter of the August 30,
1820. 'They .are detailed but clearly arranged. The laws contain
50 puragraphs and ‘the executive order 286 paragraphs.

THE NETHERLANDS
METHOD OFf REFORTING

Report shall be made to the mayor of the community owner, pos-
sessor, or attendant of animals.

FXTENT OF INFECTED AREA

The extent of infected area is fixed by the managing official of the
munieipality upon recommendation of the official veterinerian.
case of divergent opinions the matter is referred to the Minister of
Agriculture. The area is mads known ‘liy means of posters of which
there are two kinds—white and blue. The white ones are posted at
farms infected or suspected of ‘being infected; the blue ones, at other
farms in order to warn against danger of infection. The latter cause
no infrinpement in the liberfy of acticn of -the owner, while, on the
other hand, infringement is the case with the white posters.

SLAUGHTER AND APPRAIBAL OF ANIMALS

The owner of an animal is subi' ect to Tegulations prescribindg-élaugh-

ter of infected animals or animals suspected of being infected. Com-
papsal;tiion is -poid at the Tate of 90 per cent of the value of the sound.
animal.

‘The appraisal is performed by an expert, appointsd by the mayor.
If the owner, the chief of the veterinary district, or the mayor is
dissetisfied with the appraisal, the meyor informs the judge of this
fact, who appoiuts two experts to perform the appraisal together with
the one first eppointed. For decigion the majority rule applies,

92678°—28——11
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but if no majority is obtained the value that is neither the highest nor
the lowest is taken. As soon as the appraisal hes taken place the
mayor informs the owner of the anireals that the compensgtion due
him will be paid by the public treesury.

QUARANTINE OF PERSONS

A farm, including the grounds, placarded with a white poster, is
quarantined mn such manner thet nobody may leave it without being

isinfected, Disinfection regulations require that, if necessary after
previous disinfection, hands and other soiled parts of the body be
well washed with warm water and soap; and that clothing and shoes,
iif not changed, be scrubbed with soap lye to free them from sdherent
dirt.

‘The law does not prohibit entrance to an infeoted area.

GUABANTINE OF ANIMALS

The regulations regarding restrictions on animals provide for the
separation of animals infected or suspected of being infected, and,
if they are grezing, thet they be placed in stables, that they be
marked, and thht they be not brought from the farm without per-
mission, FProhibition sgainst the removel of sound animals has not
been -enacted, and the mayor mey grant permission to export infected
animals or animals suspected of being infected under such conditions
as the chief of the veterinary district may prescribe.

RESTRICTIONS ON GOODS

There are restrictions agsinst the exportation of milk, meat, hides
{unless disinfected), horns, and hoofs of ruminants, wool, manure, and
other waste, hay, straw, and other forage products, ropes, covers for
cows, and steble implements. Exemption may be granted by the
mayor o condifions stipulated by the ehief of the veterinary district.

MILK

The law of March 26, 1920, now in force, prohibits the removal
from infected farm or ares, of any article the exportation of which
has been prohibited by the Government. According to royal decision
of February 23, 1922, this prohibition includes milk,

Upon application of interested persons the mayor, with the con-
sent of the proper veterinarian, may grant exemption and, if neces-
sary, prescribe special conditions for ﬁ)e removal,

During the severe epizootic of 1924 exemption became the rule,
at least when the disease had gained & more genersl spread. New
millt was delivered immediately to the creameries, when it had been
prescribed that it might not be shipped from the farm in other con-
tainers than those of the creamery. The milk was placed in thess
containers at the limit of the isolation sres of the farm.

Damage caused by messures prescribed for preventing the spread-
ing of the contagion may be wholly or partly reimbursec% by the pub-
lic treesury in accordance with the decision of the minister of agri-
culture, mgompensation may be paid, also, for milk that can not bs

sold, but such procedure is applied to a very small extent.
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HORSES, DOGS, CATS, AND POULTERY

No restrictions are prescribed in the laws with regard to the use of
‘borses. Tt is stipulated that instructions may be 1ssued prescribing
the tying or locking up of dogs, cats, and poultry.

DUBATION OF QUARANTINE

No period of time is fixed during which a farin shall be considered
infected or suspected of being infected. It is only sfipulated that the
mayor shall remove the posters as soon as the chief of the veterinary
district has sent him a written statement to the effeet thet he is in
favor of such a measure.

JGENERAL PRECAUTIONARY MEASURES

‘When there is risk of the spreading of an infectious disease or
when such disesss is prevalent the Governinent may issue certain
regulations for the prevention of the spread of the infection, Pasteur-
ization of milk, treatment or marking of animals that shall he trans-
ported, and conditions for the transportation of milk, mest, end other
commodities. Such regulations may apply to the whqle country or
parts thereof.

INOGULATION

According to law the Governmeni decides which scientific institu-
tions shell be made aveilnble in the combat of infectious diseases.
Such institutions are the veterinary college in Utrecht and the national
serum institute in Rotterdam.

NOTES AND COMMENTS

The Dutch laws of March 26, 1920, revised March 17, 1923, with
sccompanying royel decrees, are concise. There Is a noticeable
endesvor in the Netherlands to adapt the governmental measures to
existing conditions. This is expressed in a stipulation mentioning
that measures which might be taken on account of foot-and-mouth
isease should be practical according to science and practice.

UNITED KINGDOM

METHOD OF REPORTING

Report must be made to the Jocal police, who shall report to the
secretery, board of sgriculture, London, and also to the inspector of
jocal muthority (as a rule, a veterinarian). Under obligation to Te-

ort are the possessor and attendants of animals and the inspector of
ocal authority.
EXTENT OF INFECTED AREA

According to suthorization of the Minister of Agriculture and Fish-
eries 2 veterinary inspector declares a famn, the livestock of which has
been infected with foot-and-mouth disease, an infected place, and in
addition, according to the decision of the minister, gn area around the
same may be declared an infected area. For these two different
kinds of infected areas there are different regulations.
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SLAUGHTER AND APPRAISAL OF ANIMALS

The local authority, when advissble, may cause the slaughter -of
(1) cattle, sheep, and pigs infected or suspected of being infected with
foot-and-mouth -disease; (2) cettle, sheep, and pigs which in some
way have been in contact with animals infected with the disease, or
which, otherwise may be considered as having been subject to infec-
tion. ‘Compensation is paid for slaughtered animals infected with
the disesse according to their value immediately preceding the infec-
tion, and for other (exposed} animals according to their value at the
time of the slaughter, _

The determination of compensation tekes place in the following
manner in England and Wales:

The inspector of the Department of Agriculture or some other offi-
cial thereof gives the owner of the snimals or his representative a
written statement regarding the value the department has fixed for
the animels to be slaughtersd. If a written protest against this value
s not submitted within 14 days thereafter, the compensation is paid.
Tn case of protest the matter is settled by an arbitrator who ds ap-
pointed by the court, unless agreed upon by the parties. Such erbi-
trator must render his decision within seven days after being ap-
pointed. If the arbitrator decides & higher valne than that fixed by
the department, the department pays the cost of the arbifration;
otherwise the owner defrays the cost. In case the local authority
ordered the slaughter, what is stipulated with regard o the depart-
ment applies to the local authority.

If the local authority ordered the slaughter, the compensation is
peid from Joecal tex funds but the amount peid out is afterwards re-
funded by the government.

Nobody may, without the permission of the proper authority (in-
spector of the department or local authorities) enter stebles, fields,
or other places within the infected place. Any one entering a place
where an infected snimal or one suspected of being infected is or has
recenily been kept shall wear suitable overall clothing approved by
the inspector, and shoes that can be disinfected. "~Whoever leaves
such place shall take off the overall clothing and carefully disinfect
hands and shoes. Persons who attend animals infected or suspected
of being infected must not attend another animal without the per-
mission of the inspector. With regard o inspectors, appraisers, prac-
ticing veterinarians, and others who have to visit an infected place, it
is prescribed that they shall put on overall clothing, ete., and undergo
disinfection before leaving the place. At the infected place there
shall be kept at a suitable place & container with some preseribed dis-
infectant.

From s ferm to which an animal has been transierred according
to (3) and (4) (see Quarantineof Animals) the animal may not again
be moved until a period of 28 days has expired, with certain excep-
tions for breeders.

Animals brou%}jlila to a slaughterhouse according to permit shall be
slaughtered within 96 hours after arrival. Prior to being trans-
ferred to such place they shall be marked: Cows, by & clip 6 inches
long on the left side toward the back and by cutting the hair off
the end of the tail; sheep, with an W 6 inches bigh painted or stamped
in red or blue color on both sides of the animal; and pigs, with the
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E&w M painted or stamped in red or blue color on both sides-of the
body.

A gexmit granted is not valid more than six days. Asa condition
for the permit & certain manner of transportation may be prescribed.
A railway shall preferably be used. The person who transports the
animals shall ‘brmg the permit with him. .

The foregoing stipulations relative to the transportstion of animals
in an infected ares shall not prevent the transportation of .animals
through this erea by railway, provided the enimals do mot leave the
CGRIB. .

WQUARANTINE OF ANIMALS

INFECTED PLACE

~ Without the permit of the department inspector, cloven-footed
:&nimals may 0ot be brought into or removed from an infected place.

INFECTED AREA

No enimal sball be moved out of an infected area. All transfers
of cloven-footed animals from & farm within an infected area are
practically prohibited, unless permission is-obtained from the veteri-
nary inspector. Animals may not be brought into such an -area for
any -other purpose than slaughter or to a farm situated within 2 miles
of an infected place, and ;51911 cnly by permit. Market or other
exhibitions of cloven-footed animals may not be held, except that
o market for animsls intended for immediate slaughter may hbe
permitted. The veterinarian shall then examine the -animals. Like-
wise the sale of animsals on farms may be permitted. Permit to
hold such market as just mentioned is not given for any place within
& miles of an infected place. The sale of animals-on a farm is not
allowed if sach farm is within 2 miles of an infected place.

Permission for the moving of cloven-footed animals into or within
- gn infected ares is granted for transfer: (1) From a farm outside.of
infected area to slaughterhouse within imfected area; (2) from :a
farm outside of infacted ares to & farm within the infected area; {(3)
from ‘& ferm within the infected area to an authorized market of
animels for siaughter -or slaughterhouse sale (at farm) in the same
infected area ; (4) from an anthorized market for animals for slaughter
or slaughterhouse sale in one infected area, or from a farm in one
iniectag area to & slaughterhouse in the same or in another infected
ares; (5) from one farm to snother within the same infected area, or
between different parts of the same farm in such infected area, if the
inspector considers the removal necessary -or useful,

‘BESTRICTIONS ON GOOBRS

Forage, litter, manure, implements, feathers, basket work, and
other articles may niot be removed without the permission of the
department or of the inspector of local authority, which permission
is not granted until the articles in quastion have been disinfected.
Menure may not be taken to any other place than an incinerafor or
depository approved by the inspector. It may not be taken to other
districts (county -or city) without permission of the local authorities.
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Mouck and litter shall be carefully disinfected at the -expense -of
the owner before it is brought or conducted from (he place where
there ‘are animsls infected -or suspected of being infected.

No carcsss may be removed unless it has been butchered and per-
ission for removal granted by the inspector .of the .department or
of the local suthority. The carcass, together with heaé) and hoofs,
shall be examined by the inspector, and for the removal & certificate
is required from him o the effect that the carcass shows no symptoms
of foot~and-mouth diseasge. The enfrails shall be burned or destroyed
in some menner at the farm. Hides from such carcasses may not be
removed from the premises svithout permission and without having
been immersed in a disinfectant. The carcass.of an animal which
‘has not been slaughtered but hes died of some other cause than foot-
and-mouth diseass shall be destroyed at the -expense of the .owner,
‘but, with the permission of the inspector, the hide may be removed
after disinfection.

QCarcasses of animals thet have died of foot-and-mouth disease
shall .either be buried with hide at a suitebls plece &t « depth of not
less than 6 feet and be covered with quicklime or -otuer disinfectant,
or else brought to an abattoir for horses and thers destroyed chem-
jcally or by exposure to high temperature,

INFECTED ARERA

Waste from slaughterhouses may not be shippad from ‘infected
ares or be brought into contact with cloven-footed animels within

such. aresa.
MILE

Milk may not be removed froman infected place without permission
either of the inspector of the department, or of an official 1n -the
department, or of the inspector of the local authority. The laws
give no information as to wha{ period after the outbresk of the
diseese such permission may begranted. It appeers from the report
.of the comunittee on the foot-and-mouth epizeotic ia England of 1922
that practice has besn ﬂuctuating in this respeet. According to this
report -complaints have occurred inasmuch as permits heve been
refused &t such & lute stage that no danger of the contegion’s being
transmitted through the milk could be considered possible. Com-
plaints have particularly been directed ageinst heslth authorities
which thave refused to permit the removal, through their health
inspectors and medical officers. With respect to the long period of
time during which the restrictions prescribed in connection with the
isolation are in foree, the stopping of the sale of milk must in the opin-
ion of the committee seriously affect the owner of the animals; and
the committee has therefore expressed the opinioh that it shonld be
allowed to dispose of the milk for human food, in which ¢ase neces-
sary precautions should be observed. If an animal hes recovered
from the disease according to certificate from the veterinary inspector,
but the heslth officer nevertheless vefuses permission for the expor-
tation from the ferm of milk from such enimal, the owner, in the
opinion of the committee, should receive ¢ompensation from the
health authority, '
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HORSES, DOGH, .CATS, AND POULTEY

There are no spacial regulations with regard to horses and cats.

In an area within a radins of 2 miles from an infected place dogs
which are not kept in dwelling houses shall (1) be kept in kennels or
other places from which they can not escape, or (2} be kept tied on the
farm, or (3) be -accompanied by their owners or other persors so that

“they .are under -controY.

With respect to both dogs and poultry the inspector «f local
authority or of the department may issue the necessary -sontrol
regulations. Poultry are not slaughtered but must be kept penned.

DURATION OF QUARANTINE

Tt4s stipulated regarding infeeted places that, if at such a place
all the infected animals have been slaughtered, it may cease to be -
considered infected when 28 days have elapsed from the day when
the slaughter was completed, provided final disinfection hes been
performed and approved by the inspector of the department. Other-
wise no regulations have been found pertaining to the period during
which the declaration of infection shall remain in foree. (Accord-
ing to the report for 192324, paragraph 38 (34), the owner of the
gnimals 1s free from all restrictions after about eight weeks.)

GENFRAL FHECAUTIONARY MEASURES

The inspector of the department or of the local authority may
isolate farm, field, or other place within an infected arsa, which may
then be entered only by the owner or his servants for the treatment
of the animals. ’

The local authoritsr ey préscribe or, in case of need, cause disin-
fection of buildings, farm, or other place where animals have been
received for sale, exhibition, or the like, as well as of means of trans-
portation. This disinfection takes place =t the expense of the
owner.

The local authority may issue instructions regulating the removal
of animals by land or by sea to their district or within the district,
provided, however, that these instruections may not be contrary to
those stipulated with regard to removal of snimals from infected
places or within an infected ares. Furthermore, for the prevention
of the spreading of foot-and-mouth disease the local authority may
issue Tegulations intended to postpone or regulate the exhibition or
sale of cloven-footed animals at markets, and other places.

When an animsl is found iafected with foot-and-mouth disease at
s market place, railway station, or other place which is not under the
control of the owner of the animel, the veterinary inspector may cause
the animal to be seized and brought to a suitable place and stabled
there. The snimal may not be removed afterwards without the
permit of the Department of Agriculture. The place, however, may
be declared as infected only by the department. The veterinary
inspector prescribes the disinfection of the market or other place,
before new animals are brought there. The cost of these measures
is to be defrayed by the owner of the animal.
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