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GENERAL INTRODUCTION

Hog oholera is a highly infeeticus disesse of swine whioh was
first reported to have appeared in the United States in 1833. It hes
beaome & disomss of great emonomic importance because of its extremely
infectious nature and the resulting high mertality smong suseeptible swine.
It is estimated that ninety per cent of the total losses from all swine
. diseases is ocaused by hog cholera. Ths early investigations which were
carried on for the purpose of determining the etioclogie sgent indieated
that an organism whioch was isolated frem some fisld cases, now kmown as
S. suipestifer, was responsible for this highly infectiocus disoase. later,
however, the real otiolegie feetor was foumd to be a filterable virus.
Following this discovery, attempte were made to produce a protestive
serum in order to check the spread end to reduce the heavy losses caused
by this disease. The principles employed in producing a protestive serun
against rinderpest, a discase of cattle which is prevalent in Rurope and
osused by & filtersble virus, were applied to the production of mnti-hog-
cholera serum. In 1908 the practicel efficscy of anti-hogecholera serum
for proteetion ageinst this disease was fully established. Both the serum
and simltaneous treatment have besn successfully used up to the present
time. Since improved methods of produotion have been established under
government supervisiem, the quality of both protsetive serum and virus has
been standardised so as to produce reliable products for Immnization
against hog cholera. Private laborstories which have besn sstablished

under govermment supervisiom have insured in average times an adequate
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supply of potent produets at a reasonadle cost, making 1% economically
possible to reduce the losses from this disease considerably.

Recently many investigeations have beer made on various phases
of this problem snd have supplied us with mmeh information, both of
practical and solientific value. Further studies are nesessary to incrsase
our knowledge of the physieal and chemical properites of this virus, and
particulsrly at this time to develop en lcrriohnt and more eoonomic methed
of proteetion against this diseasse. With these objects in mind studies
were conducted under carefully ocontrolled conditions in order to contribute
to the solution of the phases of this problem which are still not well

understood,



PART I. FILTERABILITY OF HOG CBOLERA VIRUS AS AFFRCTED
BY HYDROGEE ION CONCEETRATION

INTRODUCTION

De Schweinits and Dorset (6) demonstrated that the true cause of
hog cholera is a filterable viras, Their experimental findings were
eonfirmed by Hutyra (10) and other workers in Europe, and by Dorset, Boltem

“and Molryde (7) in this eountry. Later, Rivers (26) insluded hog cholers
in his classification of diseases omused by filterable viruses,

In the studies made by investigators on the properties of hog
cholera virus, the standard laboratory filters such as the Berkfeld,
¥sndler and Chamberland were used. later, special filters were constructed
in an tthapt to secure one which was capable of retaining the virus,
Eramer (14,15,168) and Madd (23) in their studies on baoterial filters and
filterable viruses contributed much to cur lknowledge of filters, filter
construction and the physionl properties of oertain viruses.

The filterablility of a substance is dependent om the size of the
particles incorporated im the medium to be filtered in relation to the
sige of the pores of the membrane, and the elesctric charge of beth the
memdrane and the medium, as well es the visccsity of the medium. ZThe
relation between filterabls media end filter membranes has been summarised
in the most oonclse and oomplete manner by Bucheran and Pulmer (5) who
statas~ "The factors which determine whether a material will pass through
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& given membrane are the sige of the particles, their electric charge
with referenee to that of the memdbrane and the deformability of the
particle. In the latter case (when deformable particles such as liquids
of various degrees of viseosity are involved) pressure becomes sncther
oontrelling feetor.

The relation of the cherge on a membrane (Berkfeld filter) and
the filtersbility of the viruses hes been rescently pointed out by Kramer
(1927) and Alexsnder (1927). By wvarying the charge on the filter,
viruses previocusly considered filterable may become non-filterable snd
vice versea. This comss about from the faot that & particle amaller theam
the pores may not pass through a membrane of opposite charge, but is
held by elesctriocal attraction, Assume that the l1soelectric point of a
membrene is at pH » §,0 and that of the virus whose particles are
smaller then the pores, at pE = 8,0, At a pH < § both mewbrane and
virus will be positively charged and st pE > &8 both will de negative,
hence the virus will filter through. However, at a pH between 6 and 8
the membrane will be negatively charged and the virus positively
charged and hence may de retained."

Some of the investigators who made careful studies of filters
were able to classify them scoording to their elestric charge. Olitaky
and Boes (24) classified various types of Berkfeld and Chamberland
filters as negatively cherged. The charge of filters can easily bde
demonstrated by filtering certain eclloidal suspensions possessing
either electro-positive or slectro-negative volor ions. The ordinary
silicecus filters deing negatively charged will allow s golution of Congo
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red whish has negatively charged ocolor ioms to pass through the filter
pores, while & solutien of Viotoris dlue whioh possesses pesitively
charged lons will be retained. Xramer devised a positively charged
filter constructed of oaloium sulphate, calaium oarbonate and magnesium
oxide.

Among the sarly investigators who conducted filtration
experiments with hog c¢holera virus were Dorset and his sssociates,
Batyrs, Ostertag (25) and HeClinteck, Boxmeyer and Siffer (20)., Ultra-
f£iltration defined by Zinsser and Tang (29) as filtrstion through graded
eollodion membranss snd defined by Bechhold (2) as filtratiom through
Jelly filters wes used in hog oholera studies by Mayer (21), von Betegh
(3) and Roderick and Sohalk (28)s MNore recemtly Kernkamp (11) carried
out investigations on hog oholera virus using ailiceous filters as well
as graded collodion membranes.

In these earlier reports of the studles made on hog cholers
virus there was no report on the possidle effeet a change in hydrogen ion
conoentration of hog cholers virus might have on its futsrability. For
this study the siliceous filters wers selected because of their
uniformity., Several special filters were also construstsd in an sttempt

to secure one which would be impermeadbls to the virus of hog cholers.
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TECHNIQUB

The first sericus problem whioh pressnted itself in these
studies was a sultable means of accurately determining the hydrogen ion
sonsentration in biclogie flulds, such as blcod serum and tissue extraets
which ars the most convenient and reliable sources of hog cholera virus.
The quinhydrone measurements are materially affected by oxildiging and
reducing substances resulting in drifting potentials and unreliable results,
The hydrogen electrode was found to be poisoned readily by the protein
constituents of the blood serum, so could not be used for this purpose. The
use of the glass sleetrode seemsd to offer the only possibilities for
this particular purpose. Kerridge (12,13) in her eerly work on the gzlass
eleotrods pointed out its advantages. MaoInnes und Dole (17,18,19),
Mirsky and Anson (22), Brown (4) as well ss Anson and Mirsky (1),
demonstrated the value of the glass eleetrode in the fields of biology
and ohemistry.

| Before the development of eleotron tubss, electrometers were
used a8 null instruments. The great sensitivity of the slestrometers was
essontial because of the high resistence of the glass membranes. This
necessitated expensive equipment snd elaborate shielding for proper
operatien. An eleatron tube potentiometer seemed to be the desirable
type for this purpose. A simple, inexpensive elestron tube potentiometer
which cculd be used with & glass eleotrode was made, The wiring disgrem
was thet of Harrison (9) wodified to use an imexpensive elestron tube
whioch could be cbtained resdily. The details of eonstrustion are

desoribed by Goodhue et al (8) inmcluding the type of glass electrode
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used in thess studles. The electrodes were standardized with buffer
solutions of known hydrogen ion concentration, as determined by the
hydrogen slectrode. The hydrogen ion concentration of the serum virus
or tissue extracts could be determined socurately and quickly.

The filters selected for this study were thoroughly cleansed by
passing approximately s liter of distilled water through them before they
were tosted. Besldes the air test, they were tested with suspensions of
either Brucella abortus or Serratia marcesens which were made in
physiologic saline solution from oultures sapproximately 36 hours old. This
precaution seemed neeessary to avoid the use of filters having imperfections,
several of which proved to be defective, The filters were cleaned by
reversing and passing a liter of distilled watsr through them. The filters
and filter flasks were pla@ in sn Arnold steriliser for one hour. When
partially cooled ths atopper and terminals of the rubber tubing were
soaled with pareffin, A filter flask contalning eotten, tightly fitted
with e r&bbor stopper having sultable outlets, was sterilized for the
purpose of sdmitting only sterils air when the vsouum in the filter flask
was released. This unit was commeoted with rubber tubing between the
vacuum pump and the filter flask, After the filtration was completsd the
filters were again tested with bascterial cultures to test their efficienecy.

The sxperimental animals were placed in segregated units where
sccidental infeotion was highly improbable. These units consisted of
individual portable houses six feet square, the floors of which were
construocted of conorets. The concrete sxtended up the side walls for
seven inches above the floor level, so oconstruoted thet the drainage was
directed into a small metal container outside of the house. Three sides
of the houses were constructed of tightly matohed lumber, The front was
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of sclid econstruotien to a height of two and one-half feet above the
floor. A door suspended from the top by hinges provided sdeguats
vontilstion. It was found necessary to use a wooden frame constructed of
three inch strips of wood pleaced at intervels of four inehes, suspended from
the top of the epening in order to prevent the experimental animals from
elimbing out through the door., These units could be easily cleaned and
thoroughly disinfeoted. They proved very satisfactory in this work es it
wag possible for the attendant to ocare for the animals and take temperatures
without entering the house, Metal oages were also used as izolation units
for the experimental animals. These consisted of woven wire cages five feet
square and three feet in height, with removable wooden floors snd solid metal
tops. A bese support of sclid metal seven inches high reinforced the woven
wire sides and doors. The two doors when open mede it possible to remove the
wooden floors while cleaning and disinfeoting. These cages ware supported
by metal legs which elevated them s foot from the flecor. The oages were
placed in separate pens in one of the experimental buildings im whish no
other animals were kept. Several i1solated pens in this bullding were used
when additional units were required. Eash unit was provided with separate
metal receptscoles for feed and water whioch oould be cleaned and dizinfected
eagily., At the termination of each experiment these units were clesned and
disinfected before belng used agein. These units proved to be efficient
az there was no accidental infection of experimental snimals in the course
aof these experiments as shown by oontrol animals. As each animal was
placed in these segregated units, s series of preincuulation temperatures
was teken to insure the use of experimental animals whioh were in a good
condition of health, thus avoiding the complioations of cther disesse

conditions s0 commonly eneountered in field cases of hog cholera.



THE VIRUS

One of the most important fastors in conducting experimental
investigations with virus diseases is the source of a potent virus. Virus
frequently loses its virulence and new virus has to be employed from time
to time. The most convenient source for thess studies was the blood
serum taken from pigs infeoted with hog cholera virua. The animals were
bled from the carotid artery, eare being taken to prevent baoterial
sontamination of the blood. A small portien of the blood was defibrinated
in a sterile container. This wes phenolized, sealed in sterile browm
glass bottles and kept in a refrigerator at § to 6° C. as a reserve
virus supply. The bulk of the blood was collected in a sterile flask,
allowed to clot after which the serum was drswn off in a sterile flask,
This serum being clear end free from red blood cells made a suitable
source of virus for these investigations. All virus obtained from fleld
cases was filtered through a Berkfeld "N" filter and tested on culture
media in order to avoid the use of contaminsted serum. The serum was
diluted before being subjected to filtration experiments. Twenty-five
so. of serum and 76 ce. physiologic saline solution were used in easch
case, The dilution permitted a more rapid filtration and provided &
produst of suitable concentration., The serum virus wes adjusted to the
desired hydrogen iom concentration by using K/10 hydroohloric scid and
N/10 sodium hydroxide soluticns. A pH range from 5.0 to 9.0 was selected
becsuse the potency of the serum virus was not materially affected within
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this renge as indiosted by preliminary tests. The quantity of filtrate
used in the inoeulation of experimental snimels was 2 oe. This volume
wss seleoted sinoce 2 to 3 oc. has for some time been considered a standard
doge of hog cholere virus suffisient to csuse a typlecel oase of hog
cholers in a susceptible animal, Roderick snd Sohalk, as the result of
their experimental work soncluded that 00002 ce. of serum virues was
sufficient to causs hog cholers infection im susceptible animals.
Therefores there must be a considerable ooncentrstion of virue in the
blocd serum of cholera infeeted swine and eonsiderable lstitude may be

taken in the ooneentration of serum virus used in sxperimental work,
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EXPERIMENTAL

All incculations of filtrates were made intramuscularly. ﬁuﬂy
temperatures wore recorded snd symptoms cobserved. The animals were
destroyed several days after symptoms sappeared. The serum virus of these
animals was used in succeeding experiments.

Experiments with Silicecus Filters

In this series of experiments the filters selected inoluded the
regular Nendler filter, the Berkfeld No. 5 "E" and the Chamberlande
Pagteur "P" filters. The serum virus and the experimental sanimals used
are indiocated in the summary of the following experiments. The oultures
made from the filtrates of the bscterisl suspenaions used to test the
officlency of the filters after filtering the serum virus were negative,
The susmiary of this ssries of experiments is shown in Table I,
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Experiments with Gypsum Filters

These gypsum filterzs were made mocording to the formle
Ersmer used in the sonstrustion of his filters having baseid adsorptive
properties as deserided by Rivers (27). A peste was made in the
proportion of 76 gms. gypsum (c:so‘ 4+ 2.5 per sent eaco,) to 26 gms.
¥g0 in 75 gms. water. The paste was cast 1in sections of thin brass
tubing 15 mm, in dismeter and 7 um. m‘hoight and sllowed to harden, This
made a small eylindrical filter blosk whieh sould be acooamodated in &
rubber gasket of a Jenkins filter, The gasket sontaining this filter
block could be tightly sompressed in the base of the filter efter
sterilization making an efficient means of filtering small volumes of
liquids, As these filter blocks were of a rather fragile nature, a new
ons was used in each experiment and aurofauy tosted with bdacterial
suspensions. The ocultures made from the filtrate of bacterial suapensions
passed after filtering the serum virus were negative,

The results of the experiments with the gypsum filters are
summarized in Teble II,



TABLE II

Experiments with Gypsum Filters

Serum Yolume Test
Filtar Virus PR Delivered Time Temperature| Pig Symptoms | Diagnosis
Gypsum 5971 8.0 14.1 ce. 20 min, 23°%C. 3678 9th day H. Co
Cypsum 3979 8.0 18.8 eo. 20 min, 22%c. 5967 5th day H. C.
Gypsum 5971 7.0 12.2 oc. 20 min, g3°c. 3976 | 7Tth dey H. C.
Gypsum 3971 8.0 18.2 oo, £0 min. 22°%c. 3977 12th day H. C,.
Gypsum 3977 9.0 16.4 oo, 20 min, 20%c. 3996 5th day H. C.

Veacuum Maintained at 350 mm. Hg.

H. C. = Positive Diagnosisof Hog Cholera

-Lt-
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Experinents with Compound Filters

Compound filters were mede by oasting a cortex ef the sume
composition deseribed under gypsum filters around e lori:fold Ho. 3 "W*
filter candle. This gypsum layer was 7.5 mm, thick and was extended
down over the metallic base of the Berkfeld filter on s thin rubber
gasket which was compressed tightly against the mantle making a bscterie-
proof joint. Theoretlcally the negatively charged particles would be
removed by the cortex snd the positively charged particles would be
removed by the Berkfeld filter. The results of the experiments with
this type of fi‘ltor are summariszed in Teble YIX, The cultures made
from the filtrate of the bacterial suspension used to test the filters

weres negative,



TABLE IIIX
Experiments with Compound Filters

Serum | Volume Test
Filter Virus pH Delivered Time Temperature Plg Symptoms [Disgnosis
Compound 3996 5.0 86,6 oo, 20 min. 21°c. 3998 5th day H, Co
Compound 3996 8.0 41.5 oo, 20 min, 21%C. 3999 6th dey H. Co
Compound 3999 7.0 54.8 co. 20 min, 22°C. 4000 6th day H, C,
Compound 4708 8.0 44,2 cec. 20 min, 20'0, 4003 10th day| H. C.
Compound 4708 8.0 40.1 co. 20 min, 22°%C. 4010 4th dsy H. Co

Vacuum Maintained at 350 mm. Hg.

H. C. = Positive Diagnosis of Heg Cholera
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Experiments with the Seits«Uhlenhuth Type of Pilter

This type of filter consiste of thin sheets of asbestos tightly
compressed with a finely meshed cloth gause on the under side., These
filter disos are € om. in dismeter with a thickness of S mm, They are
placed in the filter base supported by a finely meshed wire gsusze. A
thin rubber gasket is ﬁtteﬁ over the filter dise and the top seetion of
the f£ilter is tightly serewed to the base, forming a bmoteria-tight
Joint, In soms preliminary experiments with this type of filter diffieulty
was experienced in securing a tight joint between the filter and the
filter diso. For this resson a thin rubber gasket was used sbove the
filter dlsze and the winged nutes used to attach the dase of the filter to
the top were carefully tightened with pliers. When the filter discs were
properly placed in the filter no difficulty was sxperienced in securing
bacteria~free filtrates. The disos when plased in the filter left a
filtering surface 36 mm. in diemeter. The results of these experiments
are suzmarized in Table IV, Cultures made from the filtrates of basterial

suspensions used to teat the efficlency of these filters were negative.



TABLE IV

Experiments with Seits~Uhlenhuth Type of Filters

Serum Volume Teat
Filter Virue pH Delivered Time Temperature | Pig Symptoms |Diagnosis
Seitsz~Uhlenhuth | 4010 5.0 14.0 oo, § min. 21%c. 4711 7th day H. Co
s.ttn-ﬂhlon}m_th 4714 €.,0 16.4 oc. 5 min. 22%¢. 4716 8th day B. C.
Seitz-Uhlenhuth | 4714 7.0 18.6 oce. 6 min. 20°¢C, 4718 5th day H. Co
Seits-Uhlenhuth | 4716 8.0 16.2 co. 5 min. 21%¢. 4726 6th day H. C.
SeltseUhlonhuth | 4716 9.0 16.6 oe. & min, 21%c. 4727 6th day H. Co

Vacuum Maintained at 360 mm, Hg.

B. C. * Positive Disgnosis of Hog Cholers

-tz-
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SUMMARY AND DISCUSSION

In conducting experiments with hog cholera virus & supply of
susceptible swine must bs awvallable., No other snimels will serve as
experimental snimals for this purpose. Inoceulstion of susceptible swine
1a the only means we have of detecting the presense of this virus. Because
of the highly infective nature of this disease 1solation of experimental
anixals must be carefully arranged so ss to prevent scoidental infeestion.
Through the uss of the isolation units deseribed and with great prescsution
in the feeding and ecare of these animals, no aiffieculty was experienced
by ascidental infeotion as shown by control animals,

The necessity of condueting preliminary experiments in order to
determine whether or not hog cholera virus would pass through filters
possessing these characteristics was eliminated by sssuming that the
virus under ordinary oonditions would pass through these filters, sa
determined by Kernkemp (18). The results of this series of oxéorinoatt
not obly confirm this work but give a basis for further study.
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CONCLUSIONS

1, Serum virus of hog cholera passes readily through the regular
¥andler, Berkfeld *"N", Chamberland-Pasteur "F" and Seitsz filters which
are all standard. I{ alsc passes readily through the gypsum and compound
filters which were mﬁ!c and tested in the lsborstory.

2. These filters were efficient in removing basteris from liquid
suspensions,

Se The volume of the filtrate delivered by individual filters
of the same type under identioal pressures varies considersbly.

4. The studies on the effect of pH upon the filterability of
hog cholera serum virus showed that within the range used, pH = 5.0 te
9.0, this festor is not of practical significance.
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PART II. THE MIGRATIOR OF HOG CHOLERA VIRUS WHEN
SUBJECTED TO ELECTROPHORESIS

IRTRODUCTION

Electrophoresis as defined by Buchanan and Fulmer (3) is the
phenomenon of the migration of colloidel particles under the influence
of the electric current, anaphoresis and cataphoresis designating the
migration to the anode and cathode respectively. The etiologie factor
of virus diseases has long been regarded as colloldal in neture or
associeted with the eolloidal comstituents present in blood serum and
tissue extrasots. Consequently its behavior was btelieved to resemble that
of colloids when subjeoted to slectrophoresis.

One of the first observations of this phenomenon was made by
von Angerer (1). He observed that bactsriophage in an eleetric field
migrated toward the anode. later Koech (8) in his studies or the Shiga
bacteriophsge claimed that it moved toward the sathode, His spparatus
consisted of a V tube, the upright limbs of which had two stopcooks in
the middle and a lower herigontal 1limb with s central opening closed by a
rubber stopper. Neither von Angerer nor Koch mentioned the hydrogen ion
concentration at which they worked. Sinoce protein colloids behave
differently in acid and dasic solutioms it is difficult to interpret
their results,

Charles Todd (14) carried out some oareful experiments on the
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nature of the slectrio charge oerried by becteriophage. BHe devised cue
of the most effective and convenlently sonstrueted pleces of apparatus
for this type of work, His investigetions on the electrical mipgretion of
bacteriophage for B. Shiga, at a number of points over ranges between pH
3.6 and 7.6, showed that it possessed a negative charge becsuse of its
migration toward the anods.

Bedson and Bland (2) made careful studies om the electric oharge
carried by virus particles. Brown and Broom (4) studied the sotion of
the eleotric current om bacteria. Hersberg (6) in his experiments with
vaccine virus found thet the virus in greater concentrations migrated
with greater speed. Kligler and Olitsky (8) found that typhus virus
migrated to the positive pole. Thompson (13) condueted his studies on
normal and chemically treated pneumccossi. Olitsky and Boes (12) im
working with foot and mouth disesse virus, found that under ordinery
conditions 1t earriss a positive charge and they aleso esalled attention to
the fact that it differs from the known oultivable bacteria which are
usuelly elestronegative, Dougles and Smith (5) working with veccine rirus
found that the virus was rendersd insctive at & pH below 5.0 and that it
sarries & nsgative eleotric charge over a range of from pH 5.5 to pH 8.4.
Lepine (10) worked on the oataphoresis of fowl pest. Hobbs (7) made
detailed studies on the myxoms virus of rabbits. Lewis and Micheelis
{11) in their investigations with the Rous sareomm found that the
etiologic agent was active betwoen the pH of 4.0 to 12.0 and carries
an electronegative charge.

The contributions msde by thess investigatora and many others,
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carrying on their studies with viruses which are responsible for many
infecticus dieeases, have given us considerable informstion concerning the
physieal and chemical properties of these agents. Although all do not
agree in their findings and the interpretations of their experimental
results, aany of their findings have been confirmed. When one econsiders
the possibility of diverse strauins of the viruses responsible for certain
specific digeases, the varistions in the technique and the irregulsrities
experienced in the reaction of sxperimental animals to infection, it is
not surprising to find ﬁinagrouucnt between investigators.

The review of the literature pertaining to the investigations
carried cut on the virus of hog cholera does not reveal ita behavior
toward electrophoresis. With this in mind, this series of experiments
was conducted to determine the migration of hog cholera virus when

subjected to electrophoresis,
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TECHNIQUE

The apparatus used iz similar to that used by Todd, with some
modifications. The two side arms of & large three-way stopcook were
turned to a vertical position two inches from the center tap. Pyrex test
tubes, 2 x 16 em., were drawn out from the base and welded to the three
arms of the stopcosk in a vertical position as shown in Figure 1. The
eapacity of the entire apparatus was 76 ce., Pigure 1 shows the type

of apparatus used,

'chu.r-re I

A-AGAR BRIDSE s
B-BUFFER SOLUTIONS
C-DILUTE CuSOq wirn COPPER WIRE ELECTRO
© D- F& S0q SOLUTION wirn IRON WIRE ELE ¢ rn:::
E-corren pLves
F-Srepcock
& - MILLIAMMETER
H- MOTOR GENERRTOR,
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The side chambers of the apparatus were connected by twe
inverted U tubes, § mm, in dimter. with two mll‘ glass bottles con~
taining nonepolarizable slectrodes. These tubes wers filled with 1%
saline in 2% agar. The incorporation of air bubbles in the agar bridges
mist Do avoided becsuse of their influenee on the conductivity of the
current through the ager medium. The cathode, made of copper wire, was
submerged in dilute oopper sulphate solution. The enode, construoted of
iron wire, was submerged in a solution of ferric sulphate. In some ‘
preliminary experiments dilute eopper sulphate solution and a copper
electrode were used in place of iron wire elestrode and ferrie sulphate
solution. The ocopper solution had a tendenscy to diffuse through the
agar bridge during the course of the experiment., Copper sulphate in
sufficlent concentration is toxie to both plant and animal life. For
this reason ferric sulphate was substituted. If suffiolent copper
sulphate reached the side chamber containing virus suspensicn the
possibility of inactivating the virus would have to be considered as
having an influence on the results of these experiments. The ferrie
sulphats solutiom did not show any marked tendency to diffuse through the
ager bridge. If, however, some of this solution did diffuse through the
agar bridge or reach the side cheamber because of the contraction of the
ager from the sides of the glass tubes, there would be lessz probabllity
of insotivating the virus, if present, as ferric ccmpounds ars less toxle
than thoss of copper.

The glass apparatus was washed, boiled in water and sterilized
in & hot air oven. Two small loose cottom plugs boiled in physiologie
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saline solution were introduced through the side shambers into the
horigontal portions of the tube sbout one inch from the stopoock. The
stopoock was lubriocated sparingly with sterile stopeook grease to insure
proper operstion., In preliminary tests with dyes there was no indication
of diffusion beyond these cotton plugs for twenty-four hours whieh wes
8 far greater period of times than was regquired to run am experiment.

In a series of praeliminary experiments the eleotric current
was obtained from a series of atorage bdstteries. This necessitated the
use of variable resistances in the ocircuit for the purpose of controlling
the smountg of slectricity passing through the apparstus. ' This source
of eleotricity was not entirely satisfaotory as the curreant varied
considersbly making it impossible to maintain a uniferm eurrsnt. A meotor
generator equipped with a volt meter and a field rheostat proved to de
quite setisfactory and was therefore used, A millismmetsr was plsced in
the e¢irocuit to indicate strength of ourrent passing through the apparstus.
It was slso noted that as the experiments prooceeded the tamperature of
the liquids in the apparatus increased, thus lncreasing the conductivity
of the media in the apparstus. Sinece high temperatures would prove
detrimentsl to the potensy of the virus, it wes thought sdviesble to
conduct all experiments at & uniform temperature, preferably et 37° C.
The appsratus was submsrged up to within one inoh of its top in a water
bath maintained at a temperature of 37°® (., throughout the period of the
experiment,

Another difficulty experienced by many investigators wes the

oomparatively high resistance of buffers such ss soetis scid and sodium
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soetate whioh are poorly ilonized in solution. Todd suggested the addition
of physiologic saline solution with the pH 7.0. He found that in every
oase where the pH of the buffer was measured after the addition of saline
that there was no appreciable shange in the hydrogen ion consentration,
The pH of the bhuffers was also measured af'ter the experiment and in no
case was it found to be appreciasdbly altered. The bhuffers commonly used
in this work are sodium hydroxide, hydrochloric acid, glycoeoll,
disodium hydrogen phosphate (secondary), potassium hydrogen phosphate
(primary), sodium ocitrate and sodium biborate. In these experiments
sodium hydroxide and hydrochlorie seid in physiologic saline wers used.
These solutions after being adjusted to the proper hydrogen ion
soncentration were steriligzed, their pH was determined again after whioch
they wero stored in ths refrigerator. The serum virus adjusted to the
deaired pH value was filtered through a Berkfeld "K' filter to remove
possible bacterial contsmination, placed in a sterile test tube which was
tightly stoppered and poured into the center chamber of the sapparatus,

The hydrogen ion concentration was determined by the early
investigators by the colorimetric method. Douglas and Smith objected to
this method beecause of the interference of smell guantities of serum
found with the tissue proteins in the colorimetric changes. In these
experiments the hydrogen ion ooncentration wes determined by means of
the glass electrode. The spparatus employed was the sams used in
determining the hydrogen ion conasentrations in the experiments deseribed
in Part I. Care hed to be taken to ses that no air locks formed in the

spparstus when the stopcock was opened. These may cause increased
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resistance or atep the flow of the electric current entirely. The ocotton
plugs were bolled not only to sterilize them, dut also to remove all air
bubbles incorporated in them. The most convenient means of removing
air bubbles from the apparatus was to fill the side chambers with the
sterile buffer eclution and to open the stopcock s little allowing the
liquid to foree the sir from the tubes and passages of the stopcosk. The
liquid whioh was admitted into the center chamber was removed with a
sterile pipette and the serum virus was then placed im the apparatus.
The height of the liquids in the three chambers of the apparatus after
the sgar bridges were in position. was adjusted to about the same level,
with that of the center ohsmber slightly lower sc thet, when the ctopgoek‘
was opened, the movement esused by the equalization of the liquid levels
of the three chambers would be toward the center chamber containing the
serum virus. This precsution seemed necessary to prevent possible
migration of the ssrum virus into the side chambers due to the

hydrostatic pressure,
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THE VIRUS

The serum virus used in these experiments originated from
field cases of hog cholsra, It was filtered end passed through
susceptible swine to eliminate the possibility of bacterial contamination.
The dilution of serum virus was the same as that used im the filtration
series of experiments, 1. e., 25 co. serum virus snd 76 ce, aterile
physiologie saline solution. The pH range used in these studies was
5.0 to 9.0. The potensy of the virus within this renge was not materially
affecteds The virus and the expsrimental animals used are recorded in

sumuaries of this series of experiments,
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EXPERINEETAL

A ourrent of 120-126 iolta from & dirset eurrent -ntor.
generator was found necessary to maintain s flow of 20 milliamperes. In
preliminary experiments this strength of ourrent was found suitable and
80 far ss could de determined did not materially affest the potenocy of the
virus. For the sake of unitor-ity all experiments were conducted in
the same manner and under as nearly the same conditiens as were possible
to maintain, All experiments were conducted for a period of three hours,
with no interruptions to the current at any time. There was no
interferencs with the apparatus in any way during the occuree of the
experiments sc that diffusion of the serum virus with resulting errors
were not possible. At the end of the period in which the serum virus
was subjscted to the sotion of the electric surrent, the stopoock was
closed, snd the elestric oircuit was oompletely broken so that no
possible movement of the liquids could cocur when the agar bridges were
removed. The ligquids were withdrawn from the ochambers with sterile
pipettes and plasced in sterile test tubes whioh were tightly closed
with cotten stoppers. In drawing these liquids from the chambers it
was impossidle to disturb the cotton plugs im the apparatus because the
pipettes could not be lowered into the tubes of smaller diameter in
which the eotten plugs were placed,

The experimental snimals were placed in the isolated units

previously desoribed and a series of preinceulatien temperatures was
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taken. Two ceo. of liquid from each of the chembers were injected into
susceptible pigs. The pH was ohecked on the remsining portions of the
liquids. The animals injeoted with the liquid from the ecenter chamber
of the apparatus acted as a check on the potency of the virus.
Temperatures of the experimental enimels were reccorded and symptoms
observed. The disgnoses were made from the post mortem examinations,
Cultures were made from the heart blood, liver and spleen in order to
deteot any possible baoterial infectien. lfhou cultures proved negative,
Control animals were kept for the duration of the experiments and were
subsequently used in other experiments to test their susceptibility to
hog cholera infection. The experimental antmals which did not eontrast
the disesse as & result of the intramusouler injeotions of these ligquids

were used in other tests by which their susceptibility was sscertained,



EXPERIMENT X

Serum virus 4711

Voltage - 12§

illiamperes ~ 20

Px" 5.9

Time ~ 3 hours

Temperature - 37°C.

Aninal Incculation

Inogulum Protein test | Test pigs |Results | Diegnosis
Positive pole * 4712 + H. C.
Center chamber  aas 4714 * H. C.
Negative pole - 4716 - - -

Pig 4716 suseeptidble as proven by subsequent test.

H. C. ™ positive diagnosis of heog cholera.
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Serum virus P.8{field virus)
Voltage - 120 '
¥illieaxperes - 20

pH - 6,0

Time -« 3 hours

Temperaturs - 37* C,

Animal Incculatiom

Inoculum Protein test |Test pigs |Results |Diagnosis
Pogitive pols * 4740 + H, C.
Center chumber *e 4760 - - -
Hegative pole - 4749 - - -

Pig 4749 suscepiible as proven by subseguent test.

Pig 4760 immune.

H. C. = positive diagnosis of hog cholera,
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EXPERIMENT 1II

Serum virus 4745
Yoltage - 122
¥illismperes - 50
pH - 7.0

Time « 3 hours
Temperature - 37° C.

Al;iml Inooulation

Inooulum Protein test |Test pige | Results |Diagnosis
Positive pole * 4763 + H. Ceo
Center chambter b 4760 * He Co
Fegative pole - 4769 - - -

Pig 4769 suseeptible as proven by subsequent test,

H, C, » positive diagnosis of hog oholera,
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EXPERIMERY IV

Serum virus 4745
Voltage ~ 120
Nilliaomperes - 20
pH =~ 8.0

Time « 3 hours

Temperature - 37° C,

Animal Inosulation

Inogulum Protein test | Test pigs | Results | Disgnosis
Positive pole . 151 | H. C.
Center shamber 4 47862 +* H. Co
Negative pole . - 4765 - - -

Pig 4766 susceptidble as proven by subsequent tesat

H, C. = positive diagnosis of hog cholers,



Serum virus 4761
Voltage ~ 120
Nilliamperes - 20
pH -~ 9.0

Time = 3 hours

Temperature -~ 37° C.

L L o

Antmal Inceulsation

Inceulun Protein test [Test pigs | Results |Disgnosis
Positive pole + 4756 + R, C.
Center chamber L aad 4757 + H. C.

- 4758 - - -

Negative pole

Pig 4768 susceptible as provem by subsequent test,

He Co * positive diupnosis of hog cholers,
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SUMMARY AND DISCUSSIOK

This series of experiments om the serum virus of hog cholera
shows clearly that the migrstion tekes place toward the positive pole
within the speeified hydrogen ion range. In Experiment II pig 4760
which was inoculated with ligquid from the centsr chamber of the
apparatus did not develop hog cholera. Later tests with virus of kmowm
potency demonstrated beyond doubt that the pig was not suseeptible to
hog cholera., It was not considered necessary to repeat this experiment
beoause the experimentel animal inoculated with liquid from the center
chsmber acted only ss a check on the potency of the virus at that
particular hydrogen ion concentration at the termination of the
experiment, This neceasary check was furnished by pig 4740 which was
inocculated with liquid from the positive pole and developed a typieal
oase of hog ehelera. Pig 4760 which was inoculated with 1liquid from
the negative pole and did not develop hog cholera proved to be susceptible
as the result of & subsequent inoculation. The eontrol pigs used

in this series of experiments d4id not develop hog cholers,.



CONCLUSIONS

1. The serum virus of hog chalers migrates toward the positive
pole at pH values from 5.0 to 9.0,

2. The virus of hog cholera either earries a negative esleotris
charge or is oarried toward the positive pole by the associated proteins.

3. It is not possible within the pH range studied to separste
hog cholers virus from the associated proteins by the electrophoretie

method employed.
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PART II1. EXPERIMENTS ON THE ATTENUATION OF VIRUS AND THE
PRODUCTION OF IMMUNITY TO HOG CHOLERA

INTRODUCTION

The proteotion of swine sgainst hog cholers by the use of anti-
hog=cholera ssrum was fully established in 1908 as the result of the
investigations of Dorset, MoBryde and Niles {5). Since that time either
the serum treatment or the simultanecus treatment hes been successfully
used in almost all loocalities in which a eonsiderable number of swine are
reised. The efficiency of this method was greatly inoreased by the
improved methods of manufecture resulting in the produstion of immmising
sgents of known potenoy snd free from bacterial contamination. WNo doubt
the government supervision of biologlec production exerted a great
influence. Other methode of producing immuniszing agents for hog c holers
have been published but extensive studlies slong these lines have not been
carried on,

In studying the possibilities of developing a proteetive agent
for the prevention or treatment of an infectious disesse, it is natural
to inquire into the charscteristics of the etliologie fastor. Dinwiddie
(4) as the result of his studies conoluded that the virus of hog cholera
was oontained principally within the blood cells, but that it also
occurred in the serum and plasma. Duvel (6) stated in his work that the

virus of hog cholera at mo period during the infection is intracellular
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in so far as the blood eells are concernsd. Roderick and Schalk (13)
found as the result of their studies that erythrooytes of sholera infected
swine carried virus even after nine washings in physiologic saline
solution. Ruoks and Murray (14) elearly demonstrated that erythrooytes
were highly infective after being theroughly washed in physicloglic saline
solution, This estadblishes the fact that hog choleras virus is intra-
cellular and that the virus found in the tissues of the warious organs
of sn infeoted pig are incorporsted in the tissue cells as well as the
body fluids which are incorporated in them, This fast in itself would
make possible the development of tissue wecoines provided the astive
agent could be attenuated or rendersed sapadbls of producing imsune bodies
in susceptible swine without experiencing high mortality in the process.
Among the invegtigators who have attempted to prepare vscecines
as mentioned by Hutyrs end Marek (9) were Marxer, Uhlemhuth, King,
Pfeiler snd Stendfuss, Reynolda and Kraft. These workers employsd blood,
serum and preparations made from various tissues treated to attenuate
the virus and produce immunity in susceptible swine. Their attempts were
unsucoessful. Oraham and Bruekner (7) failed te produce sn immmnizing
agent by attempted attemuation using verious degrees of heat. Healy and
Gott (8) using s mixture of hog cholera virus and hyperimmune bleocd
inoubated at 37° C. obtained veriable results. Norse recently Boynton
{2,3) carried on & series of experiments in an attempt to preduce sn
effective tissue wvacolne., He tried a vecoine similar to that he used in
his work with rindergest, & modification develeped by Kelser (10) and a
method used by Kakizaki (11) without obtaining dependable results. His
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experisnces with formalin as used by Iaidlaw and Dunkin (12) proved te
be no more successful. Benner (1) was alsc unsuccessful with formalin
preparations. Boynton (3) however claims tc have produced & vsccine
efficient as a prophylactic against hog cholers but of no therspesutie
value. He used eucalyptus oil as sn sttemuating sgent and tissue whish
included red bone marrow and lymphatiocs taken from infected swine,
Boynton is the only investigator who swema to have had any degree of
success in producing a prophylactic agent for protection against hog
cholera.

The use of antiehog-cholera serum snd virus in the produstion
of an aotive immmity againgt hog cholera has proven effective for a
good many years. The cost of thia operation is coneiderable even
though theze products sre made on a large scale and produced in an
efficient manner. The danger of epreading infeotion dy injudicious use
of virus is alzo a factor to be considered. For these reasons 1t would
be desirable to produse a veccine which would afford suitadble protection
for susceptible swine and which would not itself be infeetious. Further
studies along these lines are indiecated until an efficlent veceine cam

be produeced.
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TECHNIQUE

The blood serum used for desicoation of serum virus was
obtained from plg 3869 which was destroyed several days after showing
symptoms of hog cholera. The blood was collected in a flask under aseptio
conditions and allowed to clot. The serum was drawn off with a sterile
pipette and 20 ce. were placed in sach sterile petri dish. These petri
dishes were placed in a sterile desiceatur after whioh the petri dish
covers were removed and the desiocator was sealed. The rubdbber stopper
in the top of the desicostor was fitted with glass tubes, one of whioh
oxtended to the base of the desioccator forming the inlet for the
eiroulating air, and the other tube extending only one inch below the
rubber stopper which served as the cutlet. The air passed through a
large glass tube Filled with ocotton which was previously steriliszed
serving as an air filter, The alr then passed through a series of four
wnsh bottles containing consentrated sulphuric acid which was used ss a
desiceating agent to remeve the water from the air, The dry air ciroulated
through the desiceator removing the water content of the serum virus. An
sdditional wash bottle oontaining ooncentrated sulphurie acid was placed
in the series between the desiceator and the vecuum pump to absorb the
moisture from the alr as it passed from the desiceator. This prevented
the possibility of moisture condensing on the walls of the zlass and
rubber tubing. A water vacuum pump was used to maintain the air

eirculation. The serum was desiceated after two days time, forming a
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hard amber e¢olored sheet on the bottom surfaee of the petrl dishes.
The ocutlets to the desicoator were closed and disconneoted from the wesh
bottles. A small smount of phosphorus pentoxide was placed in the
desiccator and allowed to remain for seven days te insure complete
desiocation, The desicosted serum was removed from the desliccetor amd
petri dishes, sealed in a dark brown sterile bottle and pleced in a
rofrigerator maintained at a temperature of 36-38° F. Two ce. of 8%
suspension in physiologic saline sclution were tested on suseeptible
plgs to determine the virulence. When animal incculation demonstrated
that the preparation was mo longer virulent, two injestions of 10 oe.
of 60% suspension weres made intramnscularly at ten day intervals. Ten
or more days following the last imooulstion, the lmmunity test wes
sarried out by injecting 2 ec. of potent hog cholers virus. Temperatures
wore recorded, symptoms observed and the diagnosis was determined from
post mortem examination.

When the desiocated braln and spinal cord were used the tissues
were removed as carefully ss possible from the infected snimel. The outer
surface of the tissue was seared with a heated spatula to destroy any
bacterial contamination therecn. 3terile instruments were used to disseot
out thin pleces of tissue from the central portiom of the brain and cord.
This meterial was placed on sterile gauze supported by wire and pleaced
in the desicoator. The same methods of desicoation as previously
deseribed were employed. Essentially the same technique as deseribed was

used in testing this prepuration.
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The fresh tisswes used in connection with chemical inastivation
¢of hog cholera virus inmocluded ssctions taken from the liver, spleen and
brain. The vericus orgsns were carefully removed from the infected
animal which had previcusly been arotid bled. All blood and fragments of
connestive tissue were removed from the ocuter surfeces. The surfaces
were oleaned with cotton saturated with TOX alcchol and seared with a
heated spatula. Sections wers taken from the interior of the organs,
placed in e sterile mortar amd trituﬁtcd to & very fine pulp, This was
foreed with the pestle through s fine sterile sieve to separste the
oounsctive tissue from the parenchymatous tissue., Fifty grams of this
finely masceratsd tissue were weighed out in sterile, covered orucibin.
To this was added an equal amount of the diluting agent composed et‘
equal parts of glycerin and pﬁysiologic ssline solution, The chemicals
used were added in the amounts indieated. The preparations were thoroughly
mixed, placed in bottles which had been previcusly sterilised and sealed.
Thess preparations were plased in a refrigerator maintained at a temperature
of 36-38° F. and agitated once daily.

A preliminary series of tests was run to determine the effect of
~ the saturatiocn of blood of infested animals with verious gasses. As there
seems to be no record in the literature of the effest of gases on viruses
it was thought possible to attenuate or insctivate virus in this manner
with the possidle production of a substance possessing sufficient
antigenic properties te stimmlate immmnity to hog cholera in suseeptible
swine. One hundred ce. of distilled water were placed in 500 ce. flasks
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fitted with rubber stoppers through whioh two glass tubes were plased;
one served as inlet for the gases extending to the base of the flask and
the other tube extending ebout one inch below the bdase of the rubber
stopper served as an outlet. 7The infested anizal was oarotid bled under
aseptioc conditions and 100 cc. of whole blood were added to esch flask
and gently agitated. Distilled water was used to dilute the blood rather
than physioclogic saline solution so that the erythroecytes would becoms
hemolyszed., These flasks were taken to the laboratory end commected with
the cylinders contsining the verious gases. The inlet was connected to
the oylinder by means of small rubber tubimg. The stopsoeks on the inlet
and cutlet of the flask were opened and the gas was sllowed to flow
slowly through the diluted blood. It was necessary to agitate the
contents of the flasks gently and to sdmit only a very small emount of
gas at a time, as gas passing through diluted blood causes the formation
of gas bubbles which are rather persistent due to the viscosity. The
associnted proteins contained iIn this diluted blood were of sufficient
concentration to sause oonsideradble viscosity. After 20 minutes the
outlet was closed allowing considersble gas to asoummlate within the
flask snd then the intake was closed. This left the 300 oo. of the
flask not oscupied by the diluted blood filled with gas. After this series
of preparations had deen treated with the various gases they were placed
in the refrigerator for 24 hours. The contents of these flasks were
sglitated for several minutes every hour for six comsecutive hours. This
insured thorough saturation of the flask econtents with their respestive

gases. Two oo, of these preparations were injeoted intc experimental
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snimals to test the virulense of the preparations. The snimals whioh did
not show any reastion were imeculsted with 10 co. followed by & similer
treatment ten days later. Two of the preparations which congealed
during the gas treatment were further diluted to 50X strength with sterile
distilled water. The experimental animals were later injeeted with 2 se,
of potent hog cholera virus to determine whether these preparations had
any value as immunising eagents,

The sxperimental animals ugsed were susceptible pigs raised om
the farm. They wers placed in the 1solated units previously deseribed
which hed been thorocughly oleansd snd disinfected. Preincoulation
temperatures were taken to avoid the poseible use of diseased animals.
The temperstures wers recorded, symptoms observed and the diagnoses

were baged on post meortem examinations.
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EXPERINMENTAL

The results of the experiments condueted to determine the
immunizing properties of these preparations are susmarised as follows:

Desicoated Tissues
EXPERIMENT I
Material = Brein and spinel cord of pig 5738
Desicoated - 1/31/31
Test of Virulence «~ Two se. of SOX suspension of pulverized desicested
tissue in physiologic saline solution were injected into test

animals as follows:

Dete Teat Pig Symptoms Diegnosis
6/3/31 3764 4th day Bog Cholera
10/2/51 5869 6th day Bog Cholers
12/9/31 3887 Normsl

Treatment - Ten cc. of 50X desicoated tissue suspemsion in physiologle
saline solution were imjected into pig 3887 on 12/23/51 and 1/2/32.
The immunity test was made 21 days later,

Immunity Test « Two co. of virus 3884 were injscted intoc pig 3887 intre
mgeularly. The animal showsd symptoms of hog cholers on the 7Tth dey,.
Post mortem examination showed distinot lesions of hog sholera,.

Cultures made from the heart blood, liver and aplesn were negative,
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Dasicoated Serum Virus
EXPERIMEKT 1IX

Material - Berum virus 3869

Desiccated - 10/21/31

Test of Virulemee « Two eo. of 60X suspension of pulverised desicoated
virus in physielogie saline solution were injected inte the test
animals as follows: |

Date Test Pig Symptoms Disgnosis
5/11/52 3771 Sth day Hog Cholera
6/3/32 8765 4th day Hog Cholera
11/12/32 3883 Normal

Treatment -« Ten ec. of 50X serum suspension in physioclegic saline
solution were injected imto pig $883 on 11/24/32 emd 12/4/32.

Imsmnity Test ~ Two ee. of virus 5869 wers injected inmto ng'sasa on
12/14/38. The snimal showed symptoma of hog cholera on the 6th day.
Disgnosis was hog sholers determined by post mortem examinstion.
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Formaliged Tissue

EXPERIMERT III

Eaterials -~ Liver, spleen and brain from pig 3770

Preparsd 4/6/3513 kept at 36-38°F.

Test of Virulence - Ten ce. of $0% suspension of mascerated tissue

pulp diluted with a diluting agent consisting of equal parts

glyoerin and physiologlo saline solution with 1% formalin added

were injected into test animals.

Treatnent

Dates of ,
Injection Pig | Preparation| Volume | Resstion
8/2/%1 and 5/13/51 | 3788 Liver 10 sc.| Kone
§/7/31 snd 5/17/31 | 3782 Splesn 10 cc.| Fome
§/7/351 and 5/117/31 | 3783 Brain 10 cc. | Nonme

Immmity Test
Date Test Pig Virus Symptoms | Disgnosis
8/22/31 3786 771 4th dey | Hog Cholera
5/21/31 3782 8771 6th dey | Hog Cholera
8/21/31 3788 3771 6th day | Hog Cholera

The dlagnoses on these pigs were based en post mortem findings. All

enimals showed wall defined lesions of hog cholera.
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Phenoliged Tisaue

EXPERIMENT IV
Materials ~ lLiver, spleem and brain from pig 3883
Prepared 12/24/81; kept at 356-38°F,
Prepsrstion made the sama as in Experiment III with the addition of 2%
phexol as the virus insctivating agent.
Test of Virulence - Ten oe, of these preparations wers injeoted inte
| the sxperimentsal animals.

Troatunent
“Pate of :

Injestion Pig | Preparation | Volume | Resctlon
1/16/32 and 1/26/32 | 3888 | Liver 10 ce. Fone
1/16/32 and 1/25/32 | 3683 | Spleen 10 oo. Fone
1/15/32 and 1/25/32 | 3892| Brain 10 cc. None

Inmunity Test
Date Tost Pig Virus Symptoms Dlsgnosis
| 2/5/32 3888 3884 5th day Hog Cholera
2/6/32 3880 3884 4th dey Bog Cholera
2/s/32 3892 3884 5th day Hog Cholers

The dlisgnoses of these animals were based on post mortem examinatioms.

All snimals showed distinet lesions of hog cholera.
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EXPERIMERT V

Material - Virus blood 4758

Saturation of Virus with Gases

Dilution ~ 650X with sterile distilled water

Gases used -~ Oxygen, earbon dioxide, sulphur dioxide, mitrogen

ohlorine sud hydrogem.
Time - Saturated for 24 hours and kept in refrigerstor at 38-38° p,

Test of Yirulence

Dute Viras | des Teat Pig ! Yolume | Symptoms| Diagnosis
1/6/%4 | 4758 | Nitrogen | 4766 2 oo, Normal
1/6/34 | 4758 | Chlorine | 4767 2 oe. Normal
1/6/34 | 47158 | Sulphur 4768 2 oo, Normal
dioxide
1/5/%4 | 4788 @gen 4768 2 ce. Normal
1/6/34 | 47158 | €arbon 4759 2 co. | 5th day| BHog
dioxide Cholera
1/6/54 | 4758 | Hydrogem | 4765 2 oo, Formal
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Trestment
“Datezs of
Injeotion Pig Prsparation Tolume Reagtion

1/20/54 and 1/30/34 | 4766 | Nitrogen 10 oo, None

1/20/34 and 1/30/34 |*4767 | Chlorine 10 ce. None

1/20/34 and 1/30/34 |+4768 | Sulphur 10 eec. None
dloxide

1/20/34 and 1/30/34 | 4769 | Oxygen 10 ce. None

1/20/34 and 1/30/34 | 4765 | Hydregen 10 eec. None

sPreparations oongealed upon saturation with the chlerine and sulphur
dioxide.

Diluted to 50% concentration with sterils distilled water,

Immanity Test
Date Test Pig Virus Symptons Disgnosis
2/9/34 4766 AV, 5th day Hog Cholers
2/9/34 4767 AV, 4th day Bog Cholera
2/9/34 4768 AV, 5th dey Hog Cholers
2/9/3¢ 4769 AV, Normal
‘2/9/5¢ 4765 AV, Normal




SUMMARY ARD CONCLUSIONS

Jany complex problems eonfront the investigator of such a
disesse as hog cholera. The only experimsntal animals which can be used
are swine, bqemo this disease is limited to that particular species,
The sxpense involved in this type of work is neocessarily great and
congiderable care has to be taken to conserve experimental animals and
to develop technigue which will prevent their mccidental infeotion in
isoleted units, Furthermore for each experiment there must be one
susceptible experimental animal for eontrol. The results of these
experiments indicate potentisl possibilities for the production of an
immniging agent against hog cholers, Since there are st the present
time no means of deteoting the pressencs of potent hog cholera virus
other than animal inooulation, = géoat number of experimental animals
mist be used. It is also difficult to determime whether or not virus
has been attemuated by certain processes because of the variability in
the natural resistemce of the experimental aninmals and the variation
in the potency of the infeetive agent. This makes it difficult te
svaluate experimentsl results conducted for the purpeose of seouring
immunisging agents. This series of experiments indicstes many nsgative
results with several petential possibilities. Considerable investigation
will be necessary to determine the vslue of these possibilitlies. With
these considerations in mind certain reservations have to be made in the

interpretations of the experimental dats presented.
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To dotermine the value of desiccation as a possible sttenusting
agent for infective materisl, a series of tests was necessary to determine
the virulenoce of the products used. Because of the limited number of
exporimental snimals available at certain times and the limited rumber
of ilszolation units provided, these tests wers carried on whensver
possible. If these products falled to produce symptoms i{n the
experimental animals, two 10 ce. volumes were injected into the test
pigs at intervale of ten days. At least ten day were allowed to pass
before the snimals were tested for immunity to hog eholera. The
desiccated preparations used in this series of experiments 4id not show
any promise of being of value for immniging susceptible swine againast
hog cholera.

The fresh tissue preparations, using phenol and formalin as
inactivating agents, when used in a similar manner, fatled to produce
lemunity sgeainst hog sholeras,

The treatment of the diluted blood of the cholera infected
swine with gaszes in an effort to attenuate so as to produce a safe
immnizing egent in susceptible swine holds some promise. Trestment with
carbon dioxide for 2¢ hours did not however seem to reducs the virulence
of the preparation. The other gases used apparently destroyed the
virulence of the preparation or reduced it to a point where it no longer
produced noticeable symptoms. In the virulenoes test pigs 4762 and 4765
showed slight elevations in temperature, the former on the 6th, Tth
and 8th days and the latter from the 5rd to the 9th days. These

temperatures returned to normel sgain and on subsequent treatment with
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these preperations showed no reaction. These two pigs were the only
ones in this sxperimental group to survive the immunity test. The 2 oce.
of virus of known potency which produced decided symptoms on the 4th
and 6th days in the other animals of this group, with distinct lesions
of hog echolera on post mortem examination failed to have any noticeable
effect on these two animels. Since there is no way of measuring the
naturel resistence an snimal pessesses to infeotion it is hard to
interpret these results. However, they indicate that it msy be possible
to producs an immunising produst of valus by this mathod, There are
many more gases that may be tried for this purpose, smploying vearious
aongentreations or ssturation for various perieds of time, It seems
rather singuler that hydrogen and oxygen should be the two gases in
this series cf tests which should appear to be the most effective, Much
wore experimental work will have to be carried out om this phun' of the
investigations before the value of these produets as prastical Immunizing
sgents oan be determined,
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CONCLUSIONS

1. The prepsrations made from infective tissues insctivated
by desicoation spparently have no velue in producing {mmunity sgainst
hog cholera,

2. The preparstions made from fresh tissues ineotivated by
phenel and formalin in the eccnoentrations used did not seem to be
of fentive in produsing any degree of immmnity.

8. The saturation of the blood of infected awine with sertain
gases Insoctivates the virus.

4. The preparstions attsnuated or insctivated by oxygen and
hydrogsn apparently have some value im produeing immunity ageinsgt hog

choleras
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