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-THE DURATION OF VACCINAL IMMUNITY IN GUINEA-PIGS

'AGAINST QéOTERIUM ABORTUS INFECTION.

.INTRODUCTION

The pathogenicity of Bacterium abortus for

guinea-pigs has been recognized for about fifteen years.

During this time these animals have been used for both

diagnostic and experimental work. The lesions caused in

guinea-pigs by infection from this organism are very out-

standing and clear, so that it is not difficult to diagnose.

Schroeder and Cotton (1) were the first eXperimenters to

describe the lesions in the organs of guinea-pigs due to

£233. abortus infection. The guinea-pigs had been fed milk

containing this organism. The gross anatomical lesions were

described as extreme enlargement and edema of the lymph glands

gnnerally; the appearance of small glistening nodules in the

lungs which seem to be caused by the enlargement of minute

lymph glands that were ordinarily too small to be visible;

the conversion of the minute nodules in the lungs into larger,

necrotic areas; an enormous enlargement of the spleen, often

to thirty or forty times its normal volume; an irregular

thickening of the capsule of the Spleen, through which its

surface becomes marked with white areas varying in size from

mere points to several centimeters in diameter; an enlargement

and degeneration of the liver, which organ becomes thickly

beset on surface and section with irregular, pale yellow or



dirty white areas that seem to be due to an enormous

proliferation of connective tissue and a consequent

crowding out and obliteration of the liver cells proper;

a diquse, parenchymatous nephritis that reaches stages in

which dense, fibrous nodules are formed in the cortex of.

the.kidneys; and, in male guinea-pigs, a degeneration of

the testicles, commonly beginning in the epididymis and

often in the conversion of one or both testicles into

structureless cysts filled with creamy pus.

The lesions in.§ggt. abortus infected guinea-

pigs have been described microscOpically by Seyfarth (8).

The nodules in the lungs were scattered throughout the

entire organ, and consisted of accumulations of lymphoid

cells and groups of epitheloid cells. The nodules were

Just beneath the pleura or about the blood vessels or

bronchi. The interstitial tissue was extensively involved

with small nodules. The structure of the nodules was

similar to if not identical with, the tuberculous nodules.

The spleen was found to contain greatly dilated

blood sinuses, and there was marked hyperplasia of the

endothelial cells in and around the malpighian corpuscles,

with an active cellular proliferation of the splenic pulp.

The epithelioid cells were observed in groups chiefly in

relation to the malphighian bodies and directly beneath the

capsule. Polymorphonuclear leukocytes were numerous. An

occasional giant cell was distinguished.
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£222. abortus which has been grown on artificial

media does not always produce lesions when injected into

guinea-pigs. Some of the virulence seems to be lost when

grown under laboratory conditions. Organisms of low

virulence have been used to produce immunity but the results

are not always certain as there is some danger of an increase

in the virulence of organisms wnich have been passed through

animals. Huddleson (2) has developed a non-virulent strain

of 2222. abortus which seems to produce a fairly high degree

of immunity. The use of this organism in a vaccine to

protect animals against infection from virulent cultures of

£223. abortus has made it necessary to determine how long

this immunity will last. The necessity for knowing the

duration of this immunity has prompted the carrying out of

this experiment.

It is the purpose of this eXperiment to show how

long immunity to 2223, abortus infection will last in

guinea-pigs by injecting them with a non-virulent strain of

2222. abortus then feeding these guinea-pigs a virulent

strain of oovine 2222. abortus. The presence or aosence of

characteristic lesions in the spleen, liver, lungs, or testes

of other organs and the iBOlation of 2221. abortus there-from

determines whether or not the animal is immuned.
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REVIEW or LITERATURE

The literature reveals very little research

pertaining to the duration of immunity in.animals which have

been treated by a vaccine or other means of immunization.

This is not only true ongggt. abortus but of other vaccines

Is well. The duration of immunity in animals vaccinated

with 2222 abortus has been stated in same instances but it

has not been proved by experimental work. Certain investi-

gators have drawn conclusions concerning the duration of

immunity from.a few experiments which had been planned for

other purposes.

There has been no work done to show the duration

of immunity acquired by injecting guinea-pigs with a non-

virulent strain of gagt. abortus.

The only other experimental work of this nature

with guinea-pigs has been done by Calmmtte, Negro, and

Boguet (4). They injected bacilli of a non-virulent strain

of Bacterium tuberculosum into the blood circulation of

guinea-pigs and rabbits and obtained only temporary immunity

as was shown by subsequent infection with virulent organisms.

Immunity seemed to last for about five months in guinea-pigs

and about six months in the rabbit. The immunity gradually

became weaker and seemed to disappear as soon as the tubercle

bacilli were entirely eliminated from the body or reabsorbed.

These workers drew the conclusion that the émmunity may be

prolonged by renewing periodically the vaccinal injection
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of the lymphatic organs.

Schroeder’amd Cotton.(5) have immunized guinea-

pigs with a strain of 2222. abortus which had host much of

its original virulence for guinea-pigs and which caused

lesions in them only when injected in very large doses.

Thirty-three guinea-pigs were injected with the organism.

Eightybone days later 12 of them with twelve controls

were injected subcutaneously with a virulent bovine strain

of 2222. abortus. Nine of the treated pigs showed no micro-

scopic lesions, two showed slight lesions, and one showed

marked lesions. 0f the 12 check, nine showed marked lesions

and 5 slight lesions.

145 days after treatnr: nt 10 of the immunized pigs

with 12 checks were exposed to a virulent strain of 2222.

abortion. Five of the treated pigs showed no lesions, four

showed slight lesions and l more marked lesions. Seven of

the twelve check showed extensive lesions, four showed

slight lesions, and one showed no lesions.

The author concluded from his experiment that a

high degree of resistance against virulent abortion germs

is obtained by injecting them with attenuated abortion germs,

and that this immunity begins to decline sometime after the

third month following the immunizing injection.
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PREPARATION AND USE OF VACCINE

The vaccine was prepared by growing the non-

virulent'strain of gggg. abortus for forty-eight hours on

liver agar. The liver agar used was prepared as described

by Huddleson (6). The growth was then washed off with

sterile physiological salt solution and the suspension was

standardized so that the turbidity corresponded to turbidity

V of McFarland's Hephelometer. Five tenths of one cubic

centimeter of this suspension was injected subcutaneously

with a small syringe.

After a period of one month, and each month there-

after, four pigs from the vaccinated group were placed in a

cage with two normal control pigs. The cages were separated

by a metal partition so that there was no possibility of

transmission of infection from one cage to another. The pigs

were then exposed to infection by sprinkling the feed with

virulent organisms each morning for six days.

PREPARATION OF INFECTIVE MATERIAL

The Virtdent organisms were grown on liver agar

in test tubes for forty-eight hours, then washed off with

tap water and sprinkled over the feed of the pigs. At the

beginning of the experiment three slants were fed daily for

eight days. Some of the vaccinated pigs seemed to show

signs of infection or rather enlarged organs, so the dosage

was out down to one agar slant a day for six days. It was
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thought that the first amount was more than could be

resisted with the degree of'immunity which had been

obtained.

Virulent organisms from four different sources

were used in this experiment. All of these cultures were

isolated from aborted fetuses sent in to this laboratory

for bacteriological examination. ‘material from these

fetuses was injected into guinea-pigs and six weeks later

these guinea-pigs were autopsied and the organs smeared

on agar plates. These plates were placed in ten per cent

carbon dioxide for forty-eight hours. All of these pigs

were heavily infected when they were autopsied and good

growths were obtained on the plates.

Culture D l was isolated December 1, 1923. Culture

B 54 was isolated October 1924. The cow from which this

fetus came was bred March 9,1924 and aborted October 24,1924.

Culture 44 was isolated from an aborted fetus, the dam of

which was bred Bay 14, 1924 and aborted November 28, 1924.

The dam of the fetus from which culture c 111 was isolated

was bred July 16, 1924 and aborted February 11, 1925.

Method of Determining Infection

The six exposed pigs were kept in the cage for

six weeks. This was considered a sufficient time for

lesions to develop after exposure. At the end of this

period of time all pigs were bled from the heart in the

following manner: The animal was anesthetised and firmly

fastened on its back to an animal board, a small space

over the left side of the thorax was clipped free from hair,
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the space was disinfected with phenolized saline solution

and a small hypodermic needle was inserted between the

second and third ribs into the left ventricle of the heart.

If the needle punctured the right ventricle the blood flow-

ed very slowly or in drops. Two or three cubic centimeters

of blood were drawn from each pig in this manner and slant-

ed before a clot was formed. The samples were placed in

the ice box until the next day. When taken out of the ice

box sufficient serum.had formed above the clot to make

agglutination tests. In some instances where serum did

not form the clot had to be broken and centrifuged. The

antigen for the agglutination tests was prepared by grow-

ing a culture of 2222. abortus for forty-eight hours upon

liver agar. The growth was washed off with carbol-saline

solution (.5 per cent carbolic acid in .85 per cent solution

of sodium chloride in water) and the suspensionwas stand-

ardized so that the turbidity corresponded to about .7 of

tube one of McFarland's Nephelometer. Two cubic centimeters

of this suspension was placed in each of five Wassermann

tubes and the following quantities of blood serum added; .08,

.04, .02, .01, and.005. Dilutions of approximately 1:25,

1:50, 1:100, 1:200, and 1:400 were obtained. These tubes

were placed in the incubator and read at the end of 24 and

48 hours. The results shown in the tables were taken from

the forty-eight hour reading.

as soon as the agglutination tests were completed

the animals were killed/and autopsied, and search was made

for any anatomical changes. An attempt was made to culture
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.2221 abortus from the liver, spleen, lungs, kidneys, testes,

urinary bladder, and gall bladder. These organs were smear-

ed on gentian violet liver agar plates as described by Huddle-

son (6). These plates were placed in jars containing ten

per cent carbon dioxide, sealed and incubated at thirty seven

degrees centigrade for about six days. All colonies resembl-

ing £222. abortus colonies, which appeared on the plates were

transferred to liver agar slants and incubated. Agglutination

tests were run using each organism as an antigen. Positive

cow's serum was used in the agglutination tests. Agglutina-

tions in only the highest dilutions were recorded in the tables

here shown.
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EXPERDMENTAL DATA

The data recorded give the results obtained

each month for ten months. In order to make clear some

of the results recorded it is necessary to state that about

a month after this experiment was started the pigs became

infected with an organism.which caused the death of several

animals. Some of those which recovered held their heads to

one side and when they were autopsied it was found that they

carried an infection in their ears. When cultured on liver

agar the organism produced a very profuse, slimy growth. Pigs

dying from this infection showed large amounts of exudate in

the thoracic cavity and sometimes in the abdominal cavity.

The atypical lesions here recorded were attributed to this

cause. This interpretation was based on the fact that this

same type of lesions was found in normal-guinea pigs which

had never been exposed to 2323' abortus and which did not

react to the agglutination test. The lesions in the liver

were quite different from those caused by 2223. abortus.

They cnnsisted of irregular, dirty brown foci, sometimes

five millimeters in diameter. Some were longer than wide

and others were about the same dimensions each way. The edges

were irregular and the surfaces was flat or not elevated above

the surface of the liver. The spleen was sometimes enlarged

but did not show this type of lesion.

The lesions which were considered typical of Best.
 

abortus lesions corresponded in.soue respects to those
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described by Schroeder and Cotton (7) and in other respects

to those described by Seyfarth (8). The external appearance

of the body was normal in the majority of cases, this being

particularly true with immunized pigs. Controls which were

heavily infected were emaciated, the hair was rough, and the

pig felt soft and flabby when handled. The spleen appeared

to be the organ most constantly infected, as was shown by

both anatomical changes and cultural findings. The spleen

was usually enlarged, and directly under the capsule were

minute nodules or foci which were grayish white in color and

raised. The surface of the spleen appeared rough due to

these raised areas. The spleen was not always enlarged, for

in some pigs which showed lesions in other organs the spleen

was normal. The liver was the next most commonly infected.

It usually contained grayish white or pearly white foci,

varying in size from that of a pin point to a millimeter in

diameter. These foci were usually raised and glistening,

showing very clearly through the capsule of the liver. En-

largment of the liver was never noted. One or both testi-

cles sometimes contained lesions or abscesses. The epidid-

ymus was were often involved. Sometimes the testicles were

atrophied.‘ No lesions were observed in the kidney, however,

despite the fact that the organism was cultured from this

organ many times. In a few animals the lungs contained

foci from which 2221. abortus was obtained occasionally.

Since the time between injection and the first

appearance of infection of immunized pigs is the important



15.

factor in this experiment it will be necessary to pay

particular attention to the dates recorded.
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The data in table 1 shows the results obtained

the first thirty five days after vaccination. Blood

tests were made at the end of 30 days, but five days el-

apsed Before time of autopsy in order to perform an in-

tradermal test on each pig. This group was fed three

slants a day for eight days. Culture DI was the organ-

ism used. The vaccinated pigs of this group made an aver-

age gain of 70 grams and the controls made an average gain

of 74.5 grams. Atypical lesions were found in the vaccin-

ated pigs but 2223! abortus was not cultured from them.

Number 28 showed an enlarged spleen, but since an organism

producing a slimy growth was cultured from this organ,the

enlargment was attributed to this organism. Number 31

also showed an enlarged spleen which was adherent to the

wall of the body cavity. It was an old lesion which had

healed and since nothing was cultured from it the cause

was not attributed to 3223; abortus.

Both of the controls showed typical East. abortus

lesions but East. abortus was cultured from only one pig.

The failure to culture 2222' abortus from the other pig

and the agglutination reaction of 1:200 cannot be accounted

forl
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17.

The second group shown in table number 11

was autopsied at the end of sixty five days. They

were fed three agar slants a day for eight days of cul-

ture 8.54. The average gain for the vaccinated pigs

was 29.5 grams and the average gain for the controls

was 154.5 grams. None of the vaccinated pigs showed

typical lesions and Bact. abortus was not cultured from
 

any of them. Pig number 52 carried its head to one side

and when autopsied an abscess was found in one ear. Pig

number 55 showed a few small irregular shaped lesions

in its liver. There was a wide variation in the agg1utin-

ation reaction of the vaccinated pigs, ranging from 1:100

to 1:500.

Both of the controls showed typical lesions

and gagt. abortus was cultured from both. Pig number 4

reacted only 1:200 to the agglutination test But heavy

growths of gggt. abortus were obtained from the testicles

spleen and liver. .2321! abortus was cultured from the

spleen of'number 5.
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19.

Table III contains the data from the group

of pigs autopsied the third month or at the end of 92

days. They were fed three agar slants per day of cul-

ture Number 44. The vaccinated pigs of this group made

an average gain of 29.2 grams, and the controls made an

average gain of 98 grams. One of the vaccinated pigs,

number 5, showed a small abscess in one testicle. The

organism.cultured from this lesion was agglutinatedby

positive cow's serum only in a dilution of 1:25 while

the organism in the controls was agglutinated in a dil-

ution of 1:500 by the same serum. It was, therefore,

not considered “.EEEE' abortus lesion. none of the other

vaccinated pigs showed any lesions or was 3223. abortus

cultured from any of them. The blood from pig number 5

was negative to the agglutination test. Both controls

-showed an enlarged spleen and typical foci in the liver.

Bact. abortus was cultured from all of these organs.
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21.

The data in table IV were obtained from the

pigs autopsied the fourth month or at the end of 112

days. They were fed one slant a day of culture 0111

for six days. The vaccinated pigs of this group show-

ed an average loss of 50.6 grams. The controls showed

an average loss of 33.5 grams. It will be seen that

.2222! abortus was cultured from two of the vaccinated

pigs while only one of them showed typical EEEE‘ abortus

lesions. The other vaccinated pigs showed no lesions

inor was £323. abortus cultured from the organs. The

antibody index of these two pigs was also low. Both

controls showed lesions and £223. abortus was cultured

from the spleen, testicles, and kidney of number 11 and

from the spleen and'urinary bladder of number 12 in very

large quantities.

It is difficult to explain why two of the

vaccinated pigs showed no lesions, no cultural findings

and a low agglutination titre while the other two gave a

high agglutination titre, 222:. abortus was cultured from

both and one showed lesions. The control from which large

numbers of £323. abortus organisms were cultured reacted

«only 1:200 to the agglutination test. It would seem that

pig number 12 had become a carrier of £533. abortus with

the infection in the urinary bladder. This would '

correspond very closely to the typhoid carrier in the

human 0



22;

Under these conditions it may be seen that the

vaccinated pigs were not exposed to infection for a per-

iod of six days but were being constantly exposed for

six weeks to enormous quantities of virulent £231. abortus

It seemed that the other two vaccinated pigs were able

to resist this infection since no lesions were found and

.EEEE' abortus was not cultured. The agglutinins in.both

of these vaccinated pigs had practically disappeared but

some degree of immunity remained. It is evident, there-

fore, that the presence of agglutinins is not an indica-

tion of immunity.

This was the first group in which vaccinated

non-exposed pigs were used. This gives a check on the

vaccinated pigs before they were exposed to virulent

organisms. It also gives a check on the virulence of

the organism being used as a vaccine. Reither lesions

nor 2223' abortus organisms were present in these pigs.

At the end of 145 days the agglutinins had dropped to

1:50. It should also be noted that these pigs were

vaccinated 20 days after those exposed the fourth month

and 106 days after those used during the other months.
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Table V shows the results for the fifth month

or at the end of 150 days. This group of pigs was fed

one agar slant a day of culture 0111 for six days. The

vaccinated pigs of this group showed a n average loss

of 29.5 grams between time of exposure and date of auto-

psy. The controls showed an average gain of 115 grams

during this same period of time. The difference in the

age of the pigs probably accounts for the difference in

gain or loss. The vaccinated pigs had practically reach-

ed thier maximun weight before time of exposure, while

the controls were about half grown. They would, there-

fore, increase in weight much more rapidly. There were

no lesions present in the vaccinated pigs and 2333.

abortus was not cultured from any of them. The agglutin-

ation titre had dropped considerably in three of the

vaccinated pigs. Both controls showed lesions in the

testes and liver and number 8 showed enlarged Spleen.

gggt. abortus was cultured from the testes, spleen, and

,urinary bladder of these pigs.
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Table VI shows the results obtained for the sixth

month or at the end of 180 days. These pigs were fed one

agar slant a day of culture 0111 for six days. The vaccin-

ated pigs showed an average loss of 78.5 grams between

time of exposure to virulent culture and autopsy. The con-

trols made an average.gain of 81 grams. .EEEE' abortus was

not cultured from any of the vaccinated pigs however, one of

them, Number 17, showed typical pearly foci in the liver and

an enlarged spleen. All of these pigs have a high agglutin-

ation titre. An organism producing a slimy growth was cul-

tured from the lungs of Number 18. The lungs were partially

solidified and adherent to the body wall. It also carried

an infection in its ear.

Control Number 9 died about a month before this

group was to be autppsied. Death was due to an infection

with an organism previously described. The growth of the

organism on the plates was so heavy that 3233. abortus

could not be detected. Control Number 10 showed lesions in

the liver and both testes,a1so an enlarged spleen. Bact.
 

abortus was cultured from these organs.

One of the vaccinated non-exposed pigs of this

group showed no lesions or cultural findings and gave an

agglutination titre of 1:50. The other pig showed lesion

but an organism resembling .EEEE' abortus in some respects

was cultured from the spleen. When agglutination tests

were made on this organism it did not agglutinate. The blood

of this pig reacted 1:500 to the agglutination test.
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28.

Table VII Shows the results for the seventh

month or 211 days. This group was fed one agar Slant a day

of culture 0111 for six days. The vaccinated pigs showed

an average loss of 58 grams from time of exposure to vir-

ulent culture to date of autopsy. The controls made an

average gain of 47 grams. Three of the vaccinated pigs

showed typical foci in the liver and two of these Showed

enlarged Spleens. An organism resembling £221. abortus was

cultured from.the urine of Number 9 and from the lungs of

Number 10, but it would not agglutinate with positive Cow's

serum. .222£° abortus was cultured from the spleen of Number

25. The blood of Number 25 reacted only 1:100 while the

blood of Number 5 and 10 reacted 1:500. This cannot be

accounted for unless Number 25 had Just recently become in-

fected from the controls. The other vaccinated pig Number

24, showed no lesions nor was Bact. abortus cultured from it.
 

Both controls Showed typical foci in the liver and very large

spleens. 222$! abortus was cultured from the spleen of

both pigs and in large numbers from the testes and urine

of Number 13. .2321 abortus was cultured from the lungs of

Number 14. This was uncommon in this experiment. Both

vaccinated controls were free from lesions and the presence

of Eagt. abortus. The agglutinations titre of Number 62

was 1:50, thus showing that at the endof Six months the

agglutinins had become greatly reduced.
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Table VIII shows the results obtained for the

eighth month or 243 days. These pigs were fed one agar

slant a day for six weeks. The vaccinated pigs showed an

average loss of 67 grams and the controls showed an average

loss of 62 grams between the time of exposure to virulent

culture and time of autopsy. Only one of the vaccinated

pigs of this group, Number 37, showed the presence of les-

ions, however, gégt. abortus was cultured from.two, Num-

bers 36 and 37. Number 36 showed signs of heavy infection

since the organism was cultured from the spleen, kidneys,

testes, and liver. The absence of characteristic lesions

cannot be abcounted for. .2223' abortus was cultured from

the spleen and testes of Number 37. The other two vaccinat-

ed pigs showed no lesions or cultural findings. Number 29

was negative to the agglutination test. It seems evident

that this pig either failed to pick up enough organisms to

cause an increase in the agglutinins or the agglutinins had

entirely disappeared and did not reappear when the pig was

exposed to virulent culture. ‘

control Number 15 showed typical lesions in the

liver and spleen. .EEEE' abortus was cultured from the lungs

and spleen. Control Number 16 did not show any character-

istic §EEE° abortus lesions. The liver showed a few typical

lesions, the spleen.was normal, the lungs were practically

solidified and adherent to the thoracic wall, the testes were

strephied and the pig was emaciated generally. A slimy organ-

ism was cultured from all organs. Such a heavy growth was



31.

produced that no other organism could be seen on the plates.

The blood of this pig reacted 1:25 to the agglutination test.

It would seen from this that £221. abortus was not present.

Both vaccinated controls were negative to 2323.

abortus culturally and anatomically. They reacted negativ-

ely to the agglutination test, thus showing that agglutinins.

will last about seven months after a single injection of liv-

ing organisms.
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Table IX shows the data obtained the ninth month

or 271 days. This group was fed one agar slant a day for

six days of culture 0111. The vaccinated pigs showed an

average loss of 73 grams between the time of exposure and

autOpsy. The controls showed an average loss of 54.5 grams.

Two vaccinated pigs of this group showed typical £223“.§27

ggtgg,lesions. Both had enlarged spleens which were covered

with white foci. The testes of Number 45 were completely

atrephied. lgggt. abortus was cultured from the liver of

Number 45 butnot frothumber 39. The other two vaccinated

pigs were free from lesions and nothing was cultured from

them, It is interesting to note that all of these pigs re-

acted l:500 to the agglutination test while in most of the

foregoing tests there were some which reacted only in low

dilutions.

Both controls were heavily infected. The spleen of

Number 17 was about five times normal size and showed typical

foci. There were abscesses in both testes. 2223! abortus was

cultured from testes and spleen. Number 18 showed typical

foci in the liver,an enlarged spleen and an abscess in one

testicle. £223. abortus was cultured from the liver,ttesticle

and spleen.

One of the vaccinated non-exposed pigs, Number 70

showed no lesions, no cultural findings and was negative to

the agglutination test. The other pig, Number 66, had only

one kidney. There was an old abscess in one testicle and the

seminal vesicles were dark and watery.. Staphylococcus aureus

was cultured from the urine. The blood reacted negatively

to the agglutination test.
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. Table X shows the results for the tenth month

or 506 days. There were only three pigs left to use in

this group. They were fed one agar slant daily for six

days of culture 0111. The vaccinated pigs made an average

loss of 46.5 grams between time of exposure and autOpsy.

The ene control made a gain of 62 grams. This group of

vaccinated pigs gave some very interesting results. The

spleen of Number 34 was twice normal size, there were at-

ypical foci in the liver and one labs of the lungs was

adherent to the body wall. No organisms were cultured from

this pig and.ths agglutination reaction was 1:200. Number

43 presented a similar result with atypical foci in the

liver and an abscess in one testicle. Nothing was cultured

from this pig and the. agglutination reaction was 1:50. In

contrast to these two pigs Number 42 showed no lesions but

£223. abortus was cultured from the kidneys. The blood re-

action was 1:500. The spleen of the control was three times.

normal size and there were abscesses in both testes. [2222.

abortus was cultured from the spleen, lungs, testes, kidney,

and urine. Both vaccinated non-exposed pigs were negative

culturally, anatomically and serologically.
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GENERAL DISCUSSION

This experiment was undertaken to determine how

long immunity t°.§§23‘ abortus infection would last in

guinea-pigs which had been vaccinated with a non-virulent

strain. The monthly records give the results obtained.

When the conditions under which this experiment has been

run are noted it will be seen that the protection produced

by vaccination with this organism was subjected to a more

severe test than would take place under natural conditions.

As will be pointed out later, in several cases the pigs

were subjected to virulent organisms for a period of six

weeks. If this experiment were run on cattle instead of

guinea-pigs it would be comparable to placing immunized

cattle in a box stall for six weeks with cattle which were

eliminating virulent organisms constantly. This would be

a condition seldom, if ever, approached in the field. When

the small number of organisms required to cause infection

in a guinea-pig are considered, the severity of this test is

made more emphatic. According to Hagan (12) less than 100

organisms are sufficient to cause infection, dependent some-

what upon the resistance of the animal.

It is somewhat difficult to make a definite state-

ment as to the length of time this immunity will last, but

it seems safe to state that protection is evident at the end
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of six months. After this time there seems to be a gradual

lowering of resistance to infection. Some protection, how-

ever, is evident at the end of ten months, fer as is shown

in table x one pig out of three vaccinated pigs showed in-

fection. When the individual resistance of the pigs is con-

sidered it would be natural to expect that some pigs would

show a higher resistance than others. Topley, Wilson and

Lewis(9) in their work on mice showed that there was a

wide variation in animals. Out of 185 mice fed cultures of

'g. aertryche 92 died, 61 showed presence of organisms in
 

the feces and 52 showed no symptoms. When these 52 were in-

Jected intraperitoneally along with 50 controls they showed

a mortality of only 12.5 per cent while the cnntrols showed

a death rate of 76.6 per cent. The remaining 25 were inject-

ed along with 25 controls and in 11 days all controls had

died and only 3 of the immunized pigs had died. In 68 days

44 per cent of the 25 had died. so it is not unreasonable

to suspect that some animals would fall short of a definite

length of time and others would exceed this length of time.

There is another factor which makes it difficult

to say whether an animal has become infected and therefore

has lost its immunity or power of resistance. The only

means of telling whether an animal is infected or not are

the lesions produced and the cultivation.of the organism.

Even these dannot always be given as positive proof. Other

organisms produce lesions which resemble those of East. fibertus
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very closly and there is some chance of misinterpreting

these results. It seems possible that lesions may be pro-

duced when the animal is first exposed but later the animal's

resistance is able to overcome the infection and the organ-

isms are thrown off or destroyed. Smillie (10) has shown

that the number of living bacteria in the spleen of the

guinea-pig which he had infested with.§ggt. abortus was

larger at three to fear weeks than later although the micro-

scepic lesions tended to become more pronounced as the bacter-

ia declined.

0% the other hand there are guinea-pigs which

show no lesions but East. abortus can be dultured from their

internal organs. It can be seen from their data that the

controls were constantly eliminating large numbers of organ-

isms in the urine. Meat of the time the drinking water and

feed contained considerable amounts of feces and litter,

not-with-standing the fact that the containers were emptied,

cleaned and refilled daily. If the food and water contained

living organisms they would be taken into the system of the

animals and pass to the various organs. If these organs

were semared on media when containing these organisms, growth

might be obtained.

Besides giving some light on the tepic for which

this experiment was planned other interesting results can

be pointed out from the data obtained. The question of the

relation between the presence or absence of agglutinins and

immunity is one which has caused much discussion. Most
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immunologists are agreed that agglutinins are not an in-

dication of the presence or absence of immunity while some

still speak of them as such. Topley, Wilson, and Lewis (9)

have shown by experimenting with mice that the presence of

agglutinins is no measure of resistance. 0n the other hand,

in cases where agglutinins were present an increasing re-

sistance was associated with an increasing proportion of

positively reacting mice as Judged by agglutination tests.

Fleishner, Mbyer and “Shaw (11) in their work on

cutaneous hypersensitiveness claim that a high degree of

immunity was established in all of their animals as was

evidenced by the constantly positive agglutination reac-

tion. These data do not bear out this statement. As was

shown by the non-exposed vaccinated pigs the agglutination

reaction of most of these pigs was below 1:50 or negative

before they were exposed to virulent culture. Yet there was

immunity present as was shown by the absence of lesions and

cultural findings. After they were exposed there was a rise

in the agglutination titre. The variation on the agglutina-

tion titre cannot be accounted for. This varied from negative

in one case to 1:500 in most of the pigs. No higher dil-

utions than this were run. With the exception of one guinea-

pig all the controls reacted 1:200 or more to the agglutina-

tion test.

It is not shown by these data how soon the agglutin-

ation began to disappear in the vaccinated pigs, as no pigs

which had been exposed were killed under four months.
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At the end of four months agglutination reactions were

1:50. At the end of seven months the agglutinins had

entirely disappeared. Hagan states that a fall in the

agglutinin titre begins about the tenth week of infection.

Other interesting points presented in these

data are the distribution of lesions and infections as

determined by cultural findings. Meyer (13) found that

the enlargment of the spleen was most striking and constant

in guinea-pigs injected with body fluids or tissues infect-

ed with bovine §agt, abortus. Smillie (10) also states

that the spleen was the organ in which the bacteria were

regularily present in.large numbers. The data in this

paper conform very closly to these statements as is shown

in table XI and XII.
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TABLE XI

Numbers of Immunized Guinea-pigs Showing

Lesions and Cultural Findings
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In.the vaccinated pigs the liver showed the most

changes, but East abortus was cultured from the spleen in

a great number of cases. In the controls the spleen was

more constant in.showing lesions and the presence ofpgggg.

abortus. The liver was second in number of lesions but

the testes yielded a greater number of cultural findings.

The liver, spleen and testes were the only organs showing

lesions, yet 2233. abortus was cultured from practically all

the organs except the gall bladder. Mbyer has reported the

culturing of g. melitensis from the gall baldder in large

quantities but no reports show a record °f.2223' abortus

being cultured from this organ.

Some experimenters report difficulty in infecting

guinea-pigs orally with EEEE' abortus. Hagan (12) claims

that the susceptibility of guinea-pigs to infection through

ingestion of Eggt. abortus is relatively slight. Schroeder

and Cotton (14) were not able to infect guinea-pigs at all,

wdth bovine strains of abortus, when given orally to them.

They obtained 58 per cent infection with a swine strain of

‘2223. abortus. This experiment does not confirm their

resutls. 0f eighteen control pigs which were fed bovine

strains of 2223' abortus all showed lesions and the organ-

ism was recofered from them. Only in one case was 2223'

abortus not recovered and this one showed typical lesions.

This gives a rate of 94;? per cent infection. Very little

emphasis can be placed on the comparison of weights in

this experiment.~ The controls used were much younger than
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the vaccinated pigs, therefore, they made larger gains

after being exposed to virulent cultures. The average

initial weight of the vaccinated pigs was 567 grams. The

average weight of the control pigs was 415.4 grams. The

average weight of the vaccinated pigs before exposure was

720.17 grams. The average weight of the vaccinated pigs

after exposure was 697 grams. The average loss in weight

of the vaccinated pigs was 25.17 grams. The average

weight of the controls after exposure was 455.6 grams.
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SUMMARY

Guinea-pigs vaccinated with a non-virulent

strain of £323. abortus are protected against infec-

tion for a period of six months.

Agglutinins are not an indication of immunity

in guinea-pigs.

Guinea-pigs can be easily infected by feeding

virulent Eggt. abortus organisms on their food.

[2333. abortus infections are most common in

the spleen of guinea-pigs.
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