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ABSTRACT

The secondary immune response to L. canicola and ICH virus was
depressed in Beagle dogs which had inhaled particles of Srgo i1-2days and
7 days before the immune stimulus. The initial body burden was 31-46
microcuries per kilogram. The peak titre was reached for both antigens
within eleven days in both control and exposed dogs. This amount of ex-
posure didnotaccelerate the rate of decline of the antibodies, andthe ani-

mals appeared to have recovered their ability to produce antibodies after

five months.
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IMMUNE RESPONSE TO A SECONDARY STIMULUS WITH LEPTOSPIRA
CANICOLA AND INFECTIOUS CANINE HEPATITIS IN BEAGLES EXPOS-
ED TO SRV

By
W.E.Clapper, A,Sanchez and J. Levy

INTRODUCTION
The repressive effect on the primary antibody response in animals
irradiated before an antigenic stimulus is well documented 1—3. These

' changes are related to the time and amount of irradiation, the antigen and
the species. Until recently, however, relatively few studies have been
made of the effect of radiation on the secondary or ""booster' response.
Taliaferro,g_’c_a_._l4 have reviewed the workthat has beendone and have con-
cluded that the secondary response is less radiosensitive thanthe primary
one. If true, this could be important in relation to reimmunization of in-
dividuals who have been exposed to radioactive fission products. They
point out however, that for severalreasons, the chief onebeinginsufficient

data, this can only be tentatively accepted.

As part of a continuous evaluation of the health of Beagles exposed by
inhalation to various fission products, the effect on the immune response

was included. The dogs were routinely vaccinated with Leptospira cani-

cola and infectious canine hepatitis virus, and re-immunized at regular
intervals. This made it possible to measure the response to both a bact-
erialand viralantigen. The various isotopes involved localize indifferent
parts of the body. Continuous radiationfrom some of these will occur with
a greater effecton certain organs because of proximity,i.e., Sr90 onbone

marrow.

Under such conditions the exact amount of radiation that a given or-
gan willreceive at a given time after the exposure cannot be determined.
It therefore is of interest to measure the effect on antibody production
since it may be different from that which would be predicted from previ-
ous observations made after single, multiple or continuous doses of X-

rays or even after intravenous injection of the isotope.




In this paper some effects of Sr90 as related to the time of injection
of the "booster' dose, the time the peak titre is reached, and the recovery

from irradiation are reported.

ME THODS

Sixteen Beagles between the ages of 11 and 18 months were used.

Eightserved as controls, and the remaining 8 were allowed to inhale aer-

osolized particles of Srgo. They were exposedin groups of 2, on different

days. Initial total body counts indicated body burdens of between 31-46

. microcuries per kilogram.. All dogs had been immunized previously with

commercially prepared vaccines of Leptospira canicola, infectious canine
hepatitis (ICH), distemper, and rabies viruses.* Three of the Beagles

were irradiated one day, two at 2 days, and three at 7days before the se-

condary (booster) immunization with L. canicola and ICH. Another boost-

er dose of Leptospira was administered at approximately 5 months after

the first, and of ICH at about 7 months.

Blood was drawn at rather frequent intervals for the first 3 months,
then every month for seven times. The serum obtained was inactivated
at 56°C for 30 minutes and complement fixationtitres were determined by
the tube method described by Lennettes. The L. canicola agglutinintitres
were determined by a micro-technique adapted for this purpose. Two-
fold dilutions from 1:2 to 1:128 were made in micro panels using0.05 ml
serum. To each dilution anda control wellwithno serum was added 0.05
mlofa 1-10 dilution of L. canicola antigen (Difco). The plates were seal-
ed with plastic tape and left overnight at room temperature. Agglutina-
tion was observed by placing a drop from each well on a glass slide and
viewing it with a dark field microscope at 100 X magnification. Any de-
finite agglutination greater than that observed in the control was read as
positive. This method was found to give comparable titres with a known

positive anti-serum when live L. canicola was used, All specimens from

# Fromm Laboratories, Inc., Grafton, Wisconsin,
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one experimental and one control animal were titred simultaneously.
RESULTS

1. Leptospira Agglutinins

Table 1 shows the serum agglutinin titres obtained on each animal.
Serums were titred before the first secondary immune stimulus but values
are not shown since no change was observed from that measured 2-4 days
after. Three of the 5 controls showed 4-fold or greater rises in’ antibody
titre during the first 11 days, while only one of six of those irradiated

before the booster dose showed a 4-fold rise.

Since the relative changes in the measurements for a particular ani-
mal are significant rather than the absolute values, the measurements
were normalized to the initial measurement. This procedure also allows
easy comparison between the measurements for different animals even
though their initial values may have been different. The geometric mean
of the normalized values, given in percent, is shown in the column at the
right of the actualvalues. The titres determined justbefore the administ-
ration of the tertiary stimulus (2nd booster) were used as the initial value
for the last five months since preceding titres were not given from some
dogs. Examiningthese mean values, it appears that the inhalation of Sr90
1-2 days prior to inoculation of Leptospira, inhibited the secondary re-
sponse, although this inhibition is only partial, There was no further in-
crease after the initialrise within the 11 day period in the irradiated dogs
as there was in the controls. There were only 2 animals exposed 7 days
before immunizationbut these showedno increase in antibodies. The re-
sponse after the tertiary stimulus showed little increase in the controls
with the exceptionofdog number 20. There was somewhat greater response
in the first group of irradiated animals (1-2 days before secondary stimu-
lus) than was seen immediately after the exposure., No increase was found

in 3 Beagles in the 2nd group (irradiated 7 days before).
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2. Complement Fixation Titres (CF) for Infectious Canine Hepatitis.

The results of the CF titres are shown in Table 2. Dilutions were
started at 1:16 since higher concentrations of serum were often anticom-
plimentary. A negative titre was therefore recorded as 1:8,  Values for
7 of the 8 controls are included. The serum of control dog number 84 was
omitted because all specimens were anticomplimentary. Four of the se-
ven showed a 4-fold or greater rise in titre in the 9-11 day period and one
additional Beagle had a4-fold rise by the 16th day. The average increase
.was greatest for the controls inthe interval between 2-4 days to 9-11days.
There was no significant (4-fold) increase in titre in any of the 8 irradia-

ted animals. These results are shown graphically in Fig. 1.

When the next booster dose was given seven months later, there was
no immediate significantrise in any of the controls but one. Thisdog was
the only one which had a low titre at the time the immune stimulus was
given, Titres then rose, until by the 3rd month, 4 of the 7 controls had
4-fold or more increases. The irradiated dogs showed very similar re-
actions to those of the controls except that the 3 dogs receiving their first
booster at 7 days after irradiation, all had low titres when the 7 month
immunization was given and, although no immediate response was shown

by them, their CF titres were all significantly higher two months later.

DISCUSSION

The response to a secondary immune stimulus of both L. canicola
and ICH virus occurred within a 5 to 11 day period in the Beagles. This
is similar to the time observed for the anamnestic response in rabbits

. . 1,7
and in mice ’ ', .

The inhalation of sufficient Sr90 to result in a body burden of 31-46
microcuries per kilogram apparently produced an effect similar to that
of whole body exposure toX-irradiation near the LD50 30 day dose. This
is between 300 and 400r for dogs. Taliaferro et al” states that to depress
hemolysin titres in rabbits 100r is ineffective, 200-400r increasingly ef-

fective, and 400-500r would be most satisfactory. Four-hundred to 600r
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% of Initial Reading (Geometric Mean Value)

Effect of 3I-46 Microcuries Sr3 Per Kilogram on Secondary
Immune Response to Infectious Canine Hepatitus Virus
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were requiredto repressthe secondary response to fluid toxoid in mice’.
It is likely that mostof the exposure to radiation of the antibody producing
‘cells occurs during the first hoursafter inhalation since much of the iso-
tope is eliminated by the digestive tract and the remainder is accumulat-
ed in the bone. This dosage is not sufficient, however, to kill any of the

animals in 30 days. All are still alive 2 years after exposure.

The period of greatest sensitivity for the secondary response has been

shown to be from 6 hours to 2 days before the antigenic stimulus when a

single exposure is given™’ ",

In this study the cause of the complete suppression of antibody produc-
tion in the dogs exposed 7 days before the secondary stimulus may have

90

been the continuing radiation from the Sr’" in the bone. Those exposed
1-2 days before immunization would not have had the radiosensitive anti-
body forming cells subjected to as long a period of continuous radiation,
and therefore showed inhibition of antibody production but not complete
suppression. This exposure did not appear to suppress the antibody pro-
duction which maintains the balance between production and decay since
initial titres did not decline more rapidly in the irradiated dogs than in
controls. Claman8 has reported that X-irradiation has no effect on the
rate of decline in antibodies following the secondary immune response be-

cause those antibody forming cells which maintain the balance between

decay and regeneration are mature radioresistant cells.

90

When the tertiary stimulus was given 5 months following the Sr’ "~ ex-
posure there was a significant response to Leptospira antigen in only one
of 8 controls and in 2 of 8irradiated Beagles. These two were in the group
irradiated 1-2days before the booster. The rises in titre occurred with-
in the month, as would be expected for a secondary immune response. A
sample was not taken within the 10 day interval during which the secondary
response characteristically occurs. The tertiary stimulus of ICH given
7 months following exposure brought about an immediate response in only

one of 7 controls, and in none of 8 irradiated dogs. Significant increases

in titre were observed by the 2nd month after this stimulus in seven of 7




controls, two of 5 of the 1-2 day group and all of the three in the 7 day
post exposure group. This suggests that the ability to produce antibodies
has been recovered in a period of from 5 to 7months after the initial ex-
posure. The cause of the delay in the response to the later immunizing
stimulus is not known. Perhaps the appreciable titres existing at the time

the antigen was administered could explain this.

In the controls and the 1-2 day group all but one of the titres were
comparatively high. A combination of antigen with antibody could then
result in even lower titres. These are seen in 3 cases. Where the titre
was low (Dog 1E) a substantial rise occurred. In the 7 day group the de-
layed response may be due to the fact that there was no response to the
secondary stimulus and therefore the tertiary acted like a primary stim-

ulus.
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