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I
PROVOCATION OF AN INFECTION VIA PROTECTIVE VACCINATION

ZX Prevention of a provocation of a virus infuotion by oral

period.

(Followins ii the translation of an article by H. Raettig,

Institute, Berlin, which appeared in the German language
periodical Zbl. Bact, Orig. 200: pages 4418-h59, k1966).

Vaccination with inactivated microorganisms has received renewed
importance recently in basic research and in immunoLogy practice. Their
wide spectrum of effectiveness, rapid effect and easy preparation of
this method is to be recommended particularly in catastrophes (1). In
these cases (war, earthquakes, floods), even when vaccination is carried
out fast, man• people could alread,- have been in contact with the germ.
It, thus, was of importance to test. if with an oral vaccine the danger
of provocation exists during the incubation period, as was demonstrated
to be the case for the parenteral method of vaccination (2). Therefore
this aspect was tested in a model infection of the mouse with S.
typhinurium 03). The results of these earlier experiments showed
that oral vaccination does not have undesirable effects during the in-
cubation period, but, rather appears to be protective. In the polio-
vi-as-mouse model after inter-cerebral injection a provocative effect
was illicited by parenteral vaccination during the incubation period
W4). In 1962 it could not be tested. whetheqr this could be avoided by
oral immunisation, because at that time no oral vaccine for a virus
was available. In the meantime success was obtained in protecting mice
against oral, virulent infections of Col. SK virus 0) by oral vac-
cination with an inactivated virus. It now had to be tested if this
vaccination method could be used without damage during the incubation
time for our infection model system. We tested this in two virus-
models with white mice - oral infection with Col. SK virus and cerebral
infection with the MEF strain of polionVelitis virus.

Methfds and Materias

Animals: We used 1500 white mice of the NMRI strain. All mice
weighed 8-10 gram and were 3-4 weeks old.

Infection: CoL. SK oral# u•ith 0.2 ml 10-3 dilution of infected
mouse brain suspensions. Our experience (6) is that in this model 50-
80s die. In the other model the mum were injected 1.0. with a mouse-
adapted strtdn of type 1 (Loasing) M strain of polio. They received
0.03 Al 10-4 dilution of i•feoted muse brain* 'Taooine was made as
des'ribed In reference (4)o
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Provocation:
Model 1. Mice were imm i • • 1 v. ........ io,-,n4Piz l

days after infection with virulent Col. SK virus. Specific - C-25 iml
self made vaccine from mouse brains that had been infected with Col. SK.
Brain was homogenized in 1:10 saline and Tne ,nmpernatant liquid was
inactivated for 60 minutes at 6000. To test that this pieparation con-
tamed no viruses reuni riss were inleote4 I0.e. 1n ý Zan y n' ^
5X from day 3-7 mice were vaccinated orally (after IC infcction) dL,:ha cormilercial tbalk method) prep of polio vaccine (from Behrirntperkv,
Marburg). (We than~k Prof. Hennessen for this vaccine).

Calculation ox data: *The effect of the oral vaccine during the
incubation period was demonstrated as in previous reports. lhe mortalityof the mice is presented graphically. and the end result is nrn•senhnd ina table. Mortality is defined in this work as: We immediately killed

all animals that were paralized, because we know they would die with-in
24 hctrs. The day of mortality was therefoe the. `zy of paralysis. The
life span is shortened but we can neglect this bxi-use all conditions
are standardized.

Results

Specific, oral incubation-vaccination after Col SK infection.

The incubation tiue of oral Ccl.SK is very short in the mouse; a-
bout 2.5 days when using virus adapted for oral infection. NIce that
became ill die on day 2-3 After infection. The most inappropriate time
to actively immunize parenteralzv was the late incubation period, ac-
cording to epidemiological-statistieal eiperience (7) and from smnimal
trials (8). Therefore animals were given oral vaccine 2 days post
inoculation in order to test the most severe conditions (trial ffl44
and 145).

In the first run, #144 (see table 1) on day 2 post inoculation, at
the time of provocation vaccination, 3W& of the mice were dead; the high
final mortality, 84s, can only be partly attributed to vaccination during
incubation. In #145 at the "incubation-time" only lO had died. The
vaccination could still protect animals, as may be seen in the low final
mortality of 42%. as compared to controls (table l,row 5). In trials
146, i48, 149 inmmization was done on day 1 post inoculation. Values
are compared for totr1 mortality in rows 5-7 of table 1. It shows that
vaccination with Col. SK-vaccine does not influence unfavorably the course
of infection as measured by mortality.

The average values of 5 individual experirmtc (table 1) show almost
identical values for controls and animals vaccinated during the incubation
time. Total mortality values were 63.7 and 6Z.8A for the middle death
tims3 of 2.56-2.61 days. The course of mortality was not provoked by
specific oral vaccinaticn. This is illustrated in figure 1.

Uspeocfic, oral Inbation-vacclnation after Col. SK infection.

IT earlier work (5) it we dMnostr&ted thAt oral administration of
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inactivated virus, which was not serologicaily related to Col. 6K, pro-
tected against oral infection. We used for these uispecific vaccinations
a conuercial, fonmaldohyde-Inactivated vaccine according to SaLk. 5inco
oral vaccination witn neterologous varcine protected, it was thvorcticaly
possiVbIe tat iL harmz during the incubation period, d• •xa•ized rLcc

SL I with nolinru. n ni' 1 "-tr•- " 't 0c1. SKQ '.Ls-

sults of these experimonts are presented in rowe 6 and 9 of tabl. 1. Ln
146, 148, 149 the unspecific provocation ran about the sazr as the specific.

Svalus f- -- - _f death 1A f a:e antn-.'u
vaccinated during incubation does not deviate significantly from the
values of the controls. The mean values of controls and vaccinated

f-1-P -1maliY axc 051.7-63.4% at 2.--41a . D •usratcd grapla-

ically in figure 2 the data shows now that the course of mortality has
no differences. Therefore, the unspecific , oral va-ccination does not
provoke either during the incubation period in this model systen.

Specific, oral incubation vaccination after IC infection with
Kxolionvelitis.

Previous]y (4) we showed t'hat young mice infected IC with Lansing

t171?a UIMI Lhen inoculaý& ,;:-';qutan.oualy) auring the incubation
period with commercial Salk The, died earlier and had a higher
mortUlity rate than non-immtwied controls. On this model we also
tested whethAr the provocation due to the specific subqutaneously in-
oculation during incubation could be avoided by using vaccine orally.
The data of 6 experiments are presented in table 6 and the following
figures.

In experiments 141, 143, 151, and 153 the differences in mortflity
of vaccinated and non-vaccinated animals are very small ttable 2). The
middle death time in this case provides no indication as to provocation.
Trial 143 is presenýed graphically in figure 3. This al'o indicates no
provocation. Of special interest is experiment 152. In this case
mortality was already lower than controls before the incubation period.
It never increased (figure 6). This results in longer life for the
animals.

The s•mnary of 5 sxperiments, whereby immunization e-cured orally
on dao 5pbst inoculation shows that vaccinated animals have a mortality
of 694*4 and controls 713.5. The median time to death is the same for
both groups, 11.2 days. The curves of figure h substantiate these state-
ments. The difference in mortality between 69.4 and 78.5* is statistically
not significant; therefore this does not represent a protection due to
incubation time-vaccination. In the second model infection it also was
apparent that a single, oral vaccination during the incubation period

Sdoes not provoke, contrary to tA• subqutaneous route*
Provocation-effect in repeated, oral vaccination during incubation.

Bacanse the three previous experiments did not alter the effects
of a incubatio-vacoinatio we ceub tried to show an effect by raising
the dose of vaccine. Is this war experiment 230 was done. Table 2

3.
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(rows 6 and 7) shows that 5 times the dose of vaccine(distributed from
3rd to 7th days post inoculation) raises mortality to unexpecte(ly hizhI values. The pattern of rortality shows that in this case no provocation
was plesent, as was observed for suboitaneously vaccinntioiw. M ort-lity
does not increase faster or earlier than in controlso but ra1ther the
large mortality dference occurrs slowly and days aftber the provocation
vaccLtations. The time-to-death is not shortened as usually, but rather
extended (roaw 9 and TO. tHrte P).

In figuit 6 the first v 4 largest e-criMent, 151, is represonted
about 5 parafl&.e trials. Here animals were vaccinated during! incubL-at- on
once as well as 5z. The figure shows that the single vaccination has no
influence; both mortality and mean time-to-death are the same. However,
vaccinating 5x raised mortality 21%. Figure 6 again shows that no typical
provocation existed, and mortality increases slowly and later than in
both other curves.

Experiment 152 was different. ?L!s is pra&znted in graph form in
figure 7. The incubation and vaccination apparently protected the
animals negatively; the singly vaccinated stronger than those vaccinated
5%. The repeated vaccinations may have damaged the animals somehow.
Trial 153 shows very even values; mortality in the 5x was higher than
in the Ix vaccinated group (table 2).

The mortality at the end of the trial is 83.5A for 5x vaccinated
since whereas the controls were 17.5A lower. This is statistically
significant. The curves of figure 8 show the slow rise, the cause of
which is unknown. This eerie of experiments assumes that the repeated
incubation-vaccine is no indifferent, but somehow influences the course
of thi infection adversely.

Discussion

NCr results cannot be properly compared to those of other authors,
because the effectiveness of oral vaccination with inactivated virus has
just been demonstrated (5). The results of earlier trials may be com-
pared to other methods of vaccination and to other model systems. Our
findings on two viral models support earlier work of 5. typhinurium
infection of mice, which showed that a single, effective, oral vaccina-
tion during the incubation tine does not provoke eiihancement (3). This
further supports that oral vaccination is possible during epidemics and
in times of catestrophy.

The difference between subqutaneously and oral vaccination becomes
clearer, if we compare our previous data with subqutaniously vaccine after
intercerebral infection with MEF, -polio (4) to those of oral vaccine
in formt of Spidemic curves. This is presented in figure 9. On the
left all experiments of report #5 t4) are presented. Vaccination parenterally
and specific during incubation was coqared to their controls. The curves
(which represent 1136 mice studied) shows a clear provocation effect,
which is eM•hazied tr the shaded areas. )trtalitr was raised significantly
from 693Us to ?7.97 ; death tine (average) lowered fron 11.6 -10.3 days.
The course of spide apenars totally different in the right side of
figure 9-. In this case vaccination was oral, not pareateraly. No
provoeation is apparent, oa a small degree of protectaon.

t
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They could be interpreted in that the rnpeated stiiulation W a:-iti-

genic substances other substances interfcron, corr. rmint,, coprontibcJIS)
are neutralized or used up. T~hese latter ccmpoundt are needed by thc

geiesusances eth-er ustnes .intercriou ln,-n cor ins __ 11

Sl!ucidated in fuither ex.Pr;rimental work. It nav be esked why t §-fold
dose of vaccine was not given on one day in order to 'ffect a sudden
change due to the excess of antigen. This would have renuired the

period. 6pecific changes are then difficult to definet Similrly o he

Col. SK infection model this problem would have been difficult to stand-

Sto give 5 vaccine doses in 1-2 days. This would have meant an injcctioni of large doses of protein and lipids from the brain homogenaWoo It was

previnusly reported that this does £ndeed alter the "resistance capability"
of the exnriamental animals. Therefore defining specific and urnspecific
provocation would not have been possible.

. If' mice, orally infected with Col. SK virus, are orally ir-mrnizod
specifically with a heat-inactivated Col. SK vaccine, or nonspecifically
with a formaldehyde-inactivated poliomyelitia vaccine, the pathological
process is not influenced. In particular, the incubation inmunization
has no provocative action.

2. Oral incubation imnization with inactivated poliomelitis vaccine,
after intracerebrel infection of mice with poliomyelitis virus, too,
does not result in a provocation, as has been observed after parenteral
incubation immunization.

3. Only a 5-fold increase of the immunization dose distributed over the
incubation period causes an increase in mortality of the mice intra-
cerebrally infected with poliomyelitis virus. However, for reasons as
yet not clarified, this damage differs from that after parenteral in-
cubation immunization. At the same time thi'j effect of the c'ea:dose
shows that oral iumunization with inactivated virus is not indifferent.
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Table 1

Oral vaccination d~uln incubation with heat-inactivated Col. SK
Virus in brain suspension., or ttns~cific polio vaccine (salk) afteroral Col. SK infection.

- * -rumber, 2-time of experiment, 3-n,=ber of nice, 4-provocation
,5aAY after infection., 5-6pacific provocation, 6-unspecific, 7-control,8-"cificA 9-uno -ific, -O-¢ontrol.

,j4" S . M@ A1 Fig-ure 1.

"' I~1-rtality "Vs~day of =dcc, orally
"| - infected vita Col SK virus during in-
to| cubation Wse text for description).1: .(specifcL oral heat-inactivated)

143 JS U,. : • , 7, 282.023

J , FiTable21

Mortality vs m days of mice, oral ly
ifected with Col SK virus duri in-

1, incubation, unspecifdc oral wipti

46 00=wrc:Lklj formwded inactivated
•:i polio vaccime (solid - vaccinated;

-dashed ati vac tivated).
2tN W nMe-

S... . • " • .... .. M a6

S. ... . .. . • ... -- • i . ..... •__ • ._• • • _•. . of ,- ice ,•, orally

• •. . virus..during
= :. - _ . -- . . . .. .... .. .. . .L . . .. . . .. .. . .. .. ... . . . .. . .. . . .. . .. . . . . . - . . .. . . . . . . . .n.. .. . .e c . . . .. .. ..c. . . ..ra l.. . .......t. . .



12 AM[. 66 7", od. 01.244. Q 9 ~ .9 0,4

fle S 4VL 137 G. li,~j 76,L% 80.9 73,3 ~
5~~it. - 912 - ss

Table 2

Spe~cific, oral i~ncubation-vaccination -with corn.arciaL p~oLiv vaccinQ,

I-nuber 2-im o exerient,3-nmbe of mce 4-ri-vocataion

8-specific,~-co 9--ipco), .-otrl

Mortlit vesesdayz3 in tr4_aý

143 s a exmleof no pro-

voa1o of oral incuibation~-

vaccine after LC infeCCion

witli olio solid-
vaccinated: dashed - non
vacciaated5

Fbi-tality Tarsec da~y' of miae
inftected IC with~ polio .11Fand jmrmunied day~ 5 pi vith

4A formaldehyda ina*.tivaod. po~liovaer legenid sa as *ý.her
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Figure 9
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