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PROVOCATION OF AN INFECTION VIA PROTECTIVE VACCINATION

- A s E 3 & R L Tk o Y
vacceination with dnmactivatad virus during the lncubation

veriod.

X, Prevention of & provocation of a virus infection by oral
4

(Follo'wing is the transiation of an article by H. Raettip,
Depts of Baclerioiowy and Infectious Discases, Hobeiu Xoch
Inatitute, Berlin, which appearsd in the German language
periodical Zbl. Bact., Orig. 200: pages L4B-459, 11966).

Taamalatd cw o rformsd By Commbnman 1 Tarad
‘-lﬂtlu&du.x.il [ 4 1 UL TESCY UJ WL SRR iy mv',

Vaccination with inuctivated miercorganisms has received renewed
importance recently in basic research and in immunology practice. Thear
wide spectrum of effectiveness, rapid effect and easy preparation of
this method is to be recommended particularly in catastrophes (1). In
these cascs (war, earthquakes, floods), even when vaccination is carried
out, fast, many people could already 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 wmethod of vaccination (2). Therefore
this aspect was tested in a model infection of the mouse with S.
typhinurium (3). The results of these sarlier experiments showed
that oral vaccination does not have undesirable effects during the in-
cubation period, btit, rather appears to be protective. In the polio-
virus-mouse model after interw-gerebral injection a provocative effect
was illicited by parenteral vaccination during the ingubation period
(4)e In 1962 it could not be tested whether this could be avoided by
oral immunization, because at that time no oral vaccine foxr a virus
was available, In the meantime success was cbtained in protecting mice
against oral, virulent infections of Col. SK wvirus (5) by oral vac-
ceination with an inactivated virus. It now had to be tested if this
vaccination method could be used without damage during the incubation
time for cur infection model systems We tested this in two virus-
models with white mice - oral infection with Col. SK virus and cerebral

infection with the MEF strain of poliomyelitis virus,

Methods and Materials

Animalss We used 1500 white mice of the NMRI strain. All nmice
weighed 8-10 grams and wers 3-l weeks old.

Infection: Col. SK oral, with 0.2 ml 10~3 dilution of infected
mouse brain suspensions, Our experience (6) is that in thisz model 50-
80:5 dis, In the other model the mice were injected I.C. with a mouse=~

trz.'ln of type II (Lansing) MEF strain of polio. They received
003 ml 10< dilution of infected m brtin. Yacome was made as
desoribed in refarence (h). SR
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Provocation:

Model 1. Mies were immmizad appgﬁ_f{caljer or unspecificaily 12
days after infection with virwleat Col. SK virus. Specific = C.25 il
self made vaccine from mouse brains that had been infected with Col. SK,
Brain was homogenized in 1:10 saline and tne supernatant liquid was
inactlvated for 60 minutes at 609C. To test that this preparation conw
tained no virusss young mice were injected I.C, Mpdol 2. On dny § or
Sx from day 3-7 mice were vaccinated orally {after IC infaection) with
& commercial {Sulx method) prep of polio vaccine (from Behringerie,
Marburg). (We thank Prof. Hennessen for this vaceine).

>

Gaicuiation of data: ihe effect of the oral vaccine daring the
incubation period was demonstrated as in previocus reports. ‘the mortality
of the mice is presented graphically, and tha end result is presented in
a table. Mortality is defined in this work as: We immediately killed
all animals that wers paralized, because we know they would die within
2 kours,  The day of mortality was therefove the cay of paralysis. The
1ife span is shortened but we can meglect thie be~suse all conditions
are standardized,

Results
Specific, oral incubation-vaccination after Col SK infection.

The incubation time of oral Ccl.SK is very short in the mouse; a-
bout 2,5 days when using virus adapted for oral infecticn. Mice that
becams ill die on day 2-3 &fter infection. The most inappropriate time
to actively immunize parenterally was the late incubation pariod, ace
cording to epldemlological-statisticel experience (7) and from animal
trials (B8). Therefore animals were given oral vaccine 2 days post
inocﬁ;‘;.ion in order to test the mosi severe conditions (trial #llh
and .

~In the first run, #lLL (ses tabls 1) on day 2 post inoculation, at
the time of provocatior vaccination, 34% of the mice were dead; the high

- final mortality, B8L%, can only be partly attributed to vaccination during

incubation, In #1L5 at the "incubation-time" only 104 had dieds 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
U6, 148, 149 immunization was done on day 1 post inoculation. Values
are compared for totzl mortality in rows 5-7 of table 1. It shows that

vaccination with Col, SK-vaccine does not influencs unfavorably the course

of infection as measured by mortality.

The average values of 5 individual experimentes (table 1) show almost
identical walues for controls and animals vaccinated during the incubation
time. Total mortality values were 63.7 and 62.8% for the middle death
times of 2.56-2.61 days. The course of mortality was not provoked by
specific orzl vaccinatiome This is illustrated in figure 1,

Unspecifis, oral incubation-vaccination after Col. SK infection.
In earlisr work (5) it was demonstrated that oral administration of
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inactivated virus, which was not serologically related to Col. ©K, pro-
tected apainst oral infection. We used for these unspecific vacciaations
a commercial, formaldchyde~inactivatcd vaccine according to Salk. bSince
oral vaccination witn neterologous vaceine protected, it was theorctically
possible thal 1b harms during the incubation periods We amaunised ndce
with pelie waceine on day 1 affer sral dnfoctiss with Gol. 3K, Tho wa-
sults of these experiments are presented in rows 6 and 9 of tadble 1, In
1h6, 18, 1h9 the unspecicle prcvocation ran aboub the sam: as the specific.
The valuas of tanle 1 show mortality and time of death of hhe animale
vaccinated during incubation does not deviate significantly from the

values of *he controls., The mean values of controls and vaccinated

animals for morbality are £1.7-63.4% at Z.40 dayse a5 iiiusiraied graph-
ically in figure 2 the data shows now that the cowrse of mortality has

no differences, Therefore, the unspecific; oral vaceination does not

provoke either during the incubation period in this model system.

Specific, oral incubation vaccination after IC infection with
roliomyelitis, -

Previously (L) we showed that young mice infected IC with Lansing
Yype MEP and nen inoculate! (sviqutansously) auring the incubation
period with commercial Salic *..:ine, died earlier and had a higher
mortzlity rute than non-immmized controls., On this model we also
tested whather the provocation due to the specific subquiansously in-
oculation during incubation could be aveoided by using vaccine orally.

The data of 6 experiments are presented in table 6 and the following
figures.

In experiments 111, 113, 151, and 153 the differences in mort:lity
of vaccinated and non-vaccinated animals are very small itable 2). The
middle death %ime in this case provides no indication as to provocation.
Trial 143 is presenied graphicaily in figure 3. This also indicates no
provocation. Of special interest is experiment 152, In this case
mortality was already lower than comtrols before the incubation peviod.

It never increased (figure 6). Tnis results in longer life for ihe
animals,

The summary of 5 experiments, whereby immunizztion cccurred orally
on day 5 pést inoculation shows that vaccinated animals have a mortality
of 69.4» and controls T4.57. The median time to death is the same for
both groups, ll.2 days. The curves of figure L substantiate these state-
ments, The difference in mortality between 6%.4 and 78.5% 1s 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 incubatien pericd
doas not provoke, contrary to the subgubtanscus route,

Provocation-affect in repeated, orsl vaccination during incubation.
Bacauss the threc previous experiments did not alier the effecis

of & incubation-veccination we next tried to show an affect by raising
the dose of vaccine, In this way experimsnt 150 was done, Table 2
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(rows 6 and 7) shows that 5 times the dosz of vaccine{distributed fron
3rd to 7th duys post inoculation) railses mortality to unexpectedly hich
values, The pattern of mortality shows that in this case no provecation
vas present, as was cbserved for subautaneéously vaceinations. Hortality
does not increase faster or carlier than in controls, but rather the
iarge mortaiity diftference occurrs slowly and days after the provocation
vacclhatlons, The time-to-~death is not shortened as usually, but rather
extended (rows 9 and 10, takle 2).

In figur: & the first ard largest exporiment, 151, is represcnted
about 5 paralicl trials, Hers animals were vaccinated during incubation
once as well as 5x., The figure shows that the gingle 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 surves. :

Experiment 152 was different. Th!s is prasanted in graph form in
figure 7. The incubation and vaccination apparently prdtected the
animals negatively; the singly vaccinated stronger than those vaccinated
5x. The repeated vaccinations may have damaged the animals somehowa
Trial 153 shous 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 83,5% for 5x vaccinated
since whereas the controls were 17,5% lower, This is statistically
significant, The curves of figure 8 show the slow rise, the cause of
which is unknown. This seris of experiments assumes that the repeated
incubation-vaccine is no indifferent, but somehow influences the course
of th3 infection adwversely.

Discussiocn

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

The difference between subqutansously and oral vaccination becomes
clearer, if we compare our previous data with subqutaniously vaccine after
intercerebral infection with MEF, -pclio (4) to those of cral vaccine
in form of spidemic curves. This is presented in figure 9« On the
left all experiments of report #5 (L) are presented. Vaccination parenterally
and specific during incubation was compared to their controls. The curves
{(which represent 1136 mice studied) shows a clear provecation effact,
vhich is emphasised by the shaded areas. Mortality was raised significantly
from 69,15 to 7T7.9»; death time (average) lowered from 1l.5 =10.3 days.

The course of spidemic appears totally differsnt in the right side of
figure 9« In this case vacoination was oral, nmot parenterally. No
provockticn is apparent, but s small degrese of protection.
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They could be interpreted in that ths ripeated =tirmlation by anti-
genic substances cther substances (interferon, com ~mant, coproantibsdiecs)
are neutralized or used up. These latter compound: are needed by the
marrialian organium to overcome infectious {lInegs, this w3l) hove %o b2
:lucidated in fwther expurimental work. It may be esked why tue S-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 reauired the
focding of an unphysiclogical dese of fiudd (1.25 ml) Juriig be incubablon
periods OSpecific changes are then difficult to define. Similarly for the
Cols SK infection model this problem would have been difilecult to stand-
ardize, The incubation perasd is so short that we would have boon farced
to give 5 vaccine doses in 1-2 days. This would have meant an injection
of large desea of protein and lipids from the brain homogenatc. It was
previougly reperted that this does indeed alter the "resistanze capability”
of the experimental animals. Therefore defining specific and unspecific
provocation would not have been possible,

Summary

1, If mice, orally infected with Cocl. SK virus, are orally immunized
specifically with a ueat-inactivated Col. SK vaccine, or nonsnecifically
with a formaldehyde-inactivated poliomyelitis vaccine, the pathological
process is not influenced. In particular, the incubation immunization
has no provocative astion,

2, Oral incubation immmnization with inactivated poliomyeclitis vaccine,
after intracerebral infection of mice with poliomyelitis virus, too,

does not result in a provocation, as has been observed after parenteral
incubation immnization. |

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

Oral vaccination during incubation with heat-inactivated Col. SK
virus in brain suspension, or unspecifie polio vacecins (salk) after
oral Col. SK infection.

- % l-number, 2-time of esperiment, 3-number of mice, UL-provocation
day after infection, GS-specific provocation, &-unspecific, 7-control,
8-spescific, 9-unspecific, 10-control.

u,‘ \'x } <

» e B _ Figure 1.

N - Mortality vs.days of mice, orally

» - infected wita Col SK virus during in-
» cubation {see text for description).

_(specifie oral heat=-inactivated)

|
e Sttt

FigureQ;

Mortality vs. days of mice, orally
infected with Col SK virus during
incubation, unspecific cral with
cormerclal, formaldehyde inacbivabed
polio vaceins {solid = vaccinated;
dashed = non vaccinated).
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Table 2

Specific, oral incubation-vaccination with commercial p»lic vaccine,
after IC infection with polio MEF,

# l.number, 2-time of experiment, 3-number of irice, L-pr-vocstion
day after infection, »5-specific provocation, 6-unspecific, 7-confrol,
8-specific, 9-umspecific, 10-control.

y - Figure 3

Mortality verses days in trial
13 as an example of no pro-
vocation of oral incubation-
vaceine after IC infection
with polie MZF, (solid-
vaccinated; dashed - non
vaccina‘bedS

Figure 4

Yortality verses days of mice
infected IC with polic MiF
and imunized day 5 pi with
formaldehyde inactivatoed polio
vacecine {legend same asg other
figucea.)
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Yortality of tidial 10 ux

: Bt oral specific incubat.on-
} vaceine after IO infuzuion
» with nelio,
. s sereEeansaane
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Figure &

Mortality of triacl 151; 0if-
ference between 1x and x oral

. S |

i specific vaccine after IC in-
% fection with polio virus (solid =
| 1x vaccinated; dot-dash = 5x;
v dashed= not vaccinated) '

Figure 7

Mortality of trial i52; uxamle
of 1x and 5x, oral specific
vaccine after IC poliovirus.
\legend as for figure &)
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Figure 8

Mortality of mice infectad IC with polio MiF and immunized dayvs 3-7
pi 5x with formaldehyde in activated pelio vaccine. ysolid-vaccinavod;
dashed-non vaccineted)
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Comparing of subqutaneous and oral incubation-vacsine after ic
infection of mice with poliovirus in the form of a epidemic curve.
Left - Sumary of all trials with parenteral vaceination from report
S ). Righu - Sonwersion of curves from figure 4 for oral vaccinations.
(sc}id)- vaccinated; dashed - nen vaccinated; shaded arza -provocation
effect

S




