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. Oral immunization with inactivated microorganisms has been attempled thus
far only in the case of infections of bacterial origin. Results were obtsined
long ago in experiments with typhoid, paratyphoid, dysentery, and cholera (1).
The mechanism of action involved in this type of wvactination was still - nknown
up until a few years ago apd even then the information obtained from animal-
experimentation and epidemiological studies was of an empdricsi nature only.
Only recently has cne attempt to elucidate the nature of the localized immunity
of the intestines using scientific methods. (2-4)

Oral immunizetion using inactivated enteropathogenic virus has thus far
not been attempted. In animals experiments, it was quite coﬁvincingly demone
atrated that bacteriophages, when employed as a pathogenic model, will pass.
through the mucous membranes of the intestinsl tract quite rapidly and regu.sarly

and appear in the blood stream after only a few minutes (5 = ). On the basis

of the results cbtained in the aforementioned experiments, it was concluded
that inactivéted virus should also axert a Herbst effect (Volkheimer, 10) and
bg absorbed into the intestines and thereby became sffe.live antigens as a
result of their contact with lymph vessels and thg blocd in spite of the
sbsence of specific processes of infection and reproduction.

1f this liypothetical considerations are correct, then oral immunization
with inactivited viruses should be possible. For my first experiments iﬁ this
@ir»eti~m, T choss the parapolicmyelitis infection of the mouse which is caused
by .ue Columt’ a=SK virus of Jungeblut. This model has the advantage that the
experimental aninmal, the mouss, bscomes ill and dies regularly in a characteris-
tic manner after an oral infestion, I examined the reabscrption viremis of
thie model of irfection (11). The origin.of the virus, the techniques for
infection, the dosags and the method of evaluation can be found in the refer-

snoe unntianad..
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The fcur vaceines exsmined thus far and khe results cbiained in animal
experiments are summarized in the Table. In the specific oral immunigation
with heateinactivated Col. SK virué, brains from mice that had become ill and
showed typlcal paralysis were homogenized and the supernatant was inactivated
by heating at 60 C for ene hour. The loss in infectivity was determined by
intracerebral injecuvions of the material into young mice. In this manner,
one could assure that there were nc reproducible Cole SK virus remaining which
could lead to a light immunizing iﬁfection.

The virus titer was determinaé before inactivation by intracerebral in-
‘Jection into young mice. More thah half of the animals consistently died

when they were injected with ths supernatant from a homogenized brain at‘l

© dilution of 10'7. On the other harid they survived when injected with & dilu. .

tion of 10"8 The inactivated virns vaccine was given in quantities of 0.25 ml
at daily intervals for six days and was &pplied orally with a throst swab.
Three days after vaccination, oral 1nfection wes intreduced. The results of
the experiment were determined by measuring the mortality of the experimﬁntal
animals st the end of the myxperiment which was six days afte* oral infection.
A comparison of columns L and 5 in the table shows that mice which have been
vaccinated arally with the inactivated vaccine have significantly more pro-
tection than the control animais. The effect of vaccination is very high -
71,2 (column 9). Columns 8 and 8 show that the differences in mortality is
statistically significant in spite of the relatively small mmber of animals
employed.

1 Using the model of the S. typhimurium infection of the mice, I was able
toidemonstrate that not only specific oral immunisation is effective by also
nonspecific immunisation with other sslmonellss or with Coli bacteria{ld)
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The question of specilicity therelore was examined also in the virus model.
First of 211, it was cbvious that one should use inactivated polyiomyelitis
virus for unspeeific oral immunization, For ihie purpose, a commertial tri-
- valent Salk vaccines was used. The vaccine was used in equal volumes and ab
vhe same time intervals and the animals wers treated at the same point in
time. This holds trus also for the two following experimenial groups. The
third herizental co].umn‘of the Table shows that im this exparimental group,
signi®icantly more experimemtal animals were employed. The difference in
surtdlity between the vaccinated and noneviccinated animals is not as great
as in the first group and corresponds to a value of 39.7. Column 8 of the

! Table shows that the decrease in mortality by oral immunization is statis-
tically significant st a high degrée. Because we are dealing here with

. nonspecific protection, it can alsc be assumed that vaccin. additive such
as tissue culture constituents, antibiotics, or preservatives may have modi-
fied the reaction of Lhe intestinal epithelium to Coi. SK 1.nfection. As &
result, a control series of tests in which a blank vaccine which had exacily
the same composition as the Salk vaccine except that it contained no inascti-
vated Polio virus was used, was carried out. The difference in the fifial
mort«lity was small and the value of 19.9 lies well within the statistical
deviation., From a compsrison of these two sets of rasults, it can be con-
cluded that the effective substance in the Salk vaccine is the poliomyeliths
virus,

In following up the question concerning the nonspecific affec_t of oral
{mmunization in the case of this virus model, a vaccina was chosen which was
completely unrelated to the Col. SK virus either with regards ‘o its antigenic
comociti;m or its pathogenic sffect. My chclce in this regards was the
insctivated Breslau vaccins. The reasons for selscting this vaccine csnnot
be discussed in this papsr. The nonspecific oral immurdzation with inactivated
8. typhimurium becteria was WW sucoessful with regards to aral
infections with virulant Co, SK vim 88 can be seen in the second horisontsl

i
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column of the summarizing table. The decrease in mortslity as a result of

this vaccination was almost half and the statistical value of L7.L was quite

significant and msrkedly better than that obtained after oral vacecination

with the trivalent poliomyelitis vaccine.

b e

The results that have been obtained thus with various antigens asre shown
in Figure 1 where the final mordality of the control animals has been set at

100, The visual effect of this figure confirms the results shown in the Table.

100, | LONTROL

w. _Sauk BIANK VACTINE
> 63 - SALK vArCINg
5 -5. TYP:M@(\\,M va(“"‘
L@ : )
5“1 '
£ o SO SK YMaws

201

SRR
TS ACRE TaQect

N 9
o

The specific oral immnization with hest inactivated Col. SK virus caused the
largest decrease in mortility. Sslk and Breslau vaccines follow and sre

quite close to each other. The results obtained with a blank vaccine are
identical to the controls within statisticsl deviations. This graphic repre-
sentation, furthermare, shows an additionsl affact of oral vaccination. The
three curves of the specific and nonspecific immunization rise distinotly later.
than those of the controls and the blank vsccine. This indicstes ihat the

oral vaccines prolang the median survival time or , in other wwds,‘ that the
vaccinated snimsls, although they died, received orotection in as wuch as they
died later than did the contrdl animals,

s
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The mezn mortality values have een evaluated in the summary table as well
as in Figure 1 {compare column 3 of the table)s In this manner, a general view
c¢f the results wcs obtained. However, ihis procedurs can lead to errconeous
conclusions when extreme results from a sinzle experiment distort the mean values, '
As a result, in Figure 2 the stability of tr= 2ffect of oral immunization has been
presented graphically. This mcthod of observation could also lead to the wrong
conclusion. Nonspecific vaceination with S. typhimurium wholc antigen =learly
showed the most stable action. The values ob.ained fram seven single :xperi-
ments are very close to the mean value as can:be ceen from Fig. 2 and in column 7
of the table. In comparison, the values obtained with the Salk vaccine fluctuate
much more with relation to ihe mean value. Also, of the three experiments with
very high values, two experiments gave values which could be considered to be
floutliers® in that the mortality in these éxpariments was higher than that observéd
with the controls (unvaccinated gnimals), The four single experiments with oral
vaccination with Col. SK virus do not permit a definite statauant with regards to
apecific immunization; the rezults obtained in the ihird experiment which deviate
stronzly do not have a great deal of significance sincs the number of snimsls in
that experiment was very smsll. This can also bs seen in Fig. 2. The walues
obtained from this experiment hardly influenced the mean values. In the following
discussion, it is important to keep in rind the fact that it is more important
to congider which nongpecific vaccination protacts m~st relisbly againstba virus
lent infection rather than which one protects best, |

No confirmation of our results on the basis of experimental animal stad;ec
reported in the literature is possible since oral immunization vith'inactiv:todb
virus haz not been reparted on. PRere we must .atisfy oursslves with some
hypothotical thoughts concerning the s¥ill unknown mechsnism of sction with these

antigens. On the basis oi the experiments conducted thus far on bacterisl
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intestiral infections, coproant®»odies may be responsible for the effects of oral
immunization (2-4). Accordingly, one should first examine the virus model. The
specific effect of antibodies becames important only in the case of specific
Yaceination with Coles SK virus. Vhen examincd from a statistical point of view,
coproantibndies could explain only the differcnces in the mortslity values
between specifically an’ onspecifically immunized animals. In the case of the
reduction of mortality following nonspecific oral vaccinatio:, one has to examire
other possibilities to explain this effects In the case of vaccination with the
Salk vaccine, cie could assume that, after contact of the virus with the intes-
tinal epithelium, an interferon or an interferon-like substance is excreted into

the intestinal lumen where it has some type of a protective action. Since the
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formation of imterferon can be stimulated also by inactive viruses and since
its action is not specific, this assumption cun be considersd as s possibllity.
At first glance, one would consider this possible explanation only in the cane
of nonspecific {mmumisation with inactivstec poliomyelitis virvs tut not in
the case of jmmunigation with S. typhimurium. However, since Stimebring snd
Youngner reported ( 12) that interferon cauld be deteoted for s short time in
the blslma c? mioe which had been sdminjstered S. typhimurium antigen intrs -

vencusly,’ it is ressonsble t. lock for interferon or an interferon-like
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substance in animals after oral vaccination with inactivated S. tyohimurium

bhacteria. Ve haove siarted exwriment~ nith thiz in mind.
o g - o

Ins f*mwnary, I would like to pronose ,tr*at it is possible to incresse eithr

specifically or nonspecifically the defunse ol *he intestine against enterotr

viral infections by means of oral vaccination with inactivated microorganisms
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REMARKS DURING DISCUSSION

H, Roettig (Beriin): During the entire ccurse, it can be only a quastion of
interferonce. Tha time just sllows for that. Only through this phenomencm
could one qxplain the protectire sction hy hetarologous viruses sinoc interfi

. is hoste-specific byt not agent-specific. Interferon cen even be stimulsted !

[ ]

e, W D L .. m

2

Batet |

b o
b
Lo
LI
% 1
|
3
f




Fh Mo e S e e A AT SRRSO i
hd '» - N : ﬁ?ﬂ
- £

cellulzsr DNA and BNA as has been shown in 1563 by Rotsne, Xohlhage and otherss

It can even be atimulated by polysagccharides'as has been shown vecently by
Kilcinschmidt, |

H. Stickl (Munich): With reference to the gueation of nmsgecific mechsnisms in
the prevention cf infaction, there zre twc medels for the competetive occupation
of eell recoptor sites that havr beenstudied: the influsnce of the irmunocytolysis
reacticn by reaction with & noneorrespording antigén and the protectiive action of

bacterial lipopolysaccharides in experimental influsnza infeetions of ths mouse.
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