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IMMUNITY OF WHITE MICE TO EEE-VIRUS

[Following 1s a translation of an artiocle
by Erich Traub of the West German Fasearch
Institute for Animal Virus Diseaszs in
Tibingen, appearing in the German-language
periodical, Zeitschrift fiir Tamunitidtsfor-

schung (Journal ol TmmunIEg Reaearch),
V"“Igol 2, 1961, pp 239-254,

[This is the eighth report in a series on the
above subjeot. The sub-title of this report is "Summariz-
ing Disoussion,"]

Introduotion

The view that immunity to animal virus dissases de-
pended exclusively on the formation and action of speocifia
antibodies has long held sway. Now we know that this im-
nunity is instead, a complicated phencmenon. In the pre=
sent stete of research the following factors are held to
play a part in that iopmunity:

l, The manner in which the cell reacts

2. The interference phencmenon

3. Specifioc and, in particular, neutralizing anti-
bodles.

A certaln amount of lmportance 1s atiriduted to
phagooytosis 1n older works but no particular attention is
any longer given 1t (6). In wany cases it even has an in-
fection~promoting effeot because phagocytes are able to
carry and spread virus partlocles among the tlssues, Phago-
oytosis has therefore been omitted from our investigatious,

Qur experiuments have been based on the working hypo-
thesls that the proven mechanism of immunity found in
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lysogenic bacteria was not renounced by Nature in the case
of the higher phylogenetlc orders as 1ln mammals, Instead
Nature merely improved upon 1t by add’ng a further safety
faotor, the antibodies. Thic accessory factor is however
apt to disguise the sffeots of the basle factors.

The prophage in lyscgenic baoteria (virus nuoleic
aold, genetic substance of the virus) is closely assoclat-
ed with the vaoterlal genome. It 18 non-infectious and does
not multiply or reproduce itself independently, Instead
it multiplies during the ocourse of multipliocation of the
bacterial germ plasm (parasitism on the genetio level).

The prophage behaves somewhat like a baoterlal gene and is
carried over to the daughter cells upon cell division. It
retains its own characteristies, though, and in particular
i1ts oapacity to break free of the bacterial genome under
the influence of inducing factors (ultraviolet rays, X-rays,
various chemioals) or to even develop spontaneously into
pathogenlo phage partiocles (vegetative phase) and to bring
sbout lysis of the host oell. Upon completion of lysis in-
feoctious phage partiocles are liberated, infeoting receptive
baoteria and tiusy oan lead to the production of a new lyso=
goenioc system, Induoction is not possible, however, in all
lysogenic baoterla strains,

The prophage gives lysogenic bacteria immunity to
the virulent form of the homologous phage =nd its mutants,
These as a rule cannot reproduce themselves in lysogenio
baoteria, This has been referred to as "intolerance of re-
lated phages on the prophage level." 1In rare cases, though,
the infeoting phage takes the place of the original prophages.
Genetlic recombilnations can also oocur, The bactserium cell
loses 1its immunity upon induation. It can be superinfected
with virulent mutants of the homologous phage during the
vegetative phasse., Usually lysogenlc baoteria do not have
any lmpunity to unrelated phages, but there are exceptions
here, too.

For a bibllography on the zubject and further de-
tails see the paper by Jacob and Woilman (12).

T . An attempt 1s made imn-the-following dlssussion to
sketch the mode of action and the significance of the varia-
ous faotors partioclpating in active EEE (eastern squine enw
cephalomyelitis) immunity iz migae.’ They are dealt with in
the same order in whioh they presumably come into play.

--.The disoussion inoludes the results of parallel investiga-

tions on lymphooytic choriomeningitis (LCM) in mioe insofar
as these findings contribute to those on EEE. In addition
various points of view on the question of the “"primitive"
iomunity wechanism of ly¥sogenic badoterla are discussed, -
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Mode of Reaction of the Cells

The earliest investigations on LCM-immunity in mioce
gave the impression that iumune substances in the body flu-
ids played at least a very subordinate role and that the
imnunity 4is very olosely bound up with the tissues whioh
remain infeoted or have previously been infected (23)., Rowe
(18) came to the comoclusion that cell reactivity appeared %o
be eignificant in this immunity. Experiments carried out
by the author (34) have recen.ly shown that a rapid multi-
pliocation of virus takes place during the first four days
after in vitro infeotion in the lymph-node ocells of adult
mioe whioch have not had any previous contact with the wvirus,
Tais is followed by an equally rapid drop in the infeotlous~
ness titers of the oultures during the ten days which fol=-
low, The reproduction ourve of the virus during the first
six to seven weeks reminds one of & sine curve, Its shape
gradually approaches & horizontal straight line upon pro-
longed oculture. The reactivity of the cells in respeot
to the virus apparently undergoes a change wWith the passage
of time, Further tissue rculture experiments showed that a
similar change in the mode of reaction of the lymph node
cells inintolerant mice also took place in vivo as the re-
sult ¢f an infection.

No similar tests had been carried out with EEE-virus,
Mention should be made, though, of earlier observations of
the multiplication of EEE-virus in the lung cells of normal
nice [(39) See Tables 5 and 6]. When these cbservations
were madv no titration was carried out with periodically
sampled cultura fluids; they were tested intraoranially
in mice in undiluted form, One can nevertheless obtain an
approximate ploiure of the virus content of the samples
tested, judging by the inculbation times and survival times
of the individual experimental mice, The results of the in-
fectiouaness experiments enable one to conoclude that the
multiiplication of virus in once tryptinized cells took
plaoce continuously and stopped only after the eighth day
in the culture, On the other hand, in twiocs tryptlnized
cells the multiplication showed itself in most ocases to be
of a oyolioal nature, This finding suggests that one can
even artifioclally influence the mode of reaotion of the ocells,
No attempt has yet been made to investigate how the lung
¢ells of EEE-immune miloe react to the virus in vitro,

Interference Phenomenon

Further investigations must be carried out before
one oan determing whether or to what extent the reaotivity
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of cells 1s assooclated wilth the interference phenomenon,
According to Tyrrell (41) the cause of the wavy course
of the hemag~glutinin ocurve in influenza-infeoted calf
kidney oells 1s an alternating formation of virus and ine
terfaron (11, 1la) on the part of the infeoted cells, This
oan therefore also be assumed to apply to our system, Tyr-
rell, though, did not observe any change to take place over
& three montht period in the reaotivity of the infeoted
calf kidney oells, that is, he did not observe that the
ryhthmio formation of interferons gradually became wesker
and finally occmge almost euwtiirely to a2 hialt such as appeurs
to be the oase in the lymph node cells of mioe (34),

The interference phenomsnon as & faotor in the im-

munity oi LCM-lmmune mice.
The signiilcance of interference as a fastor in

lmmunity in animals is perhaps best lllustrated by the

high level of ocerebral immunity of mice congenitally infect-
ed with the LCM~virus, These mice are virus carriers through-
out practically thelr entire lives and they continue to ex-
orete virus, remaining immunoclogically tolerant, i.,e., they

do not form any speoifio antibodies (37, 27). Lymph node
¢olls taken from such mice do nct show any of the mentioned
defenisive reactions in ocultures, They are therefore designat-
ed as tolerant (34). Tolerant mice could not be superina
feoted even with very large doses of LCM-virus (about 10

LD50) (22, 29). Interference with the EEE-virus wae also
demenstrated to exist, but 1t was at least 30,000 times

weaker than to the homologous virus (32).

Also in intolerant mlice, which were immunized by
suboutaneous injections of LCH-virus, followed by intraorani-
al experlmental infection, a degree of interference with
the EEE-virus was found to exist similar to that found in
tolerant animals (32), This interference continued to op-
erate for at least six weeks, but dropped off greatly with
the passage of time. Unllke the tolerent mice, these ani-
mals showed only in exceptional cases the presence of in-
feotious LCM-wirus in their biruins and then only in traces
up to the 2lst day after intracrarnial reinfection with LCM.
In keeping with the findings on tolerant mice one cen assume
that also in intolerant animals irterference is very much
greater and more lasting wlth the homologous virus than
with hetercliogous EEE-vwlrus., The atrength of the homologous
interferenco could not ve measured in this case because it
was necessary ito alsc take into socount the presence of ape-
0ific antibodiles, even 1f formed in only small quatities and
hitherto found nowhere else but in the blood (18, 28), It
must thersfore be assumed that the high degree of asraebral
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immunity shovwn by such mice depends almost exolusively on
interference.
The part played by interference in active EEE~

immunity in mice.
one takes mice which previously had not bLudome

111 after suboutaneovs infection wiih EEE-virus and sub-
Joots them to experimental intracranial infectlion with a
large dose (about 10° LDgg) of the same virus, & 1arge per=-
centage of the animals usually becomes 11l with encephalitis,
ending in the death of part of the mlce, Even in the ocase
of the mice which did not become 111 therse was a muliiplie-
oation of virus in the brailn and in some oases it achleved
considerable proportions., Regular tlssue antlbodies are

not present at the time of the intraocranial virus injection
because in cases of abortive suboutaneous infeation the
central nervous system as & rule is not attacked (10, 25) and
no antibodies are formed there (30). The ocirculating anti-
bodies are insuffiocient to prevent multiplioation of virus

in the brain. It 1s true that local formation of antibodles
takes place relatively quickly but 1t always lags behind
nultiplication of the virus (30)., The absence of 1llness

in the mioce in spite of multiplication of virus in thelr
braina must therefore have a different ocause,

As we look on the underlylng basioc mechanism, 1%
would seem to us that after intraoranial injection the virus
does not attack all the receptive cells in the bralnm simul-
taneously. This sssumption 13 Justified since both the num-
ber and extent of encephalitic lesions increase with time and
also because after suboutaneous infeciion evidently not sall
the sensitive cells of the lmmunological system are infecte
ed simultaneously (See the following paragraph). The cells
infected during the first cycle of infection and surviving
the infection under the influence of the circulating anti-
bodies go over into the interference stage and produce in-
terferon instead of virus, It 1s probable that such a sub-
stance is involved even if no direct proof of it has been
yet found, It 1s true that the intorferon does not prevent
infeoction of the remaining cells, but it inhibits the virus
from multiplying in them, Such an explanation harmonizes
with the findings of other authors using other systems (41,
42), Tuere can be no doubt that the changeover into the
interference stage under the influence of ¢irculating anti-
bodies actually takes place because encephalitis progresses
very rapidly ending always 1n death in control mice having
no body fluid imgunity.

Time and asgaln we were struck by the fact that both
actively and passively immunized mioce whioh had been ex-
perimentally infeoted intracranially and had afterwards
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becomse 1ll but survived, showed a rather uniform set of
symptoms, Partial paralysis of the forepaws severely af-
fected the .msat majority and often persisted, sometimes
disappearing with the passege of time., Suoch animals show
a striking similarity to kangaroos in their attitudes and
movements, This observation enables one to oconolude that
speclifio nerve 0ells in the central nervous system are
elther partioularly susoceptible to EEE-virus or they are
harde: to proteot against the virus than other centers,

Proof of an interference phenomenon in actively im-
munlzed mic> was achievad by reinfection with atepped dosmes
of VEE (Venezuelan equine encephalomyelitis)-virus whioh is
different from EEE-virus, but related to 1t (3). The het=
erologous Interference was still unexpectedly powerful
three weeks after intraoranisl experimental infestion with
EEE~-virus (32), Here, too, by analogy with LCM, one oan
assume that the interference with respect to the homologous
virus 1s still more powerful and lusting than with respeot
to a heterologous virus, :

It should also be mentioned that mice whigh showed
sirong cerebral immunity to EEE~virus oould not be shown
to have any interference tc the LCM-virus although a weak
heterologous interference was regularly observed in the re-
verse direction (32).

The results of the interference experiments with the
VEE-virus confirm earlier rindings of a similar kind noted
by Sohlesinger, 0litsky and Morgan (19). Schlesinger (20)
in a later paper, however, no longer attributed any import-
anoe to thls earlier finding and explained the oerebral
immunity in mioce to WEE (western equine encephalomyelitis)-
virus exclusively on the basis of the effects of antibodles,
particularly thosa found in the tissues. We would prefer
not to concur with this interpretation. 1In our oplnion the
high level of carebral impunity lasting throughout the.life-
time of those mice (36) surviving a first subcutaneous in-
fection and then intraoranial experimental infeotion with
& large doas of EEE-virus depends on the combined action
of both irterfereice and specifio antibodies, partioularly
those residing ia the tissues,

The mechanism of the wesk cerebral interference witt
VEE=virus in mice not becoming 11l after subcutaneous EEE-
virus infection and not subjected to any subsequent experi-
mental intracranial infeotion with the homologous virus
stlll remalns unexplained. Since a similar finding was
made in principle in intolerant, LCM-immune mioce (32), it
13 lmprobable that any antibody effeot is present herse,
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One oould imagins the possibllity of involvement of an in-
terferon having a remote effeot on othor organs,

Interference phenomenon after intraoranlal sexperi-
mental infeotlon of passively immunized mice.

Passively immune mloe proved Lo De highly sultable
test subjeots, Hyperimmune horologous serum was 1injeoted
into them intravenously. The antibody titer of the serums
of such animals always remained higher immediately after
treatment than in those mioce whioh had achieved an sotive
immunity after a suboutaneous infeotion which had run an
abortive sourse (30, 31). After intraoranial injection of
small to average doses of EEE~virus there wna a total neue
tralization 0. wuwe varus in the passively immune animals
and hence no 1llness. On the other hand intracraniasl in=-
Jeotion of large quantitles of virus brought about a de-
leyed outbreax of encephalitis in a very high peraentage
of the mice with inoubation periods of 1l to 76 days (26,
31). Such delayed rutbreaks were first investigated in
greater dotall by Olitsky, Schlesinger and Morgan (16) in
serum-treated, infected gulnea pigs, ' Several of our test
mice beocame 111 with recurring encephalitls, the interval
between Iirst illness and recurrence oi the disease varying
between 12 and 70 days and averagir.; 34 days in eleven
animals, Reourrent illness ended ".: death in all cases (33),
The addition of antibodlies suppressed the formation of selfw
producsd antibodles, particularly in the central nervous
syatem (24, 16, 26, 31)., Also in cases of recurrent ence~
phalitis the first attack did not induce the formation of
any antibodies in the tissues (31).

The first assumption entertalned, namely, that the
injected immune serum brought about a delay in the outbreak
of the enocephalitis (26), has not been confirmed, Thus,
it was found that Intravenocusly injected immune serum dis-
appears Irom the circulation within five to six weeks,

Four to five weeka after Injoctlon one could Ifind only
slight traces of antibodies approaching zZero in the serunm,
Upon recurrent illness after incubatlon periods of ten to
elaven weeks the antibodles which had been added therefore
could no longer have taken any effect. No substantiation
ocould be found for any local formation of self-producod
antivodies (31), It was therefore presumed that an inter=-
ference phenomenon occurs i tho brain in this case, too,
and this ocan be substantiated by intracranial titration of
VEE-virus during the latenoy period (33). It apparently
takes place under the influence of the injected immune
serum,

The virus remained in aoctive form within the brain
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during the artifiocially induced latency period (26), A
renewved multiplication of the virus takes place to all ap-
perances only after the interference has faded away., The
uniformly mortal course of the recurrent illness permits
ono to oconclude in any case that the animals had not re-
ceived any anuvigenic stimulus as a result of the intraora~
nial virus injection and the subssquont multiplication of
virus 1iv the central nervous system., If such had ocourred
then one would have been able %o expect a recovery to occour
in at least part of the animals after the renewed onset of
virus multiplleation.

Pravention of recurrence of the disease by virus

injeotions during the latent Eeriod.

6 8100688 prevention of recurrence of i1llness
by repeated intraperitoneal injections of aotlve virus dur=-
ing the perlod of latenoy and the fallure of similar treat-
ment with non-infectious formaldehyde-treated vaccine (31)
lead one to think that the interference phenomencn has playe
ed a part here,too, In both cases there was a formation
of oirculating (high-titer) and tissue-looated (relatively
low=-titer) antibodies, The antigenioc effect was somewhat
stronger in the former than in the latter case, Thi:s small
difference cannot however be held solely responsitie for
the great difference in curative effects, On the other
hand, 1t is diffioult in this case to get a ploture of the
interference mechanism which in accordance with our experia-
ments to date seems to be chiefly a local phenomenon, It
is above all improbable that the virus sucoceeded in reach- {
ing the central nervous system in almost all the animals
after interperitoneal injection, particularly so since the :
mioce were of advanced age and the virus does not attack ]
the central nervous system at all as often in them as in ;
younger mice onoce peripheral infectlon has taken place,

The questlon which arises at this point must therefore re-

maln unanswered for the time being, i
It would seem, on the other hand, that a pure inter=- )

ference phenomenon would lie at the basis of the prevention

of recurrence of the disease by intracranial superinfectioa

with VEE-virus during the stage of latency (33). Mutual

exolusion of the partloclpating viruses takes vlaoce, but the

baslc meochanism by whioh thls ocours also remains as yet

unexplalned.

The Effect of Antibodies

Unlike the LCM~virus, the EEE-virus producea a power- ;
ful antigenio effect in mice, It is able to produce ;
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hyparimmune sera, particularly if one hyperimmunizes the
donor animals with virus material of *hc same wiud (20).

Our investigations were limited ohilefly to the ef-
feot of immune serum on the EEE-virus in infected cells in
vivo and in vitro,

The effect of antibodies on intracellularly locatsd
virug antligens,

The suggeatlon that nautralizins antibody is able
to take effeot on the virus antigen located inside the cell
has recently been dlsputed by tha majority of virus researohe
ers, The results of our tissue culture experiments (39)
speak on behalf of the thesis that high-potency immune serum
can irreversibly neutralize the virus in infected mice lung
cells under optimum quantitative conditions, though we have
not aucceeded in regularly demonstrating this evidenas to
hold true for infected kidney cells,

Even 1f intracellular virus remains infectious in
“1ssue ocultures in the presence of immuns serum, this does
not uwicondltionally mean that the antibodies of the oells
have: not been assimilated, On one occaslion the concentra-
tion of antli-bodies may not be great enough to completely
neutralize the Iintracsellular virus, while on another occa-
gslon some pure viruc nuclelc acid could be present along
with whole virus elements inside the cell, the nucleic acid
remalining unneutrallzed by the antibodies (1, 14, 21). This
sxplanation is probably also applicable to recurrins Herpes
disesses in humans(9).

The findings in connection with human Lupus ery-
thematosus {See bibliographles accomparying papers listed
a8 references 15 and 13) leave hardly any doubt that anti-
body globulin (here we are dezling with pathologisal self-
produced antibodles which chiefly damage the cell nucleus)
sucoeeds in entering intact cells snd carrylng out its ac=
tion ineide thom.

Inhibiting active immunization by inlecting hyver-
immune serum,

Serotherapeutic experiments carried out on EEE~
infected guinea pigs (24, 16) have shown that active im-
nunity often falls to be achieved even when the virus has
already multiplisd inside the organs before injection of
immune serum, The sirength of the sera used was found to
be proportional to its inhibiting actlon in mice (26).

Weak sera falled to interfere with the immunization; on the
other hand, high-potency homologous lmmune serum prevented
the development of aotive ilmmunity in all animals when ine-
Jeoted intravenously 48 hcurs after subcutaneous injeotion,
By this time multiplication of virus had already long since

-9-




taken place in the organs (25) and the blood virus centent
which under existing conditions reaches its peak about nine
hours after injection (35) was already dropping rapidly.
The percentage of the mioce achleving active immunity in-
oreased with the time interval between infection and serum
injection, but a weak inhibiting effect could still be
found present evan aifter an interval of as long as seven
days, A great many animals which had begun to produce antl-
bodies of their own at the time of serum injection {4 to
6 days after infeotion) achieved only low serum titers. On
the other hand, in the presence of fully developed active
immunity the formation of antibodies on the l4th day after
infection oould neither be inrfluenced by injection of immune
serum nor by the orsganism's own antibodies produced during
the intervening time, Accordingly, immunologically compe-
tent celis can no longer be inhibited from producing anti- :
bodles once suck cells have received an antigenic stimulus, :
This finding permits one to conclude that part of the im- :
munologlcally competent cells of the above mertioned mice
showing only low serun titers had already received such a :
stimulus at the time 'of serum treatment. {
The results argue in favor of the Tact that the im- ;
mune serum renders ineffective the virus antigens loocated :
Inside the cells of the immunological apparatus, This
would also stl1ll be held possitle even if the ¢ells had al-
reacy svarted to produce thelr own antibodles., Appareatly
the antibodies, themselves, even contribute to this proocess.
The loss of the virus's infectiousness decreased hand in
hend with the removal of its antigeniclity in the great me-
© Jority of those mice which had been given the immune serum
up to 72 hours after infection [(26), Table 9].
In accordance with these findings it appears im-
probable 1n the case before us that 1t is necessary for the
virus antigen to persist in the cslls in order that anti-
bodies may go on being prcduced contvinuously, :
The vart viayed by antibodises 1n inactivation of i

virus in body organs. !
he %Ifference teiween activel r immunized mice (30) :

and passively immunized mice (31) subjected to experimental
infection with a large dose of EEE~virus 1s partioularly
impressive in this respect, An 1interference condition is ‘
brought about in the ¢ells in both cases, but only the ac-
tively immuniied mice form antibodlies of thelr own in the
ceniral nervous system and the inactivation of virus in the
brain occurs relatively more rapldly and is more lasting,
It 1s hardly possible in this ocase to attribute this effect
1o any factor other than antibodies and here the tissue

T
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antibodies are ochiefly involved; this type of antibody does
not form in the great majority of passively immune mice (31).

It was possible to achleve lasting inacotivation of
intracellular virus however, by heterclogous interference
aven without the combined action of specifio antibodles;

In such cases there was a2 mutual exolusion of the partici-
pating viruses (33)., Either of the two viruses, alone, would
have killed the infected animal had it not been prevented
from doing so by the presence of the other,

Anamnestic reaction.

Increased and accelerated formation of antibodlus
after reinfection can also be demonstrated to ccour in EEE-
immune mice (30), even if not as markedly as may oocur when
using nany non-viral antigens. If one wishes to achleve
a rapid local formation of antibodies in the brain and to
strengthen cerebral immunity in aoctively ‘mmunized mice,
this can only be done with very large doses of virus vhich
are not rapildly neutrallzed by the antibodles put in circu-
lation after tha first infectlon. Such an injection leads
to a practically absclute, long-lasting cerebral immunity.

It oftun happens that the animals give signs of en-
cephalitic symptoms temporarily or even for extended periods
after an abnormally short incubation period following intra-
cranial injection (30). The cause of the shorter incubation
period has not yot been explained. It could be a case of
an antigen-antibody reaction or could be a cellular pheno-
nenon, We suspeot the latter, particularly in the previous-
1y described Yaocelerated reaction" after intracranial in-
fection of LCHM-immune (lntolerant) mice with decreasing im=-
munity (22, 18), because no evidence could be found of any
local formation of antibodles in this case, even after in-
tracranial virus injection, It is stlll uncertain whether

this phenomenon has any causal relationshlp with the anamnes-
tic reaction,

Immunity and Persistence of the Virus

The question as to whether the virus remaina in ths
body in any form whatever upon posiinfectional active im-
munity in men and animals 1s one of the most pressing pro-
blems in present-day virus research. Herriott (9) also at~
tributes the same imporitence ®© this question and it is his
opinion that free nucleic¢ acid remains in infectious form in
the cells of the immune animal, He looks upon a chronic
infection limlted in 1ts cxtent as a means of maintaining a
long~lasting immunity but he is also aware of the fact that
the proof of any such lasting infection by viral nucleic




a0ld would be hard to demonstrate dus tc the presence of
antibodies and nucleases,

We have falled to deteot (40) infeotious virus in
the organs of EEE~-1maiune mice after extensive experiments
utilizing sensitive experimental methods (38), In no ocase
did any hypothetical provirus become infeotious such as
not infrequently oaours with lysogenlc bacteria (12), Un~
like mammals, bacteria do not form antibodies and so far as
is kanowvn to us, neither do they form any nuocleases, Never-
theless, we belleve that we should have been able to sucoceed
at least once in detecting infeoctlious virus or wviral nuclelo
g01d in the many infeoctlousness tests and tlasue culture ex-
periments 1f either of these had remained in the immune ani-
mals in the ocases under conslderation,

We had hoped to obtaln some further proof either
for or against the existence of a hidden prolonged or perm-
anent infectlon by oarrying out quantitstive investigations
ol the changes in the antlibody picture in mice whioh had been
actively immunized with live virus, controls being injected
with non-infeotious formaldehyde-treated vacoline %36).
These lests dealt with hemagglutinatlion-inhiblting antibodles
capabls of belng falrly accurately titrated without requira
Arg a large expenditure of materials, In keeplng with ex-
pectatlions the antibody titer of the serum always dropped
more slowly 1a mice immunized with live virus than in vac-
cinated animale, although the latter as a rule showed higher
titers at the start follow!ng lntensive immunization. The
difference was generally more marked in older than in younger
mice, 2n antigenic stimuius appears generally to have &
somewhat more lasting effec¢t in younger mice, no matter
whether live or dead virus is used for immunization (33).
Many young mice immunized with live virus showed a rise in
antlbeody titers lasting over a periocd of several months after
infection and in some cases even continulng afterwards.
Looked at as a whole, the results of thc oxperiments aroused
the suspicion that different immunity mechanlisms were present
in the mice immunized with live virus than in thcose immunized
with formaldehyde-solution vaccine, The latter case pre-
sumably involves a pure sntlbody immunity while the post-
infectional immunity appears to involve an addltlonal faoctor
whioh plays a part of its own,

In analogy to lysogenic bacteria one would also eX=
peoct to find resistant cells in the immune animal in oase
of the existence of a provirus, Now, though, following
Andrewes' outstanding investigations (2) of antiviral immuni-
ty, 1% 1s known that the washed cells of immune animals ocan
be ii..uocted in viiro, that ia, that they are not immune,
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The question arises though as to whether thls applles to

all the live oells in the Maitland culbtures used by Andrewes,
It is stated elsewhere (39) that one must theoretically ex-
peot to find provirus-ocoupied cells alongside provirus=-free
cells in a oulture of organ cells of an immune mouse, thare-
fore one cannot assume that the EEE-virus Infects all of

the receptive organ cells 1ln a mouse during the flrst stages
ol the virus or even later, This would already have to be
consldered improbable or unlikely in the 1light of the low
infectiousness titer (25) which is usually higher upon in~
fection of cells of the same organ in the tissue oulture (38).
Furthermors the lesions Induced in the organ by EEE~virus
have a focal character i1f any are o be found at all, In
tests of our own (39) kidney cell cultures from highly im-
mnune mice were somewhat less receptlve than those of normal
animals., From a mathematical standpolnt it was found in the
first case that about 50% of the cells were resistant. The-
oretically they could have conteined a provirus,

It ie lmpossible to exzctly determine the relative
importance of 1nterference and of antibodles 1in actively
lmmunized mice 1n vitro. Thnoe interference phenomenon un-
doubtedly plays a part in the beginning stage of immunity.
Later, though, the antibodies cloud the true picture. Be-
cauge of thls we carried out parallel experiments with the
LCM=-virus which induces the formatlon of neutrelizing anti-
bodles to only a very limited extent in mice. The existence
of & hign degree of brain immunity in LCi-immune {intolerant)
mice in whose central nervous systems neithsr active virus
nor neutralizing antibodiec could be detected (28) tends to
substantliate the fact that one is dealing chiefly with an
interference immunity in such casss. One could suspect the

presence of a provirus as the chlef interference=producing
agent,

We hold it to be possible that the same immunity
machanlsm 13 present in men who suffer from azammaglobuline-
mls and who nevertheless achieve a normal immunity after
infection with measles [Good and Zak, c¢ited by Burnet (6)].

The reactivity of the cells presumably also plays a part
in both cases,

Perhaps one mey zlso be able to draw certain inferences
about the circumstances found to exist in conneotion with
EZE-immune mioce on the basis of these findings.

Theoretical Considerétions

We now visualize the immunity mechanism of those

mice which falled to become 111l afier infection with EEE~virus
as follows:
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Presumebly there is first of all immediately fol-
lowing the primary virus multiplioation a cellular detense
reaction similar to that which takes place in influenza-
infeocted calf kidne{ ocells (41) and in IM-infected mouse
iymph node ocells (34). This goes on ocor .urrently with ths
formation of interferon (41) whioch according to Isaacs et
al (1la) inhibits the formation of viral nucleic acid, This
can be used to explain the weak heterologous interference
whioh has been demonstrated %o occur in the brain after
subcutanecus infection with EEE~virus (33) or LCM~virus
(32), Possibly the behavior of the cells themselves is pri-
marily responsible for the fact that the multiplication of
virus in the organs takes place in only limited measure.

The immunologlcally ocompetent cells in the mouse do
not all receive the antigenioc stimulus simultanecusly but
receive 1t instead in irregularly staggered time perlods (39).
Specific antibodles formed chlefly in the spleen and in the
lymph nodes (25)can be detected in the serum fror the third
day onwards after infection (30). These antibodies inactivate
the virus present in the infected cells of the immunoclogical
syatem during the days which follow (26, 39)., The virus
thereby loses its infectiousness and its antigenicity.

An interfering agent (provirus) which cannot be in-
acilvated by antibodles nevertheless remains inside the
infeoted cell, This provirus is non-infectious and repre~
sents a situation analogous to that of the prophages of ly-
sogenio baoteria, It is oarried over into the daughter cells
and controls the production of antibodies on the part of the
immunologlcally competent cells and thelir offspring. The
cause of the immunity is to be found partially 1in the neu-
tralizing effeot of the circulating and stationary antibodles
and partially in the interfering effeot of this hypothetlcal
provirus,

The interference effect of the provirus is presumably
limited to those cells which contain the provirus. During
the beginning stage of lmmunity an interferon is probably
also involved inasmuch as the interference overlaps to af-
fect also heterologous viruses, The stirength of the immunity
depends on the number of cells occupied by provirus. The
immunity is at a high level in the central nervous system
only if the virus has previously carried out an infection
there (30, 36) giving the cells there a chance to become
charged with provirus,

The faot that one sucoeeds in libersating both in
vivo and in vitro lnfected cells ¢f virus by treating them
with hyperimmune serum (26, 39) permits one to suppose that
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in the present case the antlbodies are also abls to neu-
tralize the unattached viral nucleilc acids whioh eppear

to be found in EEE-infected ocells along with the integral
virus (43). It is probable that such a reaction is possible
because human Lupus erythomatosus serum reacdts serologloally
with pure desoxyribonucleic acid (See bibliographies accom=
panying works listed in references 15 and 13}, In this case
the latter works as a haptene, which can glso be assumed

to be true for ribonucleic acid, Nevertheless, a powerful
effect can only be produced by hyperimmune serum taken

from donor animals which have heen repeatedly hyperimnunized:;
reconvalescent serum or immune serum from mioce whioch have
been given only one hyperimmunizing virus injectlion shows
very limited effectiveness (26). We suspect that only very
highly hyperimmunized serum is able to neuiralize free viral-
nuclele acld, On the ocontrary, it appears that after nu-
cleic acid has been bonded with the genetic material of the
cell (provirus) 1t can no longzger be neutralized by even the
most powerful immune serum (26),

Tne findings in connection with EEE-immune mice are
more readily compatible with Burnet's clone-selection the-
ory (5), which postulates a genetic carrying over of the
informatvion in the cells of the ilmmunological system than
with other hypothegses [Breinl and Haurowitz (4); Pauling (17):
Glinther (8), et all, which presuppose the persistence of
virus antigens in the ilmmunological system, This conclusion
is based on the fact that antibodies make the virus antigen
ineffective and that no basls has been given to date for
the fact that the hypothetical provirus is able tc become
infectious each time and to form fresh virus antigen in
EEE-immune mice (40), Even if this should be found to occur
within linited areas without one being able t¢o deteot it duse
to the antagonistic effect of the antibodies and the ridbonu-
clease (9), it would stiil be questionable whether it could
effeotively renew the immunity in the face of the inhibiting
offect on immunization produced by the still-rresent anti-
bodles,

The assumption that the provirus cannot again be-
come infectlous, as has been determined with non-inducible
strains of lysogenic bactieria (12) or thot its becoming in-
fecticus has no precuical effect on the immunity, makes it
very hard to answer the question as to why the positinfeciious
immunity lasts longer than the immunity induced by inocu.a.
vlon with non-infestious formaldehyde-solution vaccine, ave.
when in the latter case the original antibody titer of the
serum was at first higher (36)., It 1s difficult to anawer
this regardless of which theory of immunity one uses as a
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basis, It 13 unlikely that the antibodles which ocome into
being in the two cases ara qualitatively different (7).

One could presume by assuming a genetic theory that the
goenetio information transmitted In the two ocases 1s in

some way different. [n taking a matrice theory as & basls
one mus? assume that the antigen in the two cases persisted
for different lengths of time in the ilmmunologically com-
petent cells.

The anamnsshio reaction identlfiable also in EEE-
izmune mlce (30}, the explanation of which places difficulties
in the way of most immunliy theorles, can perhaps be corre-
lated with cellular reactivity. As & necessary prerequisite
to this 1t must first be found that the sonclusions drawn
from the LCH findings (34) are valld for cther systems,

When normal lyaph node cells of adult mice first come in
contaot with the LCM-virus, allegorically expressed, they
first take up a defenaive attitude, They gradually become
used to the virus, both in viiro aund in vive. This could
bes the regson wihy only a few antibodles are formed after the
first injoestion of antisen while on the other hand a great
many were arée forned more quickly over a longer period of
tine afisr a second inooulatlon.

Arzisnents in Favor of tne ixlatence of A Provirus

In conclusion vwe present below a list of reasons
which In our opinlion induce one to presume the existence
of & provirus as a factor in immunity.

l, EEE: The active immunization can be prevented
by ureatment wilth high-potency immune serum after sucoess-
ful multiplication of virus in the organs even before re-
ceiving the antigenio stimulus (24, 16, 26). This is no
longer posaible aftar recelvinzg the antigenic stimulus (26)
although the added antlbodles very prcbably also make those

virus antigens to be found in the immunoclogloal systenr in-
effeotive,

2., EEE: After immunization with live virus ithe prc-
duction of antibodies continues for a longer perisd of time
than after inocoulation with non-infectious formeldehyde-
solutlon vacoine, even when in the lattoer case tie antibody
titer af the serum was higher at first (36).

3. EEE: Trypsinized, washed kidney cells of hyper-
immunlzed mice were somewhat less receptlive to in vitro in-

feotion than the same type f cells from normal control
animals (39),
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4, EZEE: Extensive investigations oarried out with
actively immunized mice falled to yleld any evidence of
infectious virus in snite of utilizatlon of highly sensi-
tlve test methods (40,. ,

5. ECE: An interferonce condition existe in the re-
ceptive cells of the central nervous system in both aotive-
1y immunized (19, 30, 33) and passively immunized mice (31,
33) after intracranial experimental infection, It was inm-
poasible to determine the duration of its effectiveness as
a factor in immunity in actively immunized mioce because
the antibodies located in the tissues disgulse the plcture,

6, LCii: Tolerant mice show a very high level, 1life-
long interference immunity 1n the absence of antlbodies
(22, 37, 27, 29), This shows that an immunity of thils kind
¢an be vory eifeciive, Such anlmals are nevertheless both
virus carriers and gsecreters,

T. LCi: After subcubaneous first infection and intra-
cranial reinfection, there exists in intolerant mice a high
level of brain immunity (22, 18, 28) which also appears to
dapend primarily on the inierference phenomencn, in spite
of the absence of any proof of infectious virus snd neutrale
izing antibodies in the tissues, The persistence of z pro-
virus in such animals 1s presumably favored by a change in
the reactivity of the cells after contect with the virus (3¢),

8. Measles: Human patients suffering from immunity
subsequent to_contracting the disease [Good and 2ak, oited
by Burmet (6)].

Summarx

The experiments described in the seven preceding
papers were based on the working hypothesis that a persist-
ing provirus analogous to the prophage in lysogenic bhacteria j
may be a fundamental factor in immunity to animal viruses and !
tnat the antibodles represent merely an additional even 1if '
often a highly effective safety factor apt to disguise the
basic mechanism in many systems,

Tre discussion deals with the significance of cell
reactlvity, the inverference phenomenon and neutralizing
antlbodies as lmmunity factors., Included are investigations
made 1n parallel experiments with lymphceytio choriomeningitis

(LCM) virus in mice as they supplement the results obtalned
with EEE-immune mice,
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Cellular reactiviiy undoubtedly plays some purt in
the antiviral immunity of animals, It has not beon studlied
eztenaively enough, though, to enable one to fully evaluate
1%ts role,

The part played by homologous interference is parti-
cularly evident from experiments on LCM in mice because
antibody production is either absent or is much less in-
tense than in EEE-immune mice. A state of interference
arises in the infected cells of EEE~immune mice under the
influence of antibodies., It is hard to evaluate thils in-
terference’s importance as an immunity faotor due to forma-
tion of local antibodles,

Much of the experimentation dealt with the in vivo
and in vitro effects of neutralizing antibodles on intra-
cellular virus, The resulis sugpest that antloodies can
destroy the virus's infeotiousness and antigenioity but ocan-
notL reverse an auigenio stimulus, Persistence of viral
antigen in lmmunologloally competent cells does not appear
to be a prerequislte to continued antibody production in
EEE-immune mice. The observations agree with Burnet's
¢lonal selection theory ln thils respect,

The following observatlons carried out on different
viruses may be taken as 1ndlrect evidenoce for the persistence
of a non-infectious but immunizing provirus in infected cells,

1. EEE: Above-mentioned effect of antibodies on viral
antigen.

2., EEE: Antibody formation lasts ionger in mice
with post-infection lmmunity than in animals lmmunized in-
tensively wlth non-infectious vaocine,

3. EEE: The slightly reduced susceptibllity to in
vitro infection of trypsinized and washed kidney cells from
1mm§ne mice oompared with the susceptibilitiy of normal kidney
tells,

4, EEE: The failure of extansive, seusitive tests to
demonstrate exlstence of infectious virus in mice with post-
infection immunity,

5. EEE: Interference in oerebral cells of cersbrally
immune mice,

6. LCM: The remarkable effectiveness of a pure interw

ference immunity without antibodles in congenitally infected,
tolerant mice (virus carriers),
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7. LCH: The "sterlle" ocounterpart of this immunity
in non~tolerant mice in which nelther infeotlous virus nor
antibodies in the tissues can be shown present in ths brain,

8. Measles: Normal post-infection immunity acquired
by patlienta suffering from agammaglobulinesmia (Good, R. 4,
and Zak, S. K., Pediatrics, 18, 109 (1956)].

=END~
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