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aid of a different virus.

: IMMUNITY oF WHI{TE 4ICE’1‘OEEE

;[Following is a translation of an articlerby_
Erich Traub. of the dest German Research; ns '

" in the German-language periodicali
fir: Immunitatsforschung,(JournaIg

'[This 1s the seventh repor*i ‘a
above subject. Its sub-t*tle s,

~Cerebral Immunity."]

in the fourth u'nd :i:th ba e*s of this serie
(numerals in parenthe es reler tc’, ered s
in Bibliographv at ‘endl some clues f*re ootalned“indicating .
that the cerebral 'mmenity af'mice eo n?E (easternﬂ

concentration ol antioodies, buu thau inter¢erenc
certain part at leasu during the first stage._u

theléss still remained to be proven indiepntaolj
culture tests. Attempts are- therefore;bei§~*

. Back in 1344 Schlesinger 1itsk Wand Morgan 5)
found in teSuS <orried out with WEE sstern e ~
alomyelitic) virus that ‘experimenta
1000LDgg led to a eerebral infectio

quently the animals remainad resistant-
infection with a heterologous virus, ‘for: xample, 2
causing EEE or herpetic stomatitis., In- the opinionéof this
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researcner nere was a case of "induced non-specific celiu-
lar resistance," evoked by the interference pnenoxenon.
Schlesigner (4) in a later work no longer pays any attention
to this observation. He rather looks upon the local concen-
tration or formation of specific antibodies as the sole
cause of the cerebral immunity of mice to the WEE-virus.

Ve attemptsd in the experiments described below to
determine the existence of any condition of interferance to
VEE (Venezuelan equine encephaloamyelitis) virus (1) whica
might be found in the brains of mice which had either been
actively immunized with infectious EEE-virus (9) or which
had been given a large dose of EEE-virus intracranially aft
er passive immunization with specific highly izmmune serun
(10), In the latter case the animals mostly became iil
with encephalitis (7, 10) only after passage of a preliri-
nary stage of latency lasting several weeks. The processcs
taking place within this latent period particularly aroused
our interest.

Materials arnd MNethods

Virus strains: Strain S 18888 (6) was again usei c:
the EZE-virus., We also wish to thank the former Bureau ol
Animal Industry of the U.S. Department of Agriculture in
Washington, D.C. for the VEZ-virus. We do not know exact.y
through how many animals this strain has passed. Thne mater-
1als used for infection in both cases were 20 per cent brain
suspensions both carried out in our institute (German Re-
search Institute for Virus Diseases cf Animals in THbingen)
by intracranial inoculations from oane nouse to another,

Mice: In resp..c to the origin of the experimental
mice used for our tests, reference is mad: to an earllier
paper (6) on this subject. WWe used female mice about four
months 0ld for the active immunization with ZEE-virus and we
used feumales about seven weeks old for tne rassive immuniza-
tion.

Active immunization with EEE-virus: The aninals
were given subcutaneously 0.2 ml. of a 107" or a 107¢ dilu-
tion of an infectious 207 mouse brain suspension. Subse-
quently 85% of the infected mice did not become 11l while
the remainder of the animals bpecame infected with deadly en-
cephalitis. In order to create the hypotnetical condition
of interference in the brain we injected a 107" or 10-3
virus dilution eleven days later intracranially into those
animals which had not become 111, (See Table 1). After
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}njcction of the 10-! dilution 20-25 per cent of the mice
pecame infected with deadly encephalitis. Other animals
showed temporary encepnalitic phenomena often after a short
period of incubation. Central nervous system disturbances,
for the most part mcre or less severe partial paralysis of
tne forefeet, persisted in a small numnber of the 111 mice.
After intracranial injection of the 10-3 virus dilution
only very few animals became 1ll and none of them died.

Passive imrunization with nyperimmune serum and in-
tracranial expverimental infection with EEE-virus: To this
end we used hyperimmune serum from mice which had not fallen
111 after subcutaneous injection and which had been hyper-
immunized by nine subsequent virus injections (7). Each
of the animals was given 0.2 ml. of immunization serum in-
travenously and three hours later they were given EEE-virus
intracranially (10-1 dilution of an infectious 20 per cent
nouse brain suspension). Afterwards about 10 per cent of
the mice became 111 with deadly encephalitis after a two to
five day incubation period. Certain animals showed tempor-
ary encephalitis symptoams and lasting damage to the central
nervous system remained in a few cases, while the great
majority of the mice at first remzined healthy. Many eni-
mals though became 111 witr encephzliitis at a later time
(See tables 2 and 3). The incubaticn period in these cases
varied from 17 to 53 deys.

Intracrar.ial titration of VEE~virus: This tookx place
2% the times snown 1n the table useing 8 to 14 animals for
each decimal solution. The type and number of checks car-
ried out are also shown in the tables. The Reed and Muench
(3) method was used to perform the assay" {1Ds0).

Tests and Results

RPoenavior of mice with active EEE-immunity To experimental
intracranial infection with VEE-virus:

Table 1 shows the results of tests oa mice whica
were actively immunized with EEE-virus in different ways.
This table gives the VEE-virus intracranial titrations Ior
the times shown. The dilutions shown refer to an infecti-
ous 20 per cent mouse brain suspension. '



TABLE 1

Intracranial Titration of VEE-virus in Mice with ..c%’ve Im-
nunity to EEE

;‘ intracranial titrétion‘of,VEE-virus
ExperJ MouseiPrevious [Days 'Virus{Mortal-?Average gLD5o
1ment! group uvreatment jafter [dilu- ity - degrec |
No. | No. (wlth EEE- [first jtion | . of 1ll-

, ( virus infec- . ness

| | tion !

| % ’ |

i ! |

g 10;2 sub- 105 | 1/9" |{(0-5-10-7)

: | cutaneous- 3 ‘ ‘

b 1y 6 |

1 110-1 an- | 17 {10-6| o/8 i 0.7+ k. 50

| tracran- ' '

3 gially !

! r 11 days ) ! l ;

5 | later - 10=7 . 0/8 | :

! | 10=¢ sub- |

! * cutaneous- ;

: W, 1051 1/9 {{10-5-10"7);

1 {1 1077 in- i ’
’ tracran- - . L
{ 1ally 17 10°°1 35/8 2,2+ . 5.00
| 11 days ; ’ '
| later 10=7 1§ z/2
! i 10721 9/9 |
III' - - |10-6 1 8/8 (10-5-10-7)
! {Control 10'5 | 3/8" " 32+ 6.79
| _Animals) 107 0/8 - |
10 suD=- ! o :
‘ ! cutaneous- | 1 Ly !

; © 1y 10-1 1 o/5 (107t-10-%)i

j i 1071 in- { | |

| ! tracran- 5 Lo |

! 1ally 107< , 3/8
' IVi - 11 days :
later 31 {1073 | o/8 2.3+ 1,00
10=% | 178 |
' -4 a n=lb -7
; 10 5 10/10 ﬁlO -1077)
f r 10~ 7/8 !
2 Vv 107! sub- | |
] cutaneous-| ) '
! .‘ 1y 31 |10-6 | 2/8 3.1+ |5.75
10=7 | 2/8 "




Table 1 Ccntinued

Exper5§Mousd{Previous fDays wirus! rortal-: Average :~D5o
zent - group: treatment jafter [dilu-i ity degree
No., ! No, |with EEEZ-|first i{tion ' of ill-
virus infecH ness
tion !
| 107% 110/10 | (10"*-10-7)
1072 | 8/8 |
VI ‘(Control . i
¢ Animals) 10-6 ) 8/8 | 3.5+ 7.00
l , 10-7 | 4/8 L
| 10-S | o/8

¥+ = 1llness ending in death; 3+ = seriously ill
out not ending in death; 2+ = moderately serious; 1+ =
iizght illness; O+ = no illness. The mice which 4id not
become 1ll within the decimal dilutions represented between
parentheses were also calculated in determining the average
value in column headed "Average degree of illness'.

As shown in Table 1, the mice in groups I and IV
show the greatest {esistance to VEE-virus after a first in-
Tection with a 107+ dilution ¢f EZEZE-virus, followed by the
animals in Group II given 1077 dilutions subcutaneously.
The VEE-virus is so different from ZEZE-virus serologically
that specific antivodies 2o not »revent a uroper interpreta-
tion of the results from interference tescs From being made
(See also Table 3). ZEven if a rezote serological relation-
snip between the two viruses were to be found, it still
could not explain such a high-level crosswise resistance as
in mouse groups I and IV on the basis of elTects produced by
anithbodies, It is very probably then a case of an interfer-
ence pr..o.omenon., It is known of interference thnat it can
be eflective even against very large dosages of a heterolo-

" r~

gous virus (1z).

Mutual Interference between EEE and VEE-viruses in Passive-
1v Tmmune rice:

It was showm in an earlier work (10) that in passive--
17 immune mice there is generally an absence of any local
appearance of antibodies remaining in the tissues if the an-
imals are given a very large dosage of EEEZ-virus intracrani-
ally. Ta: injected articerum prevents formation of anti-
bodies. Tac long delay .o appearance of the illness un-
doubtedly <does not solely depend on the effect of the arti-
Ticlally invroduced antibodies (10). It can only be ex-
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blained nmeaningfully ty assuring the simultaneous appearance

of a condition of interference.

This hypothesls 1s tested

for 1ts vallidity in the following experiments by intracran-
laltitration of VEE-virus during the period of latency.

TABLE 2
Mutual Interference betwesnn TZE and VEE-viruses in the
Bralns of Passively Imounized Mice (Exveriment No. 1)
i intracranial titration Late or de-
: of VEE-virus on the el- |layed-action
Mouse | Preliminary|eventh day after prelim- |illness after
group : treatment |inary treatment with {EEE in surviv-
EEE-virus iing nice
{
; | Virus | ¥or- - { FAverage Quanti- iver-
’ dilu=ttal- LD5o‘time sur- ity Gge
| tion |ity vived be-|{ CLneu~
fore *..- ‘Dation
death : time
{days) | (days)
: i
EEE-hyper- [1072 |8/8 | ;
imnmune ser-:110 8/8 | ;
A um intra- {1077 |4/8 |7.23| 8.2 - -
venously; 10-8 1278 i ’
no EEE-vi- 11077 0/8 , |
rus (pass- . !
ively im- | :
munized :
control ;
animals) : i
EEZ-hyper- 10:2 5/10 - 0/5 -
immune ser-‘lo L/8 gO/# -
um intra- 107 2/8 |5.66 | 11.3 1 3/6 . 34
B venpusly; |10_g 0/8 :7/8 i 30
10~* EEE- 1077 [0/8 1 6/8 29
virus di- :
lution [ ‘ 1
given in- | i !»
| tracranial- : | ! ;
1y three ’ ‘ ;
acurs later ! i |
| :
l | l



Table'2 Continued

[ Untrezted ; 10=7 | &/¢ | I

C :Centrol f 10-6| 8/8 1 | ' ‘
|Animals  10-7| 7/8 | 7.71 7.9 } .
‘ , 1070 | 3/8
, i 10=% { 0/8 ! ] 1

Tne first experiments showm in Table 2 involved an
interval of 11 days between the time of treatment with EEL-
virus and titration of the VEE-virus. The arrangenent of
the experinents and thelr results can be seen froa the
tabie.

Significantly lower LD5O figures were obtained Tor
the ViE-virus, titrations in the mice in Group B which were
iven the 10-1 EZEE-virus dilutions intracranially altex
previous treatment with hyperimmune serum than in those
wnich had only veen treated with immune serum and the con-
trol animals. In addition the time of survival before death
set in averaged three days longer. But in the reverse di-
rection, the interfering effect is unmistakable, because
the ,animals in Group B which had veen given the 1077 and the
107 ZE-virus dilutions intracranially did not become 1ll
after recelving EEE, whereas the great majority of those
mice which had veen injected with weaker Vee-virus dilutions
fell 111 at the later date. As in the previous experiments
the illness always resulted in the deaths of the animals,

The difference oztween the lethal dosage tifrations
of the VZE-virus in the untreated animals and in the con-
trol animals treated only with irmune seruan {(approx. 0.5
log) is to all appearances insignificant because in a rc-
peat experiment (Tatl.e 3) in which the same hyperimmune
serum was used it failed to make its appearance.

L}

The experiment carried out in Table 3 involved a
snortening of the period of time vetween treatment with
EEE virus and trne titration of EEZ-virus Tto eignht days.

In addition a group of 10 mice given immune serun intraven-
ously and EZE-virus intracranially L.z witaout receiving
any Vol-virus was slaughtered.

e result of this second experiment was practically
-dentical wita thzt of tne first experiment on Table 2.
once & ain There v... no late agpearance of illness sutce=-
uChAv Vo ZEZ waen .6=5 znd 10°° VEE-virus dilutions had
becn Zhven intracoanially (Group Z), while 87% of the re-
zaining wice in this group came down with the illness at’a

-7 =



later date.

Tris time, too, thc disease ended in death

in all cases.

TABLE 3
Mutual Interference between EEE and VIE-viruses in the
Bralns of Passively Immunized Mice (sxveriment No. 2)

: Iintracranial titra- Late or delayeld-ac-
tion of VEE-virus on tion illness after
the eighth day after ZEE in surviving

Mouse ; Prelininary!preliminary treat- mice
group' treatment ment with EEE-virus
( VirusfMor-’ TAv- “Quantity !Aversge
‘ dilu-!tal-{ LD, er- ‘ TR e
! ftion tity Yiage : AN
: : tize ~clue
: sur- . ' (days)
f i vived ! i
| I

; , : fore ;

i i | death g

? | : : !(}iaAfs)

| | | | |

EEE-hyper- ‘ i 3 |
immune se- | ; i ; ; '
rumn intra- | ' & (
venouslys ( ‘ :
. no EEE-vi- -5 ; i
D | rus (pass- ;.0 ; |8/8 |
ively im- 110:3 8/8 :
. munized |10_g 8/8 7.79 | 6,5 - -
| control 110 3/8
. | animals) 11077 10/8 i |

! i ;

}EEE-hypar- l i E‘ _ g

D ilmouie se- .| ! ’ : ;

;rum.;;tra- ilO'; 5/15 | Lt 0/9 -

EACHARR I 1072 15/3 | - 0/3 ' -

E 107~ E.2- 1077 {3/816.00 ! 9.3  4/5 .33

lvirue Gi- 10'2 0/8 { i 8/3 33

{ lutioa 1077 |0/8 { b 7/8 30

; giVen ioco y - L - po- l b ' 8/10 30

L Taree ' } ‘ é : \

: nours | . ! |

! later ‘ l i 1

| : |
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| z
Untreat-l 1072 | 8/6! | f
| e con= ;1075 8/8) | | |
7 erol an-l 1077 16/ 7.76 1 6,0 j -
! .Lmu..&.s : 10-'.u I"-‘r/a ! l
‘ 1079 {o/s | | |
Discussion

In particular the results of the last described
experiment uneguivocally support the fact that the phenon-
enon oeing cealt with in trnis discussion is really one of
interference. The performance of sultao;e checks excludcd
L. oprescnee of any antlvbody effect. It is, thnerelore,
SUSSCLTSL that the resulcs ovtalined in actively irmune mice,
v00, (Padle 1) be attrivuted to tre interference phenomenon.
Lnese animals showed a vu”o;lslngly hizh degree of resist-:
ance to the heterologous VEE-virus. It should be assumed
that thney are protected even more against the homologous
virus (11). The duration of the effect is unknown. It
apparently lasts considerably longer than tnree weeks (See
second exveriment, Tavle 1). Notning yet is known in de-
tall about the mechanism of its action.

The ‘cerebral iatericrence elle
Ticularly stroag 1n Tnose ic wni
duxt;plLVd in the brain after intracranial injection of a
Large dosage (9) as for crample in the cases of mouse
croups I and IV in Tabie L. There 1s a clear difference
dbetween tnese aninals zad those nmice injected with 107
ZiZ~virus dilutions. In accordance with earlier findings
(9) a nmultiviication o the virus in the brain would not
be keld to nave occurrcd in the cases ¢ a2ll the animals.
It is very improbaole that such could have happened to the
mice in group V (6) wanich received only a subcutaneous in-
jectlon of EeE-virus, WNevertheless = slight degree of re-
sistance was also to be noted in these animals, too, and
its Cadbe rexzains uncertain. Cne could iragine the exist-
ence of a general interfercn effect. We hold that an anti-
toly ef*e t 1lsg nov very prooable because it 1s completely
apsent in thne passively izmune contrcl animals in Table 3,

T WJJV.,.._S to e piche
g

The DBEE-virus aas

Trne TootT tnat Tae rater appearing illness can be
JreveAtel L7 Uil cases 07 Tne passively immunized mice
alfver Lntroiranial infection with a large dose of EEE-virus
oy weans ~T a sujperinfection with a suitable dosage of

-9 -
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-virus during the latent stage (see Groun 3 in Table 2
and Group E in Table 3) is of particular interest in re-
spect to the mechanism of inactivation of. the virus in the
b{ain. One can therefore achieve a life-saving therapcutic
erfect by utilizing the interference phenomenon, putting to
use an otnerwise dangerous virus. Perhaps, though, there .
nay be other less dangerous virases which fulfill the sane
purpose. It is improbable that this antagonistic effect
depends upon the effect of antibvodies. Earlier experimenctcs
have shown that passively inrune mice generally do not form
eny antvibodies of thelr own in the brain after intracranial
experimental infection with LZZE-virus. Neither should it
be assumed then that the VEE-infection induces a local Tor-
mation of EEE-antibodies. Schlesinger (4) has in fact de-
termined that WEE-antibodies are formed in the brains of
mice with partial immunity to the WEE-virus after intra-
cranial infection with homologous- virus, but not after zan
intracranial injection of EZE-virus. To all appearances
Then 1t 1s possible that small guantities of intracellular-
1y located ZIZ-virus could be inactived during the course o7
tne interference process even if the local formeiion of
speclfic antibodies fails to occur.

t can be taken as certain that the interference
paenomenon also plays a part in immunity to other animal
viruses, .or example like lLymphocytic choriomeningitis in
mice. 1T zppears here to e the only imaunity factor pre-
sent in those immunologically tolerant snimals which do not
form specific antibodics (. 3But even in non-tolerant
immune mice it has a cericin amount of inmportance (11).

Cne should also mention foos-and-mouth discese wherein L3
appears that it 1s chiefly interference whicxh is responsibdle
Tor the Taci vhat after a Tirst infection with a serologil-
cal virus tTysce and reinfection with a second type only 58-
80% of the animals come down with the disease again, while
sfter reinfeciion with a third type only about 40-70% of

the animals beccue sick again; there weing no difference in
which order the dirfferent types are given {(13). These
findings cannot be avtributed to any serological relation-
ship awcng tne daifferent virus types.

Sunuary

o ————

b oancenpe 1s made to explain the resistance of
Zif-immus. 2ice To intracerevral challenge with VEE-virus
serologicuily Gifferent from the EfE-virus on the basis of
an intcerlerence phenomenon.

e it

-~
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‘ Wnen mlice whicn had been passively immunized with
Lomdologous EII-nhyperimaune serun were smortly «Tterwards
glven 1ntracran;al experinental infection with a large do-
uawe (about 107° LD) of EEZ-virus and eight or ten days

er were given intrzcoranial decimal solutions of VEE
v’ uo, a mutual interference was found between the two
serologically different virus strains While 80% of control
animals not infectec with VZZ virus oec ame 111 at a latexr
time from IZEE, those uklcn were g-ver superinfections in-
Sracranially with 107 -2 co 1077 LDLA J of VEZ virus did not
show any ZEEE illness at a Tater adTe. An autosterilization
of thne brain evidently tookx place in thne absence of any
specific antibodies.

The significance of interference phenomensz as a fac=-
vor In immunlily is discussed in connectlion with EEL and
ovner animal virus diseases. Loy

: ™~
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