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Proeuction of a variant of encephalomyelitis virus by its adaptation
to extraneural tissue.

by K. 0. Habermehl and W. Diefenthal.

Translated from: ZeitschriIt fuer Naturforechung 15 b: 143-152 (1960)

The composition of a viral population is governed extensively bthe
selective influence of the environment. Differences in the host species,
the cell type and the mode of infection lead to eelection of viruses with
special or novel properties, expressed in su.ch factors as the complex
concept of pathogenicity. The virus of mouse encephaloavelitis (79)
described by Thetler (1) is marked by a characteristic pathogenicity even,
under natural conditions. Aside from the original TO strain, strain
GD VII is also noted for particular virulence.

TE( deviates from other neurotropic viruses by its transmissibility
almost exclusively by direct inoculation of the central nervous system
(Theiler and Gard 2,3). The occurrence of latent infections of the
intestinal tract without mnifestations (Olituky 4) shall be ignored in
this connection. While the absence of manifest symptoms after extra-
neural application of the virus my conceivably prevent the appearance
of neurotropy, comparative studies of 79M on different types of tissue
in vitro reveal a distinct propagation only in the brain tissue

The utilization of species-specific, mesenchymal cells •as chosen
with the aim of exanining the behavior of a strictly neurotropic virus
after adaptation to extraneural tissue.

Methodoloay.

Tissue cultures.

Mouse fibroblasts: The tissue cultures of embryonal mouse fibro-
blasts were prepared from eventrated mouse embryos by the customry
trypsination technique (Dulbecco 5, Toungner 6, Rappaport 7). Cells of
the first subculture obtained by trypsination were utilized. For
additional methodical details, see Diefenthil and Habermehl (8).

Liver and kidney epithelium, heart fibroblasts: These tissues were
grown in roll cultures on plama film. The use of about 40 tisoue
particles from embryonal organs produced a large yield of cells. The
mature cells were loosened with trypsin and continued their growth as
subcultures in Petri dishes on plami film.
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Brain tissue: The same process was used as described in the pre-
ceding paragraph, although cell passages could not be carried out.

MS 37: The ascitic form of mouse sarcons 37 was utilized; the line
had been maintained through 200 passages as a solid transplantation tumor.
The tumor cells obtained from the ascites were grown directly on the glass.

L strain calls (Earle): These sells came from the clonal strain
NCTC B 929-323-303 which had been grown directly on glass in continuous
passages.

Nutrient medium: All cells were grown on the following medium:
10 to 20% calf serum V or 0% Earle's solution with lactalbuin
hyTrolysate and yeast .tract in terminal concentration of 0.5% or 0.1%
with addition of 100 units of penicillin and 100 T of streptomyoin per
milliliter. The medium was changed every 2-4 days.

Compouition of the agar mixture: 12 parts 2.7% "Difco agar purified,"
6 parts 6 times concentrated lactalbumin hydrolymate and yeast extract
solution in twice-distilled water, 8 parts 4 times concentrated Earle's
solution without sodium bicarbonate, 6 parts sodium bicarbonate (0.88 £
in 75 .l twice-distilled water), 15 parts nutrient medium without addition
of serum (see above), Ath admixture of antibiotics. Sterilization of apr
in the steaming kettle, that of the remaining ingredients by Saits
filtration.

Virus.

The utilized virus strain is described in detail in the first
chapter of the "results."

Titer determination.

£ .Wý.£ w -- as W.Zu Th a~mii6 -Vna V~-"S -1U

by decimal powers vith nutrient medium without addition of serum. Inocu-
lation of two Petri dishes with 0.3 al of the appropriate viral dilution.
Adsorption time 50 mrin at 370C. After removal of the inoculum by sucttio,
superimposition of 3 al agpr mixture at 420 C. The dishes were stained
with diluted (1:3,000) neutral red solution in phosphate-buffered s@&Mm
(PMs) four days after inoculation and the plaques were counted.

Determination of MIlD t Viral dilution as above. Intracerebral
inoculation of 8 mice (we=ht 9-11 g) per dilution. Observation for
4 weeks. Computation of ED 50 according to the method of Reed and
Muesnc (9).
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Results.

I. Characterization of the original strain Theiler GD VII used for
adaptation.

The starting m"terial consisted of a brain, infected intra-
cerebrally with the GD VII strain of Theller's mouse enesphaloeylitis
virus (TD1), preserved in 50% glycerin-Ma Cl solution, received from
R. Rustigian, 11niv. of Chicago, in February 1953. The latter institute
had carried out 29 intracerebral passages. The manber of previous
passages was unknom . We conducted 8 cerebral mouse passages, partly In
marginal dilutions. Changes relative to the pathogenicity, clinical
course and virus titer did not occur during these passages.

f a) Mode of inoculation. In order to characterise the pathogenicity

of THK, the results of different modes of inoculation were comred. As
evident from Table 1, infections were consistently produced by intra-
cerebral or intraspinal injection, %hereas no signs of infection were
noted after the utilization of other modes. Them was one exception, in
which intramuecular injection us followed by limp paresis of both hind

b) Clinical course. Depending on the infective dose instilled
intracerebrally, the first symptoms of encephalitis appeared at the
earliest on the 3rd day (see below). The animals became restless,
agitated. Later, equilibrial disturbances, tonic-clonic cramps were
seen, during %bich the animal frequently died. In addition, trotting
movements around the vertical axis in the direction of the focus of in-
fection were noted. Death usua2.!y occurred in a characteristic position
with over-extended posterior extremities. Not one of the 2,000 animals
infected intracerebrally with the Don-adapted original virus recovered;
all apparent infections terminated in death. There were only a few
animals that showed limp paresis of the posterior extremities in addition
to encephalitis with this mode of injection. The rate of 17e...- upon
intracerebral injection amounted to 4% (numerical ratio of paralysis:
encephalitis). Intraspinal injection was followed by limp paresis of
both hind 193a with an ascending tendency, accompanmod by encephalitis.

c) Latent period and virus titer. The duration of the latent
period until the appearance of symptoms proved to be dependent upon the
dosis (10). The reciprocal value of the modian latent time expressed in
days was directly proportional to the negative logarithm of the viral
concentration in the inoculum (Fig. 6). This finding my be reproduced
repeatedly. However, the determimtion of MID50 ana its evaluation
according to Reed and Muench (9) has proved to be better raited to the
titration of virus in the cerebral substance than the determination of
the latent period.
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The starting material for adaptation consisted of the brains of 14
mice showing signs of severe encephalitis betree- the 3rd and 5th day
after intrazerebral inoculation. The anmaJls were killed and the 10%
brain suspension in Tyrode solution as frozen for storage purposes at
-7000. The viral conten of thin suspension amunted to 7.9.107 LD0o
per gran of brain.

d) Bwhawi. nf rue stra in t _ "It-uw
Reproduction of TZ( in tissue culture whs possible only in roll cuLtur*e
of embryonal mouse brain tissue. We used roll cultures in which about 40
pieces of cerebral tissue had been started on plasm film; their growth
zones touched owing to their expansion. placing a nearly Sapless nat of
cells on the glass wall. The dosis of inoculation was 100 =L50.
Repeated tests under these conditions showed a low rate of propagation
(Fig. 1). The yield of virus reached its apex on the 4th day p..,
followed by continuous reduction. A distinct cytopathogenic effect (CM)
could not be observed. It must be resombered in this connection tbat the
roll cultures of embryonal brain tie-a* contained, in addition to the
parental fragments, primrily sprouttag neerites and cells resembling
fibroblasts, which must be classifia x as glia-supporting tissue. A CPS
possibly present in the nerve cells of the parental particles could not
be evaluated, although it is conceivable that reproduction had occurred
there. The neurites do not necessarnly show a WE vith sufficient
clarity; moreovart our present eajerience Eakes it likely that no re-
production takes place in the cells of the cerebral supporting tissue.

No CPS was observed in the following types of tissue under variable
conditions of culture: 1. Embryonal ouse liver, a) in roll cultures,
b) as a monolayer culture, of the first cell passage on plasm film in
Petri dishes, 2. embryonal muse kidney, a) in roll cultures, b) as
monolayer culture of the first cell pareage on plasma film in Petri
dishes, 3. mus* heart fibroblasts in roll cultures, 4. ewhryual

ou= #6%broAM ta of the first cell p&sasg in Petri dishes or Porter
flasks, growing directly on the glass, 5. ascitic cells of mouse
sarcom 37 (MS 37), growing directly on glass in upright tubes, 6. L
strain cells (Barle), ICTC 929, gowing on the glass of Porter flasks.

II. Adaptation of strain GD M11 to mouse fibroblasts.

Adaptation was made to embryonal muse fibroblasts of the first
cell passage grown on glas in Porter flask.. An inoculi'i of 4.10O5 MLDo
was used in the initial virus passage. After an adsorption period of
4 bowus sat.37C, the inoculum was drama off and fresh nutrient ms added.
No CPf usa observed four days later. The cells were scraped from the
glass wall and, together with the tissue culture sodium, were treated
with ultrasonics for 3 minutes. Inomlation of the second passage mua
carried out with 4 al of this suspension. Up to the 7th passage, in-
oculation, adsorption and incubation proceeded in the me manner; only
the destruction of cells we changed to rigorous shaking with gass .beads
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from the second passage on in order to avoid thermic inactivation during
exposure to ultrasonIcs. Starting with the 6th virus passage. destruction
of colls was followed by centrifugal rm-v,.l of coarse cell constituents

ft (10 min at 2,500 RPM). No cytopathogenic lesions were aeen up th this
instant. E&'h passage was accompanied by a test of pathogenicity forSanimals through intracerebral inoculation of 4 mice with undiluted culture
suspension. The results obtained bore 4ll be discussed later.

aacv ua culture or tim Sth virus passage was oonami•-•tw ._.a.
fun', we rot:iActed to a brain infecte• with the 7th culture passage (7/1),
which was subjected to renewed cerebrtl passage with addition of moronal
IWO; a 5% cerebral suepeasion of this passage me then used in further
inoculation of tissue cultures. Subsequent virus passages through tissue
culture occurred as described above. First signs of commncing CPS were
noted during the 9th virus passage (9/2). On the 3rd day after inocula-
tion there were isolated, circumscribed areas in which the cells had
assumed a round zhape; this degenerative manifestation increased on the
4th day; a portion of the cello separated from the glass wall. Nearly
identical changes were noted during the 10th virus passage (10/2). The
tissue culture used in the 11th virus pas=., (11/2) was marked by
particalarly dense cell growth; on the 3rd day after inoculation the
entire cellular film separated from the glass wall in large membranes
(in contrast to the ncn-inoculatea control culture), preventing the
evaluation of manifestations of cellular degeneration. The 12tj, virus
passage (12/2) revealed a distinct CPS of all cells two days after in-
oculation. The cells were rounded off and showed partial granular de-
composition. The nuclei wsre pycnotic; a large portion of cello
revealing this form of change separated from the glass wall (Fi&. 3 and 4).
Starting with this virus passage, all subsequent passages disclosed an
identical, typical CPE. Later, only the tissue culture medium was used
for passage of the virus.

Upon inoeulA.tion of r-=n 4on r culuWres in Petri aLshes with do-
creasing dilutions of tissue culture fluid, cytopathogenic changes
graduated in typical fashion were demnnstrated after superimposition of
agar, ranging from a confluent CPS to isolated plaques (Fig. 5).

It us noted occasionally during adaptation that the CPS initially
became weaker in the course of two passages, and then disappeared alto-
gethor. Hallauer (11) observed similar behavior during adaptation of
fowl cholera virus. In such cases a return was made to a passage,r usually the penultimate, which still had shown a distinct CPL. The
renewed passage presented no difficulties. The cause of this effect may
possibly be found in changeable cultural conditions. Even a slightly
excessive age of the utilized tissue culture or an alteration in the
composition of the medium had a marked influe, ce on the development of the
CPE and on viral yield.
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The described dIfficulties encountered in virus passage may be
ascribed to the fact (other Ihan the assumption of Inoonstant test con-
ditions) that the virus ha" 6dergone a genotypical or phenotypical
change. For this reason and in o-der to exclude the possibility that
the resultant adaptation only represented a phenotypical adaptation,
12 additional virus passagep were carried out in tissue culture after
the appearance of the first CPZ. A CPS appeared regularly on the 2d to
3rd day after inoculation in subsequent passages.

Plaque-purification of the adapted viral strain. As already indi-
•,;,. :•..,,. 5-,lonto o; 0wowaver cultures with an appronr.atp
viral dilution and vAbsequent superetratification with an apar mixture
produced clearly identifiable plaques (Fig. 5). The plaques were I
sharply delineated from their environment and showed an average diameter
of 3 M 4 days after inoculation. It wae noted occasionally that the
else of plaques within one Petri dish ws subject to fluctuation.
Attempts to isolate variants from them have had negative remslts until
now, sinme it could not be proved in this case that the siie of plaques
represents a hereditary property.

In the isolation of a plaque-purified virus strain, a cylinder was
cut from the area of a plaque with the aid of a glass pipette with an
Internal diameter of 1 m, resuspended and inoculation on new mono-
layers in lecreaving calutions. Only those plaques were chosen that
were at least 2 ca apart from naigtboring plaques. Whenever possible,
we used dishes that ocatanned only 1 or 2 plaques. Three successive
plaque passages were carried out in the manner indicated. This was
followed by a passage throuh Porter flasks with fluid nutrient for
enrichment of the virus.

Based on the number of passages in vitro and in vivo, the adapted
virus strain received the designation Theiler GO VII (26/?). Titration
of strain 26/2 in monolaypr tissue cultures showed 6.6.100 vfu/u_!
(plaque forming units).

UI. Charactorisation of the adapted virus strain.

The adapted strain differed from the original by a number of
properties, which are listed below.

a) Cyt-opathogenicitt in the tissue culture. Strain 26/2 of 7=
leads to the aforementioned CP in tissue cultures of embryonal mouse
fibroblasts and L strain cells, beginning on the let day, with regular
appearance on the 2d day after inoculation and completion on the 3rd day.
The cytopathogeriic lesions appear a little later on L strain cells and
are not as pronounced as in enbryonal mouse fibroblasts. Cultures of
other types of tissue were not examined.
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6) Behavior of strain 26/2 in animal tests. The adapted virus
revealed considerably attenuated pathogenicity for mice. Titer deter-
minstion by mans of intracerebral inoculation gave a value of
7.9-101 MD5(W per al tissue culture fluid. At a level of 6.6"106 pfu/ml
in the culture fluid, the attenuation of pathogeoicLty amounts to a
magnitude of 1:100,000.

It warn noted during experimental titer determination of strain
26/2 that mortality was not limited to high viral concentrations.
Greater dilutiOnL below LDso caused the death of relatively more animals
than in the case of unadapie4 virus.

The change in pathogenicity was also noticeable by a distinct
prolongation of the latent period. Fig. 6 shows the latent time in days
as a function of the viral dilution. The curve indicates that undiluted
culture fluid of strain 26/2 produces a latent period that is achieved
by uDadapted virus only in dilutions of about 1o-7. This fact again
points to differences in pathogenicity of a magnitude comparable to the
titer differences in vivo indicated above.

Aside from pathogenicity, the clinical picture has also changed.
As msntio-aed in Chapter I relative to the characterization of original
virus, the rate of paralysis is 4%. The adapted virus, on the other
hand, reveals a rate of paralysis of 50% in repeated controls. It is
particularly noteworthy that strain 26/2 usually induced a pure paralysis
without encephalitic symptoms, whereas the few cases of paralysis in
connection with unadapted virus were dominated by encephalitis. Finally,
the fact bears mentionin& that a few cases of paralytic affliction
induced by infection witii strain 26/2 gave evidence of healing of
defects, with permanent paresis of one extremity.

In the course of further characterization of the adapted strain's
pathogenicity, the results were compared with those of the unadApted
prsntýal at.raii. (.I. . i). A marked dirrerence was seen only in the case
of intracerebral and intraspinal mades of infection, The other paths of
inoculation produced no divergences.

c) Change in pathogenicity in the procese of adaptation. The
virus content of the various passages was determined in the course of
adaptation. At the sam time, the extent of changes in pathogenicity
was established by exazniation in vivo and in vitro. The reralts are
reflected in the schematic representation (Fig. 2).I Titer determinations in vitro. The determination of titer became
possible in vitro upon the appearance of the initial CPS. Table 2
depicts the results.

7II
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Titer determiuations in vivo. Virus passageb in tiseue cultures
were accompanied partly by spot checks for pathogenicity, partly by
titer determiamtions through intracerebral inoculation. The results are
listed in Table 3.

d) Demonstration of the presence of & genotypical eAaptation by
the interpolation of animal passages. In order to confirm the assumption
that the accomplished adaptation is so expression of change in the gemo-
type of the vinrs particle, we afforded th- virus an opportunity to
propasatz 160U.j hW. 4inAl environmental conditions.

1. interpolation of an animal passage. Proceeding from passage
14/2, marked by a content of i1i03 pfu/ul and an KiD5 0 of ].-4. 9 1/ml,
an animal passage was carr-ed out by intracerebrea. inocul.ation of
diluted (10-1) ti~sa culture fluid. The virus suspension obtained from
the brain of a mouse infected by this ino-ulum (14/3 G) was subjected to
2 successive passages throu*i tissue culture (15/3 and 16/3). The
titration of viral content in vitro is ahob in Table 4.

2. Interpolation of several animal passages. Starting point ws
passage 19/2, marked kW a viral conteat of 3.5-105 pfu/ml; pathogenicity
we determined from the mortalitT of 2 out of 4 inoculated animals
(concentration of inocuiua: 10-1). First, one animal passage (19/3 RM)
was accomplished through intracerebzal inoculation of diluted (1O1)
tissue fluid. The spinal cord of a mouse falling ill with limp paresis
of both hind 1-gs rs rcnoved *ad the viru.s (19/3 RX) in the form of a
2% tissue suspension was subjected to 2 successive tissue culturc
passages (20/3 and 21/3). These were followed by 7 successive animal
passages (21/4 EM to 21/10 RM). During this proess, the spinal cord of
a mouse showing signs of limp paresis of the hind leog was injected
Intracerebrally in every case in the form of a 2% suspension. The
results of tUter determnations of this test series are found in Table 5.

e) Neutralization test. The identification of the adapted virus
strain was accomplished by the neutralisation toot. Ubbits were
ismiuised with 6 injections of strain 26/2 over 2 months. Controls were
established with normal rabbit sema and with phosphate-buffered sline
(PBS). The sere were inbctivited for 30 .d1 at 56 0 C just prior to use.
It proved practioable to test diwinishitg viral concentrations at a
constant erun dilution of 1:8. Upon the action of strain 26/2 anti-
serum an unadpted parental virus for I hour at 37°C, intracerebral
inoculation of mice produced tho results listed in Table 6.

Investigation of the neutrali.iag erfect of anti-26/2 serum on the
virus of strain 26/2 in tissue cultures yielded results of the same
magriLtmde.
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Discussion.

The course of illness following iotracerebral infection of mice with
Theiler'e encephalomyelitis virus, strain GD VII (Tm4) corresponds both
clinically and pathulogic-anatom~cally to the picture of an infection with
polionyelitis virus. An extensive agreement of both clinical pictures is
noted also in rarely occurring spontaneous cases. The particles of both
viruses reveal similarities with respect to size and structure (Melnick
12). Theiler ass Gard (2) have therefore proposed TEM as a model for
studies in the field of poliomyelitis. Limitations are imposed, however,
by differences in antibody formation (Potts 22) and infectivity to the
extent that TEM is transmissible almost exclusively by intracerebral or
intraspinal inoculation. There are isolated reports of encephalo-
myelitides following intranasal, intraperitoneal or intramuscular
inoculation with extremely hi& dosages (Theilar and Gard 2, Gildemeister
and Ahlfeld 13). Peroral inoculations usually did not produce eyaptoMs
of central nervous system affection (Olitsky 4, H. v. Magnus 14,15).
The TEM strain used here (GD VII) showed a high pathogenicity upon intra-
spinal and intracerebral inoculation; in sp1te of instillation of high
viral dosages, intramascular inoculation produced only one ease of
paralysis. Other routes of inoculation failed to induce pathogenicity.
Rustigian (16) produced symptoms at the rate of 100% by intramuscular
inoculation, and Thailer and Gard (2) observed paralyses after intra-
peritoneal i.nfection. The rate of paralysis represented another
deviation from references found in the literature. Whereas Theiler (1)
described a preponderance of paralyses and Rustigian (16) listed 29%,
we noted them in only 4% of the cases, The duration of latency was
dependent on the dosage, in agreement with Card (10). The viral content
of the brain substance corresponded to values found by Rustigian (16),
Gard (10) and Theiler (1,2). Dependence upon the route of inoculation
suggests that TEM is a strictly neurotropic virus. This assumption is
suppvrted by the fact that TEK cannot be ffrown II Vitre on I- I - -

extraneural tissue, where divergence from poliomyelitis virus is
particularly characterized by the circumstance that no reproduction and
no CPS can be achieved on monolayer cultures of mouse kidneys without
prolonged adaptation (Falke 17). As we were able to demonstrate, neither
a CP3 nor propagation was attainable on liver, kidney, embryonal fibro-
blasts, L strain cells or tumor cells (MS 37). In vitro propagation of
TEM in mouse ependymoma cells, as obserned by Pearson (18), is contrasted
with aforesaid findings to the extent that the resultant viral yield ws
small and no CPE appeared (personal communication). Studies by Franklin,
Wecker and Henry (19,20) of a mouse encephalomyelisis virus not further
characterized, showed a primary CPE on L strain cells and infectivity
upon sutcutaneous inoculaUion; the question whether this virus is
identical with Theiler's strain remains unrwesolvec. We were able to
demonstrate reproduclion only in roll citures of ombryoutAl mouse brain,
with a relatively low yield of virus. The GD VII strain used by us
revealed divergences from the pathogenicity described by Theiler and
Gard (1,2), as already noted. It is possible that an encephalitogenic
variant has developed due to numerous brain passages carried out in the
meantime (Kearney 21).

9
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The indicated findings relative to pathogenicity and tropism point
to a special positioax of TEK virus. From this viewpoint it would be of
particular interest to investigate the behavior of this virus after
adaptation to homologous, extraneural tissue. Based on the experiences
of Burnet (25), Sabin (23,24) and Hallauer (11), the adaptation of strain
GD VII to embryonal muse fibroblasts was accomplished from the start in
the form of "rapid passages." The execution of passages in rapid
succession, with a high inoculum, caused the first appearance of a CPR
after the 9th passage in vitro, a regular CPS after the 12th passage.
Following the 22nd passage, the virus was subjected to three successive
plaque purifications and enriched by an additional passage. The adapted
virus strain, designated "26/2", was characterised by high pathogenicity
for so e 1 broblasts and .ave & corresponding tissue cult-re titar- of
6.6lO 0 pfuml. The morphological changes effected by stra.,n 26/2 in
tissue cultures ins ompletely identical with the CPS evoked by polio-
m•elitis virus. Adaptation was accomeptire: -bV attenuation of patho-
genicity for animls upon intracerebriL and intraspinal inoculation,
amounting to 1:100,000; pathogenicity remained unchanged in connection
with other routes of inoculation. The altered pathogenicity was further
characterised by an increase in tk'e rate of paralysis from 4 to 50%, a
peculiarity already observed by Rustigian (16) during the adaptation of
Theiler virus to egs. An additional factor speaking for the attenuation
of pathogenicity uas given by prolongation of latency.

Occasional occurrence of defect restitution following intracerebral
inoculation with strain 26/2 represents another proof of attenuation.
Sabin (23) observed a few cases with mild clinical symptoms or only
histologically demonstrable affection of the spinal cord, without
paralysis, after inoculation of nonkeys with attenuated poliosyelitis
strains. These findings led to tUe conclusion that the attenuated virus,
having induced a local infection of the spinal cord, was unable to
spread, and the disease process was limited to such an extent that no
clinical symptoms could appear.

A closer examination of the individual . Japtive stages determined
that the ;ntent of plaque-forming units remained quite constant from
the 11th to the 26th tissue culture passage, with one exception of
unexplained origin.

The characteristic pathogecicity of TM, expressed, mosg others,
by the strict neurotropy, gave rise to questions about the behavior of
these properties during the courte of adaptation to homologous, extra-
neural tissue. The concept that the adaptation of virus to heterologous
tissue is due to the selection of a variant with poor chances of
survival in th. previous host, readily explains why the resultant
variants reveal diffsrences ir the host spectrum and, consequently,'
attenuations in patiAgenicity. Aj was demonstrated,, daptation to a
homologous, mesenehymal tissue aiso led to reduction in pathogaeidtcr,
without the existence of species-speciic genetic structural variations

10
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in the host. Despite the uewly acquired properties of pathogeni cityfor mesenchymal tissue, the use of different, routes of inoculatiu. !

including the arterial, failed to effect an infection of the central
nervous system. It seem that the penetration of the hemal-cerebr,-
barrier is of decisive significance (Bodian 26). As a supplemental
factor, it should be noted that the residuai neuro-pathogenicity of
strain 26/2 in the utilized dosages wes sufficiently great to zwk, an
affection of the central nervous system visible. 3sain (23) achieved
attenuation of the pathogenicity cf polionielitis virus by continuous _
passages through kidney cultures of Cynosolgus monkeys. Considering
the fact that the utLlized polio strains were highly v rulant for
Cynomolgus monkeys, it follows that the attenuated variants had aain

developed on hosolop'us tissue. Enders, Weller and Robbins (27)
isolated an avirulent polio variant by cultivation on extraneural, -

human tissue.

When the adapted virus was subjected to several successiye cerebral
passages, it was shown that the properties newly acquired in the tissue
culture were retained even under the original environmental conditions.
Both this fact and the cytopathogenic effect suddenly arising after 9
blind passages support the assumption of a genotypical adaptation. The
changed reactive norm of the genotype could be due to a previously
extant mutant, a mutant accidentally developed during adaptation, or
to segregation.
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