BrUNHILDE PoLroMyELITIS VIRUS IN MICE

logical sections of the CNS revealed no path-
ological changes.

In a subsequent experiment meningo-
encephalomyelitis was produced in rats sub-
stituting spinal cord of guinea pigs for homo-
logous 'spinal cord.

Summary. The introduction of homologous
spinal cord in a water-in-paraffin oil emulsion
containing killed tubercle bacilli into the skin
of the albino rat produces mononuclear
meningo-encephalomyelitis,. The symptoms
and pathological changes in the CNS and at
the site of injection are similar to those found
in the guinea pig.
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Dick reported that type 1 (Brunhilde)
poliomyelitis virus in the form of monkey
central nervous system tissue inoculated into
a variety of rodents could be recovered from
their brains at least for 10 days from the time
of cerebral inoculation(1). No adaptation of
this virus to rodents occurred despite his em-
ployment of the method of alternating passage
between rhesus monkeys and rodents and
passage from rodent to rodent. There was
neither clinical nor histological evidence of
disease in the rodent hosts studied. It was
stated ‘‘this is highly suggestive that no
multiplication had occurred in the brains of
these animals.”

This interesting phenomenon was explored
as part of a study in this laboratory on polio-
myelitis virus-host adaptation. The purposes
of this report are to confirm Dick’s findings in
murine brain and also a) to indicate recovery
of virus at a site distant to the site of inocula-

* Aided by a grant from the National Foundation
for Infantile Paralysis.

tion namely the spinal cord, b) to identify
the virus recovered as type 1 virus which had
not undergone detectable immunological alter-
ation, and c) to indicate that the biological
state of the virus was not such as to interfere
with the propagation of a mouse adapted type
2 (Lansing) poliomyelitis virus in such mice.

Materials and methods. Type 1 (Brun-
hilde) poliomyelitis virus was utilized in the
form of a 20% suspension of spinal cord en-
largements of monkeys sacrificed at the height
of paralysis following thalamic inoculation.
This virus pool yielded a titer of 1054 in
monkeys. The mouse adapted type 2 (Lans-
ing) poliomyelitis virus was an aliquot of a
pool of infected mouse brains. The number
of previous mouse passages approximates 250;
average titers of 1026 are observed with
intracerebral inoculation of 0.03 ml in young
adult mice. Swiss mice of Harlan stock were
utilized in all the observations herein reported.
Roller-tube tissue-cultures were utilized for
the isolation and identification of poliomyelitis
virus. Monkey testicle(2) was used as tissue
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source for fibroblasts and the cytopathogenic
effect described by Robbins ef al.(3) utilized
as an indicator for the presence of poliomye-
litis virus. The type 1 (Brunhilde) antiserum
used was obtained from monkeys hyperim-
munized with the prototype Brunhilde virus.
Such serum has not thus far revealed a com-
mon antigen among the 3 immunological types
of poliomyelitis virus(4). These tests for
presence and neutralization of virus were
qualitative. Quantitative studies are in prog-
ress and will be reported.

Experimental. A. Inoculation of mice with
unadapted tvpe 1 (Brunhilde) poliomyelitis
virus. Twelve mice were inoculated intracere-
brally with 0.03 ml of 2 20% suspension of the
type 1 virus. Five days later the brains of six
mice were removed and frozen; the spinal
cords of these animals were then removed
and frozen. Ten days following inoculation
the remaining animals were sacrificed and
their brains and spinal cords also frozen
separately. The following day the mouse
tissues were thawed and 3% saline suspensions
of brains and 20% suspensions of spinal cords
prepared and inoculated into tissue-cultures.

B. Recovery and identification of virus in
tissue culture. The suspensions of brains and
of spinal cords of the 5-day and 10-day groups
of mice were kept separate. Culture tubes
containing actively growing fibroblasts of
monkey testicular fragments were inoculated
either with 0.4 ml or 0.1 ml of the respective
suspensions. No appreciable difference was
noted with the size of inoculum. Uninocu-
lated culture tubes were kept as tissue controls
and the same type 1 (Brunhilde) poliomyelitis
virus in the form of monkey spinal cord tissue
used in mice inoculated separately into other
roller-tubes. Nine days following inoculation,
beginning cytopathogenic effect was noted in
the tubes under test as well as in the tubes
inoculated with 209 suspension of tvpe 1
(Brunhilde) virus. By 13 days following in-
oculation the cytopathogenic effect was dis-
tinct in all tubes under test and was most
pronounced in the tubes inoculated with the
suspensions of mouse spinal cords. Individual
culture fluids were collected separately. In
each of the 4 test situations (brains and spinal
cords separately at the 2 stated intervals), it
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was observed that the virus recovered from
the mice had not undergone detectable im-
munological alteration as indicated by the fact
that the cytopathogenic effect produced was
specifically inhibited by the type 1 antiserum.
In other tissue-culture tests such serum inhib-
ited the cytopathogenic effects of homotypic
type 1 (Mahoney) virus.

C. Failure to demonstrate interference in
mice harboring tvpe 1 (Brunhilde) virus in
their central nervous system. Two groups of
mice (40 in each) were inoculated intracere-
brally with 0.03 ml of the type 1 (Brunhilde)
poliomyelitis virus as before. Two similar
groups were so inoculated with 20% suspen-
sion of normal monkey spinal cord. Five days
and 10 days later respective test and control
groups were inoculated intracerebrally with 16
LD, of the mouse adapted type 2 (Lansing)
poliomyelitis virus. No significant differences
as regards time of onset or incidence of paraly-
sis were observed.

Discussion. That type 1 (Brunhilde) polio-
myelitis virus which is unadapted for murine
brain can be recovered from the site inocu-
lated and from a distant site in the mouse
spinal cord suggests that the phenomenon de-
scribed by Dick involves circumstances other
than passive persistence of a depot of virus.
The sequential fate in mice of intracerebral
inocula of living agents whether adapted or
not is not entirely clear. Schlesinger(5) has
observed that only 3 to 109% of western
equine encephalomyelitis virus can be recov-
ered from mouse brain one hour after intra-
cerebral inoculation. This is not due to
physical leakage around the inoculation site.
Cairns(6) observed a similar situation in
studying the fate of intracerebrally inoculated
bacteriophage in mice even with inocula as
small as 0.005 ml delivered by a micrometer-
screw syringe. The recovery from spinal cords
of the type 1 poliomyelitis virus inoculated
into mouse brains indicated that the virus did
not merely persist in a dormant fashion at the
inoculation site.

The terms ‘“‘adaptation” and ‘“host-range”
are relative. Formerly it was considered that
only type 2 poliomyelitis virus strains could
be successfully propagated in mouse brains.
Recently type 3 poliomyelitis virus(7) has
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been shown capable of propagation in mice.
Quantitative studies may indicate whether
modified growth cycles of “unadapted” type
1 poliomyelitis virus do in fact occur in the
mouse brain. Infectivity for neither monkey
nor tissue-culture fibroblasts is lost in the
process.

There was failure to demonstrate interfer-
ence in brains of mice between type 1 virus
and mouse-adapted type 2 virus in the dosages
and time intervals herein reported. When
incomplete growth cycles of “unadapted” in-
fluenza virus occur in mouse brain(8) a
variety of effects including interference with
wholly unrelated viruses(9) may be demon-
strated. Failure to demonstrate interference
in our experiments is in harmony with pre-
vious findings of one of us(10) in which it was
shown under the conditions therein emploved
that interference could mot be demonstrated
between type 2 (Lansing) virus and fecal and
spinal cord materials subsequently(4) shown
to be immunologically distinct type 1 viruses.
It was also found that two immunologically
related type 2 strains, i.e., M.V. which is
“unadapted” for mice and Lansing virus failed
to exhibit interference.

Conclusions. Unadapted type 1 (Brun-
hilde) poliomyelitis virus inoculated intracere-
brally in mice can be recovered 5 days and 10
days subsequently from the spinal cord of such
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mice as well as from their brains. Such virus
does not appear to have undergone im-
munologic alteration and is neutralized by a
type 1 (Brunhilde) monkey antiserum. The
biological state of this unadapted virus in the
central nervous system of the mice is such that
it does not interfere with the propagation of
mouse adapted type 2 (Lansing) poliomyelitis
in such mice. It is suggested that the phe-
nomenon may represent circumstances other
than mere passive persistence of virus in the
recipient mouse brain.
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Recent studies(1,6) on the purification of
Vi antigen from Escherichia coli required a
rapid quantitative method for determining
the antigen content of extracts and partially
purified fractions. Since serological assays
were tedious and quantitatively uncertain, a
turbidimetric method was devised which took
advantage of the propensity of acidic muco-
polysaccharides and similar lyophils to form
fine flocculent suspensions with albumin at

low pH. This is analogous to the turbidi-
metric assay of hyaluronic acid reported by
Kass and Seastone(2) and others(3,4). Al-
though the exact chemical nature of this
antigen has not yet been ascertained, its acidic
nature, high molecular weight, and good cor-
relation between the specific preciptin titers
and the optical densities suggested the use of
turbidity measurements as a quantitative
measure of the antigen.



