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proteins showed appreciable radioactivity.
From the hydrolysate of the radioactive pro-
teins cystine and methionine were separated
on chromatograms, and eluted. Both cystine

Relative Resistance of Newborn Mice to Poliomyelitis Virus.*

PorromveLITls VIRUS IN NEWBORN MICE

and methionine contained radioactive sulfur
in appreciable amounts.
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The present study was begun with the hope
that propagation of the Lansing strain of
poliomyelitis virus in newborn mice might
vield material with higher virus titers. It
appeared probable that this might be achieved,
because repeated observations in this labora-
tory(1) indicated that when the mouse-adap-
ted Hawaii dengue virus, which also produces
flaccid paralysis in intracerebrally inoculated
mice, is injected in suckling mice less than
one week old, the infected brain suspensions
usually have virus titers, which are approxi-
mately 100 times greater than those obtained
from brains of mice inoculated at 2 weeks of
age or older. However, a preliminary test
carried out with the Lansing virus suggested
that the newborn mice may be more resistant
that the older animals. Since this observa-
tion was not in accord with the recorded
properties of all other neurotropic viruses in
mice(2:3,4), as systematic study was carried
out on larger numbers of animals to elucidate
this unexpected behavior of poliomyelitis
virus.

Methods. The albino mice used in these
tests were obtained from a Cincinnati dealer,
who could not be certain of their genetic origin
or composition except that they were probably

* Aided by a grant from The National Founda-
tion for Infantile Paralysis, Inc.
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“Swiss™ mice. Pregnant females obtained from
the dealer several days before expected deliv-
ery of young, were placed in separate boxes
and the birth of new litters was noted twice
daily. Mice were not used on the day of birth.
All the tests were carried out during the
months of June, July and August, 1948, when
the temperature in the animal quarters was
not infrequently 90 to 100°F. Following in-
oculation the suckling mice were returned to
their mothers, and each family was observed
separately. The virus consisted of a large lot.
of 10% centrifuged mouse brain suspension in
saline, aliquots of which were distributed in
sealed glass ampules which were maintained
in the frozen state in a “dry ice” storage box;
it represented the 203rd mouse brain passage
and had an LD;, of 1 x 1037 for the 0.03
ml dose. Since only 0.01 ml was inoculated
intracerebrally in the suckling mice, the dose
for the older mice, used for control in each
test, was also 0.01 ml. The inoculations were
carried out without anaesthesia.

Results. When 0.01 ml of the 10 virus
suspension, containing approximately 170
LDso (based on titration in mature mice using
0.03 ml doses), was inoculated intracerebrally
in mice of different ages, the significant dif-
ference between the newborn and older mice
was in the length of the incubation period
(Table 1) and in the survival time after onset
of paralysis (Table IT). With regard to pro-
longation of the incubation period, there was
no apparent difference between suckling mice
tested 1, 2 or 3 days after birth, it was still
definite but progressively less marked in those
tested at 4 to 7 days, while at 15 days after
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RELATIVE RESISTANGE OF NEWBORN MICE TO POLIOMYELITIS VIRUS (LANSING)
0.01 ml. OF INDICATED DILUTION OF SAME LOT OF VIRUS INTRACEREBRALLY
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to permit significant deductions. With regard
to prolongation of survival time after onset
of paralysis, it was noted that the determining
factor was not the age of the mouse at the
time of inoculation but rather its age at the
time paralysis first appeared. Inspection of
the protocols indicated that the critical period
was around 14 days after birth. Mice becom-
ing paralyzed during the first 14 days of life
generally (61% of 71 mice) survived 3 or
more days, and survival times of 5 to 9 days
were not unusual (27%). However, when the
incubation periods were prolonged beyond
15 days of age the survival time pattern among
the remaining litter mates approached that
observed among the older weaned animals
(Table II).

When the inoculum was reduced to 0.01 ml
of the 102 and 10® dilutions of virus, the

difference was not only in the prolongation of
the incubation period but also in the larger
number of survivors without paralysis among
the 1- to 3-day-old suckling mice Fig. 1).
These mice were observed for 70 days after in-
oculation without any change in the results
shown in Fig. 1 for the first 35 days. Calcula-
tion of the LDjo on the basis of the data for
the 0.01 ml dose, shown in Fig. 1, yields a
value of 10167 for the 1- to 3-day-old mice
and a minimum estimated value of 1 x 10-2-64
for the 3- to 5-week-old mice; it should be re-
called, however, that a complete titration of
this virus preparation in older mice, includ-
ing the 10* and 105 doses, yielded an LDj
of 1 x 10%7 for the 0.03 ml dose, with an
estimated LDso of 1 x 1082 for the 0.01 ml
dose. Thus, the minimal virus inoculum re-
quired to produce the disease was 10 to 30



PoriomYELITIS VIRUS IN NEWBORN MICE

397

TABLE III.
Level of Virus Multiplication in Suckling and Older Mice at Onset of Paralysis.

Titration of suspension of spinal cords and brain stems

— .
No. of mice succumbed in 35 days after
inoculation with indicated dilution

Ageat  Days after
inoculation, inoculation

N\

days  paralyzed No.mice 10-1 102 108 104 105 LDy,
2 11 4 10710 10/10 7710 1710 0/10 3.3
28-35 1011 4 10710 8/10 6710  3/10 1710 3.3
TABLE IV.

Effect of Intracerebral Injection of Lansing Virus on Suckling and Mature Mice of ¢‘C-57
Black’’ Strain 0.01 ml of 10-1 Virus.

3 days old 5 days old 4-6 weeks old
Days after inoculation Days after inoculation Days after inoculation
Mouse No. Paralyzed  Dead Paralyzed  Dead Paralyzed  Dead
1 8 11 3 11 4 6
2 8 13 3 11 5 6
3 9 14 3 11 — 6
4 —_ 10 9 12 6 7
5 10 12 — 12 — 7
6 10 13 16 18 7 9
7 10 14 — 8
8 11 15 9 16
9 14 16 9 11
10 10 11
11 11 12
12 11 12
13 — 12
14 13 14
15 16 17
16 42 43
17 —  survived 60
Mean survival time
after onset of
paralysis 3.5 days 5.8 days 1.2 days

times greater for the 1 to 3-day than for the
21- to 35-day-old mice,

Level of Virus Multiplication at Onset of
Paralysis in Suckling and Older Mice. The
available data did not indicate whether the
extent to which the virus had to multiply for
the production of paralysis was greater or
smaller in sucklings than in older mice. Ac-
cordingly ( 4 mice, which were inoculated with
0.01 ml of 107 virus at 2 days of age, were
sacrificed at the first appearance of paralysis
13 days after birth, and a pool of their spinal
cords and brain stems was titered for virus
content. On the same day were also sacrificed
4 moribund mice, which were 4 to 5 weeks
old at the time of inoculation with the same
dose of virus; 3 of these also had an incuba-
tion period of 11 days and one of 10 days,

and a pool of their spinal cords and brain
stems was titered simultaneously with that:
obtained from the suckling mice. The results
shown in Table III indicate that at onset of
paralysis, the level of virus multiplication was.
the same in suckling and older mice. Thus the
greater survival time after onset of paralysis
would appear to depend on factors other than
the level of viral multiplication in the spinal
cord and brain stem.

Behavior of Lansing Virus in Sucklings of
Other Genetic Strains of Mice. Small num-
bers of “W-Swiss” suckling mice, derived from
mothers bred in this laboratory or from
“CFW?” pregnant females sent by Carworth
Farms, exhibited the same type of resistance
as the albino mice used in the tests described
above. The results obtained with “C-57
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TABLE V.
Immunity of Mice Surviving Previous Intracerebral Inoculation of Lansing Virus.
Challenge Dose — 100 LD, Intracerebrally.

% paralyzed or dead on indicated day

' N (4
Previous inoculation No. tested 7 14 21 32 resigtant
During 1st week of life 24 62.5 62,5 75.0 75.0 25.0
After 2nd ?»? 7 ¥ 12 33.3 33.3 41.7 50.0- 50.0
Total 36 52.8 52.8 63.9 66.7 33.3
None—mothers of above 43 60.0 81.4 88.4 90.7 9.3
’? —mew ‘‘old’’ controls 24 71.0 96.0 100.0 —_— 0

Black” mice, bred in this laboratory from
Jackson Memorial stock, are shown in Table
IV, Although the number of mice is too
small for a significant comparison of incuba-
tion periods, the difference in survival time
after onset of paralysis is very marked and
similar to that observed in the suckling and
older albino mice.

Immunity of Mice Unaffected by Previous
Intracerebral Inoculation. The purpose of
this test was to determine whether the mice
which were unaffected by an intracerebral
inoculation of 10! Lansing virus during the
first week of life may have experienced an
inapparent infection leading to resistance to
further inoculations of virus. Twenty-four
such mice were reinoculated with approxi-
mately 100 LDj of virus 35 to 80 days after
the initial injection. Twelve unaffected, sur-
viving mice, which received their first inocu-
lation at 15 to 35 days of age, were reinocu-
lated as a check on the results which might
be obtained with the first group. The mothers
of the above survivors and older mice, weigh-
ing approximately 30 g and not previously
exposed to inoculated animals, served as con-
trols for the activity of the virus in mice of
more advanced age. The results shown in
Table V indicate that 75% of the 24 mice,
which resisted a primary inoculation during
the first week of life, succumbed to the second
inoculation of virus, strongly suggesting that
the first inoculation was not followed by in-
apparent infection. The survival of 25%
of these mice and of 50% of the 12 which
had the primary inoculation at 15 to 35 days
of age, probably is significant by comparison
with the previously uninoculated controls.

However, it may only mean that the survivors
represent a selected group, which regardless of
age require a larger inoculum to initiate infec-
tion. Since there was no evidence of inap-
parent infection in the newborn mice, it may
be justifiable to conclude that larger amounts
of poliomyelitis virus are required to initiate
multiplication in their tissues than in those of
adult mice.

Discussion. 'The present data for polio-
myelitis virus may be compared with the intra-
cerebral titrations of 9 other neurotropic vi-
ruses carried out simultaneously in 3-day
and 28-day-old mice by Lennette and Kop-
rowski(4). They found that the minimal
amount of virus which had to be inoculated to
produce the clinically apparent disease was
either the same or smaller for the 3-day than
for the 28-day-old mice. Casals(3) showed
that approximately 100 times more rabies
virus had to be injected intracerebrally to pro-
duce the disease in full grown than in 7-day-
old mice. Incubation periods have also been
found to be shorter in very young mice intra-
cerebrally inoculated with other neurotropic
viruses(2). Thus far, poliomyelitis virus
would appear to be unique in its capacity to
multiply more readily and rapidly in the
nervous system of older mice. This would
suggest that multiplication of poliomyelitis
virus in mice may require some factor or
metabolic pathway which is different from the
other neurotropic viruses studied thus far.
Pinto(5) found that while peripherally inocu-
lated Lansing virus was equally without effect
in suckling and older mice, it invaded the

5. Pinto, M. R., Am. J. Hyg., 1948, v48, 361.
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central nervous system more readily in suck-
ling than in older cotton rats. Although it is
possible that the virus may behave differently
in newborn cotton rats and mice, it is also
possible that invasiveness from peripheral
sites and multiplication within the central
nervous system may depend on different
mechanisms. It is perhaps noteworthy, in
this respect, that it is generally agreed that
poliomyelitis infection in human beings more
commonly produces severe clinical disease in
older individuals than in very young children,
past the age of possible protection by placen-
tally transmitted antibody.

Summary. The Lansing strain of poliomy-
elitis virus, unlike other neurotropic viruses
in mice, produced the disease more readily
and rapidly in mature mice than in newborn
animals. The relative resistance of the new-
born manifested itself by prolonged incubation
periods and survival times after onset of
paralysis in those inoculated with larger
amounts of virus (170 LDs,), and by a failure
to develop the disease following the intracere-
bral inoculation of smaller amounts (2-17
LDs). The prolongation in incubation period
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was most marked in mice inoculated at 1, 2
and 3 days of age, was still definite but pro-
gressively less marked in those tested at 4 to
7 days of age, while suckling mice inoculated
at 15 days of age exhibited incubation periods
almost identical in their distribution with
those of weaned, 21 to 35-day-old mice. The
amount of intracerebrally inoculated virus re-
quired to initiate infection in newborn mice
1 to 3 days of age was 10 to 30 times greater
than in 21- to 35-day-old mice. Although the
incubation period was markedly prolonged in
the newborn mice, the level of virus multipli-
cation attained at the onset of paralysis was
the same in the suckling as in the older mice.
Mice becoming paralyzed during the first 14
days of life survived much longer (61% for 3
to 9 days) than the litter mates whose incuba~
tion periods were prolonged beyond 15 days
of age (12% for 3 to 5 days). There was
no evidence of inapparent infection in mice
inoculated during the first week of life or
subsequently, since the majority of surviving
mice succumbed to a second inoculation of
virus 35 to 80 days later.
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Conditioning, Through Stress, of the Action of Corticoids on Lymphoid
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In vitro experiments concerning the action
of corticoids on lymphocytes are at present
inconclusive. While numerous investigators
have suggested that gluco-corticoids have
cytotoxic effects on lymphoid cells in vitro
(1,2,3,7), other workers have found that total

* This work has been subsidized by a grant from
the National Cancer Institute of Canada.
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cortical extracts did not show this lympholytic
action(4,5). ‘The recent experiments of
Hechter and Johnson(6) can perhaps explain
the different effects of corticoids in vitro and
in vivo on lymphoid cells. These investigators.
have found that total cortical extract is an
effective - lympholytic agent in vitro only in
the presence of homogenates of lymphoid tis-
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