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for the Different Temperature-Sensitive Viruses Derived from the Sabin Type 3 Virus
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We have studied methods for testing the neurovirulence of live poliovaccine viruses by intraspinal inoculation inte mice
carrying the human poliovirus receptor gene {Tg mice). A comparison of the neurovirulence of Sabin type 3 vaccine virus
and related viruses using the 50% paralysis dose determined after intraspinal inoculation into the Tg mice as an index
revealed a close correlation between the results of the paralysis dose in Tg mice, the neurovirulence expressed by the
histopatholegica! lesion score in monkeys, and the temperature sensitivity of the viruses. The results of experiments in the
Tg mice also showed a good correlation with the number of mutations at position 472 from U to C in the 5’ noncoding
region in the genomes of the viruses tested. These results strongly suggest that the neurovirulence test for oral poliomyelitis
vaccine using the Tg mice is an excellent method and may be used in place of the test using monkeys. © 1995 Academic

Press, tnc.

INTRODUCTION

Oral poliomyelitis vaccine (OPV) is one of the safest
and most effective vaccines used in humans, as shown
by the successfut eradication of paralylic cases caused
by wild virulent viruses in many developed countries
(WHO Weekly Epidemiol. Rec., 1994). However, it is ironic
that about one vaccine-associated case appears in about
every 2,600,000 doses of OPV used in countries where
the wild viruses have been eradicated (Prevots et al,
1994), 1t is not clear why such cases occur. One possibil-
ity is that revertants derived from vaccine viruses during
proliferation in the human gut may be responsible, the
thought of which naturally has caused concern for some
time regarding the use of OPV (Melnick, 1978). Recent
progress in genetic technology has shown that viruses
undergo changes at the gene fevel during protiferation
in the human gut and also show increased neuroviru-
tence. This is partictlarly so with the Sabhin type 3 virus.
There are 10- or 12-base point mutations in the virus
genome between the Sabin type 3 strain and the parent
virulent strain, Leon (Stanway et al, 1984; Toyoda et al,
1084 Tatem et g/, 1991). Evans et 5/ (1984) and Chuma-
kov et af. {1992) reported that position 472 in the &' non-
coding region in these point mutations closely correlates
to neurovirulence in monkeys.

The neurovirulence test {NVT) in monkeys (WHO, 1980)
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requires special techniques and experience, and the
monkeys used are expensive and a limited resource.
Unlike small laboratory animals, monkeys show individ-
ual differences which sometimes may cause discrepanc-
ies in experimental results. Monkeys are also a reservoir
of hazardous microorganisms, which presenis a danger
to those handling these animals. There are thus many
problems involved in the use of monkeys.

For these reasons, if a simple, highly reliable NVT
can be established in place ¢f the current NVT using
monkeys, such a development would have distinct ad-
vantages, namely, in the safety test performed on OPV
and alsc with respect to the surveillance of polioviruses,
which is indispensable in the task of eradicating poliomy-
elitis throughout the world. We feel the use of the NVT
in mice instead of monkeys would assist in achieving
this objective.

The potiovirus-sensitive transgenic mouse carrying the
human poliovirus receptor {PVR} gene {Tg mouse), which
was developed by Koike et a/. {1891, 1994), has been
studied with the aim of establishing such a new NVT.
There are four lines of the Tg mouse, ICR-PVRTg1, ICR-
PVRTgh, B10-PVRTg8, and ICR-PVRTg21. Varying sus-
ceptibility of the Tg mouse lines to policvirus are depen-
dent on the copy number of the PVR transgene and the
level of PVR mRNA and celi-membrang-associated PVR
protein in the central nervous system of the mause lines.
in preliminary tests the descending order of sensitivity
of these mouse lines to type 1 viruient virus, Mahoney
strain, was shown to be ICR-PVRTg1, B10-PVRTg8, ICR-
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PVRTg21, and ICR-PVRTg5. ICR-PVRTg1 mice were incc-
ulated with attenuated virus, Sabin type 1, by various
routes: orally, intraperitoneally, intravenously, subcutane-
ously, intramuscularly, and intracerebrally. The resuits
indicated that these routes of inoculation were unsatis-
factory for testing vaccine viruses because they all
showed an inadequate level of sensitivity (Horie et af,
1994). As a result, the intraspinal inoculation method
used in the NVT in monkeys was modified and tried in
Tg mice. The sensitivity of [CR-PVRTg1 mice to the Sabin
type 1 virus was so high that paralysis occurred following
inoculation with very small amounts of virus. Thus, it was
concluded that the ICR-PVYRTg1 mice were unsuitable for
evaluating the neurovirulence levels of type 1 vaccine
viruses. Therefore, we chose to use ICR-PVRTg21 mice
for the test. The results of the experiments by intraspinal
incculation of Sabin type 1 viruses using these mice
showed good correlation with the histopatholagical le-
sion scores of the NVT in monkeys (Abe ef a/, 1995).
Furthermore, histopatheological lesions in the central ner-
vous systemn could be observed in all of the mice with
paralysis. Accordingly, it was decided to test the neuro-
virulence of polioviruses in ICR-PVRTg21 mice.

In the present study, the NVT was performed with vari-
ous type 3 viruses derived from the Sabin type 3 virus
in 1Q-PVYRTg21 mice by intraspinal inoculation. These
results were compared with the results of the NVT per-
formed using monkeys, the temperature sensitivity test,
reproductive capacity at different temperature tests {rct
marker tests), and mutation analysis using the polymar-
ase chain reaction and restriction enzyme cleavage
method.

MATERIALS AND METHODS
Viruses

The viruses used in the present study were derived
from the Sabin type 3 virus strain (Sabin et af, 1973)
except for a virulent strain. As reference strains having
the standard biological properties of the vaccine virus,
we used the WHO reference virus (Sabin type 3 Beh-
ringwerke AG, SO + 2) and F313, a Sabin type 3 refer-
ence virus prepared in Japan (SO + 8, ircluding two
plague clonings). To obtain a virus with a higher attenu-
ated phenotype, a clone was selected by plaque cloning
twice from the Sabin type 3 virus {SO + 2} as an index of
the temperature sensitivity. PV3-WV (SO + 10, including
three plague clonings and two limiting dilution cultures
with monkey kidney cells), showing a lower virulence
than the reference viruses, was also used. Mixed virus
suspensions of F313 and PV3-WV at ratios of 1:29 and
10:90 were prepared and were studied to determine
whether the theoretical properties at the ratios prepared
were accurately reflected in the results obtained from
determining temperature sensitivity and from the NVT
using animals.

Serial passage of F313 in primary African green mon-

key kidney cells at 38° was performed to obtain a virus
with higher neurovirulence and lower temperature sensi-
tivity than F313. The second (F313-38/2) and fourth (F313-
38/4) passages were discovered to show marked differ-
ences in temperature sensitivity from F313 and were
used in the experiments presented here.

The Suwa strain was isoiated from a paralytic polioc
patient in Japan. The isclate showed evidence in in vitro
marker tests of being a more virulent phenotype than the
Saukett strain (data not shown).

Tg mice

To achieve a steady and reliable supply of mice with
uniform genetic backgrounds for use in poliovirus testing,
the PVR gene of ICR-PVRTg21 (homozygote) was intro-
duced into the inbred 1QI mouse-line-derived ICR line.
{QI-PVRTg21 {heterozygote) (Tg21) mice which were ob-
tained after successive back-crosses to QI line (Hioki
et al, 1993) were used in this study. The Tg21 line has
been maintained under specific-pathogen-free condi-
tions at the Central Institute for Experimental Animals.
These mice showed no significant differences in sensitiv-
ity to the polioviruses by intraspinal inoculation com-
pared 1o the results obtained using the ICR-PVRTg21
(heterozygote) mice {data not shown}.

The mice were supplied at 4 weeks of age and were
used for experiments at 5—8 weeks of age. Each group
in the experiments contained about the same number of
males and females.

NVT in mice by intraspinal inoculation

Intraspinal inoculation of Tg mice was performed by
the methed of Abe et al. (1995) as described below. The
intraspinal inoculation was conducted using a 25-pl mi-
crosyringe and a needle specially made with a 33-gauge
piercing tip (7 mm in length) and a 25-gauge part near
the part connecting to the syringe (8 mm in length) (Ex-
mire, 1to Corp., Shizuoka, Japan).

The cell culture infective dose (CClIDg,) of the virus
suspensions was determined using GMK2 cells {an Afri-
can green monkey kidney cell ling established in NIH
Japan). Tenfold serial dilutions of virus suspension were
prepared using medium 199 containing 0.225% NaHCO;.
A total of 5—-10 mice were each incculated with b pl of
3—56 dilutions. The inoculation seguence was as follows.

1. Preinoculation anesthesia was achieved by in-
jecting about 0.4 ml of 5 mg/ml pentobarbital intraperito-
neally into a mouse weighing about 20 g. When anesthe-
sia was incomplete, inhalation anesthesia using ether
was used.

2. After the hair and skin on the back of the mouse
were disinfected with ethanol, scissors were used to cut
alcng the midline for about 2 cm and the spine was
exposed. The mouse was placed on a glass tube about
14 mm in diameter to expand the intervertebral space.

3. The needle was inserted into the enlargement of
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the lumbar cord from the intervertebral space near the
apex of the spinal curvature. Following insertion of the
needle into the lumbar cord, correct insertion was indi-
cated by the twitching of one or both hind limbs. A slight
reaction was observed during the injection of 5 ul of
virus suspension.

4. After the inoculation, the incised skin on the back
was closed using a rapid-drying adhesive.

Mice that showed clinical injury within 24 hr after inoc-
ulation were excluded fram the study as animals with
mechanical injury due to the inoculation.

The clinical observations were performed daily for a
period of 14 days. The mice were individually placed on
an observation stand {(about 60 X 60 cm), and their gen-
eral condition, movements of the four limbs, and move-
ments of the digits were observed in detail. Estimation
of paralysis was carried out as follows:

0 No abnormatlity.

1 Weakness: The mice showed unnatural gait.

2 Paresis: The mice showed a gait with the heels of
one ar both hind limbs touching.

3.4 Paralysis: The mice crawled, dragging one or bath
hind limbs.

Paresis and paralysis were evaluated as positive paral-
ySis.

The viral dose that causes paralysis in 50% of Tg mice
{50% paralysis dose; PDs, in CCIDse) and serves as an
index of neurovirulence was calculated by the method
of Reed and Muench (1938).

NVT in monkeys

The test was perormed in monkeys in accordance
with the WHO method (WHQO, 1990). Neurovirulence of
the virus was expressed as the mean lesion score (MLS)
calculated from histopathological observation of the cen-
tral nervous system of monkeys inoculated intraspinally.

10?

Temperature sensitivity test

The temperature sensitivity test used was the rot
marker test (Omata et al, 1984}, conducted in primary
cynomaclgus monkey kidnay cell cultures at temperatures
of 36° 39° and 39.5°. Seven days after inoculation,
plagues were counted. The titer in plague forming units
{PFU) was calculated for each titration at three tempera-
tures. The tempearature sensitivity of each virus was ex-
pressed as the difference of PFU ratics at 36° and at
high temperatures (39 and 39.5°).

Analysis of mutation in the viral RNA genome

The abundance of virus particles showing mutation
from uracit (U} to cytosine {C) at position 472 of the 5’
noncoding region of the genome RNA was determined
by mutant analysis using the pclymerase chain reacticn
and restriction enzyme cleavage (MAPREC) method
{Chumakov et af, 1992). In brief, viral RNA was isclated
by phenol/SDS extraction from the virus sample. This
was reverse transcribed by MoMulV reverse tran-
scriptase with random hexanuclectide primer, and poly-
merase chain reaction amplification of a segment of this
cDNA was performed using sense primer {431) TGAGCT-
ACAT GAGAGTGCTC CGGCCCCTGA ATGCGGCTGA
(470} and antisense primer (513) CAGGCTGGCT GCT-
GGGTTGC AGCTGCCTGC (484) taken at a 10:1 ratio to
ensure asymmetric amplification and generation of ex-
cess single-stranded DNA of sense pofarity. The dsDNA
was synthasized by DNA polymerase reaction using ¥p-
labeled antisense primer, and the number of revertants
was determined as the fraction of DNA that was digested
with Mbol restriction enzyme. After separation of the re-
striction fragments on polyacrylamide gel, the radioactiv-
ity of the DNA bands was quantitated by a beta imaging
system.
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FIG. 1. Temperature sensitivity of Sabin type 3 viruses used in this study (plaque formation at 36°, 39°, and 39.5° — rot marker test). The infectious
titer (PFU} of each virus at ((0) 36°, (E3) 39° and (B) 39.6° is shown for type 3 viruses used in the study. The virulent Suwa strain showed low
temperature sensitivity with high PFU at high temperatures (39 and 39.5%), almost the same as the PFU at 36° In contrast, PV3-WV showad high
temperature sensitivity with a PFU of about 10° at 36°, but a PFU of less than 10%7 at temperatures of 39 and 39.5% The 1% and 10% refer to the
F313 virus content in PV3-WY. The sign {1) in the columns indicates that no plague formation by undiluted viral suspension {less than 10%7 PRLY

was observed at that temperature.
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RESULTS
Temperature sensitivity (ret marker) of viruses

Figure 1 shows the results of the rct marker test of
type 3 polioviruses used in this study. The WHO refer-
ance virus produced clear plaque formation {102 PFU)
at 39.5 and at 39° more than 10° PFU were produced.
F313 showed little plaque formation at 39.5° and 10? PFU
at 39° In comparison, PVY3-WV showed no plague forma-
tion at 39.5 and 38°. Mixed virus suspensions containing
both F313 and PV3-WV did not show plague formation
at 39.5°, but the mixtures showed pilague formation corre-
sponding to those of the individual ratios in the mixed
suspension at 39°.

However, viruses derived from F313 passaged at 38°
showed increased plagus formation capacity at high tem-
peratures with increased passages. A dramatic change
in the rof marker occurred at the 2nd passage bui, there-
after, the degree of this change was markedly reduced
until, by the 10th passage, its plaque forming capacity
approached that of the ret marker of the virulent Suwa
strain virus.

NVT in Tg21 and monkeys

As recently reported by Abe et a/. (1995), degeneration
of the nerve cells was very evident in histological speci-
mens of the central nervous system of paralyzed Tg mice,
but almost no lesicns appeared in mice showing no paral-
ysis. The lesions in Tg mice inoculated intraspinally with
attenuated poliovirus showed weaker inflammatory reac-
tions than those in monkeys, but there was obvicus de-
generation of the nerve cells. The lesions also spread
fram the lumbar cord to the cervical cord and the brain in
almost all paralytic mice. Therefore, in NVT for poliovirus
using Tg21, histopathological examinations would appear
not to be required and an evaluation of the neurovirulence
based solely on the incidence of paralysis seems feasible.

Following intraspinal inocutation, paresis of the digits
on the hind limbs was seen as a mild symptom, and
such mice were unable to grasp objects. As paresis pro-
gressed, dragging of the hind limbs occurred. Paralysis
was bilateral in some cases, but in studies with low
virulent virus, unilateral paralysis was common; in such
cases reduced tonus also appeared ¢n the opposite side
in many cases. Mice with bilateral paralysis of the hind
limbs were still able to use their fore limbs t¢ move.
They continued to take food and water and there was
no evidence of the occurrence of sudden death. When
subsequent paralysis of the fore limbs took place, the
animals were unable to eat or drink and socn expired.
The time interval from the onset of paralysis to death
was reduced when virus with higher infectivity or of a
more virulent nature was injected.

Figure 2 shows the clinical observations of Tg21 mice
inoculated intraspinally with F313 and F313-38/2. As can
be seen, the number of mice paralyzed or dying was
wholly dependent on the quantity of virus inoculated.

viral F313 F313-38/2

dose | observation period in days | No. of mice | observation period in days| No. of mice

fcmxyl 3 5 7 911 139§ p d |1 3 5 7T 9811 13| i p d
O

not tested

o 34
e 111 44
Cessey

1 not tested

3 mot tesied

FIG. 2. Clinical observations of Tg21 mice inoculated intraspinally
with F313 and F313-38/2, Each circle indicates a clinical sign of an
individual mouse during the observation period (O, no abnormalities;
@, paralysis positiva; ¥, death ar sacrificed because moribund. Under
No. of mice, {i} indicates number of inoculated mice, (p) indicates the
number of paralysis-pasitive mice, and {d) indicates the number of
dead mice or mice sacrificed because they were moribund. PDg, values
were calculated from these numbers. The PDg, of the F313, for example,
was 10%% CCiDs,.

The ret marker, the PDgg, the MLS of NVT in menkeys,
and the number of the mutations from U to C at position
472 of the tested viruses are all summarized in Table 1.
The WHO reference virus showed a slightly more virulent
phenotype than did F313 based on the MLS in monkeys
and ref marker. PDgy valuses of F313 and PV3-WV were
10%% and 10*® CCIDg,, respectively, and the PDg, values Tor
the two mixtures of F313 and PV3-WV were intermediate
between the PDg, values of the two original viruses. The
PDs, values of the passaged viruses of F313, F313-38/
2 and F313-38/4, were 10" and less than 10”® CCIDg,,
respectively. The neurcvirulence tended to increase mark-
adly when the viruses were subcultured at 38°. F313-38/
4 caused paralysis at very small doses in Tg21, and it
was difficult to estimate the PDg, in Tg21. It may be that
Tg21 is equally or slightly mare sensitive to the revertant
F313-38/4 than is the test based on CPE formation on
GMK2Z cells, which was used to determine CCIDg. The
PDy, of these viruses showed a close correiation with the
log difference of PFU observed at temperatures between
36 and 39° (temperature sensitivity) (Fig. 3).

The NVT resulis for F313 and PV3-WV and mixtures
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TABLE 1

Comparison of Neurovirulence-Related Characteristics among Sabin Type 3-Derived Viruses

ret?
Tg21? Monkey® 4729

Sample 306° 39° PDgy N CCIDg, MLS =20
{F313 + PV3 — WV)
0+ 100 >7.5 >7.5 10*8 {n = 18/dl} 0.34 (n = 22) 0 (%)
1+ 99 =75 7.0 10*2 (7 = 10/dil) 047 (= 4) 0.003
10 + 80 =75 6.8 10%8 (7 = 10/di)) 070 {0 = 4) 0.03
100 + 0 74 5.8 10%2 (n = 30/din 1.03 {n = 22) 0.3
WHO reference 8.0 a7 10%2 (n = 20/dif) 1.13 (0 = 22) n.t.
F313-38/2° 4.1 27 10" {n = 9/aily ni 778
F313-38/4 35 2.2 <10 (n = 9/dil} nt 94.1
F313-38/10¢ 27 2.0 nt. nt 88,1
SUWA® 0.4 0.3 n.t nt nt

? Results of the temperature sensitivity test showed differences in reproductive ¢apacity (titer in PFU) at 36 and 39 or 32.5°,
# NVT results in Tg mice are shown. The number of mice tested per dilution in a 10-fold serial dilution is shown in parentheses.
° NVT results in monkeys are shown. Monkeys were inoculated intraspinally with 10° CCIDg, of each virus. MLS, mean lesion score (WHQO, 1990).

The number of monkeys tested is shown in parentheses.

“The results of the MAPREC tests (Chumakov ot al, 1982) are shown as percentage of viral particles with C at position 472 {472-C) from B
terminus of the viral genome. The quantity of 472-C in viral suspensions of F313 and PV3-WV mixtures is calculated from the test data of 472-C

content for F313 {0.3%) and PV3-WV (0%}, respectively, by the MAPREC 1est.

®*9 \firus obtained by passaging F313 2, 4, or 10 times at 38°, respectively.

” A virulent strain of type 3 poliovirus.

of the two in monkeys (Tabte 1) also showed a close
correlation with the PDg, in Tg21 (Fig. 4). Since F313-38/
2 appeared to have neurovirulence much higher than
that of F313 from the results of NVT in Tg21, the NVT in
monkeys was not performed.

Reiationship between the abundance of 472-C and
neurovirulence shown in Tg21 and monkeys

In the genomic RNA of the Sabin type 3 strain, U at
position 472 in the 5" noncoding region is considered t1©

5. O
.
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Difference of PFU (367/39T)
in log,e On s tests

FIG. 3. Correlation between NVT in Tg21 mice and temperature sen-
sitivity [rot marker). The ordinate shows the PDg, in Tg21 and the ab-
scissa shows the log differences of the reproductive capacity of viruses
PFU at 36 and 39° The PDg, of the viruses in Tg21 showed a close
correfation with the temperature sensitivity at a correlation coefficient
of greater than 0.9,

revert frequently to C. The mutation of U 1o C at position
472 has been reported to be c¢losely related to the neuro-
virulence of the viruses in monkeys (Chumakov et af,
1992).

Table 1 shows the results of a study of the lavel of
viral particles with point mutation at position 472 to C by
the MAPREC methed for the viruses tested by the NVT
in Tg21. The percentage of mutants of PV3-WV is shown
as 0% because the results were less than those detect-
able by the MAPREC technique. The C mutation was

4.0 4

3.0

Tg mouse NVT in PD,, (CCID,, in log, )

0.0 0.3 0.5 0.7 0.9

Nonkey NVT in mean lesion score

FIG. 4. Correlaticn between NVT in Tg21 and NVT in monkeys, NVT
in monkeys was performed by inoculating cynomelgus monkeys intra-
spinally with 0.1 ml of 10® CCIDg, of a virus. Lesion scores for each
monkey were determined from cbservations of histological specimens
of the central nervous system 19 days after the inoculation, and the
mean lesion scores were calculated for each group of monkeys in
accordance with WHQ requirements. F313, WHO reference, PVI-WY,
and two mixtures of F313 and PV3-WV were plotted. The PDs, of the
viruses in Tg21 mice and the monkey NVT showed a close correlation
within this range.
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FIG. 5. Correlation between the percentage of viral particles with C at position 472 of the genome RNA (by the MAPREC method) and the NVT
in Tg21 (A) or NVT in monkeys (B). In A, F313-38/2, F313, and two mixtures of F313 and PV3-WV were plotted. The 472-C proportions of 0.003 and
0.03% for the two mixtures are theoretical content by calculation. As shown, the percentage of viral particles with C at position 472 showed a good

correlation with NVT results for both Tg21 mice and monkeys,

seen in 0.3% of F313 viral particles, and therefore, the
mixed suspensions of these two viruses (mixtures con-
taining 1 or 10% of F313) were calculated to contain 0.003
and 0.03% mutants, respectively. The viruses obtained
by passaging F313 2, 4, and 10 times at 38° showed 77.8,
94.1, and 99.1% mutants, respectively, which indicated
that a high rate of mutation cccurs even when the virus
has been passaged only a few times.

The percentage of C mutants ranging from 0.003 tc
77.8% and the PDs, in Tg21 mice NVT showed a close
correlaticn, as indicated in Fig. bA. Although the C mutant
percentages of 0.003 and 0.03% are merely calculated
amolints, the MLSs of NVT in monkeys and the C percent-
ages were also closely correlated, as shown in Fig. 5B.

DISCUSSION

The technigues employed for the NVT in monkeys, as a
safety test for OPV virus, have already been established.
However, it is becoming difficult to obtain large numbers
of monkeys of uniform guality. To avoid the occurrence
of differences in results due to this factor, WHO {1980)
recommends that the neurovirulence of vaccine viruses
be compared with that of the reference virus in repeated
testing by each manufacturer and that the resuits be
confirmed by statistical aralysis based on lesion scores,

According to our experience, when more than 10 mon-
keys are inoculated intraspinally with 10% 10%, or 10*
CCIDs, of each concentration of virus, there are cases
in which two groups of monkeys inoculated with 10% or
10° CClDg, show a similar degree of neurovirulence ctini-
cally and histopathologically. it is difficult to estimate
whether this is the result of individual differences among
the monkeys or the properties of the virus. Differences
also cccur in the grade assigned to the lesions even in
the same histological specimen, owing to the subjective
nature of the observations (Wood et a/, 1994). Such prob-
lems arise with the NVT using monkeys. The NVT method
for peliovirus using the viral dose showing 50% paralysis

by intraspinal inoculaticn of Tg mice makes it possible
to achieve a much more objective evaluation. Histopatho-
lcgical studies of Tg mice showing polio paralysis have
confirmed that they are infected by the poliovirus and
develop lesions in the central nervous system similar to
those seen in humans and monkeys {Abe et af, 1995).
We have already confirmed that the NVT based on the
intraspinal inoculation of Tg mice can be applied to Sabin
type 1 virus (Abe et af, 1995), and the results of the
present study have shown that it is also applicable to
Sabin type 3 virus. Research on Sabin type 2 virus is
in progress and the results obtained so far are en-
couraging.

When plague-cloning was performed for the Sabin type
3 virus {SC + 2) as an index of temperature sensitivity,
the original virus fluids were found to consist of various
populations with different properties such as plague-
forming ability at high temperature. Qur studies have pro-
duced data that show that higher virus concentrations
having plaque-forming efficiency at high temperature are
more highly neurovirulent. Therefore, a NVT method that
can reflect neurcvirulence very precisely should be
adopted to detect low levels of virus showing high viru-
lence in a vaccine.

In the present study, it was found that a NVT based
on the use of Tg21 mice can clearly differentiate Sabin
type 3 viruses with slightly different properties such as
artificial mixtures of PV3-WV (high temperature sensitivity
and low neurovirulence) and F313 (reference virus for
OPV in Japan) or viruses of F313 passaged at 38° (Fig.
1). Our results indicate a very close correlation between
temperature sensitivity and results obtained using either
the MLS value in monkeys or the PDgy value in Tg mice
to show neurovirulence.

Intraspinal inoculation of Tg mice and evaluation of
the neurovirulence by the 50% paralysis dose in inocu-
lated mice provide a new experimental system for testing
the neurovirulence of peliovirus. This methed alsc has
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the advantage of avoiding a number of problems (re-
ferred to above) that are associated with the use of mon-
keys. Since the Tg mice are an inbred mouse line (i.e.,
they have a homogeneous genetic background), individ-
val differences among Tg mice are fewer than those
among monkeys and the results of tests are therefore
more reproducible. Furthermore, the test has the added
advantages of being comparatively simple to perform and
does not require the additional histological examination
used in the monkey NVT.

We also studied the sequence heterogeneity at posi-
tion 472 in Sabin type 3 poliovirus by the MAPREC
method and examined the correlation between the num-
ber of mutants and the NVT results using Tg mice and
monkeys. The minimum cencentration of 472-C detect-
able by the MAPREC test is approximately 0.1%. But in
these experiments exact 472-C content more than 0.3%
and caicutated contents lower than 0.3% in artificial mix-
tures showed a very close correlation with the NVT re-
sults in monkeys and Tg mice. The MAPREC method
proved to be an important /n vitro test for establishing
the neurovirulence of Sabin type 3 poliovirus in the future.

The use of Tg mice should make it possible to use the
NVT for the quality control of OPV and as a new tool
for poliovirus surveillance, thereby conserving monkey
resources. Moreover, this new technique could act as a
forerunner in the development of a molecular NVT and,
possibly, lead to the discontinued use of mankeys.
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