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percent of the recipients probably develop a life-long
immunity to all three polioviruses after the vaccination
(Recommendation of the Advisory Committee on
Immunization Practices, 1997). Paralytic poliomyelitis was
a common disease in Japan during the 1950s, as in many
other countries. Following the introduction of the two-dose
administration of OPV, which was imported from Canada
and Soviet Union, to children of 3 months to 12 years of
age in 1961–1963, the number of patients declined
dramatically; before the use of OPV, 1,000–5,000 paralytic
cases of poliomyelitis were reported annually (Takatsu et
al., 1973; Shimojo, 1984). A two-dose administration of
domestic OPV to infants of 3–48 months (in 1964–1994)
and 3–90 months (since 1995 till now) of age at intervals
longer than 6 weeks has been performed routinely since
1964. Till now, wild-type polioviruses were isolated from
one patient with poliomyelitis in 1980, and from two patients

Introduction

Live OPV containing Sabin's attenuated strains of PV-1,
PV-2 and PV-3, has been used as a major tool for worldwide
eradication of poliomyelitis. It is usually given to an
individual in three subsequent doses. It confers a high
seropositive rate (seropositivity) against all three polio-
viruses (Lago et al., 1994; Ramsay et al., 1994; World Health
Organization Collaborative Study Group on Oral and
Inactivated Poliovirus Vaccines, 1995). Ninety-five or more
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Summary. – Virulent Sabin-like poliovirus (VSLP) was isolated from river and sewage waters between
October 1993 and September 1995 in Toyama Prefecture, Japan (Yoshida et al., Lancet 356, 1461–1463, 2000).
In this study, to assess the possibility of an epidemic of poliomyelitis caused by a VSLP in Japan under the
current vaccination policy of administration of live attenuated oral poliovirus vaccine (OPV), we determined
titers of serum neutralizing antibodies to poliovirus 1 (PV-1) strains Sabin (vaccine strain), Mahoney (wild-
type strain) and G4-12 (VSLP) in various groups of residents of Toyama Prefecture, Japan. The seropositivity
and geometric mean neutralizing antibody titers against these strains in the individuals who obtained two
doses of OPV were 99.1%, 94.5% and 95.5%, respectively, and 564, 186 and 194, respectively. Although the
antibody titers to G4-12 were lower compared with those to Sabin, these results indicate that the OPV vaccination
policy in Japan has been effective in preventing poliomyelitis caused by VSLPs. These results also suggest that
(i) an epidemic of poliomyelitis caused by a VSLP has not occurred in Japan due to herd immunity, and (ii) the
possibility of reemergence of VSLPs will be prevented if sufficient herd immunity is acquired immediately
after completion of the OPV vaccination in accordance with the poliomyelitis eradication program.
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with non-acute f laccid paralysis in 1984 and 1993,
respectively (Infectious Agents Surveillance Center, 1997).
The two-dose administration of OPV therefore appears
effective in preventing poliomyelitis caused by wild-type
polioviruses in Japan.

The poliomyelitis eradication program of WHO is close
to the final stage of replacing virulent wild-type polioviruses
with OPV strains (World Health Organization, 2003a).
Recently, epidemics of poliomyelitis by vaccine-derived
polioviruses (VDPVs) have been reported worldwide (Kew
et al., 2004). According to WHO criteria a VDPV is defined
as a strain, provided there is more than a 1% drift in the
VP1 capsid protein at nucleotide level (World Health
Organization, 2003b; Kew et al., 2004). Fortunately,
poliomyelitis cases caused by VDPVs have not been reported
in Japan yet. However, a total of 78 VDPV or VSLP isolates
(16 PV-1, 31 PV-2, and 31 PV-3) were obtained from river
and waste waters sampled between October 1993 and
September 1995. As a result of VP1 gene nucleotide
sequence analysis of the isolates, their divergence from Sabin
strains was less than 1.4% (Matsuura et al., 2000).

Furthermore, using PCR and restriction analysis
(Chumakov et al., 1991, 1994), we have found virulent
genotype in some isolates of PV-1 (Horie et al., 2002a),
PV-2 (Yoshida et al., 2002) and PV-3 (Yoshida et al., 2000)
In particular, one of the PV-1 VSLPs, G4-12, displayed
a phenotype similar to that of wild-type Mahoney strain in
terms of neurovirulence, temperature sensitivity, plaque-
forming ability and neutralization by monoclonal antibodies
(Horie et al., 2002b). Nevertheless, G4-12 was categorized
as a VSLP because of its VP1 nucleotide divergence from
that of the Sabin strain of 0.6% only. Earlier, we have
suggested the possibility of existence of VSLPs in the
community as a result of environmental surveillance
(Yoshida et al., 2000; Horie et al., 2002a). We believe that
the reason why an epidemic of poliomyelitis caused by
a VSLP has not occurred in Japan is the herd immunity.

To confirm this idea, we determined neutralizing antibody
titers against PV-1 strains Sabin, Mahoney and G4-12 in
the sera of various groups of residents of Toyama Prefecture,
Japan. In this way, we attempted to assess retrospectively
the efficacy of the current poliovirus vaccination policy,
namely the two-dose administration of OPV in preventing
epidemics of poliomyelitis caused by VSLPs in Japan.

Materials and Methods

Viruses. The strains Sabin and Mahoney of PV-1 were obtai-
ned from the National Institute of Infectious Diseases, Tokyo, Ja-
pan. The G4-12 strain of PV-1 (VSLP) was originally isolated from
a sewage disposal plant located downstream of the Oyabe River,
Toyama Prefecture, Japan in 1993. Its divergence from the Sabin
strain of PV-1, as determined for the VP1 sequence, was 0.6% at
nucleotide and 1.0% at amino acid level (Matsuura et al., 2000).

Sera. A total of 244 serum samples from residents of Toyama
Prefecture, Japan, of up to 76 years of age, collected in 1998, were
tested. The vaccination history of individual groups of residents is
shown in Table 1.

Neutralization test was performed in 96-well microtiter plates
using Vero cells in standard manner (World Health Organization,
1995). Cytopathic effect was read on day 7 post infection. A sample
with a neutralizing antibody titer ≥8 was regarded as positive.
Geometric means of titers were used for comparison of different
groups of individuals.

Results and Discussion

In the individuals who were born after the enforcement
of the domestic OPV vaccination but were not vaccinated
(8 sera), the seropositivity against the strains Sabin, Mahoney
and G4-12 was in the range 50.0–62.5% (individual values
62.5%, 50.0% and 62.5%, respectively) (Table 1). In
contrast, in the individuals of the same group (110 sera),

Table 1. Vaccination history and seropositivity against PV-1 strains Sabin, Mahoney and G4-12 of residents of Toyama Prefecture, Japan

Vaccination history No. of serum samples Seropositivity (%)
(No. of OPV doses) Sabin G4-12 Mahoney

Residents born after 1964 Non-vaccinated 8 62.5 62.5 50.0
(the introduction of OPV)a Vaccinatedd (1) 14 85.7 85.7 85.7

Vaccinatedd (1 or 2) 10 90.0 80.0 80.0
Vaccinatedd (2) 110 99.1 95.5 94.5
Vaccinatedd (unknown) 33 90.9 78.8 81.8

Residents born before 1964 0c 69 92.8 89.9 89.9
(the introduction of OPV)b

aBelow 35 years of age in 1998.
bOver 35 years of age in 1998.
cA small number of individuals received imported OPV in 1961–1963.
dThe OPV, prepared by the Japan Poliomyelitis Research Institute, Tokyo, Japan, contained 106.0 ± 0.5, 105.0 ± 0.5 and 105.5 ± 0.5 TCID50 of Sabin strains of
PV-1, PV-2 and PV-3, respectively, in one dose.
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standard vaccination with two doses of OPV resulted in
a 94.5–99.1% seropositivity (individual values 99.1%,
94.5% and 95.5%, respectively), and even the vaccination
with one dose (14 sera) gave a 85.7% seropositivity. All
individual values represent geometric means. These results
validate the efficacy of OPV vaccination.

In the individuals who were born before the enforcement
of the domestic OPV vaccination and, as a rule, were not
vaccinated (69 sera), the seropositivity was 89.9–92.8%
(individual values 92.8%, 89.9% and 89.9%, respectively).
This relatively high seropositivity, close to that found in the
vaccinated group, may be explained by natural infection, as
there were still occurring epidemics of poliomyelitis caused
by poor public health conditions at that time in Japan.

Neutralizing antibody titers (geometric means) against
the strains Sabin, Mahoney and G4-12 of the individuals
vaccinated with two doses of OPV as compared with non-
vaccinated individuals were significantly higher, namely
neutralizing antibody titers for these strains for vaccinated
individuals were 564, 186 and 194, respectively;
corresponding titers for non-vaccinated individuals were 181,
74.0 and 62.5, respectively (Fig. 1). Within the group of
vaccinated individuals, the antibody titers against Mahoney
and G4-12 did not differ but were lower than those against
Sabin. Even though they were lower, they were still
sufficiently high (about 180) to prevent poliomyelitis caused
by those virulent viruses (Mahoney and G4-12). These
results indicate that the Japan's OPV vaccination policy has
been effective in preventing poliomyelitis caused not only
by wild-type poliovirus, but also by a VSLP. Although
a similar investigation of the situation with PV-2 and PV-3
VSLPs is necessary, the results with PV-1 VSLPs strongly
suggest that the absence of an epidemic of poliomyelitis
caused by a VSLP in Japan is due to the herd immunity.

Serum neutralizing antibody titers of all 244 individuals
regardless of their grouping, presented as pairwise strain
comparisons, are plotted in Fig. 2. The titers against
Mahoney were much lower than those against Sabin and
their correlation was low (r = 0.223). Similarly, he titers
against G4-12 were lower than those against Sabin; however,
they did not correlate at all (r = 0.124). On the other hand,
the titers against G4-12 were very similar to those against
Mahoney and their correlation was high (r = 0.933).
Previously, we found that G4-12, in reacting with various
monoclonal antibodies, had properties similar to Mahoney
(Horie et al., 2002b). The results of this study support the
view that both viruses are antigenically quite similar.

In this study, we presented the concept of VSLP for the
first time. A VSLP, like the G4-12 strain, with altered
antigenicity and neurovirulence has existed in the
environment though its divergence from the vaccine Sabin
strain, based on VP1 gene, was less than 1%. VDPV/VSLP
would not be eliminated from the environment as long as

Fig. 1

Serum neutralizing antibody titers against PV-1 strains Sabin,
Mahoney and G4-12 in vaccinated and non-vaccinated residents of

Toyama Prefecture, Japan
Geometric means of titers in vaccinated (2 doses of OPV) and non-
vaccinated individuals (no OPV dose) are indicated. Titers of ≥210 and
<22 were used to calculate in regard as 210 and 22, respectively.

the use of OPV is continued. Introduction of an inactivated
poliovirus vaccine (IPV) would be effective in eliminating
the abovementioned viruses. After replacing OPV with IPV,
VDPV/VSLP would probably remain in the environment
for short time. These viruses might exist in the environment
for a longer time due to immunodeficient patients excreting
them for periods of approximately ten years (Kew et al.,
1998). Moreover, mutations in the excreted viruses may
accumulate (Kew et al., 1998; Bellmunt et al., 1999; Martin
et al., 2000). It is unclear whether IPV would be effective
against VDPV/VSLP, which incurs mutations in neutralizing
antigenic sites. In fact, an outbreak of poliomyelitis caused
by virulent variant of PV-3, comprising 9 paralytic cases
and 1 non-paralytic case, occurred in Finland where IPV
had been used between August 1984 and January 1985 (Hovi
et al., 1986). In particular, 8 of these cases had been
vaccinated with 3–5 doses of IPV. Although the epidemic
strain was not a VDPV/VSLP, its antigenic properties were
slightly different from those of the Saukett strain, the PV-3
of IPV. The epidemics were obstructed by OPV
administration. It is known that OPV induces a wider range
of neutralizing antibodies compared to IPV, as the
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Fig. 2

Pairwise strain comparisons of serum neutralizing antibody titers
for residents of Toyama Prefecture, Japan

Plots of neutralizing antibody titers for the strain pairs Sabin/Mahoney
(a), Sabin/G4-12 (b), and Mahoney/G4-12 (c) for all 244 serum samples
regardless of their grouping is shown in Table 1 are indicated.

vaccination with OPV is closer to the natural infection with
poliovirus.

In eliminating VDPV/VSLP by replacement of OPV with
IPV, it would be extremely important to continue for certain
time period the investigation of the polioviruses in the form
of surveillance of the environment and the population as

well. Our results strongly suggest that the reason why an
epidemic of poliomyelitis has not occurred in Japan is the
herd immunity despite the persistence of VSLPs in the
environment and/or population. They also suggest the
possibility that a reemergence of VSLPs would be prevented
if sufficiently strong herd immunity is acquired immediately
after ending the OPV vaccination in accordance with the
poliomyelitis eradication program.
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