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Prevention of Type 1 diabetes and other non-polio enterovirus diseases

Field of the Invention

The invention relates to the prevention of Type 1 diabetes and other
non-polio enterovirus diseases by a novel vaccination regime based on exten-
sive immunisations by currently available oral poliovirus vaccine (OPV) and/or
by new non-polio enterovirus vaccines.

The invention provides prevention of Type 1 diabetes mellitus
(IDDM) and other non-polio enterovirus diseases by eliminating the risk effect
of enterovirus infections. This is achieved by a novel immunisation regime,
which is based on the induction of systemic and local mucosal Th1-type T-cell
immunity by oral poliovirus vaccinations and optionally induction of Th2-type
humoral immunity by a new enterovirus vaccine which induces neutralizing
antibodies against appropriate enterovirus serotypes. These two regimes can
be used separately or in combination.

More precisely the present invention relates to the use of oral polio-
virus vaccine (OPV) for the manufacture of a vaccine against non-polio en-
terovirus diseases, and especially against Type 1 diabetes mellitus (IDDM).
When OPV is used together with a vaccine, which induces serotype specific
immunity against non-polio enteroviruses, harmful side effects of the non-polio
enterovirus vaccine can be avoided. The invention thus provides a vaccine
composition comprising said two vaccines.

Background

Enterovirus infections are usually subclinical but cause also various
kind of diseases. Typical enterovirus diseases are meningitis, paralysis, myo-
carditis, generalized infections in newborns, hand, foot and mouth -disease,
herpangina, pleurodynia, hepatitis, rash, exanthemas and respiratory diseases
including pneumonia. In addition, enterovirus infections have been suspected
to play a role in the pathogenesis of dilated cardiomyopathy, atherosclerosis,
postviral fatique syndrome and Type 1 diabetes mellitus.

The group of enteroviruses includes a total of 64 different sero-
types. Polioviruses are the most widely known enteroviruses including 3 differ-
ent serotypes (poliovirus types 1, 2 and 3) which all can cause meningitis and
typical paralytic poliomyelitis (flaccid paralysis). Meningitis is frequently caused
by several non-polio enteroviruses, which are the most common cause of
aseptic meningitis. Myocarditis is caused mainly by coxsackie B serotypes but
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also other enterovirus serotypes may be involved. Hand, foot and mouth -
disease Is mainly caused by certain coxsackie A serotypes and severe infec-
tions of infants are related to coxsackie B serotypes. Paralytic diseases can
also be caused by some other serotypes than poliovirus serotypes. The sero-
types related to atherosclerosis and Type 1 diabetes are not known. In type 1
diabetes the most suspected ones have been coxsackieviruses B4 and BS but
also other than coxsackie B serotypes may be involved.

The only enterovirus vaccine, which has been used in human be-
ings is poliovirus vaccine. This vaccine includes all three poliovirus serotypes
and gives effective prevention against paralytic poliomyelitis. The protection is
based on the induction of neutralizing antibodies, against these serotypes and
is serotype specific. Thus, neutralizing antibodies, which are induced by polio-
virus vaccines do not protect against any other enterovirus serotypes than the
three poliovirus serotypes. The role of T-cell mediated immune responses in
the protection against poliovirus infections is not known. The generally ac-
cepted view is that they play only a minor role while antibodies are more Im-
portant in the elimination of infection and in the protection against re-
infections.

Two different types of poliovirus vaccine have been developed. The
Killed inactivated poliovirus vaccine (IPV; Salk vaccine) includes formalin-
inactivated polioviruses (all 3 serotypes). This vaccine is given parenterally
using subcutaneous injections. It induces a Th2-type immune response char-
acterized by strong antibody response and high levels of neutralizing antibod-
les against all poliovirus serotypes and gives effective prevention against
paralytic poliomyelitis. However, it induces only weak local immune response
in the gut. As gut associated lymphoid tissue is the primary replication site of
polioviruses, IPV vaccine can not protect against poliovirus infection but only
against the complications of infections. |IPV can induce only weak cytotoxic T-
cell immune responses.

The other poliovirus vaccine is oral poliovirus vaccine (OPV; Sabin
vaccine) which includes live attenuated polioviruses (all three serotypes). This
vaccine is given per os and the virus replicates in the same way as the wild
polioviruses in the body. As the vaccine is given per os Iin the same way as
natural enterovirus infections are acquired, it induces strong local immunity in
the intestine, which prevents from later poliovirus infections. Thus, OPV vacci-
nated individuals usually do not become infected by polioviruses because the
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virus is not able to replicate in the intestine. The nature of this protection is not
completely understood but it probably depends on both neutralizing antibodies
and T-cell mediated immunity. OPV induces stronger T-cell responses than
IPV and it induces mainly Th1-type T-cell responses characterized by strong
cytotoxic T-cell responses.

Vaccines against non-polio enteroviruses are not available for hu-
man use. The reason is that the large number of enterovirus serotypes makes
it difficult to make a pan-enterovirus vaccine and, on the other hand, the sero-
types, which are causing the most severe non-polio enterovirus diseases, are
highly variable. Myocarditis and cardiomyopathies have been associated with
coxsackie B group viruses, meningitis and neonatal infections with severai
different serotypes and practically nothing is known about the serotypes pos-
sibly related to the development of atherosclerosis. In Type 1 diabetes the re-
sponsible serotypes are not known except that polioviruses are not involved.
The general view is that poliovirus vaccines should not be effective in the pre-
vention of Type 1 diabetes or other non-polio enterovirus diseases, but that
the prevention of non-polio enterovirus diseases would require new vaccines
which should induce neutralizing antibodies against the serotypes to be pro-
tected. Another reason for the lack of human non-polio enterovirus vaccines is
that the safety of such vaccines has not been reliably confirmed. Thus, there is
no effective vaccine or any other treatment for the prevention of non-polio
enterovirus diseases in man.

Inactivated and subunit vaccines which include certain coxsackie B
viruses have been tested in animal models. They have induced good antibody
levels in mice and rabbits and effectively protected from infections caused by
the serotypes which were included in the vaccine (Fohlman et al., 1990 and
1993:; See and Tilles, 1994 and 1997). However, these vaccines have not
been tested in human beings. The main reason for this is that the current
knowledge on the mechanisms of immune protection against enteroviruses is
limited and the safety of such vaccines can not be guaranteed. The safety Is-
sue has become very important after the discovery of the unexpected siae-
effects related to the use of inactivated respiratory syncytial virus (RSV) and
measles vaccines in humans (Fulginiti et al., 1967; Harris et al., 1969;
Kapikian et al., 1969). These vaccines paradoxically increased the severity or
modulated the course of natural infections. The most probable explanation for
these adverse effects is that these kind of inactivated vaccines generally in-
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duce good antibody response but very poor cytotoxic T-cell response. Thus,
they may have induced a shift towards Th2-type antibody mediated immunity
which resulted in the atypical symptoms. This indicates the need for very de-
tailed data on the effect of the vaccine on the course of natural infections and
careful evaluation of the safety Issues.

Another problem has been that the protection which is achieved by
vaccines of this kind depends on the induction of neutralizing antibodies and
the protection is therefore serotype specific. Accordingly, the vaccine should
include the serotypes, which should be prevented. As described above, In
non-polio enterovirus diseases the spectrum of responsible serotypes varies a
lot from disease to disease and even in one disease like Type 1 diabetes the
exact serotypes of responsible viruses have not yet been identified. Thus, the
composition of the enterovirus serotypes to be protected is not known ana
may be different from one disease to another.

The advantage of the immunisation regime of the present invention
is that it is based on the oral poliovirus vaccine (OPV) which has been exten-
sively used in almost all countries of the world and which has proved to be
very safe and effective. The poliovirus vaccines are actually one of the most
effective and safest vaccines ever developed and have led to an almost com-
plete eradication of poliovirus infections from the world. The only clinically
relevant complication of OPV is the risk of vaccine associated paralysis. How-
ever, its frequency is extermely low (about 1 per 1-10 milj. vaccinees).

The general view is that immunity against enterovirus infection is
based on the presence of neutralizing antibodies against the virus. These an-
tibodies can efficiently neutralize the virus when it enters the body. The sig-
nificance of neutralizing antibodies is reflected by the fact that patients who
have abnormally low levels of antibodies due to an immune deficiency are
particularly susceptible for enterovirus infections. Neutralizing antibodies can
be detected for prolonged periods after the infection. They contribute to the
eradication of the virus during primary enterovirus infection and protect against
reinfections. However, they can not protect against infections, which are
caused by other serotypes. Thus, the protection by these antibodies is sero-
type specific. Accordingly, it is generally thought that it is essensial for the effi-
cacy of enterovirus vaccines that the vaccine is able to induce high titres of
neutralizing antibodies against the serotypes which should be protected. The
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only currently used enterovirus vaccine is poliovirus vaccine which includes all
three poliovirus serotypes.

The present invention is based on the finding that, in contrast to the
general paradigm, oral poliovirus vaccines could also protect against other
enterovirus infections than poliovirus infections and could therefore be used
for the prevention of various non-polio enterovirus diseases, which have been
described In detail in previous paragraphs, and diseases where the role of
enteroviruses has been suspected including Type 1 diabetes mellitus, chronic
fatigue syndrome and atherosceloris. This protection would be based on effi-
cient induction of T-cell responses and local mucosal immunity by repeated
OPV vaccinations. T-cell immune responses are known to cross-react be-
tween certain enterovirus serotypes when analysed in vitro by T-cell prolifera-
tion assay (Beck and Tracy, 1990; Graham et al., 1993). However, it was not
known whether this cross-reactivity had any biological significance in vivo. |t
was not either known to what extent T-cell responses which are induced by
OPV vaccinations can cross-react with non-polio enteroviruses and whether
this had any clinical relevance.

We have previously evaluated these questions by analysing en-
terovirus specific T-cell responses in young infants. We found that some in-
fants, who had never experienced any coxsackievirus B infection according to
the lack of neutralizing antibodies, had strong T-cell proliferation response
against purified coxsackievirus B4 antigen, which probably reflects the cross-
reactivity of T-cells which have initially been induced by other enterovirus in-
fections (Juhela et al.,, 1998). In addition, polio vaccination at the age of 6
months Iinduced stronger T-cell response to purified coxsackievirus B4 and po-
liovirus antigens in children who had serological evidence of previous enterovi-
rus infection compared to children who had no previous enterovirus infections
(Juhela et al., 1998). This suggests that T-cells can cross-react between polio-
viruses and non-polio enteroviruses.

Our aim is to utilise this T-cell cross-reactivity by priming cross-
reactive T-cell memory using OPV vaccinations. This, in turn, would make the
Immune responses to other enteroviruses stronger and more rapid
(secondary-type response) and in this way speed up the eradication of the vi-
rus during acute non-polio enterovirus infections. OPV can not totally protect
from these infections as it does not induce neutralizing antibodies against non-
polio enteroviruses but it may protect against viremia and severe ilinesses by
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potentiating the T-cell responses by inducing cross-reactive memory T-cells.
This kind of T-cell help can potentiate both the production of neutralizing anti-
bodies during infection as well as cytotoxic T-cell responses against non-polio
enteroviruses. It may also booster antibodies against other enteroviruses than
the serotype causing the acute infection by eliciting anamnestic immune re-
sponses. Induction of anamnestic responses means that OPV stimulates
memory T-cell cilones, which have originated from previous enterovirus expo-
sures and in this way leads to their activation and induction of antibodies
against all these serotypes. This kind of anamnestic response is used in the
present regime to enhance enterovirus antibody levels in pregnant women
thus providing protection for their infants.

Summary of the Invention

One object of the present invention is to provide a method of pre-
venting non-polio enterovirus diseases, especially Type | diabetes (IDDM).

Another object of the invention is to provide a vaccine or vaccine
composition useful in preventing said diseases.

Still another object of the present invention is to avoid harmful side
effects of killed or subunit enterovirus vaccines that induce serotype specific
immunity.

Still another object of the present invention is the use of a polio
vaccine and/or a non-polio enterovirus vaccine in the manufacture of a vaccine
against enterovirus diseases, especially Type | diabetes (IDDM).

The objects of the present invention are fulfilled by providing a
method of preventing non-polio enterovirus diseases or of preventing Type 1
diabetes mellitus (IDDM) comprising the administration of an effective amount
of oral poliovirus vaccine (OPV) to a human subject.

The invention further encompasses the use of oral poliovirus vac-
cine (OPV) for the manufacture of a vaccine against non-polio enterovirus dis-
eases, and especially for the manufacture of a vaccine against Type 1 diabe-
tes mellitus (IDDM).

The invention is also directed to a vaccine composition comprising
oral poliovirus vaccine (OPV) and a vaccine, which induces serotype specific
Immunity against non-polio enteroviruses. Preferably the non-polio enterovirus
vaccine comprises enterovirus antigens representing diabetogenic enterovirus
serotypes or a coctail thereof.
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The invention further relates to the use of a vaccine, which induces
serotype specific iImmunity against one or more serotypes of diabetogenic non-
polio enteroviruses selected from the group consisting of coxsackievirus B
serotypes 1,2,3,4,5 and 6, echovirus serotypes 3,4,6,9,11,22 and 30, and
coxsackievirus A serotypes 9 and 16 for the manufacture of a vaccine against
non-polio enterovirus diseases, especially Type 1 diabetes mellitus (IDDM). [t
also relates to said vaccine and to a method of preventing non-polio
enterovirus diseases, especially IDDM, comprising administering an effective
amount of said vaccine to a human subject.

The invention further provides a method of preventing non-polio
enterovirus diseases, especially Type | diabetes mellitus (IDDM) in the off-
spring comprising the administration of an effective amount of oral poliovirus
vaccine (OPYV) to pregnant women, or comprising the administration of an ef-
fective amount of oral poliovirus vaccine (OPV) prenatally to the pregnant

woman and postnatally to the baby.

A method of preventing non-polio enterovirus diseases, especially
IDDM, comprising the administration of repeated doses of an effective amount
of oral poliovirus vaccine (OPV) to children is provided.

According to one aspect of the invention, the invention seeks to

provide a vaccine composition comprising oral poliovirus vaccine (OPV) and a
serotype specific immunity inducing vaccine against non-polio enteroviruses
comprising inactivated forms or subunits of non-polio enteroviruses, or cDNA

or RNA fragments encoding an antigenic part or an inactivated form of the non-

polio enterovirus.
According to a further aspect of the invention, the invention seeks to

provide use of a serotype immunity inducing vaccine against one or more
serotypes of diabetogenic non-polio enteroviruses selected from the group
consisting of cox-sackievirus B serotypes 1, 2, 3, 4, 5 and 6, echovirus
serotypes 3,4, 6, 9, 11, 22 and 30, and
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coxsackievirus A serotypes 9 and 16, wherein the vaccine comprises an

Inactivated form or a subunit of said non-polio enterovirus, or a cDNA or RNA

fragment encoding an antigenic part or an inactivated form of said non-polio

enterovirus for the manufacture of a vaccine against Type 1 diabetes mellitus

(IDDM).

According to one aspect of the invention, there is provided a
vaccine composition comprising oral polio virus vaccine (OPV) and a
serotype specific immunity inducing vaccine against non-polio
enteroviruses comprising inactivated forms or subunits of one or more
serotypes of diabetogenic non-polio enteroviruses selected from the
group consisting of coxsackievirus B serotypes 1, 2, 3, 4, 5 and 6,
echovirus serotypes 3, 4, 6, 9, 11, 22 and 30, and coxsackievirus A
serotypes 9 and 16.
According to another aspect of the invention, there Is

provided use of a serotype immunity inducing vaccine against one or
more serotypes of diabetogenic non-polio enteroviruses selected from the
group consisting of coxsackievirus B serotypes 1, 2, 3, 4, 5 and 6,
echovirus serotypes 3, 4, 6, 9, 11, 22 and 30, and coxsackievirus A
serotypes 9 and 16, wherein the vaccine comprises an inactivated form or
a subunit of said diabetogenic non-polio enterovirus for the manufacture
of a vaccine against Type 1 diabetes mellitus (IDDM).

Finally the invention encompasses a method of avoiding harmful
side effects of non-polio enterovirus vaccines, which induce serotype specific
immunity against non-polio enteroviruses comprising administering an effec-
tive amount of said non-polio enterovirus vaccine simultaneously, before or
after administering an effective amount of oral poliovirus vaccine (OPV) to a

human subject.
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Brief Description of the Drawing

Figure 1 shows the cumulative prevalence of IDDM in cohorts which
have never received OPV, or which have received one dose of OPV in child-
hood or in utero.

Detailed Description of the Invention

"OPV'"Is an abbreviation of oral poliovirus vaccine, and means a
vaccine that comprises live attenuated polioviruses of one, two or all three of
the serotypes or infectious CONA or RNA thereof. Besides being administered
orally OPV may also be given by any other mucosal route like per rectum or
Intranasally or it may be given parenterally. OPV comprising attenuated vi-

ruses of all three serotypes is commercially available and is also called Sabin

vaccine.
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'IPV™ i1s another commercially available poliovaccine, which com-
prises killed inactivated polioviruses of all three serotypes. This vaccine is
called Salk vaccine.

"IDDM” means insulin-dependent diabetes mellitus, which is the
same as Type 1 Diabetes Mellitus or Type 1 Diabetes.

"Non-polio enterovirus diseases” means any disease caused by
non-polio enteroviruses e.g. meningitis, paralysis, myocarditis, generalized In-
fections in newborns, hand, foot and mouth -disease, herpangina, pleurodynia,
hepatitis, rash, exanthemas, respiratory diseases including pneumonia, dilated
cardiomyopathy, atherosclerosis, postviral fatigue syndrome and Type 1 dia-
betes mellitus.

"An effective amount” of a vaccine is an amount, which is able to
elicit a protective immune response in the recipient, either by eliciting neutral-
1zing antibodies or a cell-mediated response, or both.

A vaccine that induces "serotype specific immunity” is the same as
a vaccine that induces neutralizing antibodies. Such vaccines may be Killed
vaccines, subunit vaccines or cDNA or RNA fragment vaccines, wherein the
fragment encodes an antigenic part or an inactivated form of the virus.

A "killed vaccine” is the same as an inactivated vaccine i.e. a vac-
cine comprising viruses treated so that they have lost their infectivity. A
"subunit vaccine” comprises only an antigenic part or parts of the viruses, not
the whole viruses.

A "diabetogenic enterovirus” is an enterovirus that is associated
with the induction of diabetes. These viruses are represented by the group
consisting of coxsackievirus B serotypes 1, 2, 3, 4, 5 and 6, echovirus sero-
types 3, 4, 6, 9, 11, 22 and 30, and coxsackievirus A serotypes 9 and 16.
However, also other serotypes of non-polio enteroviruses might be involved in
the induction of diabetes.

Each of all three poliovirus serotypes can cause paralytic disease.
Oral poliovirus vaccine used in the present invention may contain only one of
them or their different combinations. Preferably it contains a cocktail of all the-
se three serotypes (serotypes 1-3). The vaccine viruses of the OPV used are
attenuated polioviruses, the virulence of which has been reduced. This may be
carried out by different methods including serial passage of the virus in cell
cultures, antigenic modification by chemical treatments, construction of re-
combinant or chimeric viruses, mutagenization of viral genome, deletion of
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certain gene regions, selection of temperature sensitive mutants or irradiation.
Alternatively, vaccine viruses may be attenuated natural poliovirus isolates or
infectious poliovirus cDNA or RNA having reduced capability to cause clinical
disease. Typically, the presented immunisation regime is based on the use of

5 the commercially available and widely used Sabin oral poliovirus vaccine,
which contains all three poliovirus serotypes in each vaccine dose. It is admi-
nistered orally and replicates in the intestine, but does not cause paralytic po-
lio or other clinical manifestations.

Each immunising dose of OPV includes infective viruses or infective

10 RNA or cDNA in a titre, which is able to produce infection in humans. This do-
se would correspond to that which is used in the traditional Sabin-type live oral
poliovirus vaccine including a minimum of 10°° - 10° TCID,, for poliovirus Type
1, 10° TCID,, for poliovirus type 2 and 10°° - 10°>° TCID, for poliovirus type 3
live attenuated Sabin strains of polioviruses. The dose may also be another, if

15 it has been confirmed to be safe and infectious. (TCID = tissue culture infecti-
ous dose; TCID;,= the dose which infects 50 % of the cultures.)

The new non-polio enterovirus vaccines of the present immunisati-
on regime may include either whole viruses, the infectivity of which has been
inactivated, or sub-unit vaccines containing certain antigenic structures of the

20 virus, or their combination, or fragments of viral RNA or cDNA coding for anti-
genic structures of the virus. inactivated vaccines may be produced by propa-
gating the virus in cell cultures and by purifying it from infected cells and cultu-
re media by high-speed centrifugation in a density gradient formed by sucrose
or other high-density media. Alternatively the virus could be purified by chro-

25 matography. The infectivity of the purified viruses is destroyed by inactivating
the viruses by chemical treatment (e.g. formalin inactivation like that used to
produce IPV), irradiation or heat treatment. Sub-unit vaccines may consist of
purified viral proteins or recombinant viral proteins, synthetic peptides corres-
ponding to viral antigenic epitopes or empty viral capsids, which are produced

30 during infection but lack the viral genome. These subunit vaccines can be ad-
ministered either as such or conjugated to haptens or carriers (e.g. ISCOM
particles).

The new non-polio enterovirus vaccines can be given parenterally
or by mucosal route like per os, per rectum or intranasally. Each immunising

35 dose includes viral structures in a titre, which is able to induce proper immune
response in humans. This dose would correspond to that used in Salk-type
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inactivated poliovirus vaccine including 1.8 - 2 ug of viral protein per each do-
se and 20 - 40 antigenic D-units of poliovirus type 1, 4 - 8 antigenic D-units of
poliovirus type 2 and 16 - 32 antigenic D-units of poliovirus type 3. The dose
may also be another, if it has been confirmed to be safe and immunogenic.

In addition to the active ingredients that elicit an immune response,
the OPV and the non-polio enterovirus vaccines used in the present invention
may comprise pharmaceutically acceptable excipients, carriers, haptens and
adjuvants. Excipients, carriers, haptens and adjuvants may include for
example phenoxyethanol, magnesium chloride, sucrose, thiomersal, formalde-
hyde, phenol, antibiotics (preservatives) or aluminium salts, ISCOM particles,
carrier proteins (e.g. cholera toxin), liposomes or protein micelles
(haptens/adjuvants).

A new immunisation regime for the prevention of diseases caused
by non-polio enteroviruses is introduced (Table 1).
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Table 1. Main immunization regime

Action 1. OPV during pregnancy
Given preferentially during the first trimester but may also be given later during

pregnancy. May also be given to women who are at fertile age but not preg-
nant.

Action 2. OPYV in childhood

Given at the age of 0, 6, 10, 14 weeks, boosters at older age (e.g. every 5
years).

Action 3. Killed/subunit vaccine

Given at the age of 3, 6 and 12 months, boosters at older age. Can also be
given to pregnant mothers.

Actions 1, 2 and 3 can be used separately or in different combina-
tions. The timing of childhood OPV vaccinations in action 2 may vary but the
first ones should preferentially be given by the age of 3 months.

Killed or subunit vaccine includes one or more of the following en-
terovirus serotypes or their antigenic structures: coxsackievirus B serotypes 1,
2, 3, 4, 5 and 6, echovirus serotypes 3, 4, 6, 9, 11, 22 and 30, coxsackievirus
A serotypes 9 and 16. It can be given during pregnancy and at varying ages in
childhood with booster given later in life. Killed or subunit enterovirus vaccine
may be given simultaneously, before or after OPV is given.

Protection against non-polio enteroviruses is induced by extensive
immunisation by repeated doses of live attenuated oral poliovirus vaccine
(OPV). The regime includes prenatal and postnatal OPV vaccinations, which
can be used in combination or separately. Prenatal vaccination is carried out
by giving OPV to pregnant women in order to protect the child in utero and in
infancy (Action 1 in Table 1). This protection is based on anamnestic immune
response, which is induced by OPV-vaccination. Anamnestic response is due
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to the activation of cross-reactive enterovirus specific memory T-cell clones
and leads to increases in antibody levels against those enterovirus serotypes
to which the mother has been exposed prior to the OPV vaccination. Anam-
nestic antibody response of the mother protects the child because IgG class
maternal antibodies are transferred to the fetus through the placenta and are
thus protecting the child until the age of 6-12 months when maternal antibod-
les disappear from child’s circulation.

Postnatal vaccination (Action 2) is carried out like OPV vaccination
shedules in general but may be more extensive to get maximal stimulation of
cross-reactive T-cell immunity (Table 1). It includes repeated vaccinations, first
ones given at birth and during the first weeks of life followed by booster vacci-
nations in childhood with a few years intervals (like in WHO EPI-program).
OPV-vaccination per os induces also strong local immune response in mu-
cosal surfaces, particularly in the gut. This is important because the primary
replication site of enteroviruses is gut-associated lymphoid tissue. This local
immunity is targeted also to non-polio enteroviruses because of OPV induced
cross-reactive T-cell response and induction of local production of interferons.

The Actions 1 and 2 of this regime can be combined with new non-
polio enterovirus vaccines, which induce serotype specific immunity to get
maximal protective effect against non-polio enteroviruses (Action 3 in Table 1).
Serotype specific immunity may be induced by killed enterovirus particles or
sub-unit vaccines carrying certain enterovirus structures or peptides. This se-
rotype specific vaccine can be given to pregnant mothers as well as to children
as described in Table 1. The serotype specific vaccine preferably includes one
or more of the following enterovirus serotypes (coxsackievirus B serotypes 1,
2, 3, 4, 5 and 6, echovirus serotypes 3, 4, 6, 9, 11, 22 and 30, and cox-
sackievirus A serotypes 9 and 16). This kind of killed or subunit vaccines in-
duce efficient antibody response but the protection is specific for those viruses
which are included in the vaccine (protection by neutralizing antibodies is se-
rotype specific). In such combination OPV can be used to give additional pro-
tection by cross-reactive T-cell responses against the serotypes which are not
iIncluded in the killed/subunit vaccine. OPV can also be used to booster the
antibody responses which are induced by killed/subunit vaccines. OPV can
also be used to direct the immune responses induced by killed/subunit vac-
cines to Th1i-type responses rather than Th2-type responses. Th2-type re-
sponses are typically induced by killed/subunit vaccines and can be associ-
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ated with serious side-effects leading to more severe course of natural infec-
tion in vaccinated individuals (like observed in individuals vaccinated by killed
RSV or measles vaccines). OPV like other live vaccines induces mainly Th1-
type responses leading to cytotoxic T-cell responses and can thus counteract
the Th2-type responses induced by killed/subunit vaccines by inducing cross-
reactive Th1 -type T-cells. To avoid Th2-responses OPV may be given either
before, simultaneously with or after the killed/subunit vaccines are given.

Thus, the present regime includes OPV-vaccinations to induce
systemic T-cell responses and local mucosal immunity as well as anamnestic
antibody responses in pregnant mothers (Actions 1 and 2). OPV vaccinations
can be combined with new inactivated or subunit enterovirus vaccines (Action
3). This combination would give maximal preventive effect (neutralizing anti-
bodies induced by killed/ subunit vaccines are the first barriers against infec-
tions and T-cell immunity induced by OPV helps in the eradication of infec-
tion). OPV may also be used in combination with inactivated or subunit vac-
cines to prime or booster their effect or to prevent possible harmful side-effects
caused by Th2-type bias in immune response to enteroviruses which may be
caused by inactivated or subunit vaccines.

We have found that there are unexpected side-effects of IPV vac-
cines, which increase the risk of complications of non-polio enterovirus infec-
tions like Type 1 diabetes by directing the immune response against non-polio
enteroviruses into the Th2 direction. However, OPV is benefical, because it
decreases the risk of complications of non-polio enterovirus infections and
vaccinations of inactivated/subunit non-polio enterovirus vaccines (e.g against
diabetes) by inducing cross-reactive memory T-cells, by directing the immune
response to non-polio enteroviruses into the Th1 direction and by inducing lo-
cal protection in the mucosal tissues.

One advantage of this invention is that it is based on a widely used
and very safe vaccine (OPV) but gives a new indication for this vaccine, which
has not been previously suggested. The novel aspects are also that the in-
vention utilises strong T-cell responses induced by live OPV vaccine, the
cross-reactivity of these responses between different enterovirus serotypes,
induction of local immune responses by OPV in mucosal surfaces in pharynx
and in gut, vaccination of both pregnant women and children, and optional
combination of OPV and new serotype specific killed/subunit vaccines to
booster their effect and to avoid their side-effects related to Th2-based re-
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sponses. An additional novel aspect is that the inactivated/subunit vaccine in-
cludes serotypes, which are the most important in the pathogenesis of severe
non-polio enterovirus diseases including Type 1 diabetes.

This vaccination regime can be used in the whole population or in
specific high-risk groups such as children with genetic risk alleles for Type 1
diabetes, children with diabetes in first-degree relatives or children positive for
diabetes-related autoantibodies.

This vaccination regime is the only possibility which is currently
available for the prevention of non-polio enterovirus diseases in man. It can
be implemented into clinical work immediately as it is based on currently
widely used and well-tolerated vaccine (OPV). It can be coupled with inacti-
vated or subunit enterovirus vaccines to increase their preventive effect and to
avoid their side-effects.

In Finland practically the whole population was vaccinated by one
dose of OPV in February - March in the year 1985 to eradicate the last po-
lloepidemic (Hovi et al., 1986; Harjulehto-Mervaala et al., 1994). This provides
an excellent possibility to analyze possible effects of OPV vaccination on the
risk of type 1 diabetes because IPV has been used as the only poliovirus vac-
cine for decades and has also been used after the epidemic. OPV vaccination
was also given to pregnant women (Harjulehto-Mervaala et al., 1993). We
have analysed the cumulative prevalence of type 1 diabetes in birth cohorts
which have received OPV vaccination in the year 1985 either in childhood or in
utero and compared that to cumulative prevalence in birth cohorts who had
never received OPV (Figure 1). The Figure shows the cumulative prevalence
of Type 1 diabetes (IDDM) per 100,000 children by the age of 8 years in Fin-
land In birth cohorts which have either never received oral poliovirus vaccine
(OPV) or have been vaccinated by one dose of OPV in childhood or in utero
during the mass-vaccination campaign in 1985. The cumulative prevalence of
type 1 diabetes was significantly lower in OPV-vaccinated cohorts compared
to unvaccinated cohorts: The average prevalence in OPV vaccinated cohorts
born in the years 1980-1985 was 272 compared to 326 in unvaccinated co-
horts born in 1986-1989 (p<0.01 in student’s t-test). The prevalence of diabe-
tes was also low in children whose mother had been vaccinated during preg-
nancy (261 per 100,000; Figure 1). These findings indicate that both Actions 1
and 2 in the proposed immunisation regime (see Table 1) have a protective
effect against Type 1 diabetes.
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We have also found that incidence of Type 1 diabetes correlates
with the type of poliovirus vaccine used in different countries. This correlation
IS not absolute but there is a general tendency to a lower incidence of Type 1
diabetes in countries where OPV is used compared to countries where inacti-
vated (killed) poliovirus vaccine (IPV) is used. In Finland the incidence of Type
1 diabetes is the highest in the world, and Finland is also one of the very few
countries where |IPV has been used as the only poliovirus vaccine for several
decades (except in the year 1985 as mentioned before).

A possible role of different poliovaccination regimes as a cause of
the international differences in the incidence of Type 1 diabetes is also sup-
ported by our findings in Estonian and Finnish children. In Estonia, where the
incidence of Type 1 diabetes is one third of that in the neighbouring Finland,
OPV is used as the only poliovirus vaccine in contrast to Finland where IPV is
used. We analysed T-cell proliferation responses to tetanus toxoid, poliovirus
type 1, coxsackievirus B4 (CBV4) and adenovirus antigens in 9-months-old
infants in both countries. The responses to poliovirus and CBV4 were signifi-
cantly higher in Estonian than in Finnish children (p<0.05) while responses to
other antigens did not differ between the groups. Neutralizing antibodies
against CBV group enteroviruses did not differ between the groups suggesting
that the observed difference in T-cell responses was not due to different expo-
sure of infants to enteroviruses in the two countries. Accordingly, the higher T-
cell response to purified CBV4 virus in Estonian children probably reflects
cross-reactivity of T-cells primed by previous OPV vaccinations. In Finland, the
IPV vaccine is used which does not induce as high T-cell responses as OPV
and which is also given at older age than OPV in Estonia (Estonian children
had received three doses of OPV compared to one dose of IPV in Finnish
children by the age of 9 months). This suggests that the OPV vaccination
schedule in Estonia induces stronger cross-reactive immune response to non-
polio enteroviruses than the IPV vaccination schedule used in Finland. This
Indicates that Action 2 in our immunisation regime (see Table 1) has a protec-
tive effect against Type 1 diabetes.

in the Finnish Diabetes Prediction and Prevention study (DIPP) we
have analysed the frequency and serotype of enterovirus infections in 21 in-
tants who have been followed from the birth and who have manifested with
clinical Type 1 diabetes or turned positive for diabetes-related autoantibodies
as a marker of subclinical beta-cell damage. Enterovirus infections were more
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frequent in these children than in 104 control children matched for the time of
birth, gender and HLA-risk alleles for Type 1 diabetes (p<0.03). This difference
was particularly clear in infections which occurred 0-6 months before autoanti-
bodies appeared: 57% of autoantibody positive subjects had an enterovirus
infection during that period compared to 31% of control subjects of the same
age (OR 3.7, 95% Cl 1.2-11.4) (unpublished observation). During this period
29% of autoantibody positive children were positive for enterovirus RNA in se-
rum compared to 6% of control subjects (OR 8.4, 95% Cl 1.7-40.2). The re-
sults suggest that enterovirus infections are important risk factors for Type 1
diabetes and able to initiate the beta-cell damaging process in genetically sus-
ceptible individuals. The average age of the infants at the appearance of
autoantibodies was 9 months suggesting that diabetogenic enterovirus infec-
tions may occur already during the very first months of life.

The serotype of enterovirus infections related to induction of
autoantibodies or manifestation of clinical diabetes has been analysed In the
DIPP study and in the previous Childhood Diabetes in Finland (DiMe) study.
These serotypes are included in the killed/subunit vaccine in the present im-
munisation regime (Action 3 in Table 1).

OPV vaccinations can be combined not only with serotype specific
vaccines but also with passive immunisation regimes against enteroviruses.
This kind of passive immunisation may include e.g. immunogiobulins which
contain enterovirus specific antibodies and which are given intravenously or
orally.

Example 1

We have analysed the effect of OPV vaccination on the course of
subsequent coxsackievirus B3 (CBV3) infection in mice. In these studies we
used a transgenic BALB/c strain which expresses human poliovirus receptor
and can therefore be infected by human polioviruses (Horie et al., 1994).

Transgenic BALB/c mice were first immunized by live poliovirus
vaccine (Sabin strain of poliovirus type 1) or inactivated poliovirus vaccine PV,
and later challenged to a pancreas-tropic strain of coxsackievirus B3 (Nancy
strain). (IPV was the commercially available poliovirus vaccine Novum pur-
chased by National Public Health Institute of Holland). Two doses of live polio-
virus vaccine strain type 1 (Sabin) were given intramuscularly with two weeks

intervals (10° TCID.,/mouse, first injection at the age of 8 weeks). Two doses
of killed poliovirus vaccine were given intramuscularly in the same way (0.1 ug
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per mouse). Two weeks after the last poliovirus injection the mice were infec-
ted by coxsackievirus B3. T-cell proliferation responses were analysed two
weeks after the coxsackievirus B3 challenge using standard blast-
transformation test and highly purified viruses as antigens. The T-cell respon-
ses are expressed as spesific counts (mean cpm), and and the results are
shown in Table 2.

Table 2. Effect of previous poliovirus immunisation on T-cell
proliferation responses during subsequent coxsackievirus B3 infection
In transgenic mice expressing human poliovirus receptor.

Proliferation response in different immunisation groups

(mean cpm values)

PBS PV Sabin
Virus antigen (N=5) (N=5) (N=5)
Coxsackievirus B3 1444 3669 6485
Poliovirus type 1 1927 4898 6738

Grading of coxsackievirus B3 induced pancreatitis and myocarditis
as well as the detection of viremia was done two weeks after the coxsackievi-
rus B3 challenge. The presence of viremia was analysed at the same time by
detecting viral RNA in serum using a sensitive RT-PCR method. The results
are shown in Table 3.
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Table 3. Effect of previous poliovirus immunisation on the
pathogenesis of subsequent coxsackievirus B3 infection in transgenic
mice expressing human poliovirus receptor.

o
Immunisation group
PBS IPV Sabin
10 (N=5) (N=5) (N=5)
Pancreatitis + + + 2 0 4
+ + 3 2 1
15 + 0 1 0
- 0 2 0
Myocarditis + + + 0 0 0
+ + 0 0 1
20 + 3 2 3
- 2 3 1
Viremia + 2 3 1
- 3 2 4
29

In the experiments live poliovirus vaccine (Sabin strain) increased in
vitro T-cell proliferation responses during subsequent coxsackievirus B3 infec-
tion. This increase was observed in proliferation responses against both puri-

30 fied coxsackievirus B3 and poliovirus type 1 (Table 2). This suggests that pre-
vious live poliovirus vaccination can augment cellular immune responses du-
ring subsequent non-polio enterovirus infection. Previous IPV vaccination also
enhanced T-cell responses during subsequent coxsackievirus B3 infection but
the effect was weaker that that of live vaccine (Table 2).

35 Previous immunisation with live poliovirus vaccine (poliovirus type
1, Sabin vaccine strain) increased T-cell infiltration in the pancreas during sub-
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sequent infection with a pancreas-tropic strain of coxsackievirus B3 (Table 3).
In contrast, previous IPV vaccination was associated with weak T-cell infiltrati-
on in the pancreas as compared to that observed after live poliovirus vaccine
or that in control mice. These results suggest that live poliovirus vaccination
augment in vivo T-cell responses during subsequent non-polio enterovirus in-
fections while killed poliovirus vaccine may have an opposite effect.

There was also a tendency of a low frequency of viremia in mice
previously immunised with live poliovirus. This suggests that live poliovirus
vaccination facilitates the eradication of subsequent non-polio enterovirus in-
fections.

In another experiment it was found that altogether 9 (92%) out of
the twelve poliovaccinated mice had T-cell infiltration in the heart compared to
7 (53%) of the fifteen unvaccinated mice. This suggests that prior challenge by
live poliovirus exaggerates T-cell response during CBV3 infection in vivo.

Example 2

We have produced and tested formalin-inactivated coxsackievirus B

vaccines in mice. These vaccines were produced by inactivating sucrose gra-
dient purified viruses by 14 days incubation at +37 °C in 0.01% formalin in

PBS.

Mean IgG1 antibody levels against purified coxsackievirus B3 were
determined in Balb/c mice immunized by 3 repeated intramuscular injections
with formalin-inactivated coxsackievirus B3 vaccine or phosphate buffered sa-
line (PBS). Injections were given with two weeks intervals (first one at 8 weeks
of age) and antibodies were measured at 2 weeks after the last vaccination.
Antibody levels are expressed as OD,q, values in EIA (Table 4).
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Table 4. Antibody levels induced by inactivated coxsackievirus
B3 vaccine in mice

S e S - e ————— s H e T e S o

5 Immunization group
PBS Coxsackievirus B3 vaccine

Serum dilution  (N=5) (N=95)

10
1/1600 0.12 0.95
1/6400 0.13 0.47
1/25600 0.14 0.28

15

Presence of viremia (virus in serum) was determined in BALB/c mi-
ce immunized with three repeated intramuscular injections with formalin-
iInactivated coxsackievirus B3 vaccine or with phosphate buffered saline (PBS)
and subsequently infected with a pancreas-tropic strain of coxsackievirus B3

20 (Nancy strain, 10° TCID,/mouse). Immunisations were done with two weeks
intervals (first one at 8 weeks of age) and mice were infected 2 weeks after the
last injection. The presence of virus In serum (viremia) was analysed three
days after the infection using the end-point dilution assay of infectivity. End-
point dilution of infectivity in LLC-cell cultures is presented in Table 5.
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Table 5. Protection against viremia by immunisation with an
inactivated coxsackievirus B3 vaccine

Immunisation group

Mice PBS Coxsackievirus B3 vaccine
1. 10 ND
2. 10 ND
3. 107 ND
4. 10° ND
d. 107 ND

ND: Not detectable (titre <10™)

As shown in Table 4 immunisation with inactivated coxsackievirus
B3 vaccine induced high levels of antibodies as measured against purified
coxsackievirus B3 in EIA test. We also found that vaccination completely pro-
tected the mice against infection by a pancreas-tropic strain of coxsackievirus
B3. Virus could not be detected in the serum in any of the vaccinated animals
while all control mice were positive for the virus (Table 5). This vaccine also
protected the mice from virus-induced pancreatitis: None of the vaccinated
animals had T-cell infiltration in the pancreas while all control mice had a very
strong inflammatory response.

These results suggest that inactivated non-polio enterovirus vaccines
are effective in the protection against non-polio enterovirus infections. This
protection is probably mediated by neutralizing antibodies induced by the vac-
cine.

Example 3
SJL/J mice were first immunised either with formalin-inactivated po-
liovirus vaccine (IPV; 0.1 ug/mouse), or with saline (PBS). After 14 days the

mice were infected with coxsackievirus B3 intramuscularly (10° TCID,,/mouse).
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Histopathology of the pancreas was analysed 14 days after the infection. The
results are shown in Table 6.

Table 6. Inflammation reaction (T-cell infiltration) in the pan-
creas of SJL/J mice infected intramuscularly with a pancreas tropic
strain of coxsackievirus B3 (Nancy strain).

Vaccine
Pancreatic PBS IPV
iInflammation (N=5) (N=5)
Strong 1 4
Moderate 2 1
Not detected 2 0

Our observations indicate that IPV increases the severity of non-
polio enterovirus infections. We have found that mice, which have first been
immunized by IPV and later infected with a non-polio enterovirus, namely a
pancreas tropic Nancy strain of coxsackievirus B3, had more severe pancrea-
titis than mice which had not previously been immunised with IPV (Table 6).

Mean IgG1 antibody levels against purified coxsackievirus B3 were
determined in BALB/c mice immunized with three intramuscular injections with
formalin-inactivated poliovirus vaccine (IPV; 0.1 ug per mouse) or with phos-
phate buffered saline (PBS) and subsequently infected with a pancreas-tropic
strain of coxsackivirus B3 (Nancy strain, 10° TCID,,/mouse). Immunisations
were done with two weeks intervals (first one at 8 weeks of age), mice were
infected 2 weeks after the last injection and antibodies were measured 2
weeks after the infection. Antibody levels are expressed as mean OD,,, values
in EIA (Table 7). IPV was the commercially available poliovirus vaccine Novum
purchased by National Public Health Institute of Holland.
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Table 7. Effect of immunisation with inactivated poliovirus

vaccine on antibody response during subsequent coxsackievirus B3 in-
fection

| .
Immunisation group

B

PBS PV
Serum dilution  (N=5) (N=5)
1/1600 0.50 0.37
1/6400 0.36 0.11
1/25600 0.32 0.08

—_—_—““——‘"——“

IPV vaccination was associated with abnormally low antibody res-
ponse during subsequent coxsackievirus B3 infection in BALB/c mice (Table
7). This suggests that immunisation with killed poliovirus vaccine may weaken
antibody responses during subsequent non-polio enterovirus infections in vivo.
This, in turn, may increase the severity of non-polio enterovirus infections.

We assume that the harmful effect of IPV is due to its ability to in-
duce Th2-type immune responses. It has been shown previously that inactiva-
ted vaccines induce mainly Th2 type responses and that this kind of Th2 bias
may increase the severity of natural infections (like in the case of Inactivated
respiratory syncytial virus and measles vaccine). This harmful effect is mani-
fested particularly in infections caused by other serotypes than that used in the
vaccine while infections by the same serotype as that used in the vaccine are
totally protected by the vaccine (as shown in our mice experiments described
In Table 5). This serotype-specific protection is based on vaccine-induced
neutralizing antibOdies Thus [PV vaccination in childhood primes poliovirus
specific immune response towards Th2 direction: which imprints T-cell memory
In later enterovirus infections. Due to cross-reactive T-cells this Th2-bias will
spread to immune responses against non- -polio enteroviruses thus Increasing

the severity of non- polio enterovirus infections and the risk of their complica-
tions like Type 1 diabetes. '

RECTIFIED SHEET (RULE 91)
' ISA/EP
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In contrast to the harmful effect of IPV on immune protection
against non-polio enterovirus infections, OPV has a beneficial effect. As a live
vaccine OPV induces stronger T-cell responses than IPV. In addition, this im-
mune response Is more balanced resembling that observed in natural entero-
virus infections including both Th1- and Th2-type immune responses. This
response is targeted to both structural and non-structural virus proteins, while
IPV induces only response to structural virus proteins. By inducing strong T-
cell responses OPV activates also memory T-cells, which can cross-react bet-
ween polio and non-polio enteroviruses and booster both T-cell and antibody
responses against non-polio enteroviruses. By this mechanism, OPV facilitates
the clearance of non-polio enterovirus infections thus preventing from their
complications. Thus, the risk of complications of non-polio enterovirus infec-
tions (like Type 1 diabetes) can be prevented by OPV.

In addition to the natural non-polio enterovirus infections, OPV can
also be used to convert immune responses, which have been induced by
iInactivated or sub-unit enterovirus vaccines from Th2-type responses to Th1
direction. In this way OPV can be used to protect from the Th2-dependent side
effects of inactivated or sub-unit non-polio enterovirus vaccines. This kind of
side effects have been described in the context of the use of inactivated respi-
ratory synsytial virus and measles virus vaccines and they include abnormal
course of infections, increased severity of the infection, increased risk of
complications of the infection and possible development of allergies and asth-
ma.

Accordingly, OPV can be used to dictate the immune response in-
duced by inactivated or subunit enterovirus vaccines to Th1-type responses
thus protecting against the side-effects of such vaccines. In contrast, IPV may
have an opposite effect increasing the risk of complications of non-polio ente-
rovirus infections by dictating the immune response to Th2 direction.

An additional advantage of OPV over IPV is that as a live virus it in-
duces production of interferon-alpha. It is induced only during virus infections
and is the most potent antiviral cytokine (part of the innate immunity). It speci-
fically protects against virus infections and provides protection before the anti-
gen specific immune responses are induced. As a live virus OPV induces in-
terferon-alpha and this induction happens both in mucosal surfaces and sys-
temically. Vaccine viruses replicate in the gut for several weeks, which means
that local production of interferon-alpha persists for prolonged periods in child-
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ren repeatedly vaccinated by OPV. This will augment to the protective effect of
OPV against non-polio enterovirus infections.
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We claim:

1. A wvaccine composition comprising oral polio virus
vaccine (OPV) and a serotype specific immunity inducing

vaccine against non-polio enteroviruses comprising

inactivated forms or subunits of one or more serotypes ot
diabetogenic non-polio enteroviruses selected from the
group consisting of coxsackievirus B serotypes 1, 2, 3, 4,
5 and 6, echovirus serotypes 3, 4, 6, 9, 11, 22 and 30, and

coxsackievirus A serotypes 9 and 16.

2. The vaccine composition according to claim 1, wherein

salid serotype specific immunity inducing vaccine comprises

a cocktail of said diabetogenic non-polio enterovirus

serotypes.

3. Use of a serotype immunity inducing vaccine agailnst one
or more serotypes of diabetogenic non-polio enteroviruses
selected from the group consisting of coxsackievirus B
serotypes 1, 2, 3, 4, 5 and 6, echovirus serotypes 3, 4, 6,

9, 11, 22 and 30, and coxsackievirus A serotypes 9 and 1o,
wherein the vaccine comprises an inactivated form or a

subunit of said diabetogenic non-polio enterovirus for the

manufacture of a vaccine against Type 1 diabetes mellitus

(1DDM) .

4. Use according to c¢laim 3 for the manufacture of a

vaccine to be administered to pregnant women or children.
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5. Use according to claim 3 for the manufacture of a
vaccine to be administered prenatally to pregnant woman and

postnatally to baby.
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