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“...infection with Toxoplasma gondii is mostly a poverty-related
disease where populations depending on surface water and fresh meat
are at a particularly high risk.”

Toxoplasma eye disease is a huge problem
in certain parts of the world, especially
South America and Africa [1,2]. In these
regions, infection with Toxoplasma gondii
is mostly a poverty-related disease where
populations depending on surface water
and fresh meat are at a particularly high
risk (3]. 7_ gondii eye disease is prevalent in
tropical Africa, and the data available point
to nonarchetypal genotypes dominating in
sub-Saharan Africa [4].

The very high prevalence in Brazil
can be partly explained by more virulent
1. gondii genotypes [5], but the infectious
pressure may also be more pronounced,
especially by a high 7. gondii infection
rate in meat [6]. Current findings indicate
that most strains from Brazil do not fit the
clonal pattern seen in North America [7].
Other studies suggest that clonal line-
ages II and IIT predominate in Africa as
in Europe and North America [89], and
most infections are acquired through food
or water in these areas [10,11]. Control of
T. gondii infections have not been real-
ized by public health measures, ensuring
Toxoplasma-safe water and meat.

There is a lack of efficient drugs and
no new drugs are on the horizon. Most
patients acquire the infection during
childhood or early adulthood and there is
therefore a possibility to immunize people
before infection.

Much work has been done on developing
vaccines against 7. gondii 12], but Phase |
or II trials in humans are not imminent, as
1. gondii is not perceived as a large public
health problem in industrialized countries,

such as the USA and the EU, where congen-
ital toxoplasmosis, but not eye disease, is a
concern. Monitoring and treatment of preg-
nant women and newborns is the current
medical practice in these countries [13].

“..there is an urgent need to
develop tools that can prevent
acquired Toxoplasma
eye disease.”

In Erechim, southern Brazil, 17.7% of
the adult population has ocular toxoplas-
mosis, with 0.9% of children between 1
and 8 years of age being affected, increas-
ing to 21.3% in individuals above 13 years
of age 14.15]. These data show that out of
a population in Erechim of approximately
2 million people, more than 400,000 will
have 7. gondii eye disease, of which 5%
or 20,000 will have unilateral macular
lesions casing unilateral blindness, and
1% or 4000 have bilateral macular lesions
causing blindness.

In Africa, Toxoplasmosis has been
shown to be the cause of uveitis in 52%
of cases in Sierra Leone [16] and similar
findings were already reported earlier from
Nigeria [17]. A study from the London
(UK) area showed that the incidence
of ocular toxoplasmosis was 100-times
higher in black immigrants born in west
Africa as compared with subjects born in
the UK [18]. Uveitis is a major cause of
blindness in west Africa [16], ranking as
the second course of blindness in Sierra
Leone [19]. The contribution of ocular
toxoplasmosis to blindness is high in west
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Africa and, although definitive proof is not yet available, most
cases of Toxoplasma eye disease from west Africa are considered
to be acquired [16].

Thus, there is an urgent need to develop tools that can prevent
acquired Toxoplasma eye disease. It must be stressed that the avail-
able drugs are not able to prevent the development of eye disease
as by the time the patient develops symptoms, the retina has
already been destroyed.

“...there has been considerable progress
towards the development of Toxoplasma
vaccines, whose feasibility was suggested
by the long-term immunity induced by
primary infection.”

Vaccination is the most obvious tool for immunizing the popu-
lation before being infected, and we discuss here the hypotheti-
cal impact of a Toxoplasma vaccine, administered for instance
between the age of 3 and 6 years, in terms of reduction of sympto-
matic eye disease, requirements of safety and efficacy, appropriate
end points and sample size needed. However, for ethical reasons it
may be preferred to use an older age group, for example, children
10-12 years of age, but that should be balanced with the problem
that some children will be infected with 7. gondii eatlier and have
already developed eye disease.

In the last decade, there has been considerable progress towards
the development of 7oxoplasma vaccines, whose feasibility was
suggested by the long-term immunity induced by primary infec-
tion. However, no vaccines are presently available for humans,
but much work has been done on different vaccine prototypes
in animal models [12]. The end points of protection against
Toxoplasma after animal vaccination have mainly been parasite
load in tissues, survival and protection against congenital infection.
Animal challenge models for vaccines against ocular toxoplasmosis
have been limited to a few approaches with tissue cyst-deficient
strains [20-22].

A commercially available attenuated vaccine strain is used in
sheep to prevent abortion due to 7. gondii infection and has shown
a protective efficacy of approximately 75%, but many side effects
occur and protection lasts approximately 18 months [23]. Sterile
immunity has been obtained in pigs immunized with a cyst-defi-
cient 7. gondii strain [24], and a vaccine based on a 7 gondii uracil
pathway knockout strain showed 100% protection against lethal
challenge in mice [25].

Subunit vaccines have the advantage of being pure, safe and
well defined. Up to now, such vaccines have been able to induce
up to 90% protective efficacy in mice against selected Toxoplasma
strains, mostly of genotype II [12.26]. It has recently been shown
that subunit vaccines having a high protective efficacy against an
avirulent 70 gondii genotype Il showed no protection against a
more virulent genotype III strain [26].

Subunit vaccines should demonstrate a high efficacy against
all genotypes, but to date no vaccines have been shown to do so,
and thus far subunit vaccines need to be much improved before
they can enter clinical trials [25].

There is a need for preclinical development of Toxoplasma vac-
cines to achieve protection against ocular toxoplasmosis caused
by south American and west African 7. gondii isolates. However,
no effective subunit vaccines have yet been developed against
the apicomplexan parasites 7. gondii and Plasmodium falciparum.

Given the problem with recombinant subunit vaccines, attenu-
ated vaccines are more promising. In a model of ocular toxoplas-
mosis, vaccination with an attenuated ts-4 Toxoplasma strain could
induce both ocular pathology and ocular protective immunity [23].
Attenuated vaccines may have more side effects compared with
subunit vaccines and there is a theoretical risk of the vaccine strain
reverting to wild-type parasites. Given the very high burden of
disease, the theoretical risk of reversal to wild-type should be bal-
anced by the very high burden of impaired eyesight in communi-
ties in southern Brazil and probably tropical Africa. A recent study
of an attenuated P. falciparum vaccine showed excellent protection
and this illustrates that attenuated vaccines can induce protective
immunity in infections with apicomplexan parasites [27].

It should be taken into consideration that eliminating ocular
disease might not necessarily mean a vaccine conferring 100%
sterile immunity. A vaccine that can prime the immune system
and reduce the cyst burden in the host may prevent 7. gondii
eye disease. The protective efficacy of a vaccine against 7. gondii
eye disease should thus be related to the burden of disease but
not to the infection itself. Therefore, a new correlate of protection
—an immunological threshold above which an individual is pro-
tected — would probably need to be defined for protection against
ocular toxoplasmosis.

“It should be taken into consideration
that eliminating ocular disease might not
necessarily mean a vaccine conferring 100%
sterile immunity.”

In particular, ELISAs based on the vaccine antigen and assays
investigating cellular immunity induced by the vaccine would
be valuable tools for the determination of vaccine uptake and
evaluation of the induced cytokine profile, respectively. Although
the presence of a humoral immune response is the usual marker
for protection, immunity to 7. gondii is intimately correlated
with the generation of cellular immune responses, in particular
IEN-y-producing T cells.

Currently, the correlate of protection against ocular toxoplas-
mosis is not known. An ELISA based on the vaccine antigens
would need to be developed, with a seroprotective cut-off in terms
of IgG titer, to define the hypothetical antibody level that should
confer protection. On the other hand, protection may be corre-
lated to the presence and/or absence of certain cytokines produced
by Thl, Th2, regulatory T cells or Th17 cells [28-30].

From studies carried out in Erechim, it is known that 99%
of the Brazilian population is seronegative before 8 years of age
and that 21.3% has symptomatic eye disease above 16 years of
age [14.15]. Also, an estimated 2% of the population develops
T. gondii eye disease every year, after 8 years of age, reaching a
plateau of approximately 20% along adulthood. Consequently,
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immunization before the age of 8 years with an effective vac-
cine with long-lasting protection would prevent symptomatic eye
infection in 20% of the population.

In a hypothetical model of a clinical trial enrolling 1000 seron-
egative children under 8 years of age and following them along
childhood and adolescence, without any intervention, 20 subjects
will develop Toxoplasma eye disease every year for the next 8 years
until reaching a prevalence of 200 per 1000 with symptomatic
eye disease at 16 years of age. Immunizing 1000 seronegative
children under 8 years of age with a 100% effective vaccine would
therefore prevent 20 cases of 7. gondii chorioretinitis per year per
1000 population.

Taeee 1 shows that immunizing 1000 persons and assuming that
2% develop Toxoplasma eye disease per year, a study enrolling
1000 subjects in each group (intervention and control) has the
power to detect a 45% reduction in Toxaplasma eye disease (20 cases
in the control group and 11 cases in the intervention group).

With a vaccine regimen at young age to protect against ocular
toxoplasmosis, we may hypothesize that a protection of approx-
imately 10 years of age would ideally be followed by a booster
regimen at approximately 12 years of age to extend protection in
individuals up to 20 years of age. In south American and west
African countries, seropositivity can be as high as 90% and it is
thus likely that the majority of pregnant women are protected at
child-bearing age. Therefore, the primary focus of the protective
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