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FACTORS OF OCCURRENCE OF OCULAR TOXOPLASMOSIS. A REVIEW'

TALABANI H.*, MERGEY T.*, YERA H.*, DELAIR E.**,
BREZIN A.P**, LANGSLEY G.*** & DUPOUY-CAMET J.*

Summary:

Acquired and congenital toxoplasmosis are frequently complicated
by ocular toxoplasmosis. The diagnosis relies on clinical aspects,
response fo specific freatment and results of biological assays. The
incidence and the prevalence of this complication are difficult to
establish precisely and depend on the prevalence of the parasite
infection in the general population, and are affected by factors such
as type of exposure to the parasite, genetic backgrounds of the
parasite and the host, and type of immune response elicited by the
parasite.
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cular toxoplasmosis (OT) is a major cause of

posterior uveitis worldwide. Diagnosis is

usually based on ophthalmological examina-
tion and is confirmed by the response to specific treat-
ment, but also by biological assays including local
antibody production, PCR and Western Blot (Robert-
Gangneux et al., 2004; Talabani et al., 2009; Villard et al.,
2003). The incidence and the prevalence of this com-
plication are difficult to establish precisely. In 1993, a
survey in a French hospital service of ophthalmology
showed that OT was seen in less than one per thousand
outpatients (Dupouy-Camet et al., 1995). In another
study performed in Germany, Jakob et al. (2009)
reported that toxoplasmosis accounted for 4.2 % of all
cases of uveitis at their referral centre. Jones et al. (2010)
estimated that 4,839 people develop symptomatic OT
each year in the United States. Ocular toxoplasmosis is
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Résumé : FACTEURS DE SURVENUE D'UNE TOXOPLASMOSE OCULAIRE

Les toxoplasmoses acquises ou congénitales sont fréquemment
compliquées par des lésions oculaires. Le diagnostic de ces
complications se fonde sur les aspects cliniques, la réponse au
traitement spécifique et les résulfats des analyses biologiques.
L'incidence et la prévalence de ces complications sont difficiles &
établir avec précision et dépendent de la prévalence de la
parasitose dans la population générale et sont affectées par le type
d'exposition au parasite, par la génétique de I'hdte et du parasite
et par la réponse immune induite chez I'héte par le parasite.

MOTS CLES : foxoplasmose, Toxoplasma, ceil, choriorétinite.

a complication of both acquired acute and reactivated
congenital toxoplasmosis (Delair et al., 2008; Holland,
1999; Stanford et al., 2006). Ocular disease severity can
be influenced by variation in parasite isolates, parasitic
load, route of infection and host-related factors such as
immune function, age and pregnancy.

FACTORS OF OCCURENCE OF OCULAR
TOXOPLASMOSIS (OT)

OT COMPLICATES NOT ONLY CONGENITAL BUT
ALSO ACQUIRED INFECTIONS

lassically, retinochoroiditis secondary to acquired

toxoplasmosis was considered an exceptional

event in immunocompetent individuals, and was
usually defined as a periodic reactivation of latent cysts
associated with undiagnosed congenital infections. But
recent data, based on ophthalmological examination,
seem to establish that acquired infection might be
responsible for most cases. This fact was particularly
demonstrated by outbreaks reported in Canada, Brazil
or India. In Canada, amongst 100 individuals infected
during a water-borne outbreak, 19 had OT (Bowie et al.,
1997). In southern Brazil 17.7 % of 1,042 individuals
examined had OT. The prevalence of the lesions was
0.9 % in 1- to 8-year-olds and 21.3 % in all individuals
older than 13, suggesting that in this population, the
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disease was a sequela of postnatal rather than congenital
infection (Glasner et al., 1992). In India, Balasundaram
et al. (2010) described ocular involvement due to toxo-
plasmosis in 248 patients who had active retino-
choroiditis and toxoplasmic serology suggesting recently
acquired disease. Delair et al. (2008) analysed 425 cases
of ocular toxoplasmosis, 100 (23.5 %) were acquired,
62 (14.6 %) were congenital, and 263 (61.9 %) were of
unknown origin. At the time of the study, the mean age
of the patients with congenital ocular toxoplasmosis
was 9.1 +/— 8.8 years, and 21.7 +/— 12.6 years in the
patients with the acquired disease (p < 0.0001). In a
recent study on clinical and serological data in the
United Kingdom, Stanford et al. (2006) showed that
50 % of OT in children was acquired after birth and that
no clearclinical distinction could be made between
acquired and congenital toxoplasmosis. However, other
authors have identified specific clinical presentations to
each group. Montoya et al. (1996) observed that patients
with post-natal acquired toxoplasmic retinochoroiditis
had mostly unilateral lesions without old scars or
involvement of the macula. Delair et al. (2008) reported
that bilateral OT was found in 4 % of acquired cases
and in 43.5 % of congenital cases (p < 0.0001) and that
in acquired infections, visual acuity was significantly
less impaired than in congenital infections. The risk of
ocular disease depends on the trimester of pregnancy
when infection occurred, and on whether or not treat-
ment was administered to the mother during pregnancy.
Kieffer et al. (2008) showed that a period exceeding
eight weeks between maternal infection and the begin-
ning of treatment, female gender, and especially cerebral
calcifications were risk factors for retinochoroiditis. No
significant association was found in other cohort studies
between gestational age at maternal infection, prenatal
treatment and the risk of developing OT (Binquet et al.,
2003; Freeman et al., 2008).

HOST GENETIC BACKGROUND AND IMMUNE STATUS

In mice, the virulence is linked to many factors related
to either host immunity or the parasite, such as inoculum
size, the infective stage (oocysts versus cysts), the route
of infection and the genotype of the infecting strain.
However, these data are not well documented in
humans.

The acquired immune deficiency syndrome (AIDS) epi-
demic has dramatically reminded one that effective host
immunity is essential to limit the severity of ocular
lesions. AIDS patients without highly active antiretroviral
therapy can develop extensive and recurring lesions
(Holland et al., 1988). Similar lesions may also be
encountered during the use of immunosuppressive the-
rapy, or in the elderly (Montoya et al., 1996; Ronday et
al., 1999). Many studies have focused on elderly patients
(Holland, 2009; Johnson et al., 1997; Labalette et al.,
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2002). These patients can have large and multiple ocular
lesions with severe vitritis and prolonged disease, in
some instances similar to lesions encountered in
immunocompromised individuals, although they are
otherwise healthy. Numerous changes occur in the
immune system with advancing age, probably contri-
buting to the higher severity of ocular toxoplasmosis in
elderly patients. Indeed, both cellular and humoral
immune responses are modified with advancing age
(Johnson et al., 1997). A cross-sectional household study
involving 499 individuals was undertaken in Minas
Gerais state of Brazil, where infection with Toxoplasma
gondiiis endemic. The frequency of OT increased signi-
ficantly with age, with approximately 50 % of individuals
> 60 years of age having lesions (Portela et al., 2004).
They also showed that older patients had a higher risk
following recently acquired infection compared to
younger patients.

The factors responsible for recurrences are unknown,
but trauma, hormonal changes and cellular or humoral
immunosuppression appear to contribute to the release
of parasites from tissue cysts. Bosch-Driessen et al.
(2002) reported an increased incidence of recurrences
during pregnancy and after cataract surgery. The hor-
monal and immunological changes in pregnant women
can cause recurrences and these authors described four
women having such recurrences in every pregnancy.
In a retrospective series, Kump et al. (2005) observed
resistance to treatment and severe OT. Garweg et al.
(2008) reported that recurrence occurred in approxi-
mately in four out of five patients and was higher
two years after the first episode. Finally, a recent study
confirmed that the risk of recurrence was the highest
immediately after an episode of active disease and that
recurrence had a tendency to occur in clusters (Holland
et al., 2008).

Mice with different genetic backgrounds have different
susceptibilities (Norose et al., 2003). In humans, an
increased frequency of the HLA-BwG62 antigen was
observed in patients with severe OT (Meenken et al.,
1995). Jamieson et al. (2008) showed in mother-child
pairs from Europe and North America that ocular disease
in congenital toxoplasmosis was associated with poly-
morphisms in ABCA4 encoding ATP-binding cassette
transporter and in a COL2A1 encoding type II
collagen.

SPECIFIC PARASITIC GENOTYPES ARE INVOLVED
IN OT

Currently, it is assumed that the population of 7. gondii
consists of three predominate clonal lineages, which
differ at the DNA sequence level by 1 % or less (Saeij
et al., 2005). In Europe and the United States, type II is
the most common cause of systemic Toxoplasma infec-
tion (Howe et al., 1997). The influence of the
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Toxoplasma genotype remains unclear, because of a
low number of studied samples. Grigg et al. (2001)
suggested a possible correlation between severe retinal
disease and atypical genotypes in immunocompetent
patients. Indeed, in acquired OT, an unusual abundance
of type I, or recombinant genotypes I/IIl have been
found in six immunocompetent patients in the USA. In
Brazil, genetic studies have shown that genotypes of
T. gondii involved in acquired OT were atypical, belon-
ging to genotypes different from genotype II (Vallochi
et al., 2005). Gilbert et al. (2008) highlighted severe
ocular disease in congenitally infected Brazilian children
compared with European children. The differences in
the frequency, size and multiplicity of retinochoroidal
lesions may be explained by more virulent parasite
genotypes that predominate in Brazil, but are rarely
found in Europe. Khan er al. (2006) compared 25 clinical
and animal isolates of 7. gondii from Brazil to previously
characterised clonal lineages from North America and
Europe. Genotypes of 7. gondii strains isolated from
Brazil were highly divergent when compared (by multi-
locus nested PCR analysis combined with sequencing
of a polymorphic intron) to the previously described
clonal lineages (e.g. genotype II) found in Europe.
These atypical genotypes may also explain the high
frequency (20 % of 97 cases) of ocular involvement in
the above mentioned Canadian outbreak where an aty-
pical cougar isolate was suspected, and the 100-fold
higher incidence of OT in patients born in Africa
compared to patients born in Britain (Burnett et al.,
1998, Gilbert et al., 1995). The distribution of genotypes
was different in immunocompromised patients who
reactivate a type II strain (if acquired in Europe), or a
non—type II strain (if acquired in Africa or South
America). Grigg et al. (2001) reported various strains
(2 types 11, 1 type I, 1 types III and 1 atypical strain)
from immunocompromised patients with OT.

PATHOGENESIS OF OT IS LINKED TO CYTOKINE
RESPONSE

Whereas the physiopathological mechanisms that
underlie retinal damage in ocular toxoplasmosis are yet
not fully understood, the immune response might
directly affect the pathogenesis of toxoplasmic retino-
choroiditis and some cytokines have been shown to be
fundamental to either control or block a protective res-
ponse against 7. gondii in experimental models. In
animal experiments, many authors have described that
IFNy and TNFa, which enhance macrophage activation
and induce production of other cytokines such as IL-12,
give rise to a type Thl immune response that plays a
crucial role in parasite control (Jones et al., 2006). These
two cytokines could play a major role in immunological
responses that control parasite proliferation by induction
of indoleamine 2,3-dioxygenase production in retinal
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pigment epithelial cells (Nagineni et al., 1996). Moreover,
Gazzinelli et al. observed that compared to control ani-
mals, mice treated with IFNy or TNFo antagonists or
antibodies against T cells (CD4 and CD8), showed more
severe lesions characterized by exacerbated ocular
damage and increased parasite detection in the eye.
Conversely, deviation to a Th2 immune response with
production of anti-inflammatory cytokines including
IL-10, TGF-B and IL-4 could promote parasite survival,
but is required to maintain immune privilege in the eye
and prevent immune destruction of tissue (Gaddi
et al., 2007).

In man, the participation of inflammatory mediators in
physiopathology of OT is not yet clear. Nevertheless, a
study by Yamamoto et al. (2000) showed that asymp-
tomatic patients secreted significantly more 1L-12 and
IFNy in response to Toxoplasma antigens than patients
with ocular damage. Conversely, acquired OT was asso-
ciated with high levels of IL-1 and TNFa. They also
observed that in comparison with non-infected subjects,
IL-2 and IFNy production by peripheral blood mono-
nuclear cells in response to 7. gondii was decreased for
subjects with congenital infection, suggesting a status
of parasite tolerance. Ongkosuwito et al. (1998) mea-
sured the levels of six chemokines directly in aqueous
humor samples from patients presenting viral or toxo-
plasmic uveitis. Interestingly, IL-6 titers in patients with
OT correlated with the degree of activity of toxoplasmic
chorioretinitis. This cytokine is now described as essen-
tial in Th17 differentiation and Th17 cells are involved
in inflammatory and autoimmune uveitis, supporting
the hypothesis that host immune response could take
part in ocular damages (Yoshimura et al., 2009).

The expansion of IL-17 producing cells in human OT
has been demonstrated by Lahmar et al. (2009) who
monitored cytokine patterns in serum and aqueous
humor of subjects suffering from OT, infectious or non-
infectious uveitis and cataract. High levels of IL-17 were
reported in aqueous humor samples from 70 % patients
presenting OT. This aspect was shared with another
group suffering from eye inflammatory disease, showing
that inflammatory processes could play a major role in
the establishment of ocular damage in the chronic stage
of OT. Due to large inter-individual variations of cyto-
kine levels within each group of patients, no correlation
was found between cytokine titers and clinical presen-
tation (Lahmar et al., 2009). In addition, increased levels
of proinflammatory mediators MCP-1, IL-8 and IL-6 were
found in intraocular fluid samples from OT, but these
variations were not specific for toxoplasmic uveitis. IL-12
can enhance TNF production and synthesis was higher
in OT than in other ocular diseases in accordance with
the importance of the Thl response in mouse models.
The Th2 cytokines (1I-4, IL-5, IL-10), which counterba-
lance inflammatory processes, were up-regulated and
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consequently the authors were unable to define the
respective roles of Th1 and Th2 responses in the patho-
genesis of human OT (Lahmar et al., 2009). As observed
in experimental autoimmune uveitis, it is now proposed
that eye damage may be induced by pathogenic res-
ponses mediated by Th-17 cells producing TNFa
(Garweg et al., 2009). Conversely, host hypersensitivity
pathways in the eye might be counterbalanced by IL-27
secretion up-regulated by IFNy from Th1 cells (Garweg
et al., 2009). Finally, Cordeiro et al. (2008a, b, ¢) and
Albuquerque et al. (2009) investigated a possible asso-
ciation between polymorphisms in cytokine genes and
OT in human patients. They showed that an IL-10
(-1082G/A) and an IFNy (+874T/A) allele were prefe-
rentially found in patients with OT. No such association
was found with TNFa gene polymorphisms. They also
showed that such a polymorphism decreasing IL-1 pro-
duction (-889 C/T) was associated with recurrent OT.

CONCLUSIONS

cquired or congenital toxoplasmosis can be

complicated by ocular toxoplasmosis. The dia-

gnosis relies on clinical aspects, responses to
specific treatment and results of biological assays. The
incidence and the prevalence of this complication are
both difficult to establish precisely and depend on the
parasite prevalence in the general population, and are
affected by different factors such as type of exposure
to the parasite, genetic background of the different para-
sites and the host, and the type of immune response
elicited by the parasite. Prevention of congenital toxo-
plasmosis and a rapid specific treatment of acquired
cases are the key measures to avoid severe visual
impairment.
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