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Abstract – Background: Reactivation of toxoplasmic retinochoroiditis is the most frequent form of uveitis in Misiones, Argentina. Fluctuations in the number of patients consulting with this type of uveitis were detected during the last
decade. Since the province was consecutively exposed to rainy and dry periods over the last years, we decided to explore whether a relationship between reactivation of toxoplasmic retinochoroiditis and rain might be established
according to the data registered during the 2004–2010 period. Results: The frequency of toxoplasmic reactivation episodes increases when precipitation increases (mostly in second and fourth trimesters of each year). Analysis of the
independent variables demonstrates that precipitation is a signiﬁcant predictor of the frequency of reactivation episodes. Although registered toxoplasmic reactivations were more frequent during the third trimester of the year, the
association between the third trimester and the reactivation episodes did not reach statistical signiﬁcance.
Conclusion: Prolonged and intense rainfall periods were signiﬁcantly associated with the reactivation of toxoplasmic
retinochoroiditis. Changes promoted by this climatic condition on both the parasite survival in the soil as well as a
putative effect on the host immune response due to other comorbidities are discussed.
Key words: Toxoplasma gondii, retinochoroiditis, rainfall, reactivation, Argentina.
Résumé – La réactivation de la rétinochoroı̈dite toxoplasmique est-elle associée à l’augmentation des précipitations annuelles ? Introduction : La réactivation de la rétinochoroı̈dite toxoplasmique est la forme la plus fréquente
d’uvéite à Misiones, Argentine. Des ﬂuctuations du nombre de patients consultant avec ce type d’uvéite ont éte
constatées pendant la dernière décennie. Comme la province a été exposée à des périodes pluvieuses et sèches
consécutives pendant les dernières années, nous avons décidé d’explorer si une relation entre la réactivation de
rétinochoroı̈dite toxoplasmique et la pluie pouvait être établie en fonction des données enregistrées au cours de la
période 2004–2010. Résultats : la fréquence des épisodes de réactivation toxoplasmique croı̂t lorsque les
précipitations augmentent (surtout dans les deuxième et quatrième trimestres de chaque année). L’analyse des
variables indépendantes démontre que les précipitations sont un facteur prédictif signiﬁcatif de la fréquence des
épisodes de réactivation. Les réactivations toxoplasmiques enregistrées étaient plus fréquentes au cours du troisième
trimestre de l’année mais l’association entre le troisième trimestre et les épisodes de réactivation n’a pas atteint une
signiﬁcation statistique. Conclusion : les périodes de pluie intense et prolongée étaient signiﬁcativement associés a
la réactivation de la rétinochoroı̈dite toxoplasmique. Les changements produits par ces conditions climatiques sur la
survie du parasite dans le sol ainsi qu’un effet putatif sur la réponse immunitaire de l’hôte dû à d’autres
comorbidités sont discutées.

Introduction
Toxoplasmosis is a disease produced by Toxoplasma gondii
(Nicolle & Manceaux, 1908) [28] infection that affects almost
every warm blooded animal. Humans may acquire the parasite
*Corresponding author: marcelor1@hotmail.com

after birth (acquired toxoplasmosis) or from their mother during
pregnancy (congenital toxoplasmosis). The eye is frequently
affected by the parasite, producing an intraocular inﬂammation
(uveitis). The retina is primarily involved by the invasion of the
parasite, while the choroid presents secondary inﬂammation, a
condition referred to as retinochoroiditis. After approximately
60 days, the immune system and/or treatment resolve the
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Figure 1. Map of South America. The province of Misiones is
located in the extreme northeast of Argentina, between Paraguay and
Brazil. The city of Oberá is at the center of the province. Misiones
shares its eastern border with the Brazilian states of Rio Grande do
Sul and Santa Catarina. The former state is known for its high
prevalence of ocular toxoplasmosis.

retinochoroidal inﬂammation, leaving a scar from remnants of
retinochoroidal tissue, which begins centripetal pigmentation
(from the borders toward the center) [19].
At the retinochoroidal scar the slow multiplying bradyzoite
form of the parasite can evolve into the fast tissue multiplying
form of the parasite, the tachyzoite. When this transformation
takes place, from the pigmented border of the retinochoroidal
scar, a new neighboring retinal area becomes inﬂamed, initiating a period of parasite reactivation.
Toxoplasmosis is a prevalent disease in Argentina [5, 8].
Misiones, a province located in the extreme Northeastern region
of Argentina (Figure 1), shares its Eastern borders with the
neighbor Southern Brazilian states of Rio Grande do Sul, Santa
Catarina, and Parana, a highly endemic toxoplasmosis region
[40, 41]. The latter states also share similar geological and climatic characteristics with Misiones. In this regard, Misiones
soil belongs to the Brazilian massif and its surface is covered
by the Atlantic rainforest. Moreover, according to the National
Weather Institute (Servicio Meteorológico Nacional, SMN) the
climate of Misiones is subtropical, without any dry season.
Annual precipitation ranges from 1,000 to 2,000 mm in the
center part of the province. Rainfall shows two well-deﬁned
peaks, one occurring in April and a second and more important
one during springtime (September 21st–December 21st period).
The city of Oberá (250 km away from Iguazu Falls) is placed in
the center region of Misiones Province; it exhibits a mean
annual temperature of 20.8 C. Rain and humidity air levels
are not completely homogeneous in Misiones. They reach
maximum values in the northeast part of the province and their
lowest values in the southeast. This difference is explained due
to the arrival of moisture from the Atlantic Ocean to the eastern
and central hills of the province.

During the Southern oscillation called ‘‘El Niño’’ phenomena, when the Paciﬁc Ocean waters in front of the Peruvian
coast increase its temperatures (starting at the end of the austral
winter), there is an increased rainfall during spring time in Misiones. As expected, during ‘‘La Niña’’ phenomena, a period of
dryness also affects this province.
Prevalence of serum antibodies against T. gondii is around
80% among inhabitants living in the central-east region of the
province. More importantly, recent data indicates that 20% of
examined patients at the ophthalmic consulting clinic in the
above-mentioned region, exhibits toxoplasmic retinochoroidal
scars [33]. Similar results have been reported in the nearby city
of Erechim, Rio Grande do Sul, few miles away from the
Argentinean border [15]. In Oberá as in the neighbor Brazilian
state, more than 90% of the patients with a diagnosis of
posterior uveitis have ocular toxoplasmosis. Most of those cases
are reactivation of toxoplasmic retinochoroidal scars. Primary
infection of the retinochoroidal tissue by the parasite is usually
asymptomatic. Symptomatic cases attending the clinic with primary ocular toxoplasmosis represent less than 10% of the ocular toxoplasmosis cases.
Taking into account that we have annually observed variations in the number of patients attending the ophthalmic clinic
with reactivation of toxoplasmic retinochoroiditis and that Misiones has been consecutively exposed to ‘‘La Niña’’ and ‘‘El
Niño’’ periods, we decided to explore whether a relationship
between total annual rainfall and reactivation of toxoplasmic
retinochoroiditis could be recorded.

Material and methods
The study was conducted at Rudzinski Oftalmologia in
Oberá, Misiones, a second referral clinic. At this clinic, there
is one retinal specialist, one uveitis specialist, and one glaucoma
specialist. Patients with uveitis are examined by a single
ophthalmologist specialized in uveitis (MR). Uveitis patients
usually undergo complete ophthalmological examination
including visual acuity, anterior biomicroscopy, tonometry,
and indirect ophthalmoscopy. Patients showing atypical clinical
manifestations, such as extensive necrotizing retinochoroiditis,
bilateral retinochoroiditis, and/or extensive vasculitis, were
investigated for HIV infection as well as the possibility of a
concomitant immunosuppressive treatment.
Clinical history of patients attending the ophthalmological
clinic during the period January 2004–December 2010 and
fulﬁlling the case deﬁnition of reactivation of toxoplasmic retinochoroiditis episode was reviewed. Patients with a pigmented
retinal scar surrounded by a white inﬂamed retinal area (wide
through retinal lesion, with slightly elevated, edematous retina),
with vitreitis (vitreous humor inﬂammation), with or without
vasculitis (inﬂammation of the vessels), with or without papillitis (inﬂammation of the optic nerve), and with or without signs
of anterior chamber inﬂammation that responded well to
pyrimethamine (25 mg/d) + sulfadiazine (1.5 g/d) and meprednisone (20–40 mg/d) were considered as toxoplasmic reactivation episode. Patients presenting negative results for anti-T.
gondii IgG were excluded. Data from 2007 was not included,
since the uveitis specialist had gone abroad as a postdoctoral
fellow.
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No campaigns encouraging the examination of patients with
ocular toxoplasmosis were conducted during the period of study
at the clinic.
Detailed daily precipitation from year 2004 to 2010 was
obtained from the Weather Information Center (CIM, Centro
de Información Metereológica) from the SMN. The original
rainfall data was measured at the SMN weather base in Oberá,
province of Misiones.
Results are presented as mean ± standard deviation or median and range for numerical variables and absolute frequency
for categorical variables.
To analyze the association between the number of toxoplasmic reactivations as dependent variable and precipitation (per
trimester) as independent variable, a Poisson regression model
was used. Due to the fact that 2007 data was not available, a
time series model was not feasible. To adjust for seasonality,
the trimester of the year was included as a second independent
variable in the Poisson model. Data are presented as odds ratio
(OR) and 95% conﬁdence interval (CI). Analysis was performed using IBM SPSS Statistics [20].

Results
Eighty-one patients were included in the analysis. Fortytwo of the examined charts belonged to female patients. Mean
age ± SD of the whole population was 35.3 ± 15.7 yr-old,
while the median age was 31.0 yr-old. Five patients had two
reactivation episodes. Eighty-six reactivation episodes of toxoplasmic retinochoroiditis were identiﬁed.
Median total annual rain was 1580.83 mm (range = 1,290–
1,881) during the period of study.
Reactivation episodes and rain precipitations did not occur
within the same frequency all year around (Figure 2). The frequency of toxoplasmic reactivation episodes increases when
precipitation increases (mostly in second and fourth trimesters
of each year). Higher precipitation marks and the highest number of reactivation cases are observed during ‘‘El Niño’’ phenomena years (2006 and 2009). Analysis of the independent
variables demonstrates that precipitation is a signiﬁcant predictor of the frequency of reactivation episodes. For every mm of
precipitation there is a 2& increase in episodes (see Table 1).
Although the result was statistically not signiﬁcant, it
should be distinguished that the third trimester of the year
had an odds ratio of 1.73 times that of the 4th trimester (reference group).

Discussion
Reactivation of toxoplasmic retinochoroiditis is the most
frequent clinical form of presentation of the ocular disease produced by this parasite. Reactivation of toxoplasmic disease is
the consequence of several factors inherent to the host (immune
status and genetic background) and to the parasite (genetic
strain).
The possibility that host immunosuppression could result in
reactivation of toxoplasmic retinochoroiditis was established
since the 1980s [2, 3, 18, 25, 30, 37]. Regarding the parasite,
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an association between genotypic strains of the parasite and
severity of clinical disease was analyzed over the last decade.
In Western Europe, the severity of the ocular disease is low and
has been associated to a predominance of genotype type II on
intraocular ﬂuids of patients with retinochoroiditis [12]. In South
America, retinochoroiditis reactivation episodes are more frequent and severe than in European and North American patients
possibly due to the presence of more genetically divergent (nonclonal) parasite strains in ocular samples [13, 16, 21]. The abundance of genetically divergent strains of the parasite in this region
could also explain the possibility of reinfection. It has been demonstrated that immune response against one strain may not be
completely protective against a different strain [10].
In the present study, the frequency of toxoplasmic reactivation episodes per trimester of the year in patients from the subtropical province of Misiones, Argentina is described. The
result suggests an association between precipitation as rain
and reactivation of toxoplasmic retinochoroiditis. Rainfall
affects the T. gondii cycle in nature. Oocyst survival is higher
in humid warm soil than under dry and high temperature conditions [7, 22]. Moreover, humidity may also increase its potential infectivity, since under humid and warm temperature
conditions, the oocysts may sporulate and become infective
in one day [6]. Hence, not surprisingly, warm countries with
a high annual rainfall are also the places where seropositivity
for animals and humans is the highest [34, 35, 45]. In France,
rain increases the risk of seroconversion for T. gondii in cats [1].
As expected, it also affects human infections. A recent study
from Colombia showed a strong correlation between the highest
mean annual rainfall and an increase in the incidence for markers of congenital toxoplasmosis in pregnant women [17]. Similar observations were made in the Rhone-Alpes region of
France, were congenital toxoplasmosis was shown to occur
more frequently at the end of the summer, when the climate gets
warmer and humid [27].
How could an increased annual rainfall affect
the frequency of reactivation of toxoplasmic
retinochoroiditis?

Humidity and mild temperatures promote respiratory viral
infections, which are frequent in Misiones during winter and
spring time, coincidently with the period when reactivation of
toxoplasmic retinochoroiditis is more frequent. Some respiratory viruses are known to induce transient immunosuppressive
states, such as a decrease of white blood cells. Although our
patients did not clinically reﬂect symptoms of any moderate
or severe respiratory infection at the moment of consultation,
such as frequent cough and fever, we cannot rule out the possibility that some of the patients may had been experiencing
an asymptomatic respiratory viral infection that could facilitate
the reactivation of toxoplasmic retinochoroiditis. Argentina,
including Misiones, experienced an epidemic of inﬂuenza A
H1N1 during winter and spring time of 2009 [9, 23], one of
the years with highest registered cases of reactivation of toxoplasmic retinochoroiditis (SMN).
On the other hand, rainfall contributes to the spread of the
potential infective oocysts in the surrounding areas into faster
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Figure 2. Graphic showing quarterly precipitation and toxoplasmic reactivation of retinochoroiditis detected episodes in Oberá, during the
years 2004–2006 (superior) and 2008–2010 (inferior). The frequency of reactivation of toxoplasmic retinochoroiditis increases when
precipitation increases. Highest frequency episodes took place during ‘‘El Nino’’ phenomena (2006 and 2009).
Table 1. Poisson regression model indicates precipitation as a signiﬁcant predictor of reactivation of toxoplasmic retinochoroiditis (p = 0.019).
Although toxoplasmic retinochoroiditis reactivation episodes happen more frequently during the third trimester of the year, there was not
statistically signiﬁcant association between that trimester of the year and the reactivation episodes.
Parameter
Precipitation (mm)
4th trimester (reference)
3rd trimester
2nd trimester
1st trimester
Intercept

B Coefﬁcient
0.002
0
0.549
0.12
0.202
0.342

Odds ratio
1.002
1
1.732
1.128
0.817

ﬂowing water streams. It is because of this that during the
rainfall period, people from affected regions could be exposed
to more frequent parasite ingestion episodes. Based on the
relevance of the immune system status on reactivation of

95% CI
1.000

1.003

0.804
0.672
0.350

3.729
1.893
1.908

P value
0.019
0.161
0.650
0.641
0.509

toxoplasmic retinochoroiditis it is tempting to hypothesize that
frequent parasite reingestion could lead to chronic changes in
the immune system that could facilitate reactivation of retinochoroiditis. There is evidence that chronic oral exposure to an
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antigen can induce a state of systemic immune tolerance for a
speciﬁc antigen on some patients [4, 39]. Different oral antigens
are currently in use for the prevention of uveitis relapse in
autoimmune diseases such as the Behçet disease [36]. Systemic
tolerance to a speciﬁc orally administered antigen has been
shown to be mediated through CD4+ CD25+ T regulatory cells
[38, 42]. The regulatory activity on Th1, Th2, and CD8+ cells is
mediated through the local secretion of TGF-ß ad IL-10 [44]. In
the eye, inﬁltrates of CD4+ CD25+ T cells are speciﬁcally found
in the retina of patients with recently acquired toxoplasmosis
indicating that recently orally ingested parasite leads to the
presence of these immune-regulatory cells in their infected retinas [26]. Their presence was explained as a mechanism to
modulate the retinal damage, through a regulatory effect on
the Th-1 response during the retinochoroiditis [14]. However
a recent paper described the acquisition of transcription factors
by CD4+ CD25+ T regulatory cells along the pathway to the
homing organ affecting its future regulatory activity [29, 43].
In view of such new results it is tempting to speculate that frequent Toxoplasma gondii ingestion could lead to a change in
the activity of CD4+ CD25+ regulatory cells in the retina and
consequently interfere with the equilibrium between the quiescent bradyzoites and the immune state of the eye leading to
reactivation of the retinochoroiditis.
Another possible explanation on how rain can facilitate
reactivation of toxoplasmic retinochoroiditis is related to the
lack of sunlight during prolonged rainy periods. The active
form of Vitamin D3, 1, 25 (OH) two vitamin D3 is formed after
its precursor is activated on the patient’s skin exposed to UV
spectrum of the sunlight. The active form of vitamin D3 was
shown to reduce the in vivo and in vitro intracellular growth
of T. gondii [32]. More recently, active vitamin D3 was also
shown to induce the secretion of IFN gamma [11], a key mediator in T. gondii infection control. Although South American
patients have enough sunlight exposure most of the year, they
lack it during long periods of rain and also do not have enough
levels of its precursor, inactive vitamin D3, through their regular diets [31]. Cathelicidin, a peptide pathway stimulated by
active vitamin D3, is a well-known mechanism of clearance
of intracellular microorganisms in neutrophils and macrophages
[24]. As a result of prolonged rainy periods, persistence of a
high number of intracellular parasites due to inactive cathelicidin pathway could possibly lead to more frequent reactivations
of toxoplasmic retinochoroiditis.
Our results, adjusted for trimester of the year, show that
reactivation of toxoplasmic retinochoroiditis occurs more frequently during rainy periods. Although the result did not reach
statistical signiﬁcance, the third trimester presented larger number of reactivations and consequently seasonal variations could
not be ruled out.
The results we reported stimulate us to pursue speciﬁc
explanations. Limitation of the study includes the lack of data
in 2007, and need for adjustment for other possibly related variables. More studies are needed to explain the effect of rain on
reactivation of toxoplasmic retinochoroiditis. The validation of
these ﬁndings would allow the implementation of strategies to
assure treatment access during rainy periods as well as prevention campaigns.
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