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Background: Toxoplasma gondii is a parasite of worldwide importance but its burden in indigenous communities remains unclear. In French Guiana, atypical strains of T. gondii originating from a complex rainforest cycle involving wild felids have been linked to severe infections in humans. These cases of Amazonian toxoplasmosis are sporadic and outbreaks are rarely described. We report on the investigation of an outbreak of acute toxoplasmosis in a remote Amerindian village. We discuss the causes and consequences of this emergence.

Methods: In May 2017, during the rainy season and following an episode of flooding, four simultaneous cases of acute toxoplasmosis were serologically confirmed in two families living the village. Other non-diagnosed cases were then actively screened by a medical team along with epidemiological investigations. Inhabitants from nine households were tested for T. gondii antibodies and parasite DNA by PCR when appropriate. Samples of water, cat feces and cat rectal swabs, soil, and meat were tested for T. gondii DNA by PCR. Positive PCR samples with sufficient DNA amounts were genotyped using 15 microsatellite markers.

Results: Between early May and early July 2017, out of 54 tested inhabitants, 20 cases were serologically confirmed. A fetus infected at gestational week 10 died but other cases were mild. Four patients tested positive for parasite DNA and two identical strains belonging to an atypical genotype could be isolated from unrelated patients. While domestic cats had recently appeared in the vicinity, most families drank water from unsafe sources. Parasite DNA was recovered from one water sample and nine soil samples. Three meat samples tested positive, including wild and industrial meat.

Conclusions: The emergence of toxoplasmosis in such a community living in close contact with the Amazon rainforest is probably multifactorial. Sedentary settlements have been built in the last few decades without providing safe water sources, increasing the risk of parasite circulation in cases of dangerous new habits such as cat domestication. Public health actions should be implemented in these communities such as safe water supply, health recommendations, and epidemiological surveillance of acute toxoplasmosis. A “One Health” strategy of research involving medical anthropology, veterinary medicine, and public health needs to be pursued for a better understanding of the transmission routes and the emergence of this zoonosis.
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INTRODUCTION

Toxoplasma gondii is a ubiquitous parasite that may be transmitted by the consumption of uncooked meat containing viable tissue cysts, or food and water contaminated with oocysts from the feces of infected felids (Hill and Dubey, 2002; Jones and Dubey, 2010). Outbreaks of T. gondii have been linked to water contamination (Benenson et al., 1982; Bowie et al., 1997; Isaac-Renton et al., 1998; Aramini et al., 1999; de Moura et al., 2006; Heukelbach et al., 2007; Meireles et al., 2015), exposure to domestic cats (Dubey et al., 2004), consumption of meat from infected animals (Choi et al., 1997), or contaminated vegetables (Ekman et al., 2012). This infection is of special concern in pregnant women and immunosuppressed patients (Hill and Dubey, 2002). In the Amazon, the transmission cycle is complex, involving wild animals, humans living close to the rainforest, and atypical strains. These strains do not belong to the main lineages of T. gondii and are responsible for severe symptoms, including in immunocompetent patients. These atypical cases have led to the recent description of the entity called “Amazonian toxoplasmosis” (Dardé et al., 1998; Carme et al., 2002, 2009; Demar et al., 2007, 2012). Autochthonous communities such as Amerindians and Maroon people are particularly at risk, due to their low income, lack of health care access, and the importance of hunting and traditional agriculture. Though severe acute toxoplasmosis has been reported in French Guiana, a few cases have been described in Peru and Brazil (Leal et al., 2007; Nunura et al., 2010; Neves Ede et al., 2011). This infection is likely to be under-diagnosed in many rainforest areas of South America (Carme and Demar-Pierre, 2006).

In French Guiana, only one major T. gondii outbreak has been described, in the Maroon community in 2003 (Demar et al., 2007). A unique atypical strain was isolated in five of the 11 patients and was responsible for three deaths (one adult and two congenitally infected fetus or neonate). The high lethality of some atypical strains implies that the emergence of T. gondii would represent a special concern. Nevertheless, the burden of T. gondii is still poorly documented in these remote areas. Indeed, investigating T. gondii outbreaks in remote tropical settings is challenging due to unspecific symptoms, shipping delays, and difficulties in processing analyses. In addition, epidemiological investigations may be complicated by difficulties in interviewing patients about food and cultural habits (Robert-Gangneux and Dardé, 2012), or in logistics. Here we describe the first outbreak of severe acute toxoplasmosis in an Amerindian village of French Guiana and investigate the possible routes for infection, via a One Health approach, testing patients, soil, water, and cats. We discuss the challenges posed by T. gondii in traditional communities of tropical areas.



METHODS

In May 2017, during the rainy season and following an episode of flooding (Meteo France, 2017), two adult men were seen in outpatient consultation in the health center of Camopi. One presented diarrhea and vomiting, and was accompanied by his 14-year-old daughter who presented similar symptoms. The other adult presented lymphadenopathy, as did his 12-year-old son. All patients had fever for more than 2 weeks. Given the persistence of symptoms after symptomatic treatment, a suspicion of Amazonian toxoplasmosis was raised and a serology was performed, which confirmed these four cases (positive IgM and IgG).

Camopi is an Amerindian village along the Oyapock River, surrounded by tropical rainforest (Figure 1). This remote village of 1,800 inhabitants can be reached from the coastal road after 1 day of canoe. Hunting and fishing are the main productive activities. A demographic transition is under way in this village, as habitations are increasingly sedentary. This transition provides some benefits and new habits such as electrification, drinking water for a few households, and domestication of cats. Teko and Wayampi are the two ethnic groups represented in the village.


[image: Figure 1]
FIGURE 1. Map of the village of Camopi, provided by the Guiana Amazonian Park (Parc Amazonien de Guyane).


After this first epidemiological signal, advice was then given to local physicians to spread information about this possible outbreak throughout the village and encourage villagers with compatible symptoms to get tested. A medical team was dispatched to the village to perform an epidemiological investigation and look for non-diagnosed cases. The investigation team reached the village 1 week after the identification of the first cases. By this time, four new cases had requested a consultation and were serologically confirmed. During the on-field investigation, five other patients spontaneously consulted at the health center and were confirmed by serology.

For each confirmed case, all members of the household were considered contact cases and investigated to look for asymptomatic or mildly symptomatic patients who had not asked for consultation. In case of compatible symptoms and positive serology (positive IgM and positive IgG or IgG seroconversion on two successive blood tests), these contact cases were requalified as confirmed cases (Demar et al., 2007). In each household, individuals were questioned about compatible symptoms and serology was performed for all of them. Individuals were questioned about food practices or other risk factors using questionnaires evaluated during previous investigations (Demar et al., 2007). If present, cat feces were collected and rectal cotton swabs were used to look for carriage of T. gondii in cats. Water samples were collected in rainwater cisterns, little streams, and brooks. Meat samples were acquired from the inhabitants and from stores of the Brazilian bank. Soil samples were collected around all houses, gardens, and water sources of infected families. Random soil samples were also collected around the village. Soil sampling was done by electing places in the village where cats had been spotted; sandy or muddy areas close to human habitations; entrances to gardens and orchards; banks of brooks and streams; and surface runoff pathways.

All serum samples were analyzed using the EIA for Toxoplasma-specific immunoglobulin, IgG, and IgM (Abbot Diagnostics). Seropositivity could define either acute toxoplasmosis (IgG+, IgM+) or chronic infection (IgG+, IgM–) and seronegativity meant an absence of infection (IgG–, IgM–), as in previous studies (Demar et al., 2007). When acute toxoplasmosis was serologically confirmed, blood samples and fetal tissues were sent to the National Reference Center (Limoges, France) for T. gondii real-time PCR, targeting the AF 487550 gene, strain isolation in mice (two mice for each PCR positive samples), and genotyping with 15 microsatellite markers and strain isolation in mice (Ajzenberg et al., 2010). To analyze the position of the isolated strains, a neighbor-joining tree was reconstructed from the genetic distances Dc (Cavalli-Sforza and Edwards, 1967) using a selection of nine reference strains (Type I, Type II, and Type III) and 42 strains previously isolated from different areas in French Guiana (1000 bootstrap replicates). Unrooted trees were obtained with MEGA version 6 software (Tamura et al., 2013).

Water samples were collected using Envirocheck capsules (Pall Life Sciences, Port Washington, NY, USA). Elution was performed according to previous studies (Lélu et al., 2011; Gotteland et al., 2014). Soil samples went through the first step of treatment with Tween 80 (0.1%) and sucrose 1.20, before a series of centrifugations. Meat samples were homogenized with trypsin and gentamycin before incubation, filtration, and centrifugation according to previous protocols (Mercier et al., 2011). Rectal swabs from cats were incubated overnight at 37°C in PBS-Tween 80 (0.1%). DNA extraction was then performed with a QIAmp®DNA Mini Kit (Qiagen, Courtaboeuf, France) for water, meat samples (from a 200 μl aliquot of the final suspension), and cat rectal swabs and using a FastDNA SPIN kit (MP Biomedical) for soil samples. Amplification of T. gondii DNA was assessed targeting the AF 487550 gene (Ajzenberg et al., 2010). Each DNA sample was tested in duplicates. Samples were deemed positive when both wells were positive and undetermined in the case of only one positive well.

PCR analyses were performed between 1 month and 1 year after sample collection, in the Parasitology Laboratories of Cayenne (cats feces and rectal swabs, meat) Limoges (blood samples), and Reims (water and soils).


Ethics Statement

Methods of this urgent investigation were approved by the relevant Ethics and Public Health authorities (Agence Régionale de Santé de Guyane, Santé Publique France, Collectivité Territoriale de Guyane, Parc Amazonien de Guyane). Animal care and use protocol as well as human investigations were approved by the Presidency of the Collectivité Territoriale de Guyane (Territorial Collectivity of French Guiana) on behalf of the Comité Accès et Partages des Avantages (Committee for Accessing Biodiversity and Sharing Benefits) under the emergency procedure “APA-973-24” (Document N° 340542/2017/PATDDT/DDDT//FB) according to national (article L.331-15-56, Code de l'Environnement; decree 2013-968 approving the charter for the Guiana Amazonian Park) and European (rule 511/2014 of the European Parliament) guidelines. Animal experimentation conducted in Limoges respecting the 3R aspects was approved and accepted by the Ethics Committee for Animal Experimentation n°33 validated by the French Ministry of National Education, Higher Education and Research (Registration numbers: APAFIS#13914-2018030516473189 v2). All adult patients provided a written consent for themselves and their underage children.




RESULTS

During May and June 2017, 60 people were reached, six refused sampling. Twenty cases out of 54 tested inhabitants (37%) (among a population of roughly 1,800) presented a serology compatible with acute toxoplasmosis (positivity of both IgG and IgM anti-T. gondii). These 54 people all belonged to households where at least one of the initial patients was diagnosed (Table 1). Some of these contact cases turned out to be confirmed cases after medical examination and blood tests. Confirmed cases were observed in six adults and 14 children belonging to nine different households. All confirmed cases, including asymptomatic ones, presented very high levels of T. gondii IgM and IgG, a typical feature of Amazonian toxoplasmosis which favors acute infection rather than chronic infection with residual IgM (Table 2). Other tested inhabitants presented a chronic infection (18.5%) or absence of infection (44.5%). Among the 10 patients with chronic infection, three were more than 50 years old, three were <20 years old, four were aged between 20 and 50. Sex ratio among these patients was 1:1. An epidemiological curve and a chart of the investigation timeline are presented in Figure 2.


Table 1. Epidemiological investigation of the 9 infected households, Camopi, French Guiana.
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Table 2. Clinical and laboratory features of the 20 cases of acute toxoplasmosis, Camopi, French Guiana.
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FIGURE 2. Timeline of the investigation and epidemiological curve of tested and confirmed cases, Camopi toxoplasmosis outbreak, 2017.


Concerning confirmed cases, mean time to diagnosis was 30 days (median 38 [7–51]), median age of the cohort was 14.5 years old, sex ratio was 3:2. Clinical and biological features of these cases are presented in Table 2. The most frequent clinical symptoms were fever (15 patients, 75%) and cough (eight patients, 40%). The most frequent biological disorders were hyponatremia and hepatic cytolysis (six patients, 30%). Four patients were asymptomatic and diagnosed in the systematic screening of people in contact with cases. Four patients (two adults and two children) were hospitalized due to the risk of clinical worsening, but none of them evolved toward severe pneumonia. Intensive care was never required. A pregnant woman was infected at week 10 of pregnancy and a treatment with spiramycin (rovamycin) 3 g/d was started. At week 19 of pregnancy, fetal cardiac pulsations could no longer be heard and intrauterine death was confirmed by echography. One clonal strain was isolated by PCR in the fetus (liver, brain and cardiac biopsies, and peritoneal fluid) (GUY070-KEL, ID of the Toxoplasma Biological Resource Centre: TgH 18070) and by PCR and mouse bioassay from the blood of a 2-year-old boy with no family relation (GUY066-MON, TgH 18066). These strains clearly belong to the Amazonian genetic group as shown in the divergence tree (Figure 3).


[image: Figure 3]
FIGURE 3. Neighbor-joining clustering of T. gondii strains from French Guiana, based on 15 microsatellite markers: circles and triangles correspond, respectively to strains of human and animal origin; black circles correspond to the 2 strains isolated during the Camopi outbreak with 15/15 markers amplified; red, green, and dark blue squares are reference strains of Type I, Type II, and Type III genotype, respectively.


All households shared risk factors for T. gondii linked to their traditional way of life: most heads of families were hunters, and children used to eat both game meat and Brazilian chicken. In addition, all families produced and drank homemade caichiri (traditional cassava alcohol) and often shared it with neighbors and relatives. Water was boiled by only one household. Households 7 and 8 used water from deep pumps but could have been infected when drinking caichiri prepared by other families. Other risk factors reflected a new exposure to the parasite due to changes in habits such as domestication of cats and consumption of industrialized meat from stores of Vila Brazil, a small trading post located just on the other side of the river, on the Brazilian bank (Table 3, Figure 1). Epidemiological features of each household are detailed in Table 3. These households are numbered according to their date of diagnosis. Households 1 and 2 harbored the four first cases.


Table 3. Risk factors of toxoplasmosis of the 9 infected households, Camopi, French Guiana.
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Toxoplasma gondii was detected by PCR in one water sample out of six from a brook used by a household (Table 4). Parasites were also detected in two out of three pieces of meat, corresponding to frozen chicken from a Brazilian store and a piece of game meat (peccary). Cats rectal swabs were all negative, as were 12 samples of cat feces collected across four households. Two soil samples collected during the investigation were clearly positive, including one collected in front of Household 4 and one random sample from the riverfront of the health center. Seven soil samples were undetermined, five of them around infected households (on the soil of the brook used by Households 5 and 2, and close to homes of Households 4, 5, and 9) and two random samples across the village. MS genotyping was not possible for the PCR positive environmental and meat samples due to an insufficient amount of DNA. Detailed results of environmental samples and meats are presented in Table 4.


Table 4. Results of Toxoplasma gondii PCR on environmental and meat samples collected during the outbreak investigation, Camopi village, French Guiana.
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DISCUSSION

This is the largest outbreak of acute toxoplasmosis ever reported in French Guiana, and the first one in an Amerindian community. This epidemiological investigation provided evidence for the spread of T. gondii in this remote area, which until now had only reported sporadic cases. We observed several changes in human habits in this community that may have reinforced the exposure to T. gondii. The outbreak occurred following an abnormal climatic event with an important episode of flooding and warming. The conjunction of all these factors may have paved the way for an increased parasitic circulation of this zoonotic disease.

Though 16 patients were symptomatic, clinical presentations lacked the respiratory severity that was often reported in Amazonian toxoplasmosis (Carme et al., 2002; Demar et al., 2012). As in previous studies, the involvement of an atypical strain does not seem to be necessarily associated with a poor outcome (Demar et al., 2007; Carme et al., 2009; Blaizot et al., 2018). Indeed, atypical strains are characterized by a high genotypic diversity, especially in the Amazon region, which may correspond to diverse pathogenicity in humans and mice. Moreover, host factors probably play an important role in the severity of Amazonian toxoplasmosis, and genetic susceptibility might be different in this Amerindian population. Indeed, no respiratory involvement was reported in a T. gondii outbreak of US military occurring in the Panama jungle (Benenson et al., 1982) nor during the Santa Isabel outbreak in Brazil, which was linked to an atypical strain (de Moura et al., 2006; Vaudaux et al., 2010). Another feature of the Camopi outbreak is the absence of eye involvement, in contrast to what occurs frequently in Amazonian cases of T. gondii infection (Carme et al., 2009; Blaizot et al., 2018).

A traditional way of life based on hunting, fishing, gathering, and agriculture seems to be associated with accidental exposures to wild strains of T. gondii. Indeed, seroprevalence of T. gondii was as low as 18.5% (95% CI [8.1–28.9]) of sampled people during this outbreak. Seroprevalence was even lower (8.3%) amongst the tested population during the Patam outbreak (Demar et al., 2007). In contrast, in a study of three indigenous populations in Brazil, including Wayampi from the Brazilian bank who are ethnically related to their French Guiana counterparts, the authors reported a seroprevalence varying between 50 and 80% (Sobral et al., 2005). An even higher prevalence of specific IgG antibodies was reported in Amerindians of the Venezuelan Amazon (88%) (de la Rosa et al., 1999). These findings show that the level of exposure to T. gondii can be very diverse between indigenous populations of Amazonia. In addition, the very low level of exposure in Amerindians leaves them vulnerable to sudden outbreaks, such as the one hereby reported. Even if our sample size is small, it should be noted that we did not report any significant increase of the IgG prevalence with age, in contrast with Brazilian findings (Sobral et al., 2005). We did, however, found an equal sex ratio between male and women with chronic infection, as in the findings of Sobral et al. Men and women are engaged in activities which are frequently at risk of contact with T. gondii (hunting for men, cooking for women, agriculture for both genders).

Wild and domestic felids possibly played an important role in spreading oocysts throughout the village. Though seven of the soil samples brought undetermined results, they still bear some significance, due to the poor sensitivity of PCR and the small amount of DNA in soil samples (Lélu et al., 2011; Gotteland et al., 2014). Several families reported a recent domestication of cats in the last 6 months, with multiple births of kittens which were traded or offered as gifts. This recent breeding could have amplified the wild cycle in the direct proximity of dwellings as these felids can mix with their wild counterparts or can hunt infected mammals (Carme et al., 2009; Mercier et al., 2011). Though PCR was negative on all cat feces samples and rectal swabs, these results do not rule out the involvement of domestic or wild felids in this outbreak, due to the low rate of detection for both techniques and the inconstant shedding of oocysts in felids feces (Jones and Dubey, 2010). Though examined cats may not have been shedding cysts at the time of the investigation, they might have shed in the environment several weeks before and contaminated water sources.

A hypothesis of waterborne outbreak can be supported by the detection of T. gondii DNA in a water sample from an infected household, consumption of unfiltered water by most inhabitants, sharing of caichiri, and dispersion of cases throughout the village. The 2017 rain season was one of the wettest and hottest ever recorded in French Guiana (Meteo France, 2017), particularly in May, when rainfalls were 32% above normal. As the outbreak happened following this episode of rainfall, oocysts may have contaminated rivers used as water sources. Indeed, it has been shown that oocysts can persist in the soil and can be washed into bodies of water via rain and river flowing (Jones and Dubey, 2010; Lélu et al., 2011). Previous reports in Vancouver and Santa Isabel have highlighted the role of cougars or cats directly infecting water supplies with their feces (Aramini et al., 1999; Vaudaux et al., 2010). This scenario could also have happened in Camopi as most brooks, including the positive one, were not protected by a cap. Consumption of contaminated water has been incriminated in several outbreaks of T. gondii in the Americas (Benenson et al., 1982; Pino et al., 2009). Several oocysts-borne outbreaks have been described in Brazil after consumption of contaminated water (Ferreira et al., 2018). Socio-economic and logistical factors such as low access to healthcare, poverty, and lack of water infrastructure have been shown to contribute to oocysts transmission (Ferreira et al., 2018). In peri-urban regions of Brazil, high levels of environmental contamination with oocysts, the presence of a T. gondii genetic diversity of strains, a rich wild feline biodiversity in peri-urban, rural, and forested areas, and the proliferation of stray and domestic cats were described as specific factors contributing to a high prevalence of T. gondii infections (Shapiro et al., 2019). These features are likely to be found in many endemic areas and were observed in Camopi. A non-archetypal strain of T. gondii, isolated from a water supply, was identified as the causative agent of an outbreak in Brazil (Vaudaux et al., 2010). Waterborne infections in previous reports frequently involved hundreds of cases in urban settings due to the contamination of big water reservoirs (Bowie et al., 1997; de Moura et al., 2006) and cases spread over several weeks (Meireles et al., 2015). Similarly, we observed a temporal dispersion of cases from early May to late June. However, the rural environment of the village and the small population along with the absence of a common reservoir for the whole village might explain the relatively small number of cases. Positivity of one water sample out of six was not surprising due to a delay of water collection after the beginning of the outbreak and the small volume used for filtration (10L) to avoid membrane saturation due to the high turbidity. The importance of improving the quality of drinking and irrigation water has been emphasized by a recent review of T. gondii outbreaks which highlighted a shift in the epidemiology over the last 20 years, oocysts-mediated outbreaks becoming more frequent in the 2000s (Pinto-Ferreira et al., 2019).

Toxoplasmosis has long been characterized as a food-borne disease and consumption of uncooked game meat has historically been described as a typical cause of Amazonian toxoplasmosis (Carme et al., 2002; Demar et al., 2012). Implication of food in this outbreak was supported by a positive PCR in both game meat and industrial chicken samples. Villagers have changed their habits and now tend to trust frozen meat from Brazilian stores. A broken cold chain could have happened in groceries as we have noticed that this area is not continuously supplied with electricity and power outages are frequent due to the lack of a backup generator. There is no sanitary control in this remote settlement completely isolated from the rest of Brazil. As for cooking, either for industrial or game meat, heating at 60°C for 10 min is necessary to kill all cysts in muscles (El-Nawawi et al., 2008). However, interrogated Amerindians cooked the meat by boiling or buccan. Buccan is a native South American name for a wooden framework on which meat is smoked over a fire. Several men complained of eating meat undercooked by their wives. Fresh vegetables cultivated in rural areas are a possible source of T. gondii contamination (Hohweyer et al., 2016) and the ingestion of green vegetables has been associated with an outbreak in Saõ Paulo (Ekman et al., 2012). All households also practiced traditional agriculture in small gardens exposed to felids feces but only two cassava samples could be tested and found negative in PCR.

Amerindian populations of French Guiana have always been exposed to toxoplasmosis due to their practice of hunting and traditional agriculture. However, the recent domestication of cats, which until now were very rare in the village of Camopi, along with the shift from nomadic life to fixed habitations, constitute new risk factors for this disease. The brutal introduction of new life habits in a population not prepared for Western civilization is called an acculturation process. This phenomenon has been previously analyzed as a factor of increased circulation of T. gondii, particularly in communities of South America where the presence of domestic cats is coupled with the absence of modern water supply (Chacin-Bonilla et al., 2001; Sobral et al., 2005; Bóia et al., 2008). However, the threat posed by acculturation on the health of Amerindians has never been analyzed to such an extent. Moreover, one should also bear in mind that these findings apply not only to Native Amerindians of South America but also to non-indigenous populations of low economic level and marginal communities in South America (Diaz-Suárez and Estevez, 2009) and many indigenous populations worldwide (Fan et al., 2003; Hotez, 2010; Ngui et al., 2011). Indeed, we report among the Teko and Wayampi people several risk factors such as close contact with cats and dogs, consumption of undercooked game meat, drinking un-boiled and unsafe water, children playing in the dirt, or houses with floors made of mixed soil and sand. Interestingly, many of these epidemiological features have been described in indigenous populations who are over-exposed to toxoplasmosis, such as the Orang Asli of Malaysia (Ngui et al., 2011), or aboriginal populations of Northern Thailand (Fan et al., 2003), and the mountainous areas of Taiwan (Fan et al., 1998). In the same way, in Inuit communities of the Arctic, toxoplasmosis has been associated with consumption of caribou and seal meat, or contaminated water (Hotez, 2010).

Although a clonal atypical strain of T. gondii was identified in two unrelated patients in this study and confirmed the epidemic transmission, it did not support a specific transmission route. Thus, the main limitation of our study was the difficulty to isolate and compare the strains from positive human and environmental samples. Isolation of strains is challenging due to the transient presence of the parasite and the difficulty in obtaining a complete genotype due to a low amount of DNA. Another limitation derives from the difficulties of medical interrogation in Amerindian villages despite the presence of a translator. Hunters were often reluctant to give away information on their hunting practices and women who are responsible for cooking were unwilling to answer questions. Finally, the absence of a negative control group did not allow us to perform a real case-control study in order to determine a specific way of contamination.

Our findings suggest that numerous actions should be undertaken to improve the management of toxoplasmosis in remote tropical areas. Eradication of cats in islands has been linked to important benefits in terms of public health (de Wit et al., 2019) and should be contemplated in Amerindian communities where intermingling with wild felids is particularly dangerous, as it can enhance human contact with the wild cycle of T. gondii. As recently suggested by Pinto-Ferreira et al. (2019), a greater attention should be paid to the quality of drinking and irrigation water, and to the adoption of recommendations for tracking outbreaks with the aim of eliminating transmission routes, avoiding exposure, or inactivating the parasite before consumption. Another improvement in public health policies would be the development of accurate point-of-care tests for T. gondii in isolated areas (Begeman et al., 2017). Indeed, the median time between the first symptoms and diagnosis for each patient was very long in our report (38 days) due to a lack of awareness in local clinicians and due to logistical issues in analyzing blood samples. Point-of-care tests should be improved to detect both IgG and IgM, in order to allow biological confirmation of acute toxoplasmosis, and should be tested with atypical genotypes which do not belong to the main lineages. The burden of acute toxoplasmosis in pregnant women has benefited from some attention, showing that the prevalence during pregnancy can be high in low-income, tropical countries (Rostami et al., 2019). However, one should not forget the possible occurrence of acute toxoplasmosis among men and non-pregnant, immunocompetent women, such as in this outbreak in the village of Camopi. Additionally, one must keep in mind that severe toxoplasmosis might occur in other parts of the world and remain under-diagnosed, even though numerous reports of severe acute toxoplasmosis in South America have led to the description of the “Amazonian toxoplasmosis” entity. Indeed, five cases of severe toxoplasmosis in French travelers returning from West and Central Africa have recently been reported in France (Leroy et al., 2019).

In conclusion, the investigation of this toxoplasmosis outbreak highlighted new life habits among this Amerindian community. Fixed habitations have been built in the last few decades but without providing safe water sources. These sedentary settlements increase the risk of grouped cases, particularly if domestic or wild felids are allowed to come in close contact with habitations. Public health policies should target these indigenous communities, providing safe water supply, health recommendations, and epidemiological surveillance of acute toxoplasmosis. Toxoplasmosis was not listed among a recent review of Neglected Tropical Diseases in the Americas (Hotez et al., 2008). There is consequently no roadmap for its control in remote areas and traditional communities. Future studies should look for possible outbreaks or emerging circulation of T. gondii in subtropical areas, including outside South America, in order to assess the exact burden of the disease.
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