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RESUMO 

 

 

Doenças relacionadas à ingestão de alimentos contaminados afetam um terço da população 

mundial, sejam de origem viral, bacteriana, fúngica ou parasitária. Além de grande importância 

na saúde pública têm importância econômica devido aos gastos com tratamento. A 

toxoplasmose é uma zoonose causada pelo Toxoplasma gondii, que assim como a giardíase 

(Giardia intestinalis) e criptosporidiose (Cryptosporidium spp.) estão associados à surtos de 

origem hídrica e alimentar. No que diz respeito à toxoplasmose, analisando seu histórico por 

meio da revisão sistemática, foi a causa de 35 surtos mundialmente publicados nos últimos 50 

anos e as principais vias de transmissão foram: água, frutas, verduras, carne crua ou pouco 

cozida e leite de cabra. A ocorrência de surtos conforme a forma biológica do parasita foi: 

esporozoíto (oocisto) e bradizoítos (cisto) 45,7% (16/35) cada; enquanto para os taquizoítos 

8,6% (3/35). Nas décadas de 1970 e 1990, os surtos ocorreram principalmente por meio da 

ingestão de cistos na carne e seus derivados; nos anos 80, leite contaminado com taquizoítos; 

em 2000, oocistos na água; a partir de 2010, houve um aumento na ocorrência de surtos devido 

a oocistos em vegetais crus. Observou-se uma mudança na epidemiologia dos surtos nos últimos 

20 anos. Os vegetais tiveram seu consumo aumentado, esses alimentos quando não higienizados 

de forma adequada podem conter estruturas parasitárias, para detecção de parasitas, utilizou-se 

Reação em Cadeia da Polimerase (PCR), Hoffman, Willis and Faust e foi observado 

contaminação por T. gondii em 12,9% (8/62), G. intestinalis em 25,8% (16/62), 

Cryptosporidium spp. em 11,3% (7/62), e outros parasitas em 45,23% (19/42) dos vegetais 

analisados. Além disso, por meio do Kit Comercial Colilert de análise de contaminação de água, 

observou-se que 81,0% (19/21) amostras de água de irrigação apresentavam Escherichia coli. 

O uso de água de rio na irrigação demonstrou um papel importante na contaminação dos 

vegetais, em contrapartida a suplementação do solo com calcário contribuiu positivamente para 

a manutenção de hortaliças mais seguras. Em 2015, houve um surto de toxoplasmose em uma 

instituição de pesquisa em Londrina, Paraná. Um total de 20 indivíduos apresentaram sintomas 

e sorologia compatíveis com a infecção aguda. Para análise de fatores de risco foi estruturado 

um estudo de caso e controle na razão 1:2,25. Todos os participantes da 

investigaçãoresponderam a um questionário epidemiológico. Foram coletadas um total de 29 

amostras ambientais, todas negativas à reação em cadeia da polimerase. Após a análise dos 

dados epidemiológicos, o consumo de vegetais foi a única variável associada à ocorrência da 

doença. A partir dos resultados demonstrou-se a importância dos vegetais como via de 

transmissão de 

T. gondii e de outros patógenos, além disso, expõem alguns pontos críticos de contaminação, 

fornecendo suporte para capacitar os agricultores em boas práticas de gestão durante o processo 

de produção e ainda, oferecem as principais características epidemiológicas para o rápido 

reconhecimento de surto, notificação e investigação para que desta forma seja interrompida a 

cadeia de transmissão, impedindo a ocorrência de surtos. 

 

Palavras-chave:  Toxoplasmose. Investigação de surto. Cryptosporidium spp. Giardia spp. 

Horticultura orgânica. 
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ABSTRACT 

 

 

Diseases related to the ingestion of contaminated food affect one-third of the world's 

population, whether of viral, bacterial, fungal or parasitic origin. Besides being of great 

importance in public health, they are economically important due to treatment expenses. 

Toxoplasmosis is a zoonosis caused by Toxoplasma gondii, which as well as giardiasis (Giardia 

intestinalis) and cryptosporidiosis (Cryptosporidium spp.) Are associated with water and food 

sources. Regarding to toxoplasmosis, analyzing its history through the systematic review, it was 

the cause of 35 outbreaks worldwide published in the last 50 years and the main transmission 

routes were: water, fruits, vegetables, raw or undercooked meat and milk of goat. The 

occurrence of outbreaks according to the biological form of the parasite was: sporozoite 

(oocyst) and bradyzoites (cyst) 45.7% (16/35) each; while for the tachyzoites 8.6% (3/35). In 

the 1970s and 1990s, outbreaks occurred mainly through the ingestion of cysts in meat and its 

derivatives; in the 1980s, milk contaminated with tachyzoites; in 2000, oocysts in water; as of 

2010, there was an increase in the occurrence of outbreaks due to oocysts in raw vegetables. 

There has been a change in the epidemiology of outbreaks in the last 20 years. The plants had 

their consumption increased, these foods, when not properly sanitized, could contain parasite 

structures for the detection of parasites. Polymerase Chain Reaction, Hoffman, Willis and Faust 

were used, and contamination by T. gondii in 12.9% (8/62), G. intestinalis in 25.8% (16/62), 

Cryptosporidium spp. in 11.3% (7/62), and other parasites in 45.23% (19/42) of the analyzed 

vegetables. In addition, through the Colilert Commercial Kit of analysis of water contamination, 

it was observed that 81.0% (19/21) samples of irrigation water presented Escherichia coli. The 

use of river water in the irrigation showed an important role in the contamination of the 

vegetables, in contrast the supplementation of the soil with limestone contributed positively to 

the maintenance of safer vegetables. In 2015, there was an outbreak of toxoplasmosis at a 

research institution in Londrina, Paraná. A total of 20 individuals presented symptoms and 

serology compatible with acute infection. For the analysis of risk factors a case and control 

study was structured in the ratio 1: 2.25. All the participants of the investigation answered an 

epidemiological questionnaire. A total of 29 environmental samples were collected, all of them 

negative to the polymerase chain reaction. After analyzing the epidemiological data, vegetable 

consumption was the only variable associated with the occurrence of the disease. From the 

results, the importance of the vegetables as a transmission route of T. gondii and other 

pathogens has been demonstrated. In addition, they present some critical contamination points, 

providing support to train farmers on good management practices during the production process 

and also offer the main epidemiological characteristics for the rapid recognition of the outbreak, 

notification and investigation in order to interrupt the transmission chain, thus preventing the 

occurrence of outbreaks. 

 

Keywords:  Toxoplasmosis. Outbreak investigation. Cryptosporidium spp. Giardia spp. 

Organic horticulture. 
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1 INTRODUÇÃO  1 

A área ocupada com a horticultura no Brasil é de 4,4 milhões de hectares com 2 

produção de 71 milhões de toneladas de hortaliças (HORTIBRASIL, 2016) cultivadas, 3 

principalmente no sistema convencional. Nos últimos anos, observou-se um crescimento 4 

significativo no sistema de cultivo orgânico (MELO; VILELA, 2007), relacionado, 5 

principalmente, com a busca por um alimento mais saudável, de melhor sabor e que vise a 6 

preservação do meio ambiente (ARCHANJO; BRITO; SAUERBECK, 2001). A principal 7 

diferença entre esses dois tipos de cultivo é que o sistema de cultivo convencional pode utilizar 8 

insumos agrícolas (inseticidas, fertilizantes, herbicidas e pesticidas) e organismos 9 

geneticamente modificados (WILKINS; HILLERS, 1994). 10 

As enteroparasitoses são doenças cosmopolitas e endêmicas nos países do 11 

terceiro mundo, representam um importante problema de saúde pública (CACCIÒ et al., 2018). 12 

São adquiridas pela ingestão das formas infectantes, tanto de helmintos quanto de protozoários, 13 

contidas em alimentos ou água contaminados. As hortaliças consumidas cruas podem servir 14 

como importantes vias de transmissão (VOLLKOPF; LOPES; NAVARRO, 2006). As 15 

condições de cultivo, envolvendo a qualidade da água para irrigação, o tipo de adubo 16 

empregado, os meios de armazenamento, transporte e o manuseio da colheita estão diretamente 17 

relacionados a esta contaminação (PACHECO et al., 2002). 18 

Estima-se que um terço da população mundial sofra de doenças relacionadas 19 

à ingestão de alimentos contaminados (FAO, 2012). Entre as doenças transmitidas por 20 

alimentos, a toxoplasmose, está comumente associada à ocorrência de surtos, representando um 21 

importante problema de saúde pública e um impacto econômico significativo (CHOI et al., 22 

1997).  23 

Toxoplasmose é uma zoonose causada pelo protozoário Toxoplasma gondii e 24 

que devido à sua importância médico e veterinária é um dos parasitas mais estudado no mundo, 25 

pode infectar todos os animais homeotérmicos, os felinos são os hospedeiros definitivos (HILL; 26 

DUBEY, 2002).  27 

O ciclo evolutivo do T. gondii é heteroxeno facultativo, complexo e envolve 28 

três formas infectantes: taquizoítos, bradizoítos e esporozoítos (DUBEY; MILLER; 29 

FRENKEL, 1970).  30 

Quando a ocorre a primo-infecção nos hospedeiros definitivos, por uma 31 

determinada cepa, há produção de milhares de oocistos, eliminados nas fezes, por um período 32 
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de até 21 dias. Sob condições ótimas de oxigenação, temperatura e umidade, sofrem a 1 

esporulação entre 1 e 5 dias, desenvolvendo oocistos infectantes. Devido a presença de parede 2 

dupla resistente na estrutura, podem permanecer no solo, viáveis por longo tempo (DUBEY; 3 

MILLER; FRENKEL, 1970; TENTER; HECKEROTH; WEISS, 2000) contaminando a água e 4 

os vegetais.  5 

A via de transmissão do agente é variável, contudo, hábitos alimentares, 6 

culturais e fatores ambientais são determinantes na epidemiologia da toxoplasmose 7 

(KOLBEKOVA et al., 2007). Nos últimos 50 anos, mais de 30 relatos de surtos foram 8 

publicados no mundo, sendo a maioria no Brasil. As principais vias de transmissão envolvidas 9 

foram: água, hortaliças, frutas por oocistos, carnes mal cozidas ou cruas por bradizoítas e leite 10 

de cabra não pasteurizado por taquizoítas (CHIARI et al., 1984; DUTRA et al., 2012; EKMAN 11 

et al., 2012; MASUR et al., 1978; DE MOURA, et al., 2006; POMARES et al., 2011). 12 

A fácil contaminação durante o processo de produção de hortaliças reforça a 13 

necessidade de identificação dos principais fatores de riscos e implantação de boas práticas de 14 

produção que garantam segurança alimentar no consumo desses produtos (NASCIMENTO; 15 

ALENCAR, 2014). 16 
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2 OBJETIVOS 1 

 2 

2.1 Objetivo Geral 3 

 4 

Avaliar hortaliças como uma via de transmissão de Toxoplasma gondii e outros 5 

patógenos, com base na literatura e nos principais riscos durante o cultivo. 6 

 7 

 8 

2.2 Objetivos Específicos 9 

 10 

• Realizar revisão sistemática da literatura sobre a evolução temporal dos surtos de 11 

toxoplasmose. 12 

• Observar por meio de coleta de amostras ambientais e dados epidemiológicos os 13 

principais pontos críticos para contaminação por T. gondii e outros patógenos em 14 

hortaliças de horta orgânica. 15 

• Avaliar fatores ambientais e alimentares associados a surtos de toxoplasmose. 16 

 17 

 18 
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3 REVISÃO DE LITERATURA 1 

 A revisão sistemática de literatura (ARTIGO A) foi submetida à Revista 2 

Emerging Infectious Diseases em 2 de outubro de 2018, o status  atual é Awaiting Final 3 

Decision. 4 

 5 

3.1 Artigo A  6 

 7 

Temporal evolution in the patterns of the transmission routes and sources of 8 
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infection in reported outbreaks of human toxoplasmosis - A systematic review 1 

 2 

*Fernanda Pinto-Ferreira; Eloiza Teles Caldart; Aline Kuhn Sbruzzi Pasquali; Regina Mitsuka-3 

Breganó, Roberta Lemos Freire, Italmar Teodorico Navarro 4 

 5 

Abstract 6 

 7 

The objective of the current study was to report a temporal progression of the 8 

probable sources of infection and/or transmission routes described in articles on human 9 

toxoplasmosis outbreaks in the world. To that, the keywords "Toxoplasma AND outbreak OR 10 

toxoplasmosis AND outbreak" were searched on the Scielo, Web of Science, Pubmed and 11 

Scopus databases. In 1960s and 1990s, outbreaks mainly occurred through ingestion of cysts in 12 

meat and derivatives; in 1980s, through milk contaminated with tachyzoites; in 2000 due to the 13 

presence of oocysts in water, sand and land and in 2010, due to oocysts in raw vegetables. Based 14 

on the results obtained in this study, it is possible that there has been a change in the 15 

epidemiology of the reported toxoplasmosis outbreaks over the last 20 years. We suggest that 16 

greater attention must be paid to the sanitation of the vegetables, to the quality of drinking and 17 

irrigation water. 18 

 19 

Keywords: Toxoplasma gondii, oocysts, water, vegetables, human 20 

 21 

Introduction 22 

 23 

 Toxoplasmosis is a zoonosis caused by the protozoan Toxoplasma gondii of 24 

the phylum Apicomplexa. T. gondii is an obligate intracellular parasite with a worldwide 25 
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distribution and affects mammals and birds (1). While its intermediate hosts are all warm-1 

blooded animals, its definitive hosts are only felids, which are responsible for the elimination 2 

of oocysts and resulting environmental contamination (2).  3 

Because of a high exposure to T. gondii parasite in the world, a high 4 

serological prevalence is observed in humans, with a variability between 10.0 and 97.4% in the 5 

adult population; however, cases of clinical disease are less frequent (3). The environmental 6 

conditions, cultural habits and fauna are factors that may explain the variability of the 7 

prevalence of this infection in different geographic areas (4). Transmission mainly occurs 8 

through the ingestion of water, vegetables or soil contaminated with oocysts (sporozoites); raw 9 

or undercooked meat containing viable tissue cysts (bradyzoites), which characterize this 10 

disease as a food zoonosis (3). 11 

When the pattern of occurrence of toxoplasmosis outbreaks is known, more 12 

effective and targeted prevention and control measures can be applied. The objective of the 13 

current study was to report a possible temporal progression of the probable sources of infection 14 

and transmission routes described in articles on human toxoplasmosis outbreaks throughout the 15 

world. 16 

 17 

Material and methods   18 

This systematic review was performed by searching the Scientific Electronic 19 

Library Online (Scielo), Web of Science, Pubmed and Scopus databases. The keywords used 20 

were: "Toxoplasma AND outbreak OR toxoplasmosis AND outbreak" starting from the year 21 

1967, when the first relevant article was published (5). Data were collected between February 22 

and March 2018 by two reviewers. The primary question was: based on the published articles, 23 

has there been a change in the pattern of transmission routes and sources of infection of human 24 

toxoplasmosis outbreaks in the world? 25 
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The inclusion criteria adopted in the research were: articles with at least the 1 

abstract in English or Portuguese language and whose contents are reports of outbreaks of 2 

toxoplasmosis in humans. Exclusion criteria were articles of outbreaks of toxoplasmosis in 3 

other animal species, and studies without information about the transmission route. 4 

For each outbreak report, information was extracted, including the year, 5 

country of outbreak occurrence, probable route of transmission, number of affected and affected 6 

group. Based on the probable source of infection and transmission route defined by the authors 7 

of the selected papers, the parasitic form involved in each case or outbreak report was inferred. 8 

The organization, exclusion and selection of references were performed using software 9 

Mendeley (Elsevier, Amsterdam, Netherlands). The software EpiInfo 3.5.4.4 (6) was used to 10 

tabulate the variables obtained from information extracted from the selected articles. Statistical 11 

analyzes using Chi-square tests or Fisher's exact tests were performed using the R 3.4.1 program 12 

(7). 13 

Multiple correspondence analysis was performed in R 3.4.1 with the 14 

FactoMineR package. This technique is an exploratory technique that does not rely on statistical 15 

tests, but allows visualization of the most important relationships in a large set of variables (8). 16 

This technique also helps to visualize the multivariate relation between the categories of 17 

different variables as the geometric proximity of the variables in the graph suggests a possible 18 

association between them. 19 

 20 

Results 21 

  22 

A total of 573 articles were found, of which 10 were from Scielo, 224 from 23 

the Web of Science, 83 Pubmed and 256 Scopus. Duplicate, incomplete (untitled, authors, 24 

abstract) articles or those that did not contain the likely route of transmission were excluded. 25 
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An article, even eligible for review, was excluded because it did not have access possible via 1 

the Internet or via commute. Thirty-three articles were selected, with 34 reports of outbreaks of 2 

acute toxoplasmosis (one article with two outbreak reports). The details are shown in Figure 1 3 

and Table 1. 4 

The geographic distribution of the selected outbreaks is plotted on the map in 5 

Figure 2. The highest concentration was in the Americas, with 73.5% (25/34). Of this total, 6 

Brazil represented 35.3% (12/34) of the published outbreaks selected by the present study. 7 

The incidence of cyst related outbreaks was 47.1% (16/34), while oocysts 8 

were implicated in 44.1% (15/34) of the outbreaks and tachyzoites in 8.8% (3/34). Ingestion of 9 

contaminated meat and its derivatives was the suspected cause of 47.1% (16/34) of 10 

toxoplasmosis outbreaks. Transmission through the intake of oocysts in water occurred with a 11 

frequency of 20.6% (7/34), sand and land contact with a frequency of 17.6% (6/34), the intake 12 

of oocysts in vegetables with 5.9% (2/34) of frequency. Regarding reported outbreaks because 13 

of tachyzoites in raw milk, the frequency was of 8.8% (3/34). A total of approximately 1,416 14 

individuals were affected in the 15 outbreaks of toxoplasmosis caused by oocysts (bradyzoites), 15 

while 290 out of 16 outbreaks caused by tissue cysts (bradyzoites) and 15 out of 3 outbreaks by 16 

tachyzoites. 17 

No statistical significance was observed in the variables extracted from the 18 

articles. An evaluation of the multiple correspondence analysis results (Figure 3) presents that 19 

in the 1960s and 1990s, outbreaks mainly occurred through the ingestion of cysts in meat and 20 

its derivatives. In the 1980s, by milk contaminated with tachyzoites. In 2000, by oocysts in 21 

water and contact with feline feces. As of 2010, there has been an increase in the occurrence of 22 

outbreaks due to oocyst intake from raw vegetables. 23 

 24 

 25 
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Discussion 1 

The limitations encountered in this study were: 1. many outbreaks published 2 

only in the gray literature (non-indexed journals, unofficial websites, conference abstracts); 2. 3 

the search was limited to articles with, at least, the abstract written in Portuguese or English; 3. 4 

a long lag time between the occurrence of an outbreak and its publication, with an average of 5 

three years and up to seven years; and 4. lack of defined transmission routes, which can be 6 

measured only by means of epidemiological investigation (9,10). Although this review was 7 

performed based on reports from the world literature, it demonstrates much of the Brazilian 8 

reality, perhaps because it is the country with the largest number of reports and affected. 9 

Three major clones of T. gondii are described in the literature (genotypes I, II 10 

and III), they differ from one another due to virulence and epidemiology (11–14). America, 11 

there is no clear domain of any genotype, although some have relatively higher frequencies 12 

(13). In Brazil, the prevalence of toxoplasmosis in humans ranges from 21.5 to 97.4%(15) and 13 

the occurrence of atypical genotypes (different from clonal genotypes I, II and III) is more 14 

frequent, which may justify the most severe form of the disease (16) and the bigger number of 15 

publications in this country. Proof of this is that the two largest outbreaks of human 16 

toxoplasmosis occurred in Brazil: 1- Santa Isabel do Ivaí city, Paraná state(17), that occurred 17 

in 2001 which involved more than 400 people due to contamination of the municipal water 18 

supply network and 2- Santa Maria city, Rio Grande do Sul state, which occurred in 2018 and 19 

affected more than 900 people; the cause of that outbreak has not yet been determined (data not 20 

yet published).  21 

Oocyst and cyst intake are the most important transmission via of T. gondii 22 

(9). According to our results, until 1990, cysts were the main biological form of infection. 23 

However, it is possible that with the prevention program for complex teniasis-cysticercosis, a 24 

large number of people have begun to avoid consumption of raw or poorly cooked meats in 25 
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South America, as tissue cysts are sensitive to heat, cooked meat is considered safe for the 1 

avoidance of T. gondii infection (18). Another important point is that the technology of 2 

livestock farming has promoted improved management and reduction of infection of animals 3 

by pathogens, such as T. gondii, making the meat safer. In Brazil, to prevent food-borne 4 

diseases, the Ministry of Agriculture, Livestock and Supply, through Administrative Rule No. 5 

46, of February 10, 1998, adopted the Hazard Analysis and Critical Control Point System 6 

(HACCP), a pre-requisite to export meat, in order to improve Good Production Practices (GPP) 7 

(19). After the improvements in the system, a reduction in seropositivity to T. gondii could be 8 

observed over the years (9). Another important point was the popularization of the use of 9 

freezer, the freezing of the meats either -10°C degrees for 3 days or -20°C degrees for 2 days, 10 

is sufficient for the inactivation of cysts (20).  11 

Beef was the suspected route of transmission in at least three outbreaks that 12 

occurred in the United States and Brazil, affecting five and six and 99 people respectively (39–13 

41). However, beef has less epidemiological value since these animals have a low ability to 14 

form tissue cysts (42). 15 

Feeding habits can often facilitate infection by T. gondii in the form of 16 

bradyzoites and tachyzoites (4). For example, consumption of raw kibbe made from lamb meat, 17 

which is an Arabian tradition, was the cause of five outbreaks between 1975 and 2006; two 18 

from Brazil(21,22), England (23), United States (24) and Australia (25) with one outbreak each.  19 

Consumption of undercooked hunting animals, such as reindeer, tapir, deer, 20 

wild boar, armadillo and wild pig, was an important factor associated with toxoplasmic 21 

infection in some of the previously described outbreaks in the world (26–29). Some studies 22 

have also determined that the unusual abundance of atypical strains, which are commonly found 23 

in the wild, can cause toxoplasmosis in its most severe form, even in immunocompetent 24 

individuals (16,26,30–32). This greater severity results from poor host adaptation to the 25 
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circulating T. gondii zoonotic neotropical strains (33). In 2009, Pino et al. (31) described severe 1 

cardiac involvement in a military man who, during an operation in the jungle, consumed 2 

untreated water. Previously, Carme et al., 2002 (26) reported in French Guiana 16 cases of 3 

severe toxoplasmosis in immunocompetent patients hospitalized with nonspecific infectious 4 

diseases with at least one visceral alteration, mainly severe pulmonary involvement (87.5%). 5 

The parasite was isolated from three patients and, in all cases, the genotype was characterized 6 

as atypical. Hunting animals were the source of infection in 31.25% (5/16) of outbreaks whose 7 

likely route of transmission were tissue cysts. 8 

 Infection through milk consumption was described in three of the articles 9 

selected (1975-1988), all of which were intra-familial, involved raw goat's milk and affected a 10 

small number of individuals (34–36). The ability of goats to eliminate tachyzoites in milk 11 

(37,38) is well-known, and these tachyzoites are resistant to the processing of fresh cheese (39). 12 

Proper hygiene during milking and heat treatment are the main preventive measures against 13 

milk contamination, regardless of the species of the producing animal or agent (Listeria 14 

monocytogenes, Brucella spp. and Mycobacterium spp.). It is possible that the good practices 15 

applied in the prevention of these agents, such as pasteurization and brucellosis and tuberculosis 16 

prevention programs, have influenced the reduction of T. gondii infection and, consequently, 17 

the outbreaks by contaminated milk have decreased in recent decades. 18 

The previous cited Santa Isabel do Ivaí outbreak (17) was a milestone in the 19 

history of toxoplasmosis, as well as having a larger number of affected individuals, also had the 20 

agent isolated from the transmission via. From this milestone, the outbreaks were investigated 21 

with more attention to this biological form and this factor should not be discarded as 22 

justification for the increase of outbreaks of water origin. 23 

One of the main forms of transmission of toxoplasmosis is fecal-oral, the 24 

felines, definitive hosts, eliminate the oocysts in the environment and these can remain viable 25 
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for several months in appropriate conditions of temperature and humidity, allowing the 1 

infection(2). The habit of cats defecating in land and sand, contacts these places an important 2 

risk factor. Land and sand contact were the route of transmission in 17.6% (6/34) of outbreaks 3 

reported, in 67.0% the group of people affected was with children and / or adolescents, probably 4 

due to the habit children have play in these environments and indirectly perform geophagy. 5 

In the last 20 years, there has been an increase in the consumption of healthy 6 

foods, such as vegetables, related to changing habits to combat obesity (40). Vegetables provide 7 

micronutrients and fibers as well as aid in body weight maintenance due to their low energy 8 

values (41). Considering the increased food safety attributed in recent years to food of animal 9 

origin and concomitant increase in the consumption of raw vegetables and fruits, it is likely that 10 

foods contaminated by oocysts will become the main routes of transmission of toxoplasmosis 11 

outbreaks.  12 

Outbreaks caused by vegetables generally occur because of a poor hygiene of 13 

these foods, or contamination during the production stages that involve planting, harvesting, 14 

transport, distribution or even during processing and final consumption (42). In 2009, an 15 

outbreak occurred in a factory in São Paulo state, Brazil, with a total of 2,300 employees, of 16 

which 11 individuals had acute toxoplasmosis, vegetable ingestion was the suspected 17 

transmission via (43). In 2013, the municipality of Ponta de Pedras, Pará state, Brazil, was the 18 

scene of an outbreak of toxoplasmosis caused by açaí consumption, involving 73 cases with 19 

clinical and laboratorial profile compatible with the disease. Ponta das Pedras is one of the main 20 

producers of açaí in Brazil, however, the outbreak occurred during the period when local 21 

production of açaí was practically nil and to guarantee the population's demand, açaí vendors 22 

acquired the fruit from other locations (44). These events demonstrate inadequacy in the control 23 

of sanitation in industrial restaurants and also the need to improve quality control of commercial 24 

vegetables, common problems in developing countries.  25 
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Other important point observed in the current study was the number of 1 

affected individuals. Oocysts were responsible for statewide outbreaks that involved many 2 

people, such as those occurring in city districts or entire municipalities. Although outbreaks due 3 

to oocysts and cysts were reported to occur at a similar number, outbreaks due to oocysts 4 

affected 100 times more people than outbreaks due to cysts. Consumption of water was already 5 

responsible for the largest outbreak of toxoplasmosis described (17), and yet, when used in 6 

irrigation, serve as a contamination route for vegetables and fruits (17,43,45). Domestic and 7 

wild felids, when infected, can eliminate thousands of oocysts per gram of feces for 8 

approximately two weeks, causing wide water dispersion and environmental contamination 9 

(46). Cysts infection is more related to intra-familial or party restricted outbreaks, limiting the 10 

number of affected individuals (47,48). 11 

Health actions regarding toxoplasmosis have been focused, frequently, on 12 

congenital infections due to its importance. However, with the occurrence of outbreaks in 13 

healthy humans, it is suggested that control of infection and health education should also be 14 

directed to the rest of the population. According to World Health Organization estimates, 15 

toxoplasmosis is among the leading foodborne parasitic diseases and in recent years has 16 

affected more than 10.3 million people worldwide (49). The disease is not of compulsory 17 

notification, so it is necessary that at least toxoplasmosis outbreaks are reported in the literature, 18 

in order to know more deeply the chain of transmission and, thus, to reduce the outbreaks 19 

occurrence.  20 

 21 

Conclusion 22 

 23 

Based on the results obtained in this study, it is possible that there has been a 24 

change in the epidemiology of the reported toxoplasmosis outbreaks over the last 20 years. 25 
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Thus, we suggest that greater attention must be paid to the production and sanitation of the 1 

vegetables, to the quality of drinking and irrigation water, and to the adoption of legislation for 2 

the traceability with the aim to eliminate transmission routes, avoiding exposure or inactivating 3 

the parasite before consumption.  4 

 5 

Figure 1 - Schematic demonstration of the selection of articles for the systematic review of 6 

outbreaks of human toxoplasmosis throughout the world. 7 

 8 

Figure 2 - Geographic distribution of 34 outbreaks of human toxoplasmosis worldwide and its 9 

probable route of transmission - works published until March 2018 selected through systematic 10 

review.  11 

The size of the circle is proportional to the number of outbreaks. 12 

 13 

Figure 3 - Multiple correspondence analysis of the variables extracted from articles that 14 

published human toxoplasmosis outbreaks until March 2018 selected through systematic 15 

review.  16 

The multiple correspondence technique helps to visualize the multivariate relation between the 17 

categories of different variables as the geometric proximity of the variables in the graph 18 

suggests a possible association between them. 19 

 20 

Table 1 - Complete articles of human toxoplasmosis outbreaks included in the systematic 21 

review published until March 2018. 22 

 23 

 24 

 25 
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Abstract 1 

The study was carried out between July 2014 and May 2016 in 21 horticultural properties in 2 

the state of Paraná, Brazil. Two samples of leafy vegetables and one sample of irrigation water were 3 

collected per property. Water samples were analyzed by the chromogenic substrate technique to 4 

evaluate contamination by total coliforms and Escherichia coli, and the vegetables were evaluated 5 

by the techniques of Willis (1921), Hoffman et al. (1934) and Faust et al. (1939) for parasite 6 

contamination. The presence of E. coli was observed in 80.95% (17/21) of the water samples; with 7 

respect to vegetables, 19 (45.23%) contained at least one parasite species, such as: hookworms, 8 

Chilomatix spp., Dipillidium spp., Entamoeba spp., Strongyloides spp., Trichuris spp., free- 9 

nematode larva, non-sporulated oocyst. There was a statistical association between the fate of the 10 

sewage (dry sewage) and the positivity to the parasites. The data show fecal contamination in a 11 

significant number of samples and confirm the need for greater sanitary requirements during the 12 

cultivation of leafy vegetables, which are mostly consumed raw. 13 

 14 

Key words: Escherichia coli; Helminth; Parasite; Protozoan 15 

 16 

Título resumido: Safe food: points of risk in organic agriculture 17 

 18 

Introduction 19 

 20 

Organic products have been preferred by consumers because these products are associated 21 

with a production system that avoids or excludes the use of industrialized chemicals such as synthetic 22 

fertilizers, growth regulators and pesticides or agrochemicals (SANTANA et al., 2006; ABREU et 23 

al., 2016). On the other hand, there is growing concern about the risk of infection by enteroparasites, 24 

since many vegetables are served raw for human consumption, thereby contributing to the oral 25 

transmission of these parasites (ESTEVES; FIGUEIRÔA, 2012). 26 

Endoparasites are cosmopolitan and endemic in third-world countries and represent an 27 

important problem in public health. They are acquired by ingestion of infective forms contained in 28 

contaminated food or water (CACCIÒ et al., 2018). When consumed raw, vegetables can serve as a 29 

transmission via (VOLLKOPF et al., 2006; FERREIRA et al., 2018). The cultivation conditions, 30 

including quality of irrigation water, the type of fertilizer used, the storage conditions, transport and 31 

handling of the crop by the producer are directly related to this contamination (PACHECO et al., 32 

2003). 33 
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The objective of this study was to evaluate the contamination by Escherichia coli in irrigation 1 

water and parasites in leafy vegetables cultivated in small organic horticultural properties and to 2 

investigate the critical points during cultivation. 3 

 4 

Material and Methods 5 

 6 

The study was carried out from July 2014 to May 2016 at horticultural properties in the 7 

municipalities of Apucarana, Marilândia do Sul, Ortigueira, Rolândia and Londrina (District 8 

Guaravera), in the state of Paraná (Figure 1). Small commercial organic leafy vegetable production 9 

properties assisted by the Organic Certification Project of the State University of Londrina were 10 

included in analyses. 11 

 12 

FIGURA 1: Map of the state of Paraná highlighting the municipalities of Apucarana, Londrina, Marilândia do 13 

Sul, Ortigueira and Rolândia, sampling sites of vegetables and water subjected to parasitological 14 

and microbiological evaluation, from 2014 to 2016, Paraná, Brazil. 15 

 16 

Source: authors 17 

 18 

Forty-two clumps of leafy vegetables were collected (two per property), packed in plastic 19 

bags and kept under refrigeration. For detection of helminths, 500 mL of Glycine 1 M and 100 g of 20 

the vegetables were homogenized in a plastic bag, manually shaken for 10 minutes, filtered through 21 

double gauze, collected in a conical chalice, and allowed to settle for 12 h. Then, 20 μL of the 22 
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sediment was observed under an objective microscope at 40x (HOFFMAN et al., 1934). The 1 

supernatant was removed from the chalice with a pipette, the pellet was centrifuged at 1120 x g for 2 

5 minutes. With the final sediments (approximately 0.5 mL) slides stained with Lugol’s iodine 3 

(MATOSINHOS, 2012) were mounted to facilitate the detection and identification of eggs and larvae 4 

under an optical microscope. 5 

For detection of protozoa, 50 g of the vegetables and 300 mL of Tween 80 (1%) solution were 6 

placed in a plastic bag and homogenized with a stirrer for three minutes. Subsequently, the solution 7 

resulting from the first step was filtered through double gauze into a 500-mL glass beaker. The 8 

filtered extract was divided into tubes and centrifuged at 2100 x g for 10 minutes each time (CARELI, 9 

2009). Approximately 5 mL of the extract was processed and observed by the technique of Willis 10 

(1921) e Faust et al. (1939). 11 

The microbiological analysis was performed using the chromogenic substrate technique, 12 

according to the manufacturer's recommendation (Colilert, Idexx, Westbrook, Maine, EUA), the 13 

results are expressed as NMP/100 mL (most probable number of total coliforms or Escherichia coli 14 

per 100 mL of water), 21 water samples (one per property) were collected directly from the irrigation 15 

tap of the gardens vegetables, as recommended by Brazilian protocol (BRASIL, 2013). 16 

A semi-structured questionnaire was applied to all horticulturists participating in the study, 17 

with questions regarding the type of planting and fertilization, soil supplementation, use of pesticides, 18 

presence of animals on the property, irrigation system and characteristics of the bathroom and 19 

sewage. This work was approved by the Research Ethics Committee Involving Human Beings of 20 

the State University of Londrina under number 2,481,228. 21 

The program EpiInfo 3.5.4 (DEAN, 1990) was used to tabulate the variables together with 22 

the microbiological and molecular results. Statistical analyzes were performed using the EpiInfo 23 

3.5.4 and R 3.4.1 programs (R CORE, 2003) using the Chi-square test or Fisher’s exact test, when 24 

appropriate. The data were compared using odds ratios (ORs) with confidence intervals (CIs) of 95%, 25 

significance level of 5%. 26 

 27 

Results 28 

 29 

A total of 42 samples of vegetables and 21 water samples were collected from 21 properties 30 

in the municipalities of Apucarana (5/21), Marilândia do Sul (8/21), Ortigueira (6/21), Rolândia 31 

(1/21) and Londrina (District Guaravera) (1/21). Among the vegetables, 19 samples were of lettuce 32 

(Lactuca sativa), nine were chicory samples (Cichorium endivia), seven were arugula samples 33 
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(Eruca sativa), five were chives samples (Allium fistulosum), one was a spinach samples (Spinacia 1 

oleracea) and one was a chard sample (Beta vulgaris subsp. vulgaris). 2 

Eighteen properties were certified for organic cultivation, and three (14.28%) were in the 3 

certification phase. The organic fertilizer source was variable among the properties: eight (38.09%) 4 

used cow manure, seven (33.33%) used chicken manure, three (14.28%) used mixed manure (chicken 5 

and cow) and three (14.28%) used a commercial compound. Nine properties were regularly 6 

supplemented with mineral soil, six with limestone (66.67%), and three with potassium supplement 7 

(33.33%). Domestic animals, such as dogs, cats, horses, cattle, were present in all properties studied 8 

and, in four (19.04%) of them, the animals had access to the gardens. 9 

Wild animals (deer, hares, skunks, felines and birds) were present in all properties. All the 10 

properties performed vegetable washing – 11 (52.38%) in treated tap water and 10 (47.61%) in 11 

rinsing tanks. The irrigation was manual in nine (42.85%) and automated in 12 (57.14%) properties; 12 

the source of water for irrigation in 12 (57.14%) properties was from mines, three (14.28%) from 13 

rivers and six (28.57%) from artesian wells. 14 

Water analysis showed that 18 (85.71%) had total coliforms (CT) ranging from 1 to > 2419,6 15 

CTNMP/100 mL, among these, 10 were mine water, five artesian well and three of river samples. 16 

Regarding the presence of Escherichia coli, 17 (80.95%) samples were positive, varying from 1 to 17 

218.7 NMP/100 mL, among them, nine were from mine water, five from artesian wells and three 18 

from rivers. 19 

Among the properties visited, 71.4% (15/21) had at least one sample contaminated by 20 

parasites. In relation to the methods used for parasitological research, 13 (30.95%) vegetables 21 

samples were positive in the Hoffman et al. (1934) technique, 5 (11.90%) in the Faust et al. (1939) 22 

technique, 5 (11.90%) in the Willis (1921) technique and 19 (45.23%) were positive in at least one 23 

of the three parasitological techniques used in the present study. The results are detailed by property, 24 

vegetable and parasite found in Table 1. When considering positivity in at least one of the 25 

parasitological methods, a statistically significant difference was observed in the fate of the sewer 26 

variable (p = 0.045), with the dry sewage being the most positive sewage destination. 27 

 28 

 29 

 30 

 31 

 32 

 33 

 34 
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TABLE 1: Results of the Faust et al. (1939), Hoffman et al. (1934) and Willis (1921) parasitological 1 

techniques from samples of vegetables from organic farm properties in Paraná, Brazil, from 2014 2 

to 2016. 3 

Property Municipality 

Faust 

et al. 

(1939) 

Parasite 

Hoffman 

et al. 

(1934) 

Parasite 
Wiilis 

(1921) 
Parasite 

1 Mar. Sul -   -   -   

2 Mar. Sul -  + Let  

+ Aru 

Chil, Ent, 

MiE 
-  

3 Mar. Sul -  + Aru OoN 
+ Let  

+ Aru 

OoN, Ent, 

NeL 

4 Mar. Sul -  -  + Let NeL 

5 Guaravera + Let Ent + Aru MiE + Aru MiE 

6 Ortigueira -  + Chi Ent -  

7 Ortigueira -  -  -  

8 Ortigueira + Let Str, Ent + Let OoN -  

9 Ortigueira -  -  -  

10 Ortigueira -  -  -  

11 Ortigueira -  + Let Ent -  

12 Rolândia -  + Chi Dipil -  

13 Apucarana + Chi Hoo -  -  

14 Apucarana -  -  + Let Trich 

15 Apucarana -  + Let Str -  

16 Apucarana -  -  -  

17 Apucarana -  -  -  

18 Mar. Sul + Chi Ent + Chd MiE -  

19 Mar. Sul + Chi Ent + Chi NeL -  

20 Mar. Sul -  + Let Lar -  

21 Mar. Sul -   + Chv NeL -   

* + positive sample; - negative sample. Chd: Chard; Let: Lettuce; Chv: Chive; Chi: Chicory; Aru: 4 

Arugula. MiE: Mite egg; Hoo: hookworms; Chil: Chilomatix spp.; Dipil: Dipillidium spp.; Ent: 5 

Entamoeba spp.; Str: Strongyloides spp.; Lar: free-living Larva; NeL: nematode larva; OoN: non-6 

sporulated oocyst; Trich: Trichuris spp. 7 

 8 

Discussion 9 

 10 

In the study, the presence of E. coli was observed in 17 (80.95%) of the analyzed water 11 

samples, of which 3 (17.65%) levels higher allowed by CONAMA (National Environment Council) 12 

(CONAMA, 2005). Resolution 357/05 recommends that, for the irrigation of raw vegetables and 13 

fruit that have yet to fully develop, a CTT count of less than 200/100 mL is appropriate. Escherichia 14 

coli is a facultative, anaerobic gram-negative bacteria, commensal in the intestinal microbiota; 15 

besides being the main indicator of fecal contamination (CONAMA, 2005), it can often become an 16 

opportunistic pathogen (NATARO; KAPER, 1998; FRANCO; LANDGRAF, 2003). It is known that 17 
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the contamination of vegetables by pathogenic microorganisms is directly related to the quality of 1 

irrigation water (SCHERER et al., 2016), so it is imperative that this type of water be of high quality, 2 

passing through prior treatment, when necessary. The E. coli contamination has also been previously 3 

described in irrigation water in conventional cultive (SCHERER et al., 2016; SILVA et al., 2016a), 4 

which confirms that regardless of the type of cultive, water can be an important pathway for the 5 

transmission of pathogens, and chlorination is an efficient technique for the killing of bacteria and 6 

viruses. 7 

Among the protozoa found, Chilomatix spp. and some species of Entamoeba spp. are 8 

commensal protozoans, even if not pathogenic, they indicate fecal contamination of human origin 9 

(OLIVEIRA; GERMANO, 1992). Entamoeba histolytica is important to public health due to its high 10 

pathogenicity and cyst resistance to conventional water treatment (MELO et al., 2004; 11 

MONTANHER et al., 2007). Arbos et al. (2010) suggested that the presence of parasitic structures 12 

in vegetables is due to improper cultivation, with respect to hygiene, either through irrigation water, 13 

access of wild or domestic animals to gardens and/or, the use of fertilizers with insufficient 14 

composting time. 15 

Samples with non-sporulated oocysts were observed. It was not possible to confirm the 16 

species identity through sporulation; however, it is important to consider that several parasites 17 

pathogenic to humans present this biological form in their life cycles, such as Cryptosporidium spp. 18 

(TYZZER, 1907), T. gondii (DUBEY et al., 1970), Cyclospora spp. (ORTEGA et al., 1993). One of 19 

the main difficulties when working with environmental samples is the fact that many samples go 20 

through adverse conditions such as intense sun and low humidity, favoring alterations in the 21 

morphologies and metabolism of the microorganisms, hindering the diagnosis by conventional 22 

microscopy and sporulation, respectively. 23 

Mites were found in three samples and are the most important aeroallergens in tropical climate 24 

regions; they are associated with respiratory allergies, such as allergic asthma and rhinitis. In 25 

addition, they can contaminate food, especially if kept in hot and humid environments, facilitating 26 

their proliferation. When ingested, they can trigger allergic reactions and anaphylaxis in atopic 27 

individuals, so their presence in vegetables presents a potential risk to human health (GELLER et al., 28 

1995; 2009). 29 

A total of 45.23% (19/42) of the vegetables were contaminated by helminths. Cultivation in 30 

direct contact with the soil can facilitate this contamination, since these parasites are commonly 31 

found in the soil (SILVA et al., 2016b) and animal manure used for fertilization (FERNANDES et 32 

al., 2015). Strongyloides spp. are opportunistic parasites of animals. The presence of Strongyloides 33 
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spp. deserves special attention because Strongyloides stercoralis have the capacity to infect humans, 1 

mainly immunocompromised individuals (MAIA et al., 2006; SILVA et al., 2016b). 2 

Among the techniques used, a greater percentage of positive results were observed when 3 

using the Hoffman et al. (1934) technique. This may have occurred because the test was more 4 

sensitive to the parasites found relative to the other methods. A greater sensitivity by the test was 5 

also observed by Mesquita et al. (2015) in a study carried out in community gardens in the state of 6 

Piauí, Brazil, when they used both the Hoffman et al. (1934) and Willis (1921) methods. 7 

All the properties included in the study had domestic animals; in five of them, the animals 8 

had access to the vegetable gardens. Domestic and wild animals are important sources of 9 

contamination of soil and water (CASSENOTE et al., 2010; WELLS et al., 2015). The most 10 

significant elimination pathway of endoparasites is fecal (NEWELL et al., 2010), which justifies the 11 

need to prevent the access of animals to cultivated areas. 12 

A statistical association between sewage destination and positive results was observed in at 13 

least one of the parasitological methods used. The form of sewage destination is of extreme 14 

importance so that feces do not contaminate the soil and the source of irrigation water (NEWELL et 15 

al., 2010; TIYO et al., 2015). The dry sump is the least sanitary type compared to the septic or septic 16 

tank biodigester. This is because the dry sewage allows slow degradation of pathogens due to 17 

anaerobic digestion, and due to the possibility of diffusion of fecal material into the soil, to depths of 18 

three meters and a radius of one meter and to groundwater, in which dispersion varies according to 19 

the flow level. To avoid risks to the health safety recommendations must be followed, such as the 20 

construction of a dry sewage on the lowest ground with a minimum distance of 15 m from any source 21 

of water and as far away as possible from cultivation sites (BRASIL, 2007). Concludes, the presence 22 

of parasites, even if apathogenic, in the vegetables may indicate fecal contamination; the main points 23 

associated with this contamination were the presence of domestic animals with access to the 24 

cultivation area, the use of contaminated water for irrigation and the types of sewage destination; the 25 

latter may be responsible for soil and water contamination.  26 
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Resumo 1 

 2 

O objetivo deste estudo foi relatar um surto de toxoplasmose humana em uma instituição de 3 

pesquisa em Londrina, Paraná, no período de dezembro de 2015 a fevereiro de 2016. Amostras 4 

de sangue foram coletadas de indivíduos com sintomatologia e o imunoensaio de 5 

quimioluminescência de micropartículas foi realizado. para detectar IgM, IgG e teste de avidez 6 

de IgG específica em laboratório oficial. Um total de 20 indivíduos com sintomas e sorologia 7 

compatíveis com toxoplasmose aguda (IgM positiva e IgG com baixa avidez) foram 8 

selecionados como casos, enquanto 45 funcionários assintomáticos que trabalhavam nas 9 

mesmas equipes e durante os mesmos turnos foram selecionados como controles. Todos os 10 

participantes da investigação responderam um questionário epidemiológico. Três amostras de 11 

água, uma de lodo, 10 de solo, 11 de vegetais, três de fezes de gato e um cadáver foram 12 

coletados para análise da reação em cadeia da polimerase. Após análise dos dados 13 

epidemiológicos, o consumo de hortaliças foi a única variável significativamente associada à 14 

ocorrência da doença. Em resultados laboratoriais, todas as amostras apresentaram resultados 15 

negativos. O rápido reconhecimento do surto, notificação e investigação prematura poderia ter 16 

quebrado a cadeia de transmissão precocemente, evitando assim o surgimento de novos casos. 17 

Além disso, a adoção de boas práticas de manipulação de alimentos poderia ter impedido a 18 

ocorrência do surto. 19 

 20 

Palavras-chave: epidemiologia, Toxoplasma gondii, vegetais, origem alimentar, surto 21 

 22 

 23 

Toxoplasmosis is a zoonosis caused by the protozoan Toxoplasma gondii; due to its 24 

public’ health importance, it is one of the most studied parasites in the world and can infect all 25 

homeothermic animals with felines serving as the definitive hosts (JACOBS; MELTON, 1957). 26 

The transmission pathway of the agent is variable; however, eating habits as well as cultural 27 

and environmental factors are determinants of the epidemiology of toxoplasmosis 28 

(KOLBEKOVA; KOURBATOVA; NOVOTNA, 2007). 29 

In Brazil, outbreak notification and epidemiological research is a mandatory activity in 30 

health surveillance (BRASIL, 2017). Over the past 50 years, more than 40 outbreak reports for 31 

toxoplasmosis have been published worldwide, with the majority being in Brazil (FERREIRA 32 

et al., 2018a). The main transmission routes involved were water (DE MOURA et al., 2006), 33 
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vegetables (EKMAN et al., 2012), fruits (DUTRA et al., 2012), undercooked meats or raw 1 

(POMARES et al., 2011) and unpasteurized goat's milk (CHIARI et al., 1984). The objective 2 

of this work was to describe an outbreak of toxoplasmosis that occurred at research institution 3 

located in the Municipality of Londrina, Paraná, Brazil. 4 

On February 18, 2016, the Londrina Epidemiological Surveillance Coordination was 5 

informed of that three individuals had confirmed acute toxoplasmosis and five were presenting 6 

with clinical manifestations. All cases were reported from a research institution in the city of 7 

Londrina. Based on the reports, the hypothesis that there was an outbreak was proposed. Thus, 8 

an active search for acute toxoplasmosis cases was started, and all individuals who had been 9 

present at the institution's facilities from December 2015 to February 2016 were considered as 10 

potential cases, including those who had visited restaurants, consumed water collected by the 11 

company and had presented with at least one of the symptoms such as fever, myalgia, asthenia, 12 

headache, and lymphadenopathy. 13 

A confirmed case was defined as individual who, in Microparticle Chemiluminescent 14 

Immunoassay (CMIA) (PETERSON et al., 2005), presented antibodies of the IgM class reagent 15 

and IgG with low avidity. The suspected patients that showed reagent IgM and IgG high-avidity 16 

or nonreactive IgM and reactive IgG were considered immune or with old exposure to the agent. 17 

These immune individuals, along with susceptible (nonreactive IgM and IgG) individuals were 18 

not considered as part of the outbreak.  19 

During the visit to the institution, information was collected about the daily menu 20 

provided by the restaurant during the study period, including information about the types of raw 21 

and cooked foods served. A semistructured questionnaire was applied to all participants, and 22 

information about gender, age, work area, eating habits, water consumption and soil 23 

manipulation was collected. 24 

A case-control epidemiological study was carried out to identify the probable source of 25 

the contamination of the studied population using the information collected in the questionnaire 26 

and the results of the tests. For the analysis of the variables studied and comparisons of 27 

proportions, the chi-square test or Fisher's Exact, with a significance level of 5% and confidence 28 

interval of 95% was used by software EpiInfo 3.5.4 (CDC, Atlanta, USA). 29 

 Three water samples (20 L of water from cisterns 1 and 2 and 10 L from cistern 3) were 30 

collected as well as a 500 mL sample from the sludge (cistern 1). Ten soil samples collected 31 

from the surface (eight from greenhouses and two from vegetable gardens, 100g each), 11 32 



63 

 

vegetables clumps (eight from the vegetable gardens and three from the restaurant), three 1 

samples of cat feces and a cadaver of kitten were collected.  2 

 The water samples were filtered using a filter membrane technique and processed as 3 

described by Franco et al. (2012). The sludge, in turn, was centrifuged in 50 mL Falcon tubes 4 

at 2,100 g/10 min, yielding a final supernatant volume of 50 mL. The vegetables were processed 5 

according to Ferreira et al. (2018b). The DNA extraction was performed using a commercial 6 

kit (NucleoSpin Tissue, Macherey-Nagel, Düren, Germany) according to the manufacturer's 7 

instructions, and DNA was eluted in a final volume of 50 μl. The PCR assays were performed 8 

as previously described by Homan et al. (HOMAN et al., 2000) and amplified a 529 bp 9 

fragment. 10 

A domestic feline, approximately six months old, was found dead during the 11 

investigation and referred for autopsy, sample collection (brain, heart, peritoneal exudate, liver, 12 

diaphragm and feces) were performed. The Sheater’s technique (SHEATER, 1923) was used 13 

to detect T. gondii oocysts both in the feces of the dead cat and the samples found in the 14 

environment. The other samples were divided into aliquots and stored under refrigeration until 15 

DNA extraction. 16 

To identify the factors associated with the occurrence of the outbreak and the possible 17 

routes of transmission, such as food and water, a case-control study was conducted. Twenty 18 

individuals with serological results and symptomatology compatible with a recent T. gondii 19 

infection were included as cases. As controls, 45 asymptomatic employees who worked in the 20 

same staff and in the same work shifts were selected. The study ratio was 1:2.25. 21 

Based on the initial date of the reported symptoms, the outbreak period was from 22 

December 10, 2015 to February 3, 2016, and the dates of the probable exposure were from 23 

12/1/15 to 01/21/16, considering the mean incubation period of 20 days (EKMAN et al., 2012) 24 

of all the cases identified. The period with the highest concentration of symptomatic cases was 25 

between 01/10/16 and 01/16/16 (2nd epidemiological week of 2016). The general distribution 26 

of the symptomatic cases is shown in Figure 1. The most frequently reported symptoms were 27 

nausea (100%), headache (85%) and lymphadenopathy (80%) (Table 1). 28 

Of the 20 patients, 55% (11/20) were males, with ages ranging from 25 to 60 years and 29 

a median age of 45 years. Regarding workplace locality, 20% (4/20) of the cases came from 30 

Block 13 (the block in front of the restaurant), and 60.0% (12/20) worked in manipulating land 31 

and planting. About the food consumption at the institution, all the patients drank water from 32 

drinking fountains and consumed vegetables, beef and chicken at the institution's restaurant. 33 
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Significant events were analyzed based on the habits, environment and food 1 

consumption in the institution, using the patients (20 individuals) and controls (45 individuals). 2 

The consumption of vegetables (p<0,05) was the only variable significantly associated with the 3 

incidence of the disease (Table 2). It is known that even asymptomatic people can present 4 

serology compatible with acute disease (EKMAN et al., 2012), but in all cases commonly in 5 

outbreaks of toxoplasmosis, due to the amount of inoculum and strain, the presence of 6 

symptomatology is high frequency (DEMAR et al., 2007). 7 

During the restaurant inspection, there were some irregularities noted, such as the 8 

presence of food without a record of origin and invoice, incorrect fractionation of portions with 9 

missing validity data, and presence dripping rain water under the grilled meats. In addition, the 10 

screens of two windows were destroyed, there were cats near the establishment, and inadequate 11 

washing of vegetables was observed. 12 

Worldwide, outbreaks of toxoplasmosis are increasing in frequency, with water (BELL 13 

et al., 1995; DE MOURA et al., 2006), meat (EDUARDO et al., 2007), milk (SACKS; 14 

ROBERTO; BROOKS, 1982) and vegetables (DUTRA et al., 2012; EKMAN et al., 2012; 15 

MORAIS et al., 2016) constituting transmission routes being vegetables in particular 16 

responsible for a growing number of outbreaks. 17 

The workforce was approximately 800 people among servers, statutory and outsourced. 18 

The outbreak at the Londrina research institution affected 20 individuals. The relatively small 19 

number of cases (20/800) reduces the chances that water served as the route of transmission for 20 

T. gondii. When contaminated with oocysts, water has a greater distribution, affecting large 21 

numbers of people and causing an increase in cases with time, as has been previously observed 22 

in other outbreaks such as those recorded in Santa Isabel do Ivaí, Brazil (DE MOURA et al., 23 

2006) and British Columbia, Canada (BELL et al., 1995). In these outbreaks, unlike this case 24 

study, the appearance of the last case was less than 2 months after the notification of the first. 25 

The number of cases reported in this study was superior to that of some outbreaks 26 

previously reported in Brazil (EDUARDO et al., 2007; EKMAN et al., 2012) and lower than 27 

that reported in the Santa Maria outbreak, Rio Grande do Sul, occurred in 2018 with a total of 28 

746 cases being considered as the largest recorded outbreak in the world so far (data not yet 29 

published) and in Santa Isabel do Ivaí, Paraná, occurred between 2001 and 2002 with a total of 30 

426 cases and is considered to be the largest recorded outbreak in the world so far (DE MOURA 31 

et al., 2006) 32 
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Like the other reported outbreaks (MASUR et al., 1978; MORAIS et al., 2016), the most 1 

frequent symptoms were nausea (100%), headache (85%), lymphadenopathy (80%) and 2 

myalgia (75%). Within the workplace, a greater frequency of patients was observed in Block 3 

13. A likely explanation is that Block 13 is in front of the restaurant, and these employees were 4 

probably the first to have arrived and eaten from the same batch of food. 5 

Due to inadequate hygienic conditions in the restaurant, it was not possible to reach the 6 

producers of the meat and vegetables. Traceability of these producers, even late screenings, 7 

would have been of great importance as they could have provided evidence of the primary 8 

sources of contamination and may have reduced the chances of new outbreaks (EDUARDO et 9 

al., 2007). 10 

All the environmental and food samples yielded negative in PCR tests. However, these 11 

results did not rule out any of the possible transmission routes. The assessment of food and 12 

environmental samples in outbreaks of toxoplasmosis still presents a challenge, since the 13 

incubation period of the disease is long and consequently there are no stored leftovers, and 14 

water sources are renewed; these factors make it difficult to collect representative samples. 15 

There were few outbreaks where the responsible agent was successfully identified in samples, 16 

as was the case in the Santa Isabel do Ivaí outbreak (DE MOURA et al., 2006); identification 17 

was possible only since the school was closed and had stored water from the beginning of the 18 

outbreak period. 19 

Based on the menus, incubation period, number of cases and epidemiological evidence, 20 

it is probable that the vegetables were the route of transmission of the outbreak. Fruits and 21 

vegetables have already been to be the suspected causes of various outbreaks of toxoplasmosis 22 

(DUTRA et al., 2012; EKMAN et al., 2012; MORAIS et al., 2016). In 2009, a similar outbreak 23 

occurred in a factory in São Paulo, with a total of 2,300 employees. These, 11 individuals 24 

presented with acute toxoplasmosis, a number that is lower than that reported in the present 25 

study; however, vegetable intake was also the main suspected cause (EKMAN et al., 2012). 26 

The main points for contamination of plants by T. gondii and other parasites are during 27 

production. Horizontalization of agriculture makes it difficult to track microbes and assure food 28 

quality, since responsibility is decentralized and the goods are handled at a greater number of 29 

different establishments, increasing the chances of contamination during the entire process 30 

(washing, packaging, transport, storage, distribution and sale) (FERREIRA et al., 2018; 31 

PACHECO et al., 2002). 32 
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There was an outbreak of toxoplasmosis in Londrina, Paraná, involving 20 people. The 1 

likely route of transmission of the outbreak was raw vegetables consumed at the research 2 

institution's restaurant. The rapid recognition of the outbreak and notification could have broken 3 

the chain of the transmission early, preventing the appearance of new cases. 4 

 5 
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Table 1 - Frequency of clinical signs manifested by cases during the outbreak of toxoplasmosis 1 

at a research institution in Londrina, Paraná, Brazil, 2016. 2 

SYMPTOMS (N/TOTAL) FREQUENCY 

Nausea (20/20) 100% 

Headache (17/20) 85% 

Lymphadenopathy (16/20) 80% 

Myalgia (15/20) 75% 

Apathy (15/20) 75% 

Asthenia (9/20) 45% 

Cough (6/20) 30% 

Arthralgia (6/20) 30% 

Ophthalmic changes (3/20) 15% 

 3 

Table 2 - Variables related to the outbreak of toxoplasmosis at a research institution in Londrina, 4 

Paraná, Brazil, 2016. 5 

Variables Cases 

(+/total) 

Controls 

(+/total) 

P-

value 

OR (95%IC) 

Consumption of vegetables 19/20 25/45 0.004 14.72 (2.36 – 333.70) 

 6 

 7 

 8 

 9 

 10 

 11 

 12 

 13 

 14 

 15 

 16 

 17 

 18 

 19 

 20 

 21 
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7 CONCLUSÃO 1 

• Houve uma mudança na epidemiologia dos surtos de toxoplasmose nos últimos 2 

20 anos. A forma biológica de oocisto (esporozoítos) passou a ter maior importância e 3 

incidência como via de transmissão. 4 

• Fonte de água, a não suplementação do solo com calcário e a presença de animais 5 

nas propriedades são pontos de risco para a contaminação por Toxoplasma gondii, 6 

Cryptosporidium spp. e Giardia intestinalis. 7 

• Foi observada a presença de parasitas apatogênicos nos vegetais orgânicos, 8 

sugerindo a contaminação fecal. Os principais pontos associados a essa contaminação foram a 9 

presença de animais domésticos com acesso à área de cultivo, o uso de água contaminada para 10 

irrigação e os tipos de esgoto de destino. 11 

• O estudo epidemiológico de campo foram fundamentais para identificar a causa 12 

de um surto de toxoplasmose em Londrina, Paraná. A via provável de transmissão foi o 13 

consume de vegetais crus em restaurante de uma instituição de pesquisa.  14 

 15 
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APÊNDICE A 1 
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APÊNDICE B 1 

Questionário Epidemiológico referente ao ARTIGO D 2 

 3 
FICHA DE INVESTIGAÇÃO EPIDEMIOLÓGICA PARA TOXOPLASMOSE -  4 
NO da amostra ____________         Data da coleta ___/___/___         5 
1. IDENTIFICAÇÃO 6 
Nome:____________________________________________________ Data de nascimento 7 
___/___/___   Sexo:  M         F . Se mulher: está grávida?  sim      não       8 
De quantos meses? ______________ 9 
Estado Civil:  solteiro  casado  outro______________  10 
Naturalidade ________________ Nacionalidade ________________ 11 
Endereço residencial: ______________________________________________________________ 12 
Telefone: ____________ /________________    Município: ________________________ UF: ___ 13 
Local da residência:   zona rural        zona urbana   => Casa        Apto 14 
  15 
Grau de instrução:   1O grau incompleto     1O grau completo        2O grau incompleto    16 
                                   2O grau completo        superior incompleto      superior completo  17 
2. ATIVIDADE DESENVOLVIDA 18 
local de trabalho: __________________________________        função:  ___________________ 19 
Tempo de atividade:  _________ anos       período:  diurno        noturno 20 
3. HISTÓRICO DO PACIENTE 21 
Participou de alguma festa nos últimos 15 a 20 dias?   sim      não     22 
Tipo de festa? ________________________________ 23 
Apresentou algum sintoma nos últimos dois meses?   sim      não     24 
Data do início dos sintomas? ____________ 25 
Quais os sintomas? ___________________________________________________________ 26 
Tomou algum tipo de medicamento?  sim      não    Qual? _______________________ 27 
Apresentou algum problema de visão nos últimos dois meses?   sim      não     28 
Qual? ______________________ 29 
Fez exame de Fundo de Olho nos últimos dois meses?  sim       não  30 
Qual resultado:__________________________ 31 
4. HÁBITOS 32 
Toma leite cru:   sim     não                  freqüência semanal: _____________    33 
       origem do leite:  vaca   cabra 34 
Ingere queijo fresco sem inspeção:  sim   não   freqüência semanal: _________   35 
      origem do queijo:  vaca   cabra 36 
Come carne:  sim   não  37 
3.1 Come carne crua ou mal passada?  sim   não 38 
3.2 Qual?  carppaccio     kibe cru     bife tártaro     linguiça frescal                                           39 
 carne mal passada       churrasco mal passado          outro _______________________ 40 
3.3 Qual tipo de carne crua ou mal passada?  suíno   ovino    caprino    bovino     outros  41 
Come hortaliças ou frutas cruas:   sim   não 42 
 4.1 Quantas vezes come salada crua na semana? ________________________________ 43 
  44 
Água de consumo em casa:  rede pública      Outros.  Qual? ____________  45 
Possui cão?  sim   não     46 
Possui gatos?  sim   não     47 
Se tem gatos tem com menos de um ano de idade?  sim     não     48 
8.1 Gatos são alimentados com carne crua:  sim     não  49 
   Se sim, qual a freqüência:________(por semana) tipo de carne:__________ 50 
8.2 Gatos têm contato com:    terra     areia    51 
8.3 Gatos caçam?   sim       não    52 
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Presença de ratos:  domicílio     quintal     instalações dos animais      não 1 
9.1 Previne roedores?  sim    não     ratoeiras     iscas      raticidas     outros 2 
Mexe com terra ou areia?  sim   não     3 
Qual a procedência do seu alimento no trabalho:  come no refeitório    traz de casa    compra 4 
marmitex       outro 5 
Se come no refeitório assinale os alimentos que costuma ingerir:  saladas cruas     carne mal 6 
passada     carne bem passada     legumes cozidos 7 
Ingere água da instituição:  sim     não     8 
Você fez o exame para toxoplasmose?   sim    não       9 
14.1 Qual o resultado? ______________________________________________________________ 10 

14.2 Fez tratamento?  sim    não    Qual ? 11 

_____________________________________________ 12 
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