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RESUMO

Doencas relacionadas a ingestdo de alimentos contaminados afetam um terco da populacéo
mundial, sejam de origem viral, bacteriana, fungica ou parasitaria. Além de grande importancia
na saude publica tém importancia econdmica devido aos gastos com tratamento. A
toxoplasmose é uma zoonose causada pelo Toxoplasma gondii, que assim como a giardiase
(Giardia intestinalis) e criptosporidiose (Cryptosporidium spp.) estdo associados a surtos de
origem hidrica e alimentar. No que diz respeito a toxoplasmose, analisando seu historico por
meio da revisao sistematica, foi a causa de 35 surtos mundialmente publicados nos ultimos 50
anos e as principais vias de transmissdo foram: agua, frutas, verduras, carne crua ou pouco
cozida e leite de cabra. A ocorréncia de surtos conforme a forma bioldgica do parasita foi:
esporozoito (oocisto) e bradizoitos (cisto) 45,7% (16/35) cada; enquanto para 0s taquizoitos
8,6% (3/35). Nas décadas de 1970 e 1990, os surtos ocorreram principalmente por meio da
ingestdo de cistos na carne e seus derivados; nos anos 80, leite contaminado com taquizoitos;
em 2000, oocistos na 4gua; a partir de 2010, houve um aumento na ocorréncia de surtos devido
a oocistos em vegetais crus. Observou-se uma mudanca na epidemiologia dos surtos nos ultimos
20 anos. Os vegetais tiveram seu consumo aumentado, esses alimentos quando nao higienizados
de forma adequada podem conter estruturas parasitérias, para detec¢do de parasitas, utilizou-se
Reacdo em Cadeia da Polimerase (PCR), Hoffman, Willis and Faust e foi observado
contaminacdo 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 analise de contaminacéo de agua,
observou-se que 81,0% (19/21) amostras de agua de irrigagdo apresentavam Escherichia coli.
O uso de agua de rio na irrigacdo demonstrou um papel importante na contaminacdo dos
vegetais, em contrapartida a suplementacdo do solo com calcario contribuiu positivamente para
a manutencdo de hortalicas mais seguras. Em 2015, houve um surto de toxoplasmose em uma
instituicdo de pesquisa em Londrina, Parana. Um total de 20 individuos apresentaram sintomas
e sorologia compativeis com a infeccdo aguda. Para analise de fatores de risco foi estruturado
um estudo de caso e controle na razdo 1:2,25. Todos o0s participantes da
investigacdoresponderam a um questionario epidemioldgico. Foram coletadas um total de 29
amostras ambientais, todas negativas a reacdo em cadeia da polimerase. Apds a anélise dos
dados epidemioldgicos, o consumo de vegetais foi a Unica varidvel associada a ocorréncia da
doenca. A partir dos resultados demonstrou-se a importancia dos vegetais como via de
transmisséo de

T. gondii e de outros patdgenos, além disso, expdem alguns pontos criticos de contaminagéo,
fornecendo suporte para capacitar os agricultores em boas praticas de gestdo durante o processo
de producdo e ainda, oferecem as principais caracteristicas epidemiologicas para o rapido
reconhecimento de surto, notificacdo e investigacdo para que desta forma seja interrompida a
cadeia de transmissao, impedindo a ocorréncia de surtos.

Palavras-chave: Toxoplasmose. Investigacdo de surto. Cryptosporidium spp. Giardia spp.
Horticultura orgéanica.
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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, Parana. 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 INTRODUCAO

A érea ocupada com a horticultura no Brasil é de 4,4 milhGes de hectares com
producdo de 71 milhGes de toneladas de hortalicas (HORTIBRASIL, 2016) cultivadas,
principalmente no sistema convencional. Nos Gltimos anos, observou-se um crescimento
significativo no sistema de cultivo organico (MELO; VILELA, 2007), relacionado,
principalmente, com a busca por um alimento mais saudavel, de melhor sabor e que vise a
preservacdo do meio ambiente (ARCHANJO; BRITO; SAUERBECK, 2001). A principal
diferenca entre esses dois tipos de cultivo € que o sistema de cultivo convencional pode utilizar
insumos agricolas (inseticidas, fertilizantes, herbicidas e pesticidas) e organismos
geneticamente modificados (WILKINS; HILLERS, 1994).

As enteroparasitoses sdo doengas cosmopolitas e endémicas nos paises do
terceiro mundo, representam um importante problema de sadde puablica (CACCIO et al., 2018).
Sao adquiridas pela ingestdo das formas infectantes, tanto de helmintos quanto de protozoérios,
contidas em alimentos ou &gua contaminados. As hortalicas consumidas cruas podem servir
como importantes vias de transmissdo (VOLLKOPF; LOPES; NAVARRO, 2006). As
condi¢cdes de cultivo, envolvendo a qualidade da agua para irrigacdo, o tipo de adubo
empregado, 0s meios de armazenamento, transporte e 0 manuseio da colheita estdo diretamente
relacionados a esta contaminacdo (PACHECO et al., 2002).

Estima-se que um terco da populacdo mundial sofra de doengas relacionadas
a ingestdo de alimentos contaminados (FAO, 2012). Entre as doencas transmitidas por
alimentos, a toxoplasmose, esta comumente associada a ocorréncia de surtos, representando um
importante problema de satde pablica e um impacto econémico significativo (CHOI et al.,
1997).

Toxoplasmose é uma zoonose causada pelo protozoario Toxoplasma gondii e
gue devido a sua importancia médico e veterinaria € um dos parasitas mais estudado no mundo,
pode infectar todos os animais homeotérmicos, os felinos s&o os hospedeiros definitivos (HILL;
DUBEY, 2002).

O ciclo evolutivo do T. gondii é heteroxeno facultativo, complexo e envolve
trés formas infectantes: taquizoitos, bradizoitos e esporozoitos (DUBEY; MILLER;
FRENKEL, 1970).

Quando a ocorre a primo-infeccdo nos hospedeiros definitivos, por uma

determinada cepa, h& producdo de milhares de oocistos, eliminados nas fezes, por um periodo
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de até 21 dias. Sob condi¢des Otimas de oxigenacdo, temperatura e umidade, sofrem a
esporulacdo entre 1 e 5 dias, desenvolvendo oocistos infectantes. Devido a presenca de parede
dupla resistente na estrutura, podem permanecer no solo, viaveis por longo tempo (DUBEY;
MILLER; FRENKEL, 1970; TENTER; HECKEROTH; WEISS, 2000) contaminando a agua e
0S vegetais.

A via de transmissdo do agente é variavel, contudo, habitos alimentares,
culturais e fatores ambientais sdo determinantes na epidemiologia da toxoplasmose
(KOLBEKOVA et al., 2007). Nos altimos 50 anos, mais de 30 relatos de surtos foram
publicados no mundo, sendo a maioria no Brasil. As principais vias de transmissdo envolvidas
foram: 4gua, hortalicas, frutas por oocistos, carnes mal cozidas ou cruas por bradizoitas e leite
de cabra ndo pasteurizado por taquizoitas (CHIARI et al., 1984; DUTRA et al., 2012; EKMAN
etal., 2012; MASUR et al., 1978; DE MOURA, et al., 2006; POMARES et al., 2011).

A fécil contaminacdo durante o processo de producdo de hortalicas reforca a
necessidade de identificacdo dos principais fatores de riscos e implantacdo de boas préticas de
producdo que garantam seguranca alimentar no consumo desses produtos (NASCIMENTO;
ALENCAR, 2014).
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2 OBJETIVOS

2.1 Objetivo Geral

Avaliar hortalicas como uma via de transmissdo de Toxoplasma gondii e outros

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

2.2 Objetivos Especificos

e Realizar revisdo sistematica da literatura sobre a evolugdo temporal dos surtos de
toxoplasmose.

e Observar por meio de coleta de amostras ambientais e dados epidemiol6gicos o0s
principais pontos criticos para contaminacdo por T. gondii e outros patdgenos em
hortalicas de horta organica.

e Avaliar fatores ambientais e alimentares associados a surtos de toxoplasmose.
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1 3 REVISAO DE LITERATURA

2 A revisdo sistematica de literatura (ARTIGO A) foi submetida a Revista

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

4  Decision.
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The objective of the current study was to evaluate the temporal
progression of the probable sources of infection and transmission routes
described In articles on human toxoplasmosis outbreaks throughout the
world, This systematic review was carried out with keyword searches of the
Scielo, Web of Science, Pubmed and Scopus databases. A total of 35
reports of acute toxoplasmosis outbreaks were selected. The incidence of
outbreaks due to the parasitic forms of the oocyst and bradyzoite was
45.7% (16/35) for each, whereas for tachyzoites the incidence was B.6%
(3/35). In the 1960s and 1990s, cutbreaks mainly occurred through
Ingestion of cysts In meat and their derlvatives, in the 1980s, occurred
through milk contaminated with tachyzoites, and 2000 outbreaks mainly
occurred due to the presence of oocysts in water and contact with feline
feces, As of 2010, there has been an increase in the Incidence of outbreaks
due to oocysts in vegetables,
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Abstract

The objective of the current study was to report a temporal progression of the
probable sources of infection and/or transmission routes described in articles on human
toxoplasmosis outbreaks in the world. To that, the keywords "Toxoplasma AND outbreak OR
toxoplasmosis AND outbreak” were searched on the Scielo, Web of Science, Pubmed and
Scopus databases. In 1960s and 1990s, outbreaks mainly occurred through ingestion of cysts in
meat and derivatives; in 1980s, through milk contaminated with tachyzoites; in 2000 due to the
presence of oocysts in water, sand and land and in 2010, due to oocysts in raw vegetables. Based
on the results obtained in this study, it is possible that there has been a change in the
epidemiology of the reported toxoplasmosis outbreaks over the last 20 years. We suggest that
greater attention must be paid to the sanitation of the vegetables, to the quality of drinking and

irrigation water.

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

Introduction

Toxoplasmosis is a zoonosis caused by the protozoan Toxoplasma gondii of

the phylum Apicomplexa. T. gondii is an obligate intracellular parasite with a worldwide
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distribution and affects mammals and birds (1). While its intermediate hosts are all warm-
blooded animals, its definitive hosts are only felids, which are responsible for the elimination
of oocysts and resulting environmental contamination (2).

Because of a high exposure to T. gondii parasite in the world, a high
serological prevalence is observed in humans, with a variability between 10.0 and 97.4% in the
adult population; however, cases of clinical disease are less frequent (3). The environmental
conditions, cultural habits and fauna are factors that may explain the variability of the
prevalence of this infection in different geographic areas (4). Transmission mainly occurs
through the ingestion of water, vegetables or soil contaminated with oocysts (Sporozoites); raw
or undercooked meat containing viable tissue cysts (bradyzoites), which characterize this
disease as a food zoonosis (3).

When the pattern of occurrence of toxoplasmosis outbreaks is known, more
effective and targeted prevention and control measures can be applied. The objective of the
current study was to report a possible temporal progression of the probable sources of infection
and transmission routes described in articles on human toxoplasmosis outbreaks throughout the

world.

Material and methods

This systematic review was performed by searching the Scientific Electronic
Library Online (Scielo), Web of Science, Pubmed and Scopus databases. The keywords used
were: "Toxoplasma AND outbreak OR toxoplasmosis AND outbreak" starting from the year
1967, when the first relevant article was published (5). Data were collected between February
and March 2018 by two reviewers. The primary question was: based on the published articles,
has there been a change in the pattern of transmission routes and sources of infection of human

toxoplasmosis outbreaks in the world?
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The inclusion criteria adopted in the research were: articles with at least the
abstract in English or Portuguese language and whose contents are reports of outbreaks of
toxoplasmosis in humans. Exclusion criteria were articles of outbreaks of toxoplasmosis in
other animal species, and studies without information about the transmission route.

For each outbreak report, information was extracted, including the year,
country of outbreak occurrence, probable route of transmission, number of affected and affected
group. Based on the probable source of infection and transmission route defined by the authors
of the selected papers, the parasitic form involved in each case or outbreak report was inferred.
The organization, exclusion and selection of references were performed using software
Mendeley (Elsevier, Amsterdam, Netherlands). The software Epilnfo 3.5.4.4 (6) was used to
tabulate the variables obtained from information extracted from the selected articles. Statistical
analyzes using Chi-square tests or Fisher's exact tests were performed using the R 3.4.1 program
(7).

Multiple correspondence analysis was performed in R 3.4.1 with the
FactoMineR package. This technique is an exploratory technique that does not rely on statistical
tests, but allows visualization of the most important relationships in a large set of variables (8).
This technique also helps to visualize the multivariate relation between the categories of
different variables as the geometric proximity of the variables in the graph suggests a possible

association between them.

Results

A total of 573 articles were found, of which 10 were from Scielo, 224 from
the Web of Science, 83 Pubmed and 256 Scopus. Duplicate, incomplete (untitled, authors,

abstract) articles or those that did not contain the likely route of transmission were excluded.
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An article, even eligible for review, was excluded because it did not have access possible via
the Internet or via commute. Thirty-three articles were selected, with 34 reports of outbreaks of
acute toxoplasmosis (one article with two outbreak reports). The details are shown in Figure 1
and Table 1.

The geographic distribution of the selected outbreaks is plotted on the map in
Figure 2. The highest concentration was in the Americas, with 73.5% (25/34). Of this total,
Brazil represented 35.3% (12/34) of the published outbreaks selected by the present study.

The incidence of cyst related outbreaks was 47.1% (16/34), while oocysts
were implicated in 44.1% (15/34) of the outbreaks and tachyzoites in 8.8% (3/34). Ingestion of
contaminated meat and its derivatives was the suspected cause of 47.1% (16/34) of
toxoplasmosis outbreaks. Transmission through the intake of oocysts in water occurred with a
frequency of 20.6% (7/34), sand and land contact with a frequency of 17.6% (6/34), the intake
of oocysts in vegetables with 5.9% (2/34) of frequency. Regarding reported outbreaks because
of tachyzoites in raw milk, the frequency was of 8.8% (3/34). A total of approximately 1,416
individuals were affected in the 15 outbreaks of toxoplasmosis caused by oocysts (bradyzoites),
while 290 out of 16 outbreaks caused by tissue cysts (bradyzoites) and 15 out of 3 outbreaks by
tachyzoites.

No statistical significance was observed in the variables extracted from the
articles. An evaluation of the multiple correspondence analysis results (Figure 3) presents that
in the 1960s and 1990s, outbreaks mainly occurred through the ingestion of cysts in meat and
its derivatives. In the 1980s, by milk contaminated with tachyzoites. In 2000, by oocysts in
water and contact with feline feces. As of 2010, there has been an increase in the occurrence of

outbreaks due to oocyst intake from raw vegetables.
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Discussion

The limitations encountered in this study were: 1. many outbreaks published
only in the gray literature (non-indexed journals, unofficial websites, conference abstracts); 2.
the search was limited to articles with, at least, the abstract written in Portuguese or English; 3.
a long lag time between the occurrence of an outbreak and its publication, with an average of
three years and up to seven years; and 4. lack of defined transmission routes, which can be
measured only by means of epidemiological investigation (9,10). Although this review was
performed based on reports from the world literature, it demonstrates much of the Brazilian
reality, perhaps because it is the country with the largest number of reports and affected.

Three major clones of T. gondii are described in the literature (genotypes I, 11
and I1), they differ from one another due to virulence and epidemiology (11-14). America,
there is no clear domain of any genotype, although some have relatively higher frequencies
(13). In Brazil, the prevalence of toxoplasmosis in humans ranges from 21.5 to 97.4%(15) and
the occurrence of atypical genotypes (different from clonal genotypes I, Il and I1l) is more
frequent, which may justify the most severe form of the disease (16) and the bigger number of
publications in this country. Proof of this is that the two largest outbreaks of human
toxoplasmosis occurred in Brazil: 1- Santa Isabel do Ivai city, Parana state(17), that occurred
in 2001 which involved more than 400 people due to contamination of the municipal water
supply network and 2- Santa Maria city, Rio Grande do Sul state, which occurred in 2018 and
affected more than 900 people; the cause of that outbreak has not yet been determined (data not
yet published).

Oocyst and cyst intake are the most important transmission via of T. gondii
(9). According to our results, until 1990, cysts were the main biological form of infection.
However, it is possible that with the prevention program for complex teniasis-cysticercosis, a

large number of people have begun to avoid consumption of raw or poorly cooked meats in
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South America, as tissue cysts are sensitive to heat, cooked meat is considered safe for the
avoidance of T. gondii infection (18). Another important point is that the technology of
livestock farming has promoted improved management and reduction of infection of animals
by pathogens, such as T. gondii, making the meat safer. In Brazil, to prevent food-borne
diseases, the Ministry of Agriculture, Livestock and Supply, through Administrative Rule No.
46, of February 10, 1998, adopted the Hazard Analysis and Critical Control Point System
(HACCP), a pre-requisite to export meat, in order to improve Good Production Practices (GPP)
(19). After the improvements in the system, a reduction in seropositivity to T. gondii could be
observed over the years (9). Another important point was the popularization of the use of
freezer, the freezing of the meats either -10°C degrees for 3 days or -20°C degrees for 2 days,
is sufficient for the inactivation of cysts (20).

Beef was the suspected route of transmission in at least three outbreaks that
occurred in the United States and Brazil, affecting five and six and 99 people respectively (39—
41). However, beef has less epidemiological value since these animals have a low ability to
form tissue cysts (42).

Feeding habits can often facilitate infection by T. gondii in the form of
bradyzoites and tachyzoites (4). For example, consumption of raw kibbe made from lamb meat,
which is an Arabian tradition, was the cause of five outbreaks between 1975 and 2006; two
from Brazil(21,22), England (23), United States (24) and Australia (25) with one outbreak each.

Consumption of undercooked hunting animals, such as reindeer, tapir, deer,
wild boar, armadillo and wild pig, was an important factor associated with toxoplasmic
infection in some of the previously described outbreaks in the world (26-29). Some studies
have also determined that the unusual abundance of atypical strains, which are commonly found
in the wild, can cause toxoplasmosis in its most severe form, even in immunocompetent

individuals (16,26,30-32). This greater severity results from poor host adaptation to the
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circulating T. gondii zoonotic neotropical strains (33). In 2009, Pino et al. (31) described severe
cardiac involvement in a military man who, during an operation in the jungle, consumed
untreated water. Previously, Carme et al., 2002 (26) reported in French Guiana 16 cases of
severe toxoplasmosis in immunocompetent patients hospitalized with nonspecific infectious
diseases with at least one visceral alteration, mainly severe pulmonary involvement (87.5%).
The parasite was isolated from three patients and, in all cases, the genotype was characterized
as atypical. Hunting animals were the source of infection in 31.25% (5/16) of outbreaks whose
likely route of transmission were tissue cysts.

Infection through milk consumption was described in three of the articles
selected (1975-1988), all of which were intra-familial, involved raw goat's milk and affected a
small number of individuals (34-36). The ability of goats to eliminate tachyzoites in milk
(37,38) is well-known, and these tachyzoites are resistant to the processing of fresh cheese (39).
Proper hygiene during milking and heat treatment are the main preventive measures against
milk contamination, regardless of the species of the producing animal or agent (Listeria
monocytogenes, Brucella spp. and Mycobacterium spp.). It is possible that the good practices
applied in the prevention of these agents, such as pasteurization and brucellosis and tuberculosis
prevention programs, have influenced the reduction of T. gondii infection and, consequently,
the outbreaks by contaminated milk have decreased in recent decades.

The previous cited Santa Isabel do Ivai outbreak (17) was a milestone in the
history of toxoplasmosis, as well as having a larger number of affected individuals, also had the
agent isolated from the transmission via. From this milestone, the outbreaks were investigated
with more attention to this biological form and this factor should not be discarded as
justification for the increase of outbreaks of water origin.

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

felines, definitive hosts, eliminate the oocysts in the environment and these can remain viable
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for several months in appropriate conditions of temperature and humidity, allowing the
infection(2). The habit of cats defecating in land and sand, contacts these places an important
risk factor. Land and sand contact were the route of transmission in 17.6% (6/34) of outbreaks
reported, in 67.0% the group of people affected was with children and / or adolescents, probably
due to the habit children have play in these environments and indirectly perform geophagy.

In the last 20 years, there has been an increase in the consumption of healthy
foods, such as vegetables, related to changing habits to combat obesity (40). Vegetables provide
micronutrients and fibers as well as aid in body weight maintenance due to their low energy
values (41). Considering the increased food safety attributed in recent years to food of animal
origin and concomitant increase in the consumption of raw vegetables and fruits, it is likely that
foods contaminated by oocysts will become the main routes of transmission of toxoplasmosis
outbreaks.

Outbreaks caused by vegetables generally occur because of a poor hygiene of
these foods, or contamination during the production stages that involve planting, harvesting,
transport, distribution or even during processing and final consumption (42). In 2009, an
outbreak occurred in a factory in Sdo Paulo state, Brazil, with a total of 2,300 employees, of
which 11 individuals had acute toxoplasmosis, vegetable ingestion was the suspected
transmission via (43). In 2013, the municipality of Ponta de Pedras, Para state, Brazil, was the
scene of an outbreak of toxoplasmosis caused by agai consumption, involving 73 cases with
clinical and laboratorial profile compatible with the disease. Ponta das Pedras is one of the main
producers of acai in Brazil, however, the outbreak occurred during the period when local
production of acai was practically nil and to guarantee the population's demand, acai vendors
acquired the fruit from other locations (44). These events demonstrate inadequacy in the control
of sanitation in industrial restaurants and also the need to improve quality control of commercial

vegetables, common problems in developing countries.
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Other important point observed in the current study was the number of
affected individuals. Oocysts were responsible for statewide outbreaks that involved many
people, such as those occurring in city districts or entire municipalities. Although outbreaks due
to oocysts and cysts were reported to occur at a similar number, outbreaks due to oocysts
affected 100 times more people than outbreaks due to cysts. Consumption of water was already
responsible for the largest outbreak of toxoplasmosis described (17), and yet, when used in
irrigation, serve as a contamination route for vegetables and fruits (17,43,45). Domestic and
wild felids, when infected, can eliminate thousands of oocysts per gram of feces for
approximately two weeks, causing wide water dispersion and environmental contamination
(46). Cysts infection is more related to intra-familial or party restricted outbreaks, limiting the
number of affected individuals (47,48).

Health actions regarding toxoplasmosis have been focused, frequently, on
congenital infections due to its importance. However, with the occurrence of outbreaks in
healthy humans, it is suggested that control of infection and health education should also be
directed to the rest of the population. According to World Health Organization estimates,
toxoplasmosis is among the leading foodborne parasitic diseases and in recent years has
affected more than 10.3 million people worldwide (49). The disease is not of compulsory
notification, so it is necessary that at least toxoplasmosis outbreaks are reported in the literature,
in order to know more deeply the chain of transmission and, thus, to reduce the outbreaks

occurrence.

Conclusion

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

change in the epidemiology of the reported toxoplasmosis outbreaks over the last 20 years.
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Thus, we suggest that greater attention must be paid to the production and sanitation of the
vegetables, to the quality of drinking and irrigation water, and to the adoption of legislation for
the traceability with the aim to eliminate transmission routes, avoiding exposure or inactivating

the parasite before consumption.

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

outbreaks of human toxoplasmosis throughout the world.

Figure 2 - Geographic distribution of 34 outbreaks of human toxoplasmosis worldwide and its
probable route of transmission - works published until March 2018 selected through systematic
review.

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

Figure 3 - Multiple correspondence analysis of the variables extracted from articles that
published human toxoplasmosis outbreaks until March 2018 selected through systematic
review.

The multiple correspondence technique helps to visualize the multivariate relation between the
categories of different variables as the geometric proximity of the variables in the graph

suggests a possible association between them.

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

review published until March 2018.
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Abstract

The objecrive of this study was ro determine factors associared with vegerable contaminarion with zoonotic prorozoan.
Samples of warer, soil and vegerables were collected from July/2014 to May/2016, rotaling 83 samples, 21 properties of
Londrina region, Parand, Brazil. DNA amplification of Toxeplamta gondii, Cryprosporidium spp. and Giardia intestinalisin
the samples was conducted using polymerase chain reaction (PCR). The PCR results were positive for T gondiiin 12.9%
(8/62), Cryprosporidium spp. in 11.3% (7/62) and G. intestinalis in 25.8% (16/62) of the samples. DNA sequencing
identified €. parom in five samples and @, intestinalic Assemblage E in three. The statistical associations demonstrated
greater probability of positive samples for T gondii and for at least one of the three protozoa when the source of irrigation
water was the river: a greater chance of positive samples for Cryptosparidiuns spp. when deer were present on the property;
and a smaller chance of positive samples for at Jeast one of the three etiologic agents when soil was supplemented with
limestone. The results expose some critical contamination points, providing support for training farmers on good
management practices during the production process.

Keywords:  Vegetables, water, environmental contamination, Cryprosporidivm  spp., Toxoplasma  gondii,
Giardia inteitinalis,

Resumo

O trabalho reve como objetivo determinar os fatores associados 3 conraminagio de vegetais por protozodrios zoondticos.
Amaostras de dgua, solo ¢ vegenais foram coleradas de julho/2014 a maio/2016, toralizando 83 amostras de 21 propriedades
da regifio de Londrina, Parand. Brasil. A amplificagio de fragmentos de DNA de 77 gendii, Cryprosporidisn spp. ¢
Giardia intestinalis toi realizada por meio da reagio em cadeia da polimerase (PCR). Os resultados da PCR foram
positivos para T” gondii em 12,9% (8/62), Cryptosporidium spp. em 11,3% (7/62) ¢ G. intestinalis. em 25,8% (16/62)
das amostras. O sequenciamento de DNA identificou € parvumt em cinco amoseras ¢ G. intestinalis, Assemblage E cm
trés amostras. As associacoes estatisticas evidenciaram maior probabilidade de amostras serem positivas para 77 gondii ou
para pelo menos um dos trés protozodrios quando a fonte de dgua de irrigagio era o rio; uma maior chance de amostras
positivas para Cryprosporidium spp. quando havia cervos na propriedade; ¢ uma menor chance das amostras serem
positivas para pelo menos um dos trés agentes ctioldgicos quando o solo era suplementado com calcirio. Os resuleados
expéem alguns ponros criticos de contaminagio, fornecendo suporte para capaciear os agricultores em boas priticas de
gestio durante o processo de producio.

Palavras-chave: Legumes, dgua, contaminagio ambiental,  Cryptosporidium spp., Taxoplasma  gondii,
Giiardia intestinalis.
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Introduction

Vegetables, including all vegetables grown in gardens, are
foods rich in vitamins, carbohydrates, fiber and minerals; are
casy to digest: and offer high satiety, a high antioxidant concent
and a low caloric content. Due to their nutritional importance,
vegetables are essential in human nuerition (SINGH exal., 2001:
WORTHINGTON, 2001).

In Brazil, vegetables are produced commonly by the
conventional firming system; however, in recent years there was
an important growth in organic cultivation. It is mainly relared
to the search for healthier food, with better quality and favor,
environmenral preservarion and pesticides’ free (ARCHANJO ezal.,
2001). The main differences between arganic and conventional
cultivation are the use, in the lawer, of agricultural pesticides,
chemical fertilizers and genetically modified organisms. Organic
agriculture excludes these elements from the production process,
using narural implements and predatars (BOURN & PRESCOTT,
2002; GARCIA & TEIXEIRA, 2017; GOMIERO et al,, 2011;
WILKINS & HILLERS, 1994).

Contamination of vegetables can occur during production,
transportation. storage and commercialization: however, cultivation
conditions involving the quality of irrigation warter, fertilizer type,
the presence of animals in the property and direct contamination
from farm workers are the main risk points (ALMEIDA ecal., 2013;
AMAHMID eral., 1999; CHAIDEZ etal., 2005; DIXON eral,,
2013: DIXON, 2016).

"Toxoplasmosis is one of the most common parasitic zoonoses in the
world, and it can affect all warm-blooded animals, presenting a wide
variability in clinical outcomes (DUBEY, 2010). Cryprosporidiasis
and giardiasis are zoonoses and are described as important causes

SUBTITLE
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Londrina (Distrito G
Marflandgia co Sul

Roldndia

Braz J. Ver. Parasitol,

of diarthea (FAYER, 1997; PEDROSO & AMARANTE, 2006).
In an immunocomperent individual, these diseases may assume
a self-limiting characreristic with clinical manifeseations of low
expression, but in an immunocompromised parient they may manifest
in a severe and prolonged form (MITSUKA-BREGANO et al.,
2010; PEDROSO & AMARANTE, 2006; SHIKANT & WEISS,
2014). The deseription of these protozoa in food and waterborne
ourbreaks (BERGER er al,, 2010; CHEUN ex al,, 2013; MAC
KENZIEetal, 1994; SILVA eral., 2005; VAUDAUX etal., 2014)
YEUNG etal., 2013) highlights the importance of leafy vegerables,
which are consumed in natura and facilitate the transmission of
these protozoa and other pathogens.

Considering the health benefirs of consuming vegetables,
their grearer inclusion in the diet of people worldwide and
their risk as a source of zoonotic protozoa such as T gondii,
Cryprosporidinum spp. and G, intestinadis, this work aimed 10
evaluare the contaminarion and hygienic-sanitary condicions of
their production in organic gardens.

Materials and Methods

‘The study was carried out from July 2014 to May 2016 on
21 horticultural properties of the municipalites of Apucarana,
Marilindia do Sul, Ortigucira, Rolindia and Londrina {District
of Guaravera), in the state of Parand (Figure 1). As an inclusion
criterion, small commercial vegetable-producing organic properties
were assisted by the Organic Certification Project of the Sate
University of Londrina. On eleven properties, water and vegetable
samples were collected, and soil samples were included on the
ather properties.

Figure 1. Map of Parani highlighting the municipalities where samples of vegetables, water and soil were collected and submitted for
parasitological and microbiological research from 2014 to 2016, Parand, Brazil,
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Obtaining and analyzing samples of vegetables

Forty-two clumps of leafy vegetables were randomly collected,
two per property (from property 1 ta 21), packed in plastic bags
and kept in refrigeration. For 7. gondii, Cryprosporidium spp. and
G, intestinalis devection, 50 g of the leaves were washed in 300 ml.
of 1% Tween 80 extraction solution in a plastic bag under manual
shiking for 10 minutes and then filtered into 500 mlL ghass
beakers through two layers of gauze. The wash was divided into
conical tubes and subjected twice to centrifugation at 2100 x g for
10 minutes. The peller was aliquoted into microtubes and stored
at-20 *C until DNA extracrion,

Obtaining and analyzing soil samples

For T gendsi, Cryptosporidium spp. and G. intestinalis detection,
a total of 10 samples of approximately 10 g of soil, collected
from the surface, one per property (from property 12 to 21) and
stored in 50 mL conical tubes with 30 mL of IM glycine, were
homogenized with the aid of a stirrer for 30 minures. They were
then kept at rest for five minures for sedimenration. After the pellet
was discarded, the supernatane was centrifuged ar 1500 x g for
15 minutes. The final concentrate was aliquoted into microtubes
and stored ar <20 °C uneil DNA exeraction,

Obtaining and analyzing water samples

For the microbiological analysis by means of the chromogenic
substrate technique (APHA. 2005), 21 samples of water, one per
property (from property 1 to 21}, were collected from the irrigation
tap of the vegetable gardens, as recommended by the protocol in
Brazil (BRASIL, 2013).

For 7. gondsi, Cryprosparidsum spp. and G. intestimalis devection,
a total of 10 samples (from property 12 to 21) of 10 mL were
collected in clean plastic bottles from irrigation tap. The warer was
filtered through a cellulose ester membrane with a 47 mm-diameter
and 1.2 pm porosity (Millipore®, Billerica, Massachuseres, USA)
in a filter holder system using a vacuum pump (4 L/min). After
filtration, the material was eluted in 0.1% Tween 80 with the aid
of flexible plastic loops (Thermo Fisher Scientific, Massachusers,
USA) (BRANCO er al., 2012). The obrained marerial was
concentrated by centrifugation twice at 1050 x g for 15 min at
4°C, The obrained peller was stored in microtubes ar -20 “C uniil
DNA extraction,

Molecular analyses

The samples were previously submirtted to freeze-thaw
(5 cycles of freezing at -80 °C and thawing at 56 °C), then DNA
extraction was performed using a commerdial kit {NucleoSpin
Tissue®, Macherey-Nagel, Diiren, Germany) in accordance with
the manufacturer’s insrructions and DNA was collecred in a final
volume of 100 pl. DNA extracted were stored ar -20°C unil
polymerase chain reaction (PCR) processing,

PCR assays for T. gondii were performed as previously
described by Homan et al. (2000), to amplify a fragment of
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529 bp. Cryprosporidium spp. were detected using a nested-PCR
reaction with primers described by Xiao et al. (1999), which
target a fragment of 18S rRNA gene between 826 and 840 bp.
For G, intestinalis DNA detection, the samples were subjected o
nested-PCR to amplify an approximately 300-bp fragment of the
185 rRNA gene from G. énvestinalis (COKLIN cr al., 2007), in
addition to 530 bp of the TP (triose-phosphate isomerase) gene
with primers described by Sulaiman et al. {2003) and 432 bp of
the GDH (glutamare dehydrogenase) gene with primers described
by Read et al. (2004) in a semi-nested PCR.

PCR products were visualized by 1.5% agarose gel electrophoresis
stained with SYBR Safe DNA (Invitrogen®, California, USA).
In addition, when positive for Cryprosporidium spp. and for
G. intestinalis, the PCR produces were purified using the QIAquick
PCR Purification Kit (QIAGEN, Hilden, Germany), and the
DNA was quantified by a Picodrop (Thermo Fisher Scientific,
Wilmingron, USA), DNA sequencing was performed with the
BigDye Terminator v.3,1 Cyele Sequencing Kit (Applied Biosystems,
Carlsbad, USA) with the corresponding forward or reverse primers
on a 3500 generic analyzer (Applicd Biosystems, Carlshad, USA),
according to the instructions of the manufacrurer, The sequences
obtained were examined with PHRED software (EWING &
GREEN, 1998) and inspected with CHROMAS software for
quality analysis of chromarograms. Consensus sequences were
determined by the CAP3 software (heep://asparagin.cenargen,
embrapa.br/cgi-bin/phph/cap3.pl), and their identities were
compared 1o the sequences deposited in GenBank using BLAST
software (CAMACHO ex al., 2009). The nucleotide sequence
data reported in this article were deposited in GenBank under
the following accession numbers: Cryprosporidium parvam
(MF353924 to MF353928) and Giardia intestinalis (MF425817 1o
MF425819). The phylogenctic relationships between G, intestinalis
sequences of the present study and GenBank standard sequences
were characterized by the alignment of 390 nucleotides of the
GDH coding gene using the maximum likelihood method wich
250 bootstraps in the MEGA 4.0 program. The tree was rooted
with Giardia ardeae (AFO69060) and the GenBank sequences
used in this tree are standards of assemblages A1 (AY178735),
A2 (AY178737), B (AY826193), D (UGD986), E (AY178741)
and F (AF069057),

Statistical Analysis

A semi-steuctured questionnaire was applied wo all horticulturises
participating in the study, who were questioned about the type
of planting and fertilization, soil supplementation, presence of
animals on the property, irrigation system, toiler and sewage
characreristics, The program Epilnfo 3.5.4 (DEAN etal,, 1990)
was used to tabulate the variables together with the microbiological
and molecular results found. Statistical analysis was performed
using the Epilnfo programs 3.5.4 and R3.3.2 (R CORETEAM,
2013) by means of the Chi-square test or Fisher’s exact test, where
appropriare. The analysis of these associations with a control of
the confounding variables was performed applying simple and
multiple logistic regression analysis (HOSMER et al,, 2013),
Only the variables whose p-values were less than 0.10 in the
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screening analysis and had some biological meaning were included
in the logistic regression models, The association measurement
was obtained by the Odds Ratio (OR} calculation with a 95%
confidence interval (CI). The multiple correspondence analysis
was performed with program R 3.3.3 (R CORE TEAM, 2013)
through the FactoMineR (HAIR et al., 2009) package, an
exploratory technique that does not rely on staristical rests bur
allows the visualization of the most important relationships of a
large ser of variabies among each other (HOFFMAN & FRANKE,
1986). In addition, it can help in visualizing the multivariate
relationship between the categories of the different variables, and
their geometric proximity in the graph, suggesting the possibility
of associations berween them.

Results

In toral, 83 samples were collected, being 42 of vegetables, 31 of
water (21 for microbiological analysis and 10 for parasitological
analysis) and 10 of soil; from 21 properties of the municipalities
of Apucarana (6/21), Marilindia do Sul (7/21), Orrigucira
(6/21), Rolindia (1/21) and Londrina (District of Guaravera)
(1/21), Among the leafy vegerables, 17 samples were of crisp
lettuce (Lactuea sativa), seven of arugula (Eruca sativa), nine
of chicory (Cichorium intybus and Cichorium endivia), five of
chives (Allium fistulosum), two of purple letruce, one spinach
(Spinacia oleracea) and one chard (Beta vudgaris subsp. Vidgaris).
On the fiest eleven properties, water was not submitted for
molecular analysis, and no soil samples were collected.

Brax. J, Vet. I'arasital.

Eighteen properties were organic cultivation certified, and
three (14.3%) were in the certification phase. The organic fertilizer
source was variable among the properties: 23,8% (5/21) used
chicken manure, 14.3% (3/21) used mixed manure, 14.3% (3/21)
used chicken liter, 14.3% (3/21) used commercial compounds
and 33.3% (7/21) used bovine manure. Eleven (52.3%) of the
properties underwent mineral supplementation on a regular basis,
six with limestone (54.59%), three with a potassium supplement
(27.2%) and one with mineral present in the ferrilizer,

Wild birds and domestic animals, such as dogs, cats, horses,
and cartle, were present on all the properties studied, and in
five (23.8%) of them, the animals had access o the gardens.
Wild animals, such as cervids, hare, armadillos, capybara, fox
and cougar were present on 13 of the studied properties (61.946).
All the properties were washing cheir vegetables: 52.4% (11/21) of
the properties in treared tap water and 47.6% (10/21) in rinsing
ranks, Irrigation in 57.1% (13/21) was automared. The source of
irrigation warer on 57.1% (12/21) of the properties was spring,
14.3% (3/21) of the properties used untreated river water, and
28.6% (6/21) of the properties used artesian wells.

Of the water samples, 95.2% (20/21) presented total coliforms,
with a variation of 1 ro > 2419.6 CTNMP/100 mL; for CTT
and Escherichia coli, 76.2% (16/21) of the samples were positive,
ranging from | to 218.7 CTTTNMP/100 mL.

Regarding the PCR resules, 12.9% (8/62) of the samples were
positive for 7. gondiz, 11.3% (7/62) for Cryprasporidium spp., and
25.8% (16/62) for G. intestinalis {two in TP, seven in GDH,
five in 185 rRNA and two in TPI and GDH) (Table 1). It was
possible to identify the parasite species by DNA sequencing in

Table 1. Vegetable, water and soil samples positive for the protozoa Taxoplasma gondii, Cryptasporidisen spp. and Giardia intestinalis from
organic crop properties, from 2014 to 2016 in Parand, Brazil. Results are based on molecular analyses,

Toxoplasma gondii Cryptosporidium spp. G. intestinalis
Property  Municipality Vegetable __ Soil Water Vegouble _ So Wawer | Vegeuble  Soil  Water

1 Marilindia do Sul - o w E wi N1 + Let NT ]
2 Marilindia do Sl + Let b NT 2 w7 T A w7 w1
3 Marilindia do Sul . nr NT . w1 NI . NT 1
4 Marilindia do Sul + et M - + Aru® Nt N sLer*"+Aru** NT Nt
5 Guaravera + Let Aru NT NT X NT T + Tagee ~T ¥
6 Ortigucira - N xv NT NT z wr N1
7 Ortigucira = L N¥ z »T ~T 2 w7 w1
8 Ortigucira bl N - w NI R NT w1
9 Onigucira - NY NY Ny Nt N NT N1
10 Ortigucira - NT N¥ - NT =T Z T w7
1 Ortigucira . i - - " + Chic " i
12 Rolindia - + 3 = < 2 + Chic 3 =
13 Apucarana = c + - - + Chic ‘
14 Apucarana - - - . - +* R N 3
15 Apucarana - - - - - = + Let - =
16 Apucarana - ' ' v v + Chiv " .
17 Apucarana - - 2 : = +° Z ~ <
18 Marilindia do Sul . - - R + Cha . B

19 Marilindia do Sul - - R
20 Marilindia do Sul - - =
21 Apucarana -

+ Let - - = = =

‘

N'T: Nor rested; » positive sample: - negative samples Let: Letruce: An: Arugula; Cha: Chard: Chic: Chicory; Chiv: Chive. " puroum or **(. intestinalis Assemblage

E confirmed by the DNA resubts from Sanger sequencing.
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seven of the positive samples. C. parvum was the species present
in three water samples and one soil sample sample showing 100%
of similarity with other sequences from GenBank. G. investinalis
Assemblage E was present in two vegerable samples showing 99%
of similarity with other sequences from GenBank. In order to
confirm the G. intestinalis Assemblage, the phylogencric analysis
with the partial sequences of the GDH genc of G, éfneestinalis
obtained was performed, a dustering of samples with standard
sequences of Assemblage E (Figure 2), commonly associated with
giardiasis in cautle, was observed. In other PCR-positive samples,
there was no success in sequencing due to the low amount of DNA.

Factors associated with the presence of DNA of zoonotic
protozoa such as T gondii, Cryptosporidim spp. and G. intestinalis
in vegetables, soil and water are listed in Tables 2, 3 and 4.

Farasite contamination in organic gardeny 33

The graph generated by the multiple correspondence analysis
(Figure 3) confirmed the main findings of this study relared 1o the
risk factors for the presence of zoonotic protozoa in vegetables,
water and soil of properties with organic production systems, It is
shown in dimension one of the graph {x-axis) that the categories
of negative variables for 7. gandii, Cryprosporidium spp. and
G, intestinalis and at least one of the three zoonotic protozoa in
question are on the left along with the categories of limestone
supplementation, spring water source and absence of cervids. On the
other hand, on the right side of the graph we have the categories of
positive variables for 7. gondss, G, intestinalis, Cryprosporidium spp.
and at lease one of the three zoonotic protozoa together with
the caregories of potassium and fertilizer supplementation, river
water source and the presence of cervids, The interpretation of

Table 2. Characreristics of the organic vegerable producing properries of northern Parand, Brazil, significantly associated with the occurrence

of Taxoplasma gondii and Giardia investinalis,

Univariate Logistic Regression
Tomslnmasondtl SosihwToml (%) Vs O.R. Gross (C195%)
Witer Source < (0L.05
Spring 134 (2.9) LoD
Well 4/22(18.2) 711 {074 -68.57)
River 36 (50.0) 32,00 (2.49 - 411,45)
G, intestinalis Positive/Toral (%) p-Value O.R. Gross (CI 95%)
Cryptasporidinm spp. positive < 0.05
No 11/55 (20.0) 1,00
Yes 5/7 {71.4) 10.00 (1.71 - 58.59)

Table 3. Characreristics of the organic vegerable producing properties of northern Parand, Brazil, significantly assaciated with the occurrence

of Cryprosporidium spp.
Positive/Total Univariate Logistic Regression Multiple Logistic Regression
(%) p-Value O.R. Gross (CI 95%) p-Value O.R. Adjusted (CI 95%)
Presence of cervids < 0.05 <0.05
No 352 (5.7) 1.00 1.00
Yes 4/10 (40.0) 10.89 (1.95 - 60.83) 7.87 (1.22 - 50.64)
Giardia intestinalis positive <005 <005
No 2/46 (4.3) 100 1.00
Yes 5/16(31.2) 10.00 (1.71 - 58.59) 7.51 (1.20 - 31.44)

Table 4. Characteristics of the organic vegetable producing properties of northern Parana, Brazil, significantly associated with the occurrence
of at least one of the prowzoa { Taxaplasma gondii, Cryptosporidiam spp. or G, tntescinalis),

Univariate Logistic Regression
il p-Value O.R. Gross (C195%)
Type of supplement < 0.05
Not supplemented 15/38 {39.5) 1.00
Limestone 1116 (6.2) 0.10 (0.01 - 0.85)
Potassium Base A6 (66.7) 3.07 (0.50 - 18.89)
Warer source <005
Spring 7134 (20.6) 1.00
Well 10/22 (45.4) 321 (098 - 10.47)
River 5/6 (83.3) 19.28 (1.92 - 192.82)
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Figure 2. Phylogenetic relationships among G, intestinalis isolates charactesized by the alignment of 390 nucleotides of the GDH coding gene
using the maximum likelihood method with 250 bootstraps in the MEGA 4.0 program. The trec is rooted with Giandia ardeae (AF069060),
and the GenBank sequences used in this tree are standards of the assemblies AT (AY178735), A2 (AY178737), B (AY826193), D (U60986),

E (AY178741) and F (AF06Y057).
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Figure 3. Graph resulting trom the multiple correspondence analysis. Presence of cenvids (NCERV, YCERV); positive results of 77 gondii
(NTGON, YTGON), Cryprosparidium spp. (NCRY, YCRY), Giandia spp. (NGIA, YGIA), und one of the three protozoa (NPRO), YPRO);
water source {SPRING, WELL, RIVER) and supplement used in growing (LIMESTONE, NONE, POTASSIUM and FERTILIZER).

dimension rwo (y-axis) of the graph was not possible due to the
lack of biological meaning,

Discussion

Resolution 357/05 of CONAMA (National Council for
the Environment) (BRASIL, 2005) recommends thar for the
irrigation of vegetables and fruits with development on the ground,
the Thermorolerant coliforms (CTT) count should not exceed
200/100 mL; Excherichia coli is the main species of the CT T group,
whose exclusive habitat is the intestine (BRASIL, 2005), £ cofi
was present in 76.2% (16/21) of the analyzed water samples, and
of these, 18.7% (3/16), one of spring (209.8 CTNMP/100mL),
one of river (328,2 CTNMP/100mL) and another of artesian well
(201.2CTNMP/100mL), with higher counts than that allowed by
the resolution. The use of faccal indicators, particularly, £ colf, is
a better practical approach to identify contaminated water sources

or food (ALLENDE & MONAGHAN, 2015; NATARO &
KAPER, 1998), Recent studies associate the presence of parasites
such as G. intestinalic and Cryptosporidiun spp. o the presence
of CTT (TOLEDO et al., 2017) in the water. indicating the
necessity of monitoring parasite presence in vegetable gardens
for the production of innocuous vegerables.

Regarding the PCR results, 12.9% (8/62) of the samples had
DNA fragments compatible with 77 gondii, and of these, 50.0%
(4/8) were vegetables, 25.0% (2/8) were water and 25.0% (2/8)
were soil. Lass er al. (2012} studied 77 gondii in 216 fruics and
vegetables in Poland and observed a frequency of 9.7% posirive
samples. The eight positive samples came from six properties, of
which 50.09% (3/6) had cars, all with access o che cultivation
area, suggesting direct contamination of vegetables by definitive
hosts on these properties (FRENKEL ex al., 1970), In vegetable
gardens that did nor have cats (3/6), the source of irrigation water
fram the river may have influenced the contamination due to the
flow during rains, when the river receives several fecal pathogens
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domestic animals to gardens, and contaminaced irrigation wacer
(BERALDO & FARACHE, 2011; CHAIDEZ et al,, 2005), the
larrer was a factor associated with the presence on the samples
of at least one of the agents. River water, in turn, had a greater
number of positive samples than expected: the use of this type
of water for irrigation is a big problem in Brazil (MAROUELLI
& SILVA, 1998), because a significant number of rivers are
polluted, probably due to the extensive area of agriculture and
livestock around the surface water sources and the contamination
by untreated municipal effluents, mainly sewage, constituting
another important vehicle of transmission and dissemination of
pathogens (AMOROS cr al., 2010; BERALDO & FARACHE,
2011; DIXON e al, 2013; MAROUELLI & SILVA, 1998;
SILVA etal., 2005). Toledo eral. (2017) in a study in dairy farms
in Parand, Brazil, observed that the absence of vegetarion and
protective seructures around the springs was associated with the
frequency of positive water amples to Cryprasporidiunm spp. and
(. intestinalis. The vegetation around the springs acts as a physical
barrier, thus reducing the drainage of animal waste and other
contaminants { TOLEDOetal., 2017). Most of the springs visited
in this scudy were protected, which may have been an important
factor for a smaller number of positive samples than expected in
this source.

Of the 12 properties with ar least one positive sample for one
of the three agents, 66.7% (8/12) produced their own fertilizer
with bovine manure or chicken litter, and of these, 87.5% (7/8)
did not respece the period of composting. The maturity of the
compost is related 1o the complere microbiological decomposition
and the transformation of the organic matter into humus, and
this process occurs aftes approximately 90 days of ranning: correct
composting can promote the inactivation of some pathogens
(DEPORTES et al., 1998; KIEHL, 1998; VINNERAS et al.,
2003), Inadequare fertilizer production, in addirion 1o causing
contamination of vegetables and water, prevents the inactivation
of pathogens present in the raw marerial, making the fertilizer
unfit for use in edible vegetables.

Conclusion

The control of parasitological contamination of raw vegerables
is a major challenge, since contamination can occur in all the stages
that precede arrival 1o the consumers” table. The resules indicare
that inadequate hygienic-sanitary conditions in organic gardens,
as well as the risk of infection by protozoa are of public health
importance. In addition, the results expose some of the points of
contamination risk, such as the water source, soil supplementation
and presence of animals on properties, Thus, there is a need
10 raise awareness among producers and consumers abour the
implementation of good handling pracrices during the cultivation
process and before the time of consumption.
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Resumo

Horticultura orgamica: uma demanda atual, cujo manejo adequado & a umica garantia de alimento
seguro. O estudo foi realizado entre julho de 2014 e maio de 2016, em 21 propriedades horticolss do estado
do Parana, Brasil Foram coletadas duss amostras de vegetais folhosos & uma amostra de dgua de irmigacio
por propriedade. As amostras de dzua foram analisadas pela técnica do substrato cromogénico para avaliar a
contaminagio por coliformes totais e Escherichia coli,  os vegetais foram avaliados pelas técnicas de Willis
(1921), Hoffman et al. (1934), Faust et a1 (1939) e quanto 3 contaminagio por parasitas. Observou-se presenca
de E. coli em 80,95% (17/21) das amostras de dzua: com relacio sos vegetsis, 10 (45,23%) continham pelo
mMenos uma especie de parasits, tais como: ancilostomatideos, Chilomatix spp., Dipillidium spp., Entamoeba
spp., Strongyloides spp., Trichuris spp., larva de vida livre, larva de nematadeo, oocisto n3o-esporulado. Houve
ass0ciagao estatistica entre o destino do esgoto (fossa seca) e a positividade aos parasitas. Os dados mostram
contaminagio fecal em mumero significativo de amostras @ confirmam a necessidade de maiores exigéncias
sanitarias durante o cultivo de hortalicas folhosas, que, na maioria das vezes, 530 consumidss cruss,

Palavras-chave: Escherichia coli; Helminto; Parasits; Protozoirio

Abstract

The objective of this study was to evaluate the contamination by Escherichia coli i irigation water and
parasites in leafy vegetables cultivated in small organic horticultural properties and to investigate the critical points
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Abstract

The study was carried out between July 2014 and May 2016 in 21 horticultural properties in
the state of Parana, Brazil. Two samples of leafy vegetables and one sample of irrigation water were
collected per property. Water samples were analyzed by the chromogenic substrate technique to
evaluate contamination by total coliforms and Escherichia coli, and the vegetables were evaluated
by the techniques of Willis (1921), Hoffman et al. (1934) and Faust et al. (1939) for parasite
contamination. The presence of E. coli was observed in 80.95% (17/21) of the water samples; with
respect to vegetables, 19 (45.23%) contained at least one parasite species, such as: hookworms,
Chilomatix spp., Dipillidium spp., Entamoeba spp., Strongyloides spp., Trichuris spp., free-
nematode larva, non-sporulated oocyst. There was a statistical association between the fate of the
sewage (dry sewage) and the positivity to the parasites. The data show fecal contamination in a
significant number of samples and confirm the need for greater sanitary requirements during the

cultivation of leafy vegetables, which are mostly consumed raw.

Key words: Escherichia coli; Helminth; Parasite; Protozoan

Titulo resumido: Safe food: points of risk in organic agriculture

Introduction

Organic products have been preferred by consumers because these products are associated
with a production system that avoids or excludes the use of industrialized chemicals such as synthetic
fertilizers, growth regulators and pesticides or agrochemicals (SANTANA et al., 2006; ABREU et
al., 2016). On the other hand, there is growing concern about the risk of infection by enteroparasites,
since many vegetables are served raw for human consumption, thereby contributing to the oral
transmission of these parasites (ESTEVES; FIGUEIROA, 2012).

Endoparasites are cosmopolitan and endemic in third-world countries and represent an
important problem in public health. They are acquired by ingestion of infective forms contained in
contaminated food or water (CACCIO et al., 2018). When consumed raw, vegetables can serve as a
transmission via (VOLLKOPF et al., 2006; FERREIRA et al., 2018). The cultivation conditions,
including quality of irrigation water, the type of fertilizer used, the storage conditions, transport and
handling of the crop by the producer are directly related to this contamination (PACHECO et al.,
2003).
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The objective of this study was to evaluate the contamination by Escherichia coli in irrigation
water and parasites in leafy vegetables cultivated in small organic horticultural properties and to

investigate the critical points during cultivation.

Material and Methods

The study was carried out from July 2014 to May 2016 at horticultural properties in the
municipalities of Apucarana, Marilandia do Sul, Ortigueira, Rolandia and Londrina (District
Guaravera), in the state of Parana (Figure 1). Small commercial organic leafy vegetable production
properties assisted by the Organic Certification Project of the State University of Londrina were

included in analyses.

FIGURA 1: Map of the state of Parana highlighting the municipalities of Apucarana, Londrina, Marilandia do
Sul, Ortigueira and Rolandia, sampling sites of vegetables and water subjected to parasitological

and microbiological evaluation, from 2014 to 2016, Parané, Brazil.
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Forty-two clumps of leafy vegetables were collected (two per property), packed in plastic
bags and kept under refrigeration. For detection of helminths, 500 mL of Glycine 1 M and 100 g of
the vegetables were homogenized in a plastic bag, manually shaken for 10 minutes, filtered through

double gauze, collected in a conical chalice, and allowed to settle for 12 h. Then, 20 pL of the
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sediment was observed under an objective microscope at 40x (HOFFMAN et al., 1934). The
supernatant was removed from the chalice with a pipette, the pellet was centrifuged at 1120 x g for
5 minutes. With the final sediments (approximately 0.5 mL) slides stained with Lugol’s iodine
(MATOSINHOS, 2012) were mounted to facilitate the detection and identification of eggs and larvae
under an optical microscope.

For detection of protozoa, 50 g of the vegetables and 300 mL of Tween 80 (1%) solution were
placed in a plastic bag and homogenized with a stirrer for three minutes. Subsequently, the solution
resulting from the first step was filtered through double gauze into a 500-mL glass beaker. The
filtered extract was divided into tubes and centrifuged at 2100 x g for 10 minutes each time (CARELLI,
2009). Approximately 5 mL of the extract was processed and observed by the technique of Willis
(1921) e Faust et al. (1939).

The microbiological analysis was performed using the chromogenic substrate technique,
according to the manufacturer's recommendation (Colilert, Idexx, Westbrook, Maine, EUA), the
results are expressed as NMP/100 mL (most probable number of total coliforms or Escherichia coli
per 100 mL of water), 21 water samples (one per property) were collected directly from the irrigation
tap of the gardens vegetables, as recommended by Brazilian protocol (BRASIL, 2013).

A semi-structured questionnaire was applied to all horticulturists participating in the study,
with questions regarding the type of planting and fertilization, soil supplementation, use of pesticides,
presence of animals on the property, irrigation system and characteristics of the bathroom and
sewage. This work was approved by the Research Ethics Committee Involving Human Beings of
the State University of Londrina under number 2,481,228.

The program Epilnfo 3.5.4 (DEAN, 1990) was used to tabulate the variables together with
the microbiological and molecular results. Statistical analyzes were performed using the Epilnfo
3.5.4 and R 3.4.1 programs (R CORE, 2003) using the Chi-square test or Fisher’s exact test, when
appropriate. The data were compared using odds ratios (ORs) with confidence intervals (Cls) of 95%,

significance level of 5%.

Results

A total of 42 samples of vegetables and 21 water samples were collected from 21 properties
in the municipalities of Apucarana (5/21), Marilandia do Sul (8/21), Ortigueira (6/21), Rolandia
(1/21) and Londrina (District Guaravera) (1/21). Among the vegetables, 19 samples were of lettuce

(Lactuca sativa), nine were chicory samples (Cichorium endivia), seven were arugula samples
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(Eruca sativa), five were chives samples (Allium fistulosum), one was a spinach samples (Spinacia
oleracea) and one was a chard sample (Beta vulgaris subsp. vulgaris).

Eighteen properties were certified for organic cultivation, and three (14.28%) were in the
certification phase. The organic fertilizer source was variable among the properties: eight (38.09%)
used cow manure, seven (33.33%) used chicken manure, three (14.28%) used mixed manure (chicken
and cow) and three (14.28%) used a commercial compound. Nine properties were regularly
supplemented with mineral soil, six with limestone (66.67%), and three with potassium supplement
(33.33%). Domestic animals, such as dogs, cats, horses, cattle, were present in all properties studied
and, in four (19.04%) of them, the animals had access to the gardens.

Wild animals (deer, hares, skunks, felines and birds) were present in all properties. All the
properties performed vegetable washing — 11 (52.38%) in treated tap water and 10 (47.61%) in
rinsing tanks. The irrigation was manual in nine (42.85%) and automated in 12 (57.14%) properties;
the source of water for irrigation in 12 (57.14%) properties was from mines, three (14.28%) from
rivers and six (28.57%) from artesian wells.

Water analysis showed that 18 (85.71%) had total coliforms (CT) ranging from 1 to > 2419,6
CTNMP/100 mL, among these, 10 were mine water, five artesian well and three of river samples.
Regarding the presence of Escherichia coli, 17 (80.95%) samples were positive, varying from 1 to
218.7 NMP/100 mL, among them, nine were from mine water, five from artesian wells and three
from rivers.

Among the properties visited, 71.4% (15/21) had at least one sample contaminated by
parasites. In relation to the methods used for parasitological research, 13 (30.95%) vegetables
samples were positive in the Hoffman et al. (1934) technique, 5 (11.90%) in the Faust et al. (1939)
technique, 5 (11.90%) in the Willis (1921) technique and 19 (45.23%) were positive in at least one
of the three parasitological techniques used in the present study. The results are detailed by property,
vegetable and parasite found in Table 1. When considering positivity in at least one of the
parasitological methods, a statistically significant difference was observed in the fate of the sewer
variable (p = 0.045), with the dry sewage being the most positive sewage destination.
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TABLE 1: Results of the Faust et al. (1939), Hoffman et al. (1934) and Willis (1921) parasitological

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

to 2016.
Faust Hoffman Wiilis
Property Municipality etal. Parasite et al. Parasite (1921) Parasite
(1939) (1934)
Mar. Sul - - -
+ Let Chil, Ent,
2 Mar. Sul - + A MiE -
+ Let OoN, Ent,

3 Mar. Sul - + Aru OoN + Aru 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 Rolandia - + Chi Dipil -
13 Apucarana + Chi Hoo - -
14 Apucarana - - + Let Trich
15 Apucarana - + Let Str -
16 Apucarana - - -
17 Apucarana - - -
18 Mar. Sul + Chi Ent + Chd MiIE -
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:
Arugula. MIiE: Mite egg; Hoo: hookworms; Chil: Chilomatix spp.; Dipil: Dipillidium spp.; Ent:
Entamoeba spp.; Str: Strongyloides spp.; Lar: free-living Larva; NeL: nematode larva; OoN: non-

sporulated oocyst; Trich: Trichuris spp.

Discussion

In the study, the presence of E. coli was observed in 17 (80.95%) of the analyzed water
samples, of which 3 (17.65%) levels higher allowed by CONAMA (National Environment Council)
(CONAMA, 2005). Resolution 357/05 recommends that, for the irrigation of raw vegetables and
fruit that have yet to fully develop, a CTT count of less than 200/100 mL is appropriate. Escherichia
coli is a facultative, anaerobic gram-negative bacteria, commensal in the intestinal microbiota;
besides being the main indicator of fecal contamination (CONAMA, 2005), it can often become an
opportunistic pathogen (NATARO; KAPER, 1998; FRANCO; LANDGRAF, 2003). It is known that
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the contamination of vegetables by pathogenic microorganisms is directly related to the quality of
irrigation water (SCHERER et al., 2016), so it is imperative that this type of water be of high quality,
passing through prior treatment, when necessary. The E. coli contamination has also been previously
described in irrigation water in conventional cultive (SCHERER et al., 2016; SILVA et al., 2016a),
which confirms that regardless of the type of cultive, water can be an important pathway for the
transmission of pathogens, and chlorination is an efficient technique for the killing of bacteria and
viruses.

Among the protozoa found, Chilomatix spp. and some species of Entamoeba spp. are
commensal protozoans, even if not pathogenic, they indicate fecal contamination of human origin
(OLIVEIRA; GERMANO, 1992). Entamoeba histolytica is important to public health due to its high
pathogenicity and cyst resistance to conventional water treatment (MELO et al., 2004;
MONTANHER et al., 2007). Arbos et al. (2010) suggested that the presence of parasitic structures
in vegetables is due to improper cultivation, with respect to hygiene, either through irrigation water,
access of wild or domestic animals to gardens and/or, the use of fertilizers with insufficient
composting time.

Samples with non-sporulated oocysts were observed. It was not possible to confirm the
species identity through sporulation; however, it is important to consider that several parasites
pathogenic to humans present this biological form in their life cycles, such as Cryptosporidium spp.
(TYZZER, 1907), T. gondii (DUBEY et al., 1970), Cyclospora spp. (ORTEGA et al., 1993). One of
the main difficulties when working with environmental samples is the fact that many samples go
through adverse conditions such as intense sun and low humidity, favoring alterations in the
morphologies and metabolism of the microorganisms, hindering the diagnosis by conventional
microscopy and sporulation, respectively.

Mites were found in three samples and are the most important aeroallergens in tropical climate
regions; they are associated with respiratory allergies, such as allergic asthma and rhinitis. In
addition, they can contaminate food, especially if kept in hot and humid environments, facilitating
their proliferation. When ingested, they can trigger allergic reactions and anaphylaxis in atopic
individuals, so their presence in vegetables presents a potential risk to human health (GELLER et al.,
1995; 2009).

A total of 45.23% (19/42) of the vegetables were contaminated by helminths. Cultivation in
direct contact with the soil can facilitate this contamination, since these parasites are commonly
found in the soil (SILVA et al., 2016b) and animal manure used for fertilization (FERNANDES et
al., 2015). Strongyloides spp. are opportunistic parasites of animals. The presence of Strongyloides
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spp. deserves special attention because Strongyloides stercoralis have the capacity to infect humans,
mainly immunocompromised individuals (MAIA et al., 2006; SILVA et al., 2016b).

Among the techniques used, a greater percentage of positive results were observed when
using the Hoffman et al. (1934) technique. This may have occurred because the test was more
sensitive to the parasites found relative to the other methods. A greater sensitivity by the test was
also observed by Mesquita et al. (2015) in a study carried out in community gardens in the state of
Piaui, Brazil, when they used both the Hoffman et al. (1934) and Willis (1921) methods.

All the properties included in the study had domestic animals; in five of them, the animals
had access to the vegetable gardens. Domestic and wild animals are important sources of
contamination of soil and water (CASSENOTE et al., 2010; WELLS et al., 2015). The most
significant elimination pathway of endoparasites is fecal (NEWELL et al., 2010), which justifies the
need to prevent the access of animals to cultivated areas.

A statistical association between sewage destination and positive results was observed in at
least one of the parasitological methods used. The form of sewage destination is of extreme
importance so that feces do not contaminate the soil and the source of irrigation water (NEWELL et
al., 2010; TIYO et al., 2015). The dry sump is the least sanitary type compared to the septic or septic
tank biodigester. This is because the dry sewage allows slow degradation of pathogens due to
anaerobic digestion, and due to the possibility of diffusion of fecal material into the soil, to depths of
three meters and a radius of one meter and to groundwater, in which dispersion varies according to
the flow level. To avoid risks to the health safety recommendations must be followed, such as the
construction of a dry sewage on the lowest ground with a minimum distance of 15 m from any source
of water and as far away as possible from cultivation sites (BRASIL, 2007). Concludes, the presence
of parasites, even if apathogenic, in the vegetables may indicate fecal contamination; the main points
associated with this contamination were the presence of domestic animals with access to the
cultivation area, the use of contaminated water for irrigation and the types of sewage destination; the

latter may be responsible for soil and water contamination.
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Abstract

The objncth! of this l'l'l.l.d}l’ was to report an outhreak of human tocnoPlumsls ata research institution in Londrina,
Parand, from December 201 5 to February 2016, Blood samples from 26 symptomatic individuals were collected and the
.n:].cmPu.n:Jdc chemiluminescence immunoassay was Ferﬁormﬂd to detect Ig]vL IEG and :PecL'E.c IEG mr]d.l.t}r test in the
afficial liboratory. A total of 20 people with spmptems and serology compatible with acure toroplasmosis (IzM positive
and IgG with low avidity) were selected as cases, while 45 asymptomaric employess warking in the mme teams and
during the same shifts were selacted as contrals. All the participants of the investigation anseered an epidemiclogical
questionnaire. Three samples of water and one sludge from the institurion’s supply cisterns, 10 soil samples, 11 plant
!ﬂ.n:.p]::, thres= cat fecal m.n:.Pl-e: and one domestic feline cadaver were collecied for n.nﬂl]'sls af the F-d.}u::.emse chain
reaction (FCR) for T gomaii. After analyzing the epidemiclogical data, the consumption of vegetables in the restaurant
af the institution was the on]}rwd.n.ble amociated with the occurence of the dissase, In.ln.bomnr}r resulis, all the sn.n:.Plu
showeed negarive resules to PCE. The mapid recognition of the outbreak, eardy notification and investigarion could have
broken the chain of :m.usmlﬂlnnu.r]}r, thus Pnz\ne:u:]n.g rh.cmﬂg\cm of new cases, In addition, the n.d.opl:]m o:l:'good.
food handling practices could hove prevented the cccurrence of the outbreak.

Keyvrords: Epidemiclogy, Taweplanma ponaii, vegetables, focdborne, outbreak.
Resumo
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Resumo

O objetivo deste estudo foi relatar um surto de toxoplasmose humana em uma instituicao de
pesquisa em Londrina, Parana, no periodo de dezembro de 2015 a fevereiro de 2016. Amostras
de sangue foram coletadas de individuos com sintomatologia e o imunoensaio de
quimioluminescéncia de microparticulas foi realizado. para detectar IgM, IgG e teste de avidez
de 1gG especifica em laboratério oficial. Um total de 20 individuos com sintomas e sorologia
compativeis com toxoplasmose aguda (IgM positiva e IgG com baixa avidez) foram
selecionados como casos, enquanto 45 funcionarios assintométicos que trabalhavam nas
mesmas equipes e durante os mesmos turnos foram selecionados como controles. Todos 0s
participantes da investigacdo responderam um questionario epidemiologico. Trés amostras de
agua, uma de lodo, 10 de solo, 11 de vegetais, trés de fezes de gato e um cadaver foram
coletados para andlise da reacdo em cadeia da polimerase. ApoOs andlise dos dados
epidemioldgicos, o consumo de hortalicas foi a Unica variavel significativamente associada a
ocorréncia da doenca. Em resultados laboratoriais, todas as amostras apresentaram resultados
negativos. O rapido reconhecimento do surto, notificacao e investigacao prematura poderia ter
quebrado a cadeia de transmisséo precocemente, evitando assim o surgimento de novos casos.
Além disso, a adogdo de boas préaticas de manipulacdo de alimentos poderia ter impedido a

ocorréncia do surto.

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

Toxoplasmosis is a zoonosis caused by the protozoan Toxoplasma gondii; due to its
public’ health importance, it is one of the most studied parasites in the world and can infect all
homeothermic animals with felines serving as the definitive hosts (JACOBS; MELTON, 1957).
The transmission pathway of the agent is variable; however, eating habits as well as cultural
and environmental factors are determinants of the epidemiology of toxoplasmosis
(KOLBEKOVA; KOURBATOVA; NOVOTNA, 2007).

In Brazil, outbreak notification and epidemiological research is a mandatory activity in
health surveillance (BRASIL, 2017). Over the past 50 years, more than 40 outbreak reports for
toxoplasmosis have been published worldwide, with the majority being in Brazil (FERREIRA
et al., 2018a). The main transmission routes involved were water (DE MOURA et al., 2006),
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vegetables (EKMAN et al., 2012), fruits (DUTRA et al., 2012), undercooked meats or raw
(POMARES et al., 2011) and unpasteurized goat's milk (CHIARI et al., 1984). The objective
of this work was to describe an outbreak of toxoplasmosis that occurred at research institution
located in the Municipality of Londrina, Parand, Brazil.

On February 18, 2016, the Londrina Epidemiological Surveillance Coordination was
informed of that three individuals had confirmed acute toxoplasmosis and five were presenting
with clinical manifestations. All cases were reported from a research institution in the city of
Londrina. Based on the reports, the hypothesis that there was an outbreak was proposed. Thus,
an active search for acute toxoplasmosis cases was started, and all individuals who had been
present at the institution's facilities from December 2015 to February 2016 were considered as
potential cases, including those who had visited restaurants, consumed water collected by the
company and had presented with at least one of the symptoms such as fever, myalgia, asthenia,
headache, and lymphadenopathy.

A confirmed case was defined as individual who, in Microparticle Chemiluminescent
Immunoassay (CMIA) (PETERSON et al., 2005), presented antibodies of the IgM class reagent
and IgG with low avidity. The suspected patients that showed reagent IgM and IgG high-avidity
or nonreactive IgM and reactive IgG were considered immune or with old exposure to the agent.
These immune individuals, along with susceptible (nonreactive IgM and IgG) individuals were
not considered as part of the outbreak.

During the visit to the institution, information was collected about the daily menu
provided by the restaurant during the study period, including information about the types of raw
and cooked foods served. A semistructured questionnaire was applied to all participants, and
information about gender, age, work area, eating habits, water consumption and soil
manipulation was collected.

A case-control epidemiological study was carried out to identify the probable source of
the contamination of the studied population using the information collected in the questionnaire
and the results of the tests. For the analysis of the variables studied and comparisons of
proportions, the chi-square test or Fisher's Exact, with a significance level of 5% and confidence
interval of 95% was used by software Epilnfo 3.5.4 (CDC, Atlanta, USA).

Three water samples (20 L of water from cisterns 1 and 2 and 10 L from cistern 3) were
collected as well as a 500 mL sample from the sludge (cistern 1). Ten soil samples collected

from the surface (eight from greenhouses and two from vegetable gardens, 100g each), 11
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vegetables clumps (eight from the vegetable gardens and three from the restaurant), three
samples of cat feces and a cadaver of kitten were collected.

The water samples were filtered using a filter membrane technique and processed as
described by Franco et al. (2012). The sludge, in turn, was centrifuged in 50 mL Falcon tubes
at 2,100 g/10 min, yielding a final supernatant volume of 50 mL. The vegetables were processed
according to Ferreira et al. (2018b). The DNA extraction was performed using a commercial
kit (NucleoSpin Tissue, Macherey-Nagel, Diiren, Germany) according to the manufacturer's
instructions, and DNA was eluted in a final volume of 50 pl. The PCR assays were performed
as previously described by Homan et al. (HOMAN et al., 2000) and amplified a 529 bp
fragment.

A domestic feline, approximately six months old, was found dead during the
investigation and referred for autopsy, sample collection (brain, heart, peritoneal exudate, liver,
diaphragm and feces) were performed. The Sheater’s technique (SHEATER, 1923) was used
to detect T. gondii oocysts both in the feces of the dead cat and the samples found in the
environment. The other samples were divided into aliquots and stored under refrigeration until
DNA extraction.

To identify the factors associated with the occurrence of the outbreak and the possible
routes of transmission, such as food and water, a case-control study was conducted. Twenty
individuals with serological results and symptomatology compatible with a recent T. gondii
infection were included as cases. As controls, 45 asymptomatic employees who worked in the
same staff and in the same work shifts were selected. The study ratio was 1:2.25.

Based on the initial date of the reported symptoms, the outbreak period was from
December 10, 2015 to February 3, 2016, and the dates of the probable exposure were from
12/1/15 to 01/21/16, considering the mean incubation period of 20 days (EKMAN et al., 2012)
of all the cases identified. The period with the highest concentration of symptomatic cases was
between 01/10/16 and 01/16/16 (2nd epidemiological week of 2016). The general distribution
of the symptomatic cases is shown in Figure 1. The most frequently reported symptoms were
nausea (100%), headache (85%) and lymphadenopathy (80%) (Table 1).

Of the 20 patients, 55% (11/20) were males, with ages ranging from 25 to 60 years and
a median age of 45 years. Regarding workplace locality, 20% (4/20) of the cases came from
Block 13 (the block in front of the restaurant), and 60.0% (12/20) worked in manipulating land
and planting. About the food consumption at the institution, all the patients drank water from
drinking fountains and consumed vegetables, beef and chicken at the institution's restaurant.
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Significant events were analyzed based on the habits, environment and food
consumption in the institution, using the patients (20 individuals) and controls (45 individuals).
The consumption of vegetables (p<0,05) was the only variable significantly associated with the
incidence of the disease (Table 2). It is known that even asymptomatic people can present
serology compatible with acute disease (EKMAN et al., 2012), but in all cases commonly in
outbreaks of toxoplasmosis, due to the amount of inoculum and strain, the presence of
symptomatology is high frequency (DEMAR et al., 2007).

During the restaurant inspection, there were some irregularities noted, such as the
presence of food without a record of origin and invoice, incorrect fractionation of portions with
missing validity data, and presence dripping rain water under the grilled meats. In addition, the
screens of two windows were destroyed, there were cats near the establishment, and inadequate
washing of vegetables was observed.

Worldwide, outbreaks of toxoplasmosis are increasing in frequency, with water (BELL
et al., 1995; DE MOURA et al., 2006), meat (EDUARDO et al., 2007), milk (SACKS;
ROBERTO; BROOKS, 1982) and vegetables (DUTRA et al., 2012; EKMAN et al., 2012;
MORAIS et al., 2016) constituting transmission routes being vegetables in particular
responsible for a growing number of outbreaks.

The workforce was approximately 800 people among servers, statutory and outsourced.
The outbreak at the Londrina research institution affected 20 individuals. The relatively small
number of cases (20/800) reduces the chances that water served as the route of transmission for
T. gondii. When contaminated with oocysts, water has a greater distribution, affecting large
numbers of people and causing an increase in cases with time, as has been previously observed
in other outbreaks such as those recorded in Santa Isabel do Ivai, Brazil (DE MOURA et al.,
2006) and British Columbia, Canada (BELL et al., 1995). In these outbreaks, unlike this case
study, the appearance of the last case was less than 2 months after the notification of the first.

The number of cases reported in this study was superior to that of some outbreaks
previously reported in Brazil (EDUARDO et al., 2007; EKMAN et al., 2012) and lower than
that reported in the Santa Maria outbreak, Rio Grande do Sul, occurred in 2018 with a total of
746 cases being considered as the largest recorded outbreak in the world so far (data not yet
published) and in Santa Isabel do Ivai, Parana, occurred between 2001 and 2002 with a total of
426 cases and is considered to be the largest recorded outbreak in the world so far (DE MOURA
et al., 2006)
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Like the other reported outbreaks (MASUR et al., 1978; MORAIS et al., 2016), the most
frequent symptoms were nausea (100%), headache (85%), lymphadenopathy (80%) and
myalgia (75%). Within the workplace, a greater frequency of patients was observed in Block
13. A likely explanation is that Block 13 is in front of the restaurant, and these employees were
probably the first to have arrived and eaten from the same batch of food.

Due to inadequate hygienic conditions in the restaurant, it was not possible to reach the
producers of the meat and vegetables. Traceability of these producers, even late screenings,
would have been of great importance as they could have provided evidence of the primary
sources of contamination and may have reduced the chances of new outbreaks (EDUARDO et
al., 2007).

All the environmental and food samples yielded negative in PCR tests. However, these
results did not rule out any of the possible transmission routes. The assessment of food and
environmental samples in outbreaks of toxoplasmosis still presents a challenge, since the
incubation period of the disease is long and consequently there are no stored leftovers, and
water sources are renewed; these factors make it difficult to collect representative samples.
There were few outbreaks where the responsible agent was successfully identified in samples,
as was the case in the Santa Isabel do Ivai outbreak (DE MOURA et al., 2006); identification
was possible only since the school was closed and had stored water from the beginning of the
outbreak period.

Based on the menus, incubation period, number of cases and epidemiological evidence,
it is probable that the vegetables were the route of transmission of the outbreak. Fruits and
vegetables have already been to be the suspected causes of various outbreaks of toxoplasmosis
(DUTRA et al., 2012; EKMAN et al., 2012; MORAIS et al., 2016). In 2009, a similar outbreak
occurred in a factory in S&o Paulo, with a total of 2,300 employees. These, 11 individuals
presented with acute toxoplasmosis, a number that is lower than that reported in the present
study; however, vegetable intake was also the main suspected cause (EKMAN et al., 2012).

The main points for contamination of plants by T. gondii and other parasites are during
production. Horizontalization of agriculture makes it difficult to track microbes and assure food
quality, since responsibility is decentralized and the goods are handled at a greater number of
different establishments, increasing the chances of contamination during the entire process
(washing, packaging, transport, storage, distribution and sale) (FERREIRA et al., 2018;
PACHECO et al., 2002).
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There was an outbreak of toxoplasmosis in Londrina, Paran4, involving 20 people. The
likely route of transmission of the outbreak was raw vegetables consumed at the research
institution's restaurant. The rapid recognition of the outbreak and notification could have broken

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

References

Bell A, Gill R, Isaac-Renton J, King A, Martinez L, Roscoe D, Werker D, Eng S, Johnstone
T, Stanwick R. Outbreak of toxoplasmosis associated with municipal drinking water-British
Columbia. Can Commun Dis Rep 1995; 21(18):161-164.

Brasil, Ministério da Salde. Portaria n°4 de 28 de setembro de 2017. Consolidacéo das
normas sobre 0s sistemas e 0s subsistemas do Sistema Unico de Satde, 2017.

Chiari C de A, Neves DP, Chiari Cléa de Andrade NDP, Chiari C de A, Neves DP.
Toxoplasmose humana adquirida através da ingestdo de leite de cabra. Mem Inst Oswaldo
Cruz 1984; 79(3):337-340.

Demar M, Ajzenberg D, Maubon D, Djossou F, Panchoe D, Punwasi W, Valery N, Peneau C,
Daigre J-L, Aznar C, Cottrelle B, Terzan L, Darde M-L, Carme B. Fatal Outbreak of Human
Toxoplasmosis along the Maroni River: Epidemiological, Clinical, and Parasitological
Aspects. Clin infec dis 2007; 45 (7): 88-95.

de Moura L, Bahia-Oliveira LMG, Wada MY, Jones JL, Tuboi SH, Carmo EH, Ramalho
WM, Camargo NJ, Trevisan R, Graca RMT, Da Silva AJ, Moura I, Dubey JP, Garrett DO.
Waterborne toxoplasmosis, Brazil, from field to gene. Emerging Infect Dis 2006; 12(2):326—
3209.

Dutra, LH, Saad E, Alves RMS, Cabral CM, Batista FS, Lima R, Bitencourt PA, Rodrigues
JMB, Arouca ML, Navarro IT, Wada MY. Investigacao de surto de toxoplasmose transmitido
pelo consumo de acai em Rondodnia, Brasil, 2011. Anais da 12° EXPOEPI. 2012; 108-109.

Eduardo MBP, Katsuya EM, Ramos SRTS, Pavanello El, Paiva OR, Brito S do N, Madalosso
G. Investigacdo do surto de toxoplasmose associado ao consumo de prato a base de carne crua
(“steak tartar”), nos municipios de Sdo Paulo e Guaruja, SP. Boletim Epidemioldgico
Paulista. 2007; 4(41):1-6.

66



A W N R

co N o o

10
11
12

13
14
15

16
17
18

19
20

21
22
23

24
25

26
27
28
29

Ekman CCJ, Chiossi MF do V, Meireles, Luciana Regina Andrade Junior HF de, Figueiredo
WM, Marciano MAM, Luna EJ de A. Case-control study of an outbreak of acute
toxoplasmosis in an industrial plant in the state of Sdo Paulo, Brazil. Rev Inst Med Trop Sdo
Paulo 2012; 54(5):239-244.

Ferreira FP, Caldart ET, Pasquali AKS, Freire RL, Mistsuka-Bregano R, Navarro, IT.
Temporal evolution in the patterns of transmission routes and sources of infection in global
outbreaks of human toxoplasmosis - a systematic review. Anais do 54°MEDTROP. 2018g;
1717.

Ferreira FP, Caldart ET, Freire RL, Freitas FM De, Miura AC, Mareze M, Danyel F, Martins
C, Urbano MR, Seifert AL, Navarro IT. The effect of water source and soil supplementation
on parasite contamination in organic vegetable gardens. Braz J Vet Parasitol 2018b; 2961:1—
11.

Franco RM, Branco N, Leal DAG. Parasitologia Ambiental: Métodos de concentracéo e
deteccdo de Cryptosporidium spp. e Giardia spp. em amostras de agua. Rev Pat Trop 2012;
41(2):119-135.

Homan WL, Vercammen M, De Braekeleer J, Verschueren H. Identification of a 200- to 300-
fold repetitive 529 bp DNA fragment in Toxoplasma gondii, and its use for diagnostic and
guantitative PCR. Int J Parasitol 2000; 30(1):69-75.

Jacobs L, Melton ML. Studies on the resistance of pseudocysts of Toxoplasma gondii. J
Parasitol 1957; 43(5):38.

Kolbekova P, Kourbatova E, Novotna M. New and old risk-factors for Toxoplasma gondii
infection: prospective cross-sectional study among military personnel in the Czech Republic.

Clin Microbiol Infect 2007; 13(10):1012-73.

Masur H, Jones TC, Lempert JA, Cherubini TD. Outbreak of toxoplasmosis in a family and
documentation of acquired retinochoroiditis. Am J Med 1978; 64(3):396-402.

Morais RAFB, Freire ABC, Barbosa DRL, Silva LCT, Pinheiro AF, Costa SS, Ramos FLP,
Bichara CNC, Lima CJB, Silva AV, Souza SRP, Piqueira Neto LP, Goncgalves NV, P6voa
MM, Carmo EL. Surto de toxoplasmose aguda no Municipio de Ponta de Pedras, Arquipélago

do Marajd, Estado do Pard, Brasil: caracteristicas clinicas, laboratoriais e epidemiologicas.

67



S

co N O o

10
11

12
13

14
15

16
17

18
19

Rev Pan-Amaz Saude 2016; 7:143-152

Pacheco MA dos SR, Soto FRM, Fonseca YSK, Gomes AH de S, Giancoli M, Janior APL,
Dias HGG, Candido VLP, Armelin IM. Monitoramento das condi¢6es higiénico-sanitarias de
alfaces produzidas no municipio de Ibitina, SP. REVNET 2003; 3(2): 36.

Petersen E, Borobio MV, Guy E, Liesenfeld O, Meroni V, Naessens A, Spranzi E, Thulliez P.
European multicenter study of the LIAISON automated diagnostic system for determination
of Toxoplasma gondii-specific immunoglobulin G (IgG) and IgM and the 1gG avidity index. J
Clin Microbiol 2005;43(4):1570-4.

Pomares C, Ajzenberg D, Bornard L, Bernardin G, Hasseine L, Darde M-L, Marty P, Dardé
M-L, Marty P. Toxoplasmosis and horse meat, France. Emerging Infect Dis 2011,
17(7):1327-1328.

Sacks JJ, Roberto RR, Brooks NF. Toxoplasmosis infection associated with raw goat’s milk.

JAMA 1982; 248(14):1728-1732.

Sheater AL. The Detection of Intestinal Protozoa and Mange Parasites by a Floatation
Technique. J Pathol Therapy 1923; 36(pt. 4):266-275

Figure 1 - Number of cases per epidemiological week (onset of symptoms) in the outbreak of
toxoplasmosis at a research institution in Londrina, Parana, Brazil, 2016.
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Table 1 - Frequency of clinical signs manifested by cases during the outbreak of toxoplasmosis

at a research institution in Londrina, Parana, Brazil, 2016.

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%

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

Parana, Brazil, 2016.

Variables

Cases

Controls P-
(+/total) (+/total)  value

OR (95%IC)

Consumption of vegetables

19/20

25/45

0.004

14.72 (2.36 — 333.70)
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7 CONCLUSAO

o Houve uma mudanca na epidemiologia dos surtos de toxoplasmose nos Gltimos
20 anos. A forma bioldgica de oocisto (esporozoitos) passou a ter maior importancia e
incidéncia como via de transmisséo.

o Fonte de agua, a nao suplementacao do solo com calcério e a presenca de animais
nas propriedades sdo pontos de risco para a contaminacdo por Toxoplasma gondii,
Cryptosporidium spp. e Giardia intestinalis.

o Foi observada a presenca de parasitas apatogénicos nos vegetais organicos,
sugerindo a contaminacdo fecal. Os principais pontos associados a essa contaminacdo foram a
presenca de animais domésticos com acesso a area de cultivo, o uso de 4gua contaminada para
irrigacéo e os tipos de esgoto de destino.

. O estudo epidemiologico de campo foram fundamentais para identificar a causa
de um surto de toxoplasmose em Londrina, Parand. A via provavel de transmissdo foi o

consume de vegetais crus em restaurante de uma instituicdo de pesquisa.
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1 APENDICE A

s g » 1) Data da colheita das amostras;
O i

Data: / /

2) Identificaciio:
Municipio: Codigo da Propriedade:

Entrevistado: Fungdo do entrevistado na horts

Telefone para contato; ()

Horta ' Comunitiria Particular : Area em metros

3) Tipo de Cultivo:
Orginica  convencional | em transicdo

4) Hortaligas Cultivadas:
Alface Cresps — Alface americana Escarols | Almeirdo Cebolinha T Salsinha TAcelga

5) Tipo de Adubagiio:
5.1) . Quimico _ organico ~ Mista

5.2) Base do adubo:
esterco bovino, ovino ou capring | esterco suino esterco deaves  Cama de frango | Restos de alimentos
Outros

5.3) 1 Comercial Produgio Propria
5.3.1) Se produgiio propria:
Compostagem  Esterco fresco Esterco Curtido

5.3.1.1) S¢ o Esterco ¢ curtido. qual o tempo de curtimento?
Até 90 dias  mais de 90 dias

5.4) Frequéncia de adubagio:
I més—6meses O meses — | ano | mais de | ano

6) Ha suplementagio mineral do solo regularmente?  Nio Sim - Qual?

7) Utiliza defensivos agricolas?
Nio  Sim  Quais?

7.1) Se ndo, qual a forma de controle de parasitas?

8) Presenca de animais na propriedade:
" Bovinos, ovinos ou caprinos  © Equideos Suinos Aves Cio Gato ~ Outros
8.1) Algum dos animais tem acesso a horta? Sim Nio Qual?:

9) Espécies silvestres ¢em vida livre na propriedade:
Nio tem Cervideos | Capivaras marsupiais (gamba) Ratos Pombos Outras

10) Tipo de Irrigagio
Manual Tecenificada

10.1) Se teenificada:
Aspersdo | Gotejamento

10.2) Fonte da dgua usada na irmgagiio:
Sistema de Tratamento  © Mina Pogo artesiano ' Rio Outras

72



11) Lavagem das hortaligas:
Agua corrente  Tanque de enxague — ndo ¢ lavado | outros
Se tanque do enxgue, qual o tempo de permanéneia da dgua?

12) Banheiro mais proximo da horta:

12,1} Com vaso sanitdrio | Sem vaso sanitdrio

12.2) Com tomeira Sem tomein

12,3) ' Dentro da casa’ edificagio Fora da casa / edificagio

12.4) Distinein aproximada da horta:

[0~ 20 metros 20 - S0 metros 150 - 100 metros Acima de 100 metros

13) Destino do esgoto:
Fossa séptica Fossa seca | Outros

14) Direcionamento final da produghio:
Consumo proprio Venda Distribui¢iio para o comunidade
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APENDICE B

Questionario Epidemioldgico referente ao ARTIGO D

FICHA DE INVESTIGACAO EPIDEMIOLOGICA PARA TOXOPLASMOSE -

N° da amostra Datadacoleta [/ [

1. IDENTIFICACAO

Nome: Data de nascimento
I Sexo:OM O F . Se mulher: esta gravida? O sim O ndo

De quantos meses?
Estado Civil: O solteiro [ casado Cloutro
Naturalidade Nacionalidade
Endereco residencial:
Telefone: / Municipio: UF:
Local da residéncia: O zonarural O zonaurbana => [OCasa OApto

Grau de instrucdo: O 1° grau incompleto [0 1° grau completo [ 2° grau incompleto
O 2° grau completo O superior incompleto O superior completo
2. ATIVIDADE DESENVOLVIDA
local de trabalho: funcdo:
Tempo de atividade: anos  periodo: O diurno O noturno
3. HISTORICO DO PACIENTE
Participou de alguma festa nos ultimos 15 a 20 dias? O sim O ndo
Tipo de festa?
Apresentou algum sintoma nos ultimos dois meses? O sim O ndo
Data do inicio dos sintomas?
Quais os sintomas?
Tomou algum tipo de medicamento? OO sim O ndo Qual?
Apresentou algum problema de visdo nos Gltimos dois meses? O sim O ndo
Qual?
Fez exame de Fundo de Olho nos altimos dois meses? O sim [ néo
Qual resultado:
4. HABITOS
Toma leite cru: O sim [ ndo fregiiéncia semanal:
origem do leite: O vaca O cabra
Ingere queijo fresco sem inspecdo: O sim O ndo freqiiéncia semanal:
origem do queijo: O vaca O cabra

Come carne: O sim O néo
3.1 Come carne crua ou mal passada? O sim [ nédo
3.2 Qual? O carppaccio O kibe cru O bife tartaro O linguiga frescal
O carne mal passada O churrasco mal passado O outro
3.3 Qual tipo de carne crua ou mal passada? O suino O ovino O caprino O bovino [ outros
Come hortaligas ou frutas cruas: O sim [ ndo

4.1 Quantas vezes come salada crua na semana?

Agua de consumo em casa: O rede publica [ Outros. Qual?
Possui cdo? O sim O néo
Possui gatos? O sim O ndo
Se tem gatos tem com menos de um ano de idade? O sim [ ndo
8.1 Gatos séo alimentados com carne crua: O sim O néo
Se sim, qual a freqliéncia: (por semana) tipo de carne:
8.2 Gatos tém contato com: O terra [ areia
8.3 Gatos cacam? O sim [ ndo
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Presenca de ratos: 00 domicilio O quintal O instalagdes dos animais [ ndo

9.1 Previne roedores? O sim O ndo [Oratoeiras [Oiscas O raticidas [ outros

Mexe com terra ou areia? O sim O ndo

Qual a procedéncia do seu alimento no trabalho: O come no refeitério O traz de casa O compra

marmitex O outro
Se come no refeitdrio assinale os alimentos que costuma ingerir: O saladas cruas
passada [ carne bem passada [ legumes cozidos

Ingere &gua da instituicdo: O sim O nédo

Vocé fez 0 exame para toxoplasmose? [ sim [ ndo

14.1 Qual o resultado?

O carne mal

14.2 Fez tratamento? O sim O ndo Qual ?
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