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ARTICLE INFO ABSTRACT
Keywords: Foodborne diseases now represent one of the most important public health problems. The ob-
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the factors that increase the risk of parasitic contamination in the productive units in La Plata
horticultural area. The study included 261 leafy vegetable and 87 crop soil samples that were
processed using washing, sedimentation, and flotation techniques. Socio-environmental charac-
teristics and agricultural practices were surveyed, and a generalized linear model was used to
assess the change in parasitic prevalence with different predictor variable. The 58.6% of leafy
vegetable and 31.0% of crop soil samples contained parasitic species, the most prevalent being
Blastocystis sp. and oocysts of Cryptosporidium spp. Risk factors were the limited access to health,
dirt roads, children and dogs circulating in crops, field cultivation, furrow irrigation and lettuce
cultivation. The high prevalence of intestinal parasites in the vegetable crops was mainly asso-
ciated with the conditions of structural precariousness in the production units. These results
elaborated with the participation of the population, provide valuable knowledge for the planning
of epidemiological programs that include environmental health as a fundamental nexus in health
campaigns.

1. Introduction

Foodborne diseases are the leading cause of diarrheal diseases and over 125,000 million people die every year, mostly children
(WHO, 2015); they are a major factor in reducing economic productivity in agro-livestock regions, especially for the family farming
because they affect the safety of food products (FAO/WHO, 2016; Gilardi et al., 2018). The risks of intestinal parasite contamination
are determined by the infecting stages of different parasitic species (i.e. hookworms) that survive in the environment for prolonged
periods of time, even under adverse conditions for their development (Sedionoto et al., 2021). The distribution of intestinal parasites
depends on geographic and socio-environmental factors, therefore climatic variables and soil characteristics determine the viability of
parasitic forms (Camacho-Alvarez et al., 2021).

Global warming, with extreme fluctuations in temperature and changes in precipitation intensity and frequency, has increased
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geohelminthiases and the dissemination of waterborne parasitic protozoa (Ceraso et al., 2018; Kaabache and Badaoui, 2022). Also, the
sanitary infrastructure, and the cultural and hygienic-food habits in rural regions promote the emergence and transmission of parasites
(Ruiz-Taborda et al., 2018). Cryptosporidium spp., Entamoeba histolytica and Ascaris lumbricoides are the main parasites transmitted by
fresh vegetables globally (FAO/WHO, 2014). In Latin America, studies on fruit and vegetables in markets in Colombia, Venezuela, Peru
and Brazil found species such as Cryptosporidium spp., Giardia spp., Blastocystis sp., Entamoeba coli, A. lumbricoides and hookworms
(Benites-salcedo et al., 2019; Devera et al., 2021; de Farias et al., 2021; Devera et al., 2006; Guerrero, 2015). In addition, Toxoplasma
gondii, Cystoisospora spp., Balantidium coli and A. lumbricoides, species of sanitary risk, have also been detected in crops in these regions
(Lopez Urena et al., 2022; Puig-Pena et al., 2013; Rodriguez et al., 2015). Food crop application of Good Agricultural Practices (GAP)
and integrating the integration of community needs into local health care management are key aspects to limit the spread of regional
zoonose (FAO/WHO, 2016; Casallas-Murillo, 2017; Falcone, 2021).

Family farming is a strategic and sustainable sector for hunger eradication in Latin America, the Caribbean and the world (Devera
et al., 2021). In Argentina, it produces >80% of the food supply protected by law 27,118 on the historical reparations of family
farming. In this context, La Plata horticultural area (Buenos Aires province) has grown significantly in “leafy vegetable” production
(SENASA, 2020; Shoaie Baker and Garcia, 2021). These agriculture was characterized by the figure of “medieria” (Law 13,246), an
agricultural partnership contract in which the landowner contributes a rural farm to agricultural families who settle on the farm under
precarious working and living conditions. The relationship between human and environmental health suggests the need for an in-
tegrated approach that supports food safety in vegetable production (Eandi et al., 2021; FAO/OIE/WHO, 2009).

In Argentina surveillance systems of foodborne and waterborne diseases have focused on the detection of bacteria and viruses and
there are few controls for identifying parasitic species, a situation that requires special attention due to the increased globalization of
trade in fresh products (Rivero et al., 2020). An analysis carried out on migrant horticultural families settled in the rural area of La
Plata, south of Buenos Aires city (Argentina), showed a parasitic prevalence of 79.1% and these populations were exposed to risk
factors of parasitic infection such as lack of piped water, and critical overcrowding (Falcone et al., 2020). Our study is based on the
hypothesis that horticultural practices carried out under inadequate sanitary conditions increases the risk of parasitic contamination.
The objectives were to analyze the leafy vegetables and crop soil to detect parasitic species and evaluate the factors that increase the
risk of parasitic contamination in the productive units.

2. Materials and methods
2.1. Study area and population

La Plata horticultural area (34°56'S, 58°02'W) is located in a rural area south of Buenos Aires (Buenos Aires province, Argentina).
The climate is temperate with an average temperature of 16 °C, 77% annual relative humidity and 1040 mm annual average rainfall
(Imbellone and Mormeneo, 2011). The predominant soil type is argiudoll, silty-loam in texture with abundant organic matter making it
optimal for vegetable cultivation (Hurtado et al., 2006). The production is carried out in greenhouses in areas between 2 and 15 ha
using few high-yielding, high-input chemically-dependent varieties. La Plata horticultural area is located within the region surveyed
with unmet basic needs (INDEC, 2010). The fieldwork was carried out in Abasto, Melchor Romero, Angel Etcheverry, and El Peligro
neighborhoods in the southwest of La Plata horticultural area (Fig. 1), which has the highest production. The region is inhabited by
families who emigrated from the north of the country or from neighboring countries, mostly from Bolivia, who worked the land with

(B)

Fig. 1. Geographical location of Argentina in South America and Buenos Aires province in Argentina (A). The La Plata horticultural area in Buenos
Aires province (B). District of the La Plata horticultural area sampling site (C). LP: La Plata city; 1: Abasto (sampling site 1), 2: Melchor Romero
(sampling site 2), 3: Angel Etcheverry (sampling site 3), 4: El Peligro (sampling site 4).
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peasant farming practices and currently carry out peri-urban-rural agriculture with greenhouse technology.

2.2. Study design

A cross-sectional and descriptive study was conducted consecutively in March-June and August-November in 2017-2020. The
sample selection was non-probabilistic and largely determined by voluntary participation of horticultural families who gave written
consent in parasitological workshops at educational and public health centers, and also in greenhouses. The collection of leafy veg-
etables and soil samples was undertaken randomly in greenhouses of families in which the presence of at least one intestinal parasite
had been observed in a previous study (Falcone et al., 2020).

2.3. Sample collection

The study was carried out in four productive sites (Fig. 1), and included 261 leafy vegetable and 87 crop soil samples collected in
greenhouses in a 7 x 10 m zigzag transect (Aratijo e Silva Ferraz et al., 2016; FAO, 2013). Four to seven plants (approx. 800 g) of chard
(54/261), spinach (24/261), lettuce (168/261), chicory (9/261) and arugula (6/261) were collected. These samples were taken along
transect at equidistant points 2 m apart, depending on availability (plant size and type) at sampling time. Also, 20 crop soil subsamples
(400 g) were taken with a soil sampler (up to 5 cm in depth) along transect at equidistant points 1 m apart. Each sample was placed in a
plastic bag and labeled, separating the leaves from the roots, and incorporating the soil from the roots with the soil samples (Mehrnejat
et al., 2018; Melin-Coloma et al., 2016), and then they were transported in a cold box for immediate analysis.

2.4. Parasitological analysis

To increase the possibilities of parasite detection in environmental samples, a bibliographic analysis on parasite recovery tech-
niques in leafy vegetables was undertaken.

The vegetable leaves were weighed, divided into three parts (approx. 200 g c/u) and three washing techniques were performed:
technique #1 (Devera et al., 2006); technique #2 (Pérez-Cordon et al., 2008) and technique #3 (Cazorla et al., 2009). According to the
procedure of the technique #1, the vegetable leaves were divided into two subsamples (A and B). The A subsamples were placed in a
plastic bag with distilled water and were agitated manually for 30 s. The B subsamples were washed manually in a beaker with distilled
water. In the technique #2, the vegetable leaves were washed with saline solution in an orbital shaker (Model T5-1.000) in agitation
for 2 h. In the technique #3 the leaves were cleaned with a brush (No. 16-18) for 2 min in distilled water.

Each resulting liquid was filtered separately through double gauze. In the technique #1, the filtrate was concentrated by centri-
fugation at 514gravity (g), while in the technique #2 it was left to settle for 24 h. In the technique #3 the resulting filtrate was allowed
to decant for 24 h and centrifuged at 289 g for 5 min. The sediments were concentrated using the modified Ritchie and Sheather
coproparasitological techniques (Girard de Kaminsky, 2014; WHO, 2019).

In addition, the crop soil and the soil recovered from the roots were left to dry in the open air and two techniques were performed:
technique #1 (Shurtleff and Averre, 2000) and technique #2 (Gnani Charitha et al., 2013). The crop soil and soil from the roots were
left in the open air. In the technique #1 the soil was homogenized in distilled water. The supernatant was filtered with a pore diameter
of 130 pm (A solution), and then with a 55 pm pore diameter (B solution). The A and B solutions were centrifuged for 10 min at 514g.
The B solution concentrate was poured onto a filter of 25 pm pore diameter, which was taken from the filter surface (C solution) and
centrifuged for 5 min at 289g. In the technique #2, the soil was added to Tween 80 0.1% solution and was manually agitated for two
minutes. The solution was filtered with a filter of 1 mm pore diameter. Next, two series of washes with distilled water were performed
and it was concentrated with sodium nitrate (3: 1.4 g/ml).

Observations were made in triplicate with an optical microscope at 100x, 400x and 1000x magnifications. The modified Ziehl-
Neelsen technique and non-permanent stains were used. Identification of the parasitic elements (eggs/larvae/cysts/oocysts) was based
on their measurements and morphological characteristics (Girard de Kaminsky, 2014; WHO, 2019; Unzaga and Zonta, 2018).

2.5. Socio-environmental characteristics and agricultural practice analyses

Semi-structured, non-invasive questionnaires were developed to infer the degree of intestinal parasite risk to which the productive
units were exposed. The surveys were developed using bibliographic information on living conditions and production in families living
in rural areas and taking into account the characteristics of sanitary infrastructure observed in this region (FAO/WHO, 2016; Falcone
etal., 2020; INDEC, 2010; Cursi and Sartor, 2016). Information observed in situ was also incorporated into the survey (e.g. nearness of
crop to houses, drainage ditches, and animal production) [Eq. (A.1)]. The questionnaires were conducted by interviewing with pro-
ducer families, which included questions about access to health and education, hygiene habits and domestic animals, as well as
agricultural practices and other environmental characteristics of interest.

Workshops with farming families and collaborative mapping (Ortiz and Borjas, 2008) were conducted to understand crop man-
agement practices before, during and after production, and study the social determinants of local health related to vegetable pro-
duction. Subsequently, information leaflets were produced with the community on achievable hygienic practices to mitigate parasitic
contamination of crops. Several workshops were carried concerning the treatment to improve drinking water as well as the washing
and hygiene of vegetables before fresh consumption according to the accesses of each participating family [Eq. (B.1)].
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2.6. Statistical analyses

A sample was considered positive when any parasite species was observed by any methods. The association between species pairs
was evaluated using the Chi square test (y2) and Fisher's exact test was performed for expected values lower than five. To identify those
variables related to parasite prevalence, we performed two analyses in subsequent steps: (1) a multiple correspondence analysis (MCA)
to explore the association between the variables measured (SI) and identify a potential set of predictors of prevalence, and (2)
generalized linear models (GLMs) of prevalence as a function of those variables selected in step (1). Multiple correspondence analysis is
a multivariate technique for visualizing datasets of categorical variables. Like other multivariate methods, MCA is an exploratory
dimension-reduction technique that aims to reduce the dimensionality of a dataset, while preserving as much information as possible
(Palacio et al., 2020). To select those variables related to the prevalence to be used as predictors in the GLM, individual ANOVAs with
one factor was carried out for each dimension (function dimdesc from the R package FactoMineR,; i.e., the coordinates of the obser-
vations are explained by the categorical variable (Husson et al., 2011). Those factors that significantly (p < 0.05) related to a dimension
for which prevalence also related to, were considered as potential predictors of prevalence (number of people parasitized / number of
people in the family).

We then performed model selection based on the Akaike's Information Criterion corrected for small sample sizes (AICc), which
combines the level of data support with the complexity of the model measured in parameter quantity (Anderson and Burnham, 2020).
To this end, we developed a theoretically meaningful a priori set of GLMs by combining hypotheses that explain prevalence (binomial
error distribution, logit link function). A total of 33 models were used as competing models, including a null model with no covariates.
Models with less than two units of differences in their AICc values were considered likely explicative. We computed Akaike weights,
which describe the probability that a particular model is the best model given the candidate set of models (Burnham et al., 2011). To
assess the importance of predictors while limiting uncertainty from model selection, we used a model averaging approach (Anderson
and Burnham, 2020). A full-model averaging approach was used, in which parameters that were not included in a model were set to
zero and included when averaging the coefficient estimates (Grueber et al., 2011). The relative importance of each predictor was
computed as the sum of Akaike weights over all models that contain the term (Anderson and Burnham, 2020). All statistical analyses
were processed using R software (version 4.0.2) (Team Core, RA, 2020), using the packages FactoMineR (Barton, 2020) and MuMIn (Le
et al., 2008).

2.7. Ethics approval and consent to participate

The study was carried out without affecting the participants' physical, psychic, or moral integrity and, protecting their identity.
Informed consent was obtained from the participants and the study complied with all regulations. It was conducted according to the
principles in the Universal Declaration of Human Rights (1948), the ethical standards established by the Niiremberg Code (1947), the
Declaration of Helsinki (1964) and its successive amendments. The Working Protocol of the research group was endorsed by the
Central Consultative Committee of Bioethics of Universidad Nacional de La Plata (Exp. No. 100-20,120/18) and approved by the
institutional committee for the review of research protocols (PIO CONICET-UNLP). All participants signed the informed consent form
before participating in the study and horticultural families have given written consent for the publication of the analyzed data in this
research.

All families received their environmental parasitological results in written certificates. Also, workshops were held in the green-
houses to develop effective preventive strategies based on the species found and the living conditions of each family.

Table 1
Prevalence (%) of parasite species detected in vegetable and soil samples in La Plata horticultural area.
Microorganism Vegetables Crop soil
N = 261 (Prevalence, %)* N = 87 (Prevalence, %)®
Protozoa
Cryptosporidium spp. 60 (39.1) 0 (0.0)
Giardia spp. 6 (3.9) 2(5.7)
Entamoeba coli 15 (9.8) 5(6.8)
Endolimax nana 9(5.8) 3(3.4)
Blastocystis sp. 63 (41.1) 21 (17.2)
Helminths
Oxyuridae 6 (3.9) 0 (0.0)
Ascaris lumbricoides 9(5.8) 3(@1.1)
Hookworms 12 (7.8) 4 (5.6)
Samples parasitized 153 (58.6) 27 (31.0)

abprevalence estimated in relation to total number analyzed in the greenhouses (n = 87).
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3. Results
3.1. Parasitological analysis

3.1.1. Vegetable samples

Of the total leafy vegetable samples analyzed, 58.6% (153/261) showed parasitic contamination. All five vegetables were
contaminated by parasite species, and 64.7% (N = 99) of the positive samples were from lettuce, followed by chard (25.5%), spinach
(3.9%), chicory (5.8%) and arugula (3.9%). Lettuce was the predominant crop in the greenhouses of farming families. The most
prevalent species were Blastocystis sp. and oocysts of Cryptosporidium spp., detected by all three techniques. Other protozoa detected
were E. coli, Endolimax nana and Giardia spp. Also, A. lumbricoides, hookworms, and eggs of Oxyuridae were found (Table 1).

Statistically significant association were observed between Blastocystis sp./Cryptosporidium spp., Cryptosporidium spp./hookworms
and Blastocystis sp./ A. lumbricoides (p < 0,05).

3.2. Crop soil samples

At least one parasite species was found in 31.0% (27/87) of crop soil samples, the most frequent being Blastocystis sp. (17.2%).
E. coli, Giardia spp., E. nana and geohelminths such as hookworms, and also A. lumbricoides were detected (Table 1). Other free-living
nematodes, such as Diploscapter coronata, were found. Statistically significant associations were not observed between species.

3.3. Socio-environmental characteristics and agricultural practices analyses

The questionnaire results (87) showed that half of the horticulturists, 74.7% Bolivians and 25.3% Argentinians had received prior
information about intestinal parasites (49.4%), in general they had access to health (85.1%). Most families did not own the domestic-
production units (88.5%) and a percentage of the profits was part of the rental contract. Other factors of interest were that most
horticultural families had their houses and septic tanks (wastewater disposal) <20 m from the crops (67.8% and 69.0%, respectively),
and 33.3% of the families kept animals, such as chickens (29.9%) and pigs (4.6%), for family consumption (26.4%) which were housed
<20 m from the crops. All the families had dogs; the children and dogs frequently circulated in the crops (88.5% and 82.8%,
respectively). They incinerated their planting waste (74.0%) and their production units were frequently flooded (81.6%) (Table 2).

All horticulturists harvested in greenhouses, and more than half also did field cultivation. One third of the families hired third
parties for crop cultivation and mainly lettuce was grown (64.7%). Most horticulturists reported hand washing before and after

Table 2
Socio-environmental characteristics of interest in the production of leafy vegetables.a
Variables Frequency
n %

Horticulturist
Bolivian 65 74.7
Argentine 22 25.3
Access to health 74 85.1
Knowledge of the problems prior to intervention 43 49.4

Lodging or house tenure status
House owner 10 11.5
Lease holder 77 88.5
Housing with walls of fired-brick masonry 20 23.0
Housing with walls of sheet and wood 67 77.0
Housing with floors of concrete or other 82 94.3
Housing with dirt floors 5 5.7
Paved road 19 21.8
Dirt road 68 78.2

Environmental surroundings of the production unit
Outside tap for water supply 75 86.2
Bathroom installation outside the house 69 79.3
Bathroom with discharge 2 2.3
Flooding of the greenhouses 71 81.6
Incineration or burial of waste 30 74.0
Nearness of crop to house <20 m 59 67.8
Nearness of crop to septic tank <20 60 69.0
Nearness of crop to drainage ditches <20 60 69.0
Nearness of crop to animal production <20 29 33.3
Animal production 23 26.4
Chickens 26 29.9
Pigs 4 4.6
Circulation of dogs in the greenhouses 72 82.8

@ Frequency was estimated in relation to the total population with horticulture practice data (n = 87).
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growing vegetables (77.0%) and disinfected the soil before cultivation (75.9%). The chicken litter (80.4%) was the most frequently
used fertilizer. The irrigation water came from protected wells, and in greenhouse crops families using drip (98.9%), while in the field
they used furrow (57%) irrigation. At the post-harvest stage, most horticulturists stored their production (81.6%) and soaked leafy
vegetables with non-chlorinated water (89.6%) (Table 3).

3.4. Statistical analyses

Based on the cumulative percentage criterion, 16 dimensions of the MCA were retained (71.5% of accumulated variability) to
identify potential predictors to be included into the GLM candidate models (see below). A total of 16 variables were related to these
dimensions for which prevalence also related to with the three first. The variables were sampling site, dirt roads, house building
material (wall and floor), incineration or non-sanitary burial, septic tanks, flooding of greenhouses, distance of house and drainage
ditch from the crop <20 m, limited access to health, prior knowledge on intestinal parasites, dog circulation in crops, soil disinfection,
lettuce field cultivation, irrigation water from protected wells, guano fertilizer, storage of production, and non-chlorinated water for
soaking leafy vegetables. To strengthen the study with the One Health paradigm, the variables of irrigation water type and child
circulation through crops were considered.

The best GLM indicated that the risk factors for parasites in the soil and vegetable samples were the lack of access to health, dirt
roads, children and dogs circulating in crops, field cultivation, furrow irrigation and lettuce cultivation. The odds ratio was reduced by
40% with access to health (OR = 0.6; 95% IC: 0.30-1.08) and by 10% for crops other than lettuce (OR = 0.9; 95% IC: 0.59-1.41).
However, it was incremented by 10% in field cultivation and furrow irrigation (OR = 1.1; 95% IC: 0.74-1.75; OR = 1.3; 95% IC:
0.86-2.04, respectively) and also in dirt roads, and dogs and children in crops (OR = 1.1; 95% IC: 0.69-1.93; OR = 1.0; 95% IC:
0.60-1.71; OR = 1.1; 95% IC: 0.60-2.22, respectively) (Table 4).

In the multivariate GLM, the variables significantly associated with the species composition found were limited access to health, no
prior information on intestinal parasites, dirt roads, lettuce crops, chicken litter fertilizer, production storage, incineration or burial of
waste, and drainage ditches <20 m from crops. In the univariate analyses, Cryptosporidium spp. were significantly associated with basic
education, E. coli with dirt roads and Blastocystis sp. with limited access to health and no prior information on intestinal parasites (p <
0.05).

4. Discussion

In Argentina, studies on agricultural production are scarce and analysis in leafy vegetable production units is of utmost importance
for understanding parasitic transmission and the level of food contamination. This study provides knowledge on the quality of leafy
vegetables and soil in the southwest of La Plata horticultural area, a highly competitive area at national and regional level. In addition,
the present study provides community interventions that, in addition to providing knowledge for the control of parasitic infections in

Table 3
Variables of horticultural practices in horticultural populations.a
Variables Frecuency
n %

The family cultivate the soil 61 70.3
Third parties hired for cultivating the soil 26 29.7
Circulation of children in the greenhouses 77 88.5
Wearing gloves (fruits) 45 51.7
Washing hands before and after work 67 77.0
Greenhouse cultivation 87 100
Field cultivation 54 62.1
Lettuce crop 99 64.7
Other crops 54 35.3
Disinfection of the soil 66 75.9
Disinfection with methyl bromide (Ch3Br) 60 69.0
Disinfection by other methods 7 0.8
Irrigation water from tanks 1 1.1
Irrigation water from protected wells 87 100
Furrow irrigation system 50 57.5
Drip irrigation system 86 98.9
Fertilized with chicken litter 70 80.4
Fertilized with guano 12 13.7
Fertilized with manure 20 23.0
Other fertilizers 3 3.4
Production storage 71 81.6
Soaking leafy vegetables 81 93.0
Soaking leafy vegetables with water 78 89.6
Soaking leafy vegetables with chlorinated water 3 3.4

@ Frequency was estimated to the total population with horticulture practice data (n = 87).
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Table 4

Risk factors associated with parasites in vegetable and soil samples in La Plata horticultural area®.
Risk factors B SE OR
Limited access to health -0,6 0,3 0,6
Children circulating through the crop 0,1 0,3 1,1
Dogs circulating through the crop 0,0 0,3 1,0
Dirt roads 0,1 0,3 1,1
Furrow irrigation 0,3 0,2 1,3
Field cultivation 0,1 0,2 1,1
Lettuce crop -0,1 0,2 0,9

B (beta): regression coefficient; SE: standard error; OR: odds ratio. *Other models were considered but only the ones selected are
shown.

the leafy vegetable production chain, involve the community in the construction of local health by strengthening action plans for
regional food security.

Parasitic contamination detected in leafy vegetables was high (58.6%) being double that in the soil (31.0%): the same species were
identified, except that eggs of Oxyuridae and oocysts of Cryptosporidium spp. were only observed in the leafy vegetable samples. Studies
carried out on vegetables in Argentine production units showed a prevalence between 23.8% and 47.7%, the lowest being in the
northeast of La Plata horticultural area (Costamagna et al., 2002; Rea et al., 2004; Zonta et al., 2016). Studies on crops in Cuba and
Brazil also showed a wide range in prevalence (6.0%-55.5%) (Puig-Pena et al., 2013; Ferreira-Pires et al., 2019). In those studies, the
irrigation sources used for cultivation were exposed to parasitic contamination due to anthropogenic activities around the productive
environments, and the prevalence observed could be related to the different forms of settlements of the populations analyzed.
Moreover, a study carried out in Bolivia emphasized the implications that the vegetable leaf characteristics had on the presence of
pathogenic microorganisms (Rodriguez et al., 2015). Most leafy vegetables have overlapping, flexible leaves that could contain irri-
gation water for longer than the soil and so protect the parasitic species detected.

In the present study, Blastocystis sp. was the most frequent species in the leafy vegetable samples and crop soil (41.1% vs. 17.2%,
respectively). A high prevalence of oocysts of Cryptosporidium spp. was also observed in leafy vegetables, and similar percentages of
these genres have been detected in countries from different regions, such as Bolivia and Syria (Ferreira-Pires et al., 2019; Al and
Aboualchamat, 2020). Cryptosporidium spp., Giardia spp. and Blastocystis sp. are the most frequently detected species in agricultural
production. Cryptosporidium spp. and Giardia spp. have been reported together in epidemiological outbreaks caused by water and food
contamination due to their low infective dose and high resistance to chlorine (Hernandez-Gallo et al., 2018). However, in the present
study Giardia spp. was detected at a low frequency, with similar values in the soil and vegetable samples within the range reported for
the region (Rivero et al., 2020; Juarez and Rajal, 2013). The high presence of Blastocystis sp. and Cryptosporidium spp. in leafy veg-
etables could be mainly due to the exposure of manure (chicken litter), and circulation dogs. Also, species such as E. coli were found at a
low frequency in both soil and vegetable samples. E. coli were identified in vegetables in Bolivian and Venezuelan markets, whereas
Giardia spp. and Cryptosporidium parvum were observed in Peru, but not all the species detected in this study were found (Benites-
salcedo et al., 2019; Devera et al., 2021; Rodriguez et al., 2015). It is also important to highlight that in the coproparasitological
analyses carried out on the families living and working in these productive units, Blastocystis sp., Giardia spp. and E. coli were the most
prevalent species (58.9%, 24.0% and 26.3%, respectively) (Falcone et al., 2020). Therefore, the high frequency of protozoa found in
greenhouses could mainly be related to the use of groundwater for irrigation contaminated with fecal matter, as most families had
septic tanks near the crops and frequent flooding overwhelmed the drainage ditches (Ceraso et al., 2018).

Species, such as hookworms and A. lumbricoides were detected in low frequencies in the production units. Geohelmints are endemic
to the north of Argentina being resistant to extreme heat and desiccation (Rivero et al., 2017). Moreover, La Plata horticultural area
show alterations in soil infiltration and chemical composition due to the impact of production with greenhouse technology (Shoaie
Baker and Garcia, 2021). However, it was observed that organic fertilizer are located near the greenhouses, which were frequently left
open, being exposed to potential vectors, such as rodents, dogs and cats. In relation to this, Ancylostoma caninum species and hook-
worms were identified in the pet dogs of these families, as well as in other studies on parasitosis in dogs in rural regions (Falcone et al.,
2020; Enriquez et al., 2019; Hawdon and Wise, 2021). Therefore, the presence of geohelminths may be due the presence of dogs in
crops, favoring parasitic dispersal.

Eggs of Oxyuridae have been detected at low frequency in both the soil and leafy vegetables, and it was also observed in another
productive region of Argentina (Team Core, RA, 2020). This can be explained by the closeness of the domestic and productive units and
values of prevalence of Enterobius vermicularis (26.0%) detected in the families analyzed in this region (Falcone et al., 2020). However,
the possibility that these were Oxyuridae nematode eggs present in rodents was not excluded (Mino et al., 2012). Molecular studies are
required for the correct identification of this species. On the other hand, it is worth mentioning that D. coronata was found in the crop
soil and Salas et al. (2017) related its presence to hygiene practices during harvesting.

The GLMs determined that the risk of intestinal parasites was reduced considerably when horticultural families had access to
health. Additionally, lack of previous information on intestinal parasites was significantly associated with the species composition
found, particularly with the most prevalent species in this analysis (Blastocystis sp.). The health education and hygiene of the producers
are among the most relevant issues for food safety during production (FAO, 2013; FAO, 2014). A study conducted by Zuta Arriola et al.
(2019) showed that educational talks on health promotion focused on these infections are the best way to adopt the necessary hygienic-
sanitary measures to reduce the prevalence and incidence of parasites and other pathogenic microorganisms.
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It was observed that the circulation of dogs in crops increased the risk of parasite species in the production units. In addition, it is
worth noting that incineration or burial of waste and drainage ditches near crops, were associated with the species detected. In this
context, children are more exposed to the transmission of intestinal parasites due to their close relationship with the environment. The
behavior of dogs and their relationship with children in a contaminated environment could probably explain the presence and
dispersal of parasites in the crops (FAO/OIE/WHO, 2009).

The risks of parasitic contamination increased with furrow irrigation and chicken litter fertilizer, and these variables were asso-
ciated with the species composition found. These results are consistent with other studies that indicate that untreated irrigation water
and inadequately processed organic fertilizers are the practices that most influence a reduction in the sanitary quality of vegetables
(Puig-Pena et al., 2013; Tenesaca et al., 2019). In this respect, deficiencies in septic tanks construction (i.e. casing, cementing) and
groundwater boreholes might cause contamination of the water extracted. In addition, it was reported in the surveys that floods were
frequent and that the surrounding road were dirt, a variable that was a risk factor for parasitoses. Lettuce cultivation and field
cultivation also increased the risks of parasitic contamination. In this sense, the relationship between these conditions (dirt road, field
cultivation) and the morphology and arrangement of lettuce leaves (Lactuca sativa), a typical species of the region, could explain the
superficial contamination observed (Chavez-Ruvalcaba et al., 2021).

On the other hand, it is important to highlight that the storage of produce was significantly associated with the species composition
detected. At this stage, the vegetables are often soaked in untreated water, and the produce is stored in open sheds exposing it to a
greater possibility of contamination from the circulation of people and animals. Several studies showed that the application of GAP
during harvest and postharvest is essential for limiting the transmission of geohelminths and species associated with water contam-
ination (Rivero et al., 2017; Salas et al., 2017). Therefore, these results show the importance of access to drinking water, sanitation and
hygiene (WASH), and interventions situated in the socio-cultural diversities to mitigate foodborne infections (Casallas-Murillo, 2017;
FAO/OIE/WHO, 2009; Ortiz and Borjas, 2008).

Unhealthy environmental conditions and lack of knowledge about the sources of parasitic infection in the horticultural families
were the determining factors of parasitic contamination in the leafy vegetable crops. Moreover, this scenario showed that groundwater
may become contaminated when horticultural families live in conditions of structural precariousness, and the impact these conditions
have on agricultural practices and food security. Further research is needed to identify the precise source of contamination, as well as
sanitary education campaigns on intestinal parasites. Therefore, these results, elaborated with the participation of the population,
provide valuable knowledge for the planning of epidemiological programs that include environmental health as a fundamental nexus
in health campaigns for the control of parasitic diseases in the food, in the pursuit of a concept of One Health that contributes to food
sovereignty.

4.1. Study limitations

The low frequencies of parasite species observed in vegetable and soil samples, the low number of samples obtained from chicory
and arugula, and the increase in rents caused families to frequently change production units did not allow for a broader scope of
analysis, as increase the sample size or performing other more specific detection techniques (PCR). Despite those limitations, the

parasitological results of this study revealed important information on environmental health in leafy vegetable crops in the southwest
of La Plata horticultural area.
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