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Abstract

Objective Occupational exposure to pesticides is a known risk for disrupting cellular immune response in flower workers
due to their use of multiple chemical products, poor work conditions, and inadequate protection. Recently, the analysis of
pesticide use patterns has emerged as an alternative to studying exposure to mixtures of these products. This study aimed to
evaluate the association between exposure to different patterns of pesticide use and the cytokine profile of flower workers in
the State of Mexico and Morelos, Mexico.

Methods A cross-sectional study was carried out on a population of 108 flower workers. Serum levels of IL-4, IL-5, IL-6,
IL-8, IL-10 cytokines were analyzed by means of multiplex analysis, and TNF-a and IFN-y using an ELISA test. Pesticide
use patterns were generated by principal components analysis.

Results The analysis revealed that certain patterns of pesticide use, combining insecticides and fungicides, were associated
with higher levels of pro-inflammatory cytokines, particularly IL-6 and IFN-y.

Conclusion These findings indicate that pesticides may possess immunotoxic properties, contributing to increased inflam-
matory response. However, further comprehensive epidemiological studies are needed to establish a causal relationship.
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Introduction

Flower production or floriculture is an activity that has
become important in different Latin American countries.
In Mexico, flowers are grown on a surface of 21,900 hec-
tares, generating 188 thousand permanent jobs, 50,000
temporary jobs, and approximately one million indirect
jobs. Most (90%) of flower production in Mexico is carried
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out in the State of Mexico and this is the only state with
exporting capability. The state of Morelos is also one of the
main producers of ornamental plants (Andrade-Galindo and
Castro-Domingo 2018; Rosales-Salinas et al. 2018; Ramirez
Hernandez and Avitia Rodriguez 2017; SADER 2019).
The use of pesticides in agriculture, including the produc-
tion of flowers and ornamental plants has increased consid-
erably since the last century (Damalas and Eleftherohorinos
2011; Schilmann et al. 2010). Most of the pesticides that
have been used in Mexico have been proven to be highly
hazardous, due to their serious or irreversible adverse effects
on human health and on the environment (Bejarano 2017,
Ramirez-Hernandez and Avitia Rodriguez 2017; Tielemans
et al. 2007; Kromhout and Heederik 2005). In the produc-
tion of flowers and ornamental plants, a great number of
pesticides are used, and occupational exposure is consider-
ably greater than that of the general population. Pesticides
may be absorbed by several pathways: orally, by inhalation
or dermally, during different work activities, such as mix-
ing, carrying, and application, which involve greater contact
with those products (Aguilar-Garduiio et al. 2017; Bejarano
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2017; Gangemi et al. 2016; Garcia-Garcia et al. 2016; Khan
et al. 2013). Also, the multiple chemical products that are
used, the high concentrations at which they are applied and
the work conditions involving high humidity and tempera-
ture, bad ventilation and scarce use of personal protection
equipment (PPE) increase the exposure of flower growers
to pesticides (Aguilar-Garduiio et al. 2017; Mostafalou and
Abdollahi 2017; Quevedo-Aguado and Bernaola-Alonso
2014; Ribeiro et al. 2012; Oliveira-Pasiani et al. 2012; Tiele-
mans et al. 2007; del Prado-Lu 2007; Palis et al. 2006).

Exposure to pesticides has been identified as a risk factor
for alterations of the immune system, through mechanisms
including direct immuno-toxicity, changes in signalling
of the cellular immune system generating oxidative stress
(carbamates, pyrethroids), mitochondrial dysfunction (neo-
nicotinoid), endoplasmic reticulum stress (pyrethroids,
dithiocarbamates), inhibition of esterases and autophagy
(organophosphates, organochlorines). Indirect immunotox-
icity takes place through endocrine disruption by altering
hypophysial (organophosphates, organochlorines), adrenal,
thyroid (pyrethroids, dithiocarbamates) and some sex hor-
mone signalling (carbamates, benzimidazoles, triazole), as
well as causing antigenicity by generating alergens through
the pesticide-protein link (Curl et al. 2020; Gangemi et al.
2016; Garcia-Garcia et al. 2016; Costa et al. 2015; Rajesh
et al. 2013). According to the “epithelial barrier hypoth-
esis”, these actions could be related to the disruption of the
integrity of the epithelial barriers as reviewed by Lima et al
(2022). The authors found that chronic exposure to environ-
mental contaminants such as pesticides can affect crucial
barrier tissues such as the epithelium of the skin, airways,
and intestine. This action of pesticides disrupting the epi-
thelial barrier induces increased permeability and leakage,
dysbiosis, and inflammation, with serious implications for
metabolism and homeostasis.

There is a delicate control in the balance of the immune
system. Particularly, cytokines are a group of proteins
that are produced by diverse cell types mainly acting as
regulators of the immune response (Zucchini-Pascal et al.
2009). These may be classified as pro-inflammatory or anti-
inflammatory. The measurement of cytokine levels offers
relevant information on the alteration of the cell immune
response and can be used as biomarkers for the evaluation of
immunotoxicity (Elsasser-Beile and von Kleist 1993; Costa
et al. 2013; Corsini and House 2018; Jacobsen-Pereira et al.
2020).

Prior in vivo and in vitro toxicological studies have
looked into the possible association between exposure
to specific pesticides and the cellular immune response
(Gargouri et al. 2020; Kumar et al. 2014; Massawe et al.
2017; Téllez-Banuelos et al. 2016). Epidemiological studies
on this topic (Costa et al. 2013; Fenga et al. 2014; Jacobsen-
Pereira et al. 2020) are scarce and most of them do not take
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into account workers’ exposure to mixtures of pesticides or
include limited information about the inclusion of poten-
tial confounders in their analyses, such as age, body mass
index (BMI), alcohol and tobacco consumption, and/or fac-
tors which determine occupational exposure (environmental
conditions in greenhouses and the use of personal protection
equipment).

Occupational exposure to pesticides does not occur in
isolation, instead, flower workers are exposed to a complex
combination of multiple chemicals. The analysis of mix-
tures is useful to summarize the set of pesticides applied in
flower growing, identifying those that can interact to lead to
certain health effects. The use of different mixtures may be
addressed using the analysis of pesticide use patterns (Schil-
man et al. 2010).

The objective of this study was to evaluate the association
between exposure to different pesticides, use patterns, and
the cytokine profile, in flower workers in the State of Mexico
and Morelos, controlling for potential confounders.

Materials and methods
Study design and population

The information used in this study comes from a cross-sec-
tional study including men that worked in flower farming
businesses in the state of Morelos and the State of Mexico.
The details of this study may be found elsewhere (Aguilar-
Garduiio et al. 2017).

The study population was formed by workers who were
selected from the records of 103 flower and/or ornamen-
tal plant cultivation businesses in the states of Morelos and
the State of Mexico. The study was carried out during the
rainy season in central Mexico (July—October) in the year
2004. Except for four medium-sized greenhouses, most of
them were small businesses with fewer than 10 workers.
Male workers between ages 15 and 55 were included, who
had at least 6 months of work in this trade. Workers with
chronic diseases were excluded from the study (diabetes
type 2, renal insufficiency, hepatic alterations, cancer, endo-
crine diseases, autoimmune diseases or allergies) or with a
diagnosis of infertility based on the data collected through
a questionnaire (this last one because one of the objectives
of the original project was to evaluate reproductive effects).
The 136 eligible flower workers received explanations on
the study’s objectives and those who agreed to participate
signed an informed consent form. The project was approved
by the Commission for Ethics in Research and was recorded
in the Research Commission (RC) with the number “322”
of the National Institute of Public Health of Mexico (INSP,
Spanish acronym).
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In the present analysis, 136 workers were included with
sufficient biological sample for cytokine profile/level analy-
sis along with other variables of interest.

Data collection instruments

The information was collected through two types of struc-
tured questionnaires:

(1) General questionnaire: this questionnaire was applied
to each one of the workers and provided information
on socio-demographic characteristics (age, marital sta-
tus, schooling level, and family income), alcohol and
tobacco consumption habits, medical history, exposures
at home (specific pesticides and other chemical prod-
ucts), and work characteristics (time working in flower
production —flowers or ornamental plants, type of work
performed in the business, place where activities are
carried out, use of personal protection equipment).

Alcohol consumption was estimated in grams con-
sumed per day (g/day) and was categorized as: No
alcohol consumption, consumption < 30 g/day, and
consumption >30 g/day. Tobacco consumption was
categorized as never has smoked, ex-smoker, and cur-
rent smoker.

(2) Questionnaire on pesticide use at the business: this
questionnaire was applied to those who were responsi-
ble for agrochemical purchases at each one of the par-
ticipating greenhouses (flower-growing businesses) and
information was collected on the specific pesticides that
were used (commercial names) during the rainy season
of 2004.

Also, anthropometric measurements were taken (weight
and height) by means of standardized procedures. The BMI
was calculated by dividing the weight in kg of the flower
workers by the square of their height in meters (kg/m?)
and categorized as normal (17.5-24.9 kg/m?), overweight
(25-29.9 kg/m?) and obese (> 30 kg/m?), according to WHO
criteria (WHO 2000).

The application of questionnaires, as well as anthropo-
metric measurements and the collection of biological sam-
ples were done the day after pesticide application at the flori-
culture business and were carried out by trained nurses who
did these procedures in a standardized manner.

Collection of biological samples and laboratory
procedures

The workers provided a blood sample in basal conditions, to
determine serum cytokine levels. These samples were taken
in vacutainer tubes with a red cap, without anti-coagulant.
Once collected, the blood samples were allowed to sit for

half an hour at room temperature so that a clot would form
and then immediately transferred in refrigerated conditions
to the Center for Research in Infectious Diseases (CISEI,
Spanish acronym) of the INSP in Mexico, where they were
centrifuged at 2500 rpm to separate the serum; this was then
divided into aliquots that were stored at —70 °C until they
were analyzed.

Serum concentrations of IL-4, IL-5, IL-6, IL-8, and IL-10
were determined using the Human cytokine/chemokine
Magnetic Bead panel kit, (HCYTMAG-60 K-PX29) (Mil-
lipore), according to the provider’s recommendations. Flu-
orescence was quantified and cytokine concentration was
calculated using the XPONENT software in the Luminex 200
TM equipment. Serum concentrations of IFN-y and TNF-«
were analyzed by the ELISA method, using the Quantikine
Human IFN- Immunoassay and Quantikine Human TNF-
Immunoassay (R&D Systems, Inc) kits, respectively. In
both cases, cytokine concentrations were reported in pg/
mL. Cytokines were categorized according to their median.

Evaluation of pesticide exposure

We used a principal component analysis (PCA) to obtain the
pesticide use patterns from the list of pesticides reported by
each of the included flower-growing farms. PCA is a multi-
variate statistical method used to reduce the dimensionality
of a data set in which there are many interrelated variables
while retaining as much as possible of the variation pre-
sent in the original data set. The dimensionality reduction is
achieved by transforming to a new set of principal compo-
nent variables which are uncorrelated, and which are ordered
so that the first few retain most of the variation present in
the original variables.

The criterion for selecting the number of retained princi-
pal components is that these have an eigenvalue greater than
1. We observed how much variability is explained by each
one of the components individually and jointly. Based on
this criterion and looking for an interpretation in the context
of the study, we identified six principal components explain-
ing more than 70% of the total variability of the observed
data. After the initial extraction, the principal components
were rotated to facilitate the interpretation (orthogonal rota-
tion). The determination of the variables that are grouped
within the principal component is based on the eigenvectors.
To perform comparisons among eigenvectors, these are nor-
malized, creating new component loading scores. A cut-off
point was established at 0.30.

The variables that tend to have strong relations do so
because they have elements in the eigenvector which tend
to be greater in absolute value than the others. To use the
results of the principal component analysis in subsequent
statistical analyses, we calculated the principal component
scores for each one of flower growing farms. These scores
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allow us to place the observations in the data set with respect
to the axes of the principal components. The principal com-
ponent scores as a continuous variable are difficult to inter-
pret, so we divided the obtained scores into tertiles. In this
way, for each one of the six components selected, a categori-
cal variable with three levels was obtained. The low level
indicates that the farm had not used the mixture, the medium
level shows that some of the pesticides in the use pattern
were applied, and the high level represents the use of the
mixture during the specific season.

Information on occupational exposure determinants
(work activity, use of personal protection equipment, and
workplace) was obtained from the questionnaire applied to
each flower worker. This questionnaire has proven to be use-
ful for other agricultural workers in Mexico. (Blanco-Muifioz
and Lacasafia 2011).

The “work activity” was classified according to the proba-
bility of contact with the applied pesticides. The low-contact
category included those workers with occasional or no con-
tact with pesticides (administrative work) and workers who
used organic production methods. Medium contact included
those workers who used pesticides during the work process
but who did not carry out any of the tasks included in the
following high contact category, which are mixing, applica-
tion, and filling of the application equipment.

The “correct use of personal protection equipment” (PPE)
was defined according to the possibility of reducing pesti-
cide exposure to an acceptable level (use of a face mask
with filter plus at least one of the following waterproof gar-
ments: overalls, pants, jacket or gloves), medium level of
acceptability (use of a face mask with filter or at least one of
the following waterproof garments: overall, pants, jacket or
gloves) and non-acceptable use which included those work-
ers who did not use a face mask with a filter, nor waterproof
overalls, pants, jacket nor gloves, independently of whether
they used or not another type of protective garment.

The “workplace” (WP), was classified as being outdoors,
a greenhouse or both, supposing that the highest exposure is
found in the greenhouse and the lowest exposure is outdoors.

Work activity, use of PPE and workplace are variables
that are related to each other, so to summarize the infor-
mation provided by them an exposure index was created,
assigning 1, 2 or 3 points to each category, with 1 corre-
sponding to the lowest exposure, 2 being for medium expo-
sure and 3 for the highest exposure. With respect to work-
place, workers who worked outdoors were assigned a value
of 1, outdoors and in the greenhouse (both) had a value of 2,
and those who worked only in the greenhouse were assigned
a value of 3. For the type of activity at work (TAW) a point
value of 1 was for the category with lowest contact, 2 for
the medium contact category, and 3 for the highest contact
category. Finally, for the use of PPE, a value of 1 was con-
sidered to be acceptable, 2 was medium acceptability and 3
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was for the unacceptable category. Later, points assigned to
each worker were added up and punctuations were obtained
within a range of 4-9, for which this index was classified as
moderate exposure to pesticides (4—6 points) or high expo-
sure to pesticides (>7 points). We omitted the low category
since all workers had more than 4 points.

Pesticide Exposure Index (PEI) = TAW + PPE + WP

Statistical analysis

The distribution of quantitative variables was tested
and according to normality or non-normality, they were
described through averages and standard deviations or
through medians and ranges, respectively. In the case of
cytokines, these were described through percentages,
medians, and ranges. Qualitative variables were described
through percentages.

To evaluate the association between each one of the pesti-
cide use patterns, categorized in tertiles, and the concentra-
tion of each cytokine, categorized as < or > median, multiple
logistic regression models were constructed, based on the
bivariate models and considering the lowest level of each
use pattern as the reference category (first tertile).

In the final models, confounders were considered such
as the age in years, federal state, BMI (normal, overweight
or obese), alcohol consumption (not consuming alcohol,
consumption < 30 g/day and consumption > 30 g/day) and
tobacco consumption (has never smoked, ex-smoker, cur-
rent smoker) and, occupational exposure being moderate or
high. These variables were selected according to a directed
acyclical graph, DAG) and based on prior studies on this
topic (Quandt et al. 2006; Mokarizadeh et al. 2015).

As a measure of association, in all models, the odds ratios
were estimated and their confidence intervals at 95% (OR CI
95%). The association was considered to be significant if p
value < 0.05. All statistical analyses were carried out with
R Studio 1.4.1103 and Stata version 15.

Results

General and occupational characteristics of flower
workers

The flower workers included in this study were mostly
from the State of Morelos (75%), the median age was
33.5 years old, and the median of education was 9 years;
51% of them were overweight or obese, 78% consumed
alcohol in different amounts and 80% smoked or had
smoked. 11% informed that they worked outdoors, 67% in
the greenhouse and the rest at both places. According to
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the activity they performed, 64.8% were included in the
high contact category; only 8% used acceptable personal
protection equipment. So 91% were highly exposed to pes-
ticides according to our exposure index (Table 1). The
average time spent on the job (seniority) was 12.6 years
in flower production work, with average work days of
6.2 h/day and working 6 days per week (data not shown

in tables).

Table 1 Characteristics of flower workers in Morelos and State of

Mexico
Characteristics Percentage or
median and range?
(n=108)
State
Morelos 75
State of Mexico 25
Age (years) 33.5 (15-55)
Education (years) 9 (1-19)
BMIP (kg/m?) 25.1 (15-45)
Normal 49.1
Overweight 37.0
Obesity 13.9
Cigars/day 0.9 (0-20)
Have never smoked 20.3
Ex-smoker 343
Currently smoker 45.4
Alcohol (gr/day) 7 (0-144)
Does not consume 21.3
<30 g/day 63.9
>30 g/day 14.8
Workplace
Open air 11.1
Greenhouse 66.7
Both 222
Type of activity
Low contact 3.7
Medium contact 31.5
High contact 64.8
PPE*
Unacceptable use 66.7
Moderately acceptable 25
Acceptable use 8.3
IEP! 761
Moderate pesticide exposure 9.3
High pesticide exposure 90.7

*Values represent median and range for continuous variables or per-
centages for categorical variables

"BMI: body mass index
°PPE: personal protective equipment

4IEP: pesticide exposure index

Pesticide use patterns and cytokine concentrations

Table 2 shows the result of the principal components analy-
sis, the pesticides that were grouped into each use pattern, as
well as the chemical family to which they belong.

We selected six principal components within which the
following pesticide use patterns (UP) were included: UP1
(Carbendazim, Biphentrine, Imidacloprid, Diazinon, Ipro-
dione, Methyl thiophanate, Permethrine, Triadimefon and
Oxamyl); UP2 (Methyl-Parathion, Methamidophos, and
Paraquat); UP3 (Propargite, Flufenoxuron, Zineb and Meta-
laxyl); UP4 (Abamectin, Mancozeb; Triforine and Glypho-
sate); UP5 (Terbufos, Benomyl, Methomyl, Omethoate, and
Carbofuran); and UP6 (Endosulfan, Chlorothalonil, and
Captan) (Table 2).

Table 3 shows the cytokine distribution according to
median and range. In general, the highest concentrations
were observed for proinflammatory cytokines (IFN-y and
TNF-a), whereas IL-6 was the cytokine that showed the low-
est concentrations.

Associations between pesticide use patterns
and cytokines

The results of the simple logistic regression analysis (Sup-
plementary Table 1) showed significant reductions as well
as increases in the possibilities of having cytokine levels that
are above the median, according to four (patterns 3, 4, 5,
and 6) of the six pesticide use patterns. Like this, compared
to low exposure, high exposure according to use pattern 4,
reduced the possibilities of having IL-10 (OR 0.63, p < 0.05)
and TNF-a (OR 0.33, p < 0.05) levels above the median.
At the same time, high exposure to use pattern 5, signifi-
cantly reduced the possibility of having IL-4 levels above
the median (OR 0.27, p < 0.05). Also, for this pattern, nega-
tive associations were found with TNF-« levels, for medium
exposures (OR 0.43, p < 0.05) and for high exposures (OR
0.26, p < 0.05). Whereas, high exposure to use pattern 3 and
high exposure to use pattern 6, respectively, were associated
with IL-6 levels (OR 3.15, p < 0.05) and IFN-y (OR 3.16, p
< 0.05) that were above the median.

Once adjusted for confounding variables, the exposure
index and age, we saw that the possibilities of having IL-6
concentrations that were above the median, in those indi-
viduals who had high exposure to use pattern 3, was 414%
(OR 5.14, CI1 95 1.44-20.85, p <0.05) greater than in those
exposed to low levels of this pattern (Fig. 1a; Supplemen-
tary Table 2). With respect to pesticide use pattern 1, which
was not associated with any of the studied cytokines in
the previous analysis, once the adjustment was made the
possibilities of having IFN-y in concentrations above the
median increased for those with medium exposure (OR 8.53,
CI 95 1.52-66.78, p<0.05) as well as for those who were
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Table 2 Main components of pesticides® and their conformation

Pesticide use
pattern 2

Pesticide use
pattern 1

Family

Pesticide use
pattern 3

Pesticide use
pattern 6

Pesticide use
pattern 5

Pesticide use
pattern 4

Insecticides
Carbamates
Oxamyl

Macrocyclic

lactone
Neonicotinoid Imidacloprid
Organochlorine
Parathion

Organophos- Diazinon

phates Methamidophos
Pyrethroids Biphentrine
Permethrine
Sulphites
Fungicides
Aromatic
Amides
Benzimidazoles  Carbendazim
Carbamate Thiophanate
Dicarboxyimides Iprodione
Dithiocarbamates Zineb
Phenylamides
Phthalimide
Thiazoles

Herbicides

Triadimefon
Bipyridyls Paraquat

Organophos-
phates

Propargite

Metalaxyl

Carbofuran
Methomyl
Abamectin

Endosulfan
Omethoate
Terbufos

Flufenoxuron

Chlorothalonil
Triforin

Benomyl

Mancozeb

Captan

Glyphosate

#The six main components selected accounted for 72% of the data variability

Table 3 Cytokines distribution in flower workers (n=108)

Cytokines (pg/mL) Median Range
Anti-inflammatory
IL-4 2.5 0.1-12.4
IL-10 2.3 0.1-65.3
Pro-inflammatory
IL-5 1.5 1.2-55.8
IL-6 0.9 0.05-47.6
IL-8 7.6 1.6-44.6
TNF-a 26 0.1-675
IFN-y 63.2 0.6-250.9

highly exposed to that pattern (OR 6.96, CI 95 1.38-48.99,
p <0.05) (Fig. 1b, Supplementary Table 2). Also, the possi-
bilities of having IFN-y in concentrations above the median,
in those who were highly exposed to use pattern 6 was 203%
(OR 3.03, CI95 1.15-8.38, p <0.05) greater than in those
exposed to low levels (Fig. 1b, Supplementary Table 2). No
associations were found between pesticide use patterns and
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the other cytokines evaluated (Figs. 1c—g; Supplementary
Table 2).

Discussion

Some pesticide use patterns that group different insecti-
cides and fungicides were associated with an increase in
pro-inflammatory cytokines, specifically IL-6 and IFN-y.
This is relevant because inflammation is involved in the
development of chronic diseases, such as cancer, asthma,
type 2 diabetes, cardiovascular disease, immune suppres-
sion, neurological disorders, and respiratory diseases (Khan
et al. 2013; Mostafalou and Abdollahi 2013).

As far as we know, this is the first epidemiological
study carried out in Mexico and one of the few at an inter-
national level, to explore the association between exposure
to pesticide mixtures and the immune response, in a popu-
lation that was occupationally exposed to these chemical
products. Although several studies have approached the
effects of pesticide exposure on cytokine levels, most of
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Fig.1 Association between exposure to pesticide patterns and
cytokines in flower workers from the State of Morelos and State of
Mexico. Vertical dotted line represent the null value (OR=1). a (OR
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them are in vitro or in vivo studies that have used cell
cultures or animal models, while we have found few epi-
demiological studies carried out in human populations
(Jacobsen-Pereira et al. 2020; Mwanga et al. 2016; Fenga
et al. 2014; Costa et al. 2013).

According to our study’s findings, flower workers
exposed to use pattern 3, which groups propargite (sulphite,
insecticide), flufenoxuron (pyrethroid, insecticide), zineb
(dithiocarbamate, fungicide) and metalaxyl (phenylamide,
fungicide) showed a greater probability of having the highest
concentrations of IL-6. This is consistent with the findings
of a cohort study carried out in Brazil, where the groups
exposed to pesticide mixtures (insecticides, herbicides, and
fungicides) had the greatest concentrations of IL-6, com-
pared to those who were not occupationally exposed to these
products (Jacobsen-Pereira et al. 2020).
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and CI for the association with IL-5); e (OR and CI for the associa-
tion with IL-8); f (OR and CI for the association with IL-10); g (OR
and CI for the association with TNF-a). All models were adjusted for
age, status, BMI, smoking, alcohol consumption and exposure index.
The reference was always the low exposure category (first tertile)

Also, in our study, flower workers with the highest IFN-y
concentrations were the ones who were most exposed to
use pattern 1, grouping biphentrin (insecticide, pyrethroid),
carbendazime (fungicide, benzimidazole), imidacloprid
(insecticide, neonicotinoid), diazinon (insecticide, organo-
phosphate), iprodione (fungicide, dicarboximide), triadime-
fon (fungicide, thiazole), oxamyl (insecticide, carbamate),
thiophanate (fungicide, carbamate), permethrine (insecti-
cide, pyrethroid), and the workers who were most exposed
to pattern 6, which grouped endosulfan (insecticide, organ-
ochlorate), chlorothalonil (fungicide, organochloride,) and
captan (fungicide, phtalimide).

Our results are consistent with those found by Mwanga
et al. (2016) in women residing in a rural area of South
Africa. In these women, greater exposure to organophos-
phate (OP) pesticides and pyrethroids was associated with
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Fig. 1 (continued)

greater possibilities of showing detectable levels of IL-6 and
INF-y. However, our results differ from those of Costa et al.
(2013) who found lower concentrations of pro-inflammatory
cytokines and, specifically, of INF-v, in agricultural workers
exposed to pyrethroids, when compared to the non-exposed
population.

Nevertheless, it is difficult to compare our results with
those of other epidemiological studies, due mainly to meth-
odological differences, especially in the way in which the
exposure was evaluated, since some only evaluate one or two
pesticide families, independently, and/or adjust for poten-
tial confounders in the analysis. Like this, in the study by
Jacobsen-Pereira et al. (2020), which evaluates the effect
of pesticide mixtures on the immune response, the authors
did not include potentially confounding factors, such as age,
body mass index, alcohol and tobacco consumption, in their
analysis. The study by Costa et al. (2013), which evaluated
the association with pyrethroids by means of biomarkers,
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also did not report the inclusion of confounding variables in
their analysis, while Mwanga et al. (2016), who did adjust
by other variables, evaluated the association with OP and
pyrethroids in an independent manner.

With respect to biological mechanisms that could
explain the associations found, the OP pesticides and car-
bamates included in use patterns 1 and 3 inhibit enzymes
with esterase activity, altering the lymphocytic choliner-
gic signalling through the inhibition of acetylcholinest-
erase. Also, the inhibition of cholinesterase may gener-
ate structural and functional changes in the populations
of monocytes because these esterases are linked to their
cell membrane by monocyte receptors, which may affect
IL-6 production (Mokarizadeh et al. 2015). The inhibition
of serum esterases by organophosphates in turn inhibits
the complement system and that of thrombin, leading to
the alteration of the first line of immunological defense,
as well as to deregulation of the biosynthesis of the
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adrenocorticotropic hormone. This inhibits cortisol secre-
tion, the hormone that has an important role in the secre-
tion of diverse cytokines, such as IL-6 and IFN-y (Corsini
et al. 2013; Dhouib et al. 2016; Gangemi et al. 2016; Kang
et al. 2019; Hernandez-Urzaa and Alvarado-Navarro 2001;
Mostafalou and Abdollahi 2017; Pollard et al. 2013; De
Camargo et al. 2013; Wang et al. 2018).

On the other hand, the neonicotinoids included in use
pattern 1, generate immunotoxicity as they produce oxida-
tive stress, which in turn causes damage to the lymphoid
tissue and functional deterioration of the immune system
cells; this can be related to the increase in IFN-y (Pollard
et al. 2013; Wang et al. 2018). The Pyrethroids included
in use patterns 1 and 3 exert their action through oxida-
tive stress and cytotoxicity (Costa et al. 2013), but also by
being endocrine disruptors showing inhibitory effects on
androgen receptor transcription (Ding et al. 2020). This
could affect some functions of the immune system, alter-
ing the liberation of cytokines that are modulated by these
hormones (Ben-Batalla et al. 2020). The role of dithiocar-
bamates has also been described, as immune modulators
that influence the maturation and activation of T cells and
of natural killer cells (Gangemi et al. 2016).

We found an increase in IL-6 and IFN-y that was related
to exposure to some use patterns. Both are pro-inflam-
matory cytokines participating in the innate and adaptive
response by means of diverse mechanisms (Kang et al.
2019; Pollard et al. 2013). Modulation of IL-6 is done
through hepatocytes, monocytes, dendritic cells, and lym-
phocytes, and that of IFN-y is mainly through T cells and
natural killer cells. In experimental studies, the organic
phosphorus pesticide phoxim significantly reduced jeju-
num villus height and decreased the mRNA expression of
junction protein genes, including occludin and claudin-4.
In addition, phoxim increased IL-6 and tumor necrosis fac-
tor (TNF)-a in jejunum mucosa of Sprague Dawley (SD)
rats (Sun et al. 2018). However, the scope of our study is
limited and we cannot attribute the differences in cytokine
levels to one or some particular pesticides.

One of the main strengths of our study lies in the broad
information collected on the types of pesticides that were
used, which allowed us to identify use patterns to define
the workers’ exposure. Other epidemiological studies on
this topic have been limited to defining the study popula-
tion as being exposed or not exposed (Jacobsen-Pereira
et al. 2020), or evaluating the effect of a specific chemical
family or of some specific pesticides (Mwanga et al. 2016;
Costa et al. 2013; Corsini et al. 2005). The adjustment by
covariates and by the main variables that could confound
the results is another strength of this study.

However, our study has some limitations that we need
to mention:

(1) The information about pesticides that were habitu-
ally used in the businesses, which was used to find the
use patterns, was provided through a questionnaire
answered by those who were responsible for pesticide
purchases. Although sometimes we managed to have
access to the store, to corroborate the information, we
cannot dismiss the existence of a possible measure-
ment error. Nevertheless, this would be non-differential
because the informants ignored the study hypothesis
and the cytokine profile of the workers.

Given the multiple pesticides that are used by flower
workers, the measurement of exposure by means of
biomarkers is not viable; also, these are not free from
measurement error since many pesticide metabolites
are not persistent and a series of measurements is
required to obtain precise information which is not
always possible in epidemiological studies.

(2) Those who carried out the laboratory studies, had no
knowledge of the use patterns to which the workers
were exposed, so that if measurement errors exist, they
are non-differential.

The possible measurement errors that were men-
tioned above could have led to an underestimation of
the associations between exposure to pesticide use pat-
terns and the studied effects.

(3) Although we included important confounders in our
analysis, some factors that are related to the immune
response as physical and psychological stressors, as
well as other environmental contaminants that are fre-
quently found in greenhouses, especially fertilizers and
allergens coming from crops, we couldn’t control for
these for lack of information. Also, some potential con-
founders measured through the questionnaire that was
applied to each flower farmer could have been subject
to measurement error; for example tobacco and alcohol
consumption, for which we cannot dismiss the possibil-
ity of some degree of residual confounding.

(4) Since this is a cross-sectional design, we cannot dismiss
the possibility of having a bias of the healthy worker,
because it is possible that the workers who were most
vulnerable to the immunotoxic effects of pesticides had
left the business before the study was carried out. Thus,
the association between use patterns and cytokine
concentration could have been underestimated. Also,
because it is a cross-sectional study, we cannot be sure
of the time frame of the observed associations. Nev-
ertheless, we believe there is no “reverse causality”
because it would be unlikely that the cytokine profile
of the workers would cause changes in the pesticide use
patterns used by the businesses.

(5) There is evidence that suggests the existence of gender
differences related to the inflammatory response (Klein
and Flanagan 2016). Since in this study only men were
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included as study population, our results could not be
extended to women flower workers.

In spite of the above-mentioned limitations, the study’s
findings may be a contribution to knowledge on the immuno-
toxic effects of pesticides in humans and serve as a basis to
establish norms for the regulation of pesticide use, particu-
larly in flower growing businesses and the attitudes and prac-
tices regarding pesticide use, to reduce occupational hazards
for their workers. It is worth mentioning that in Mexico,
183 active ingredients continue to be used, which the FAO/
WHO considers to be highly dangerous (Bejarano 2017),
27 of which were considered in this analysis. In addition
to, there are still bad practices of using personal protective
equipment, flower workers have followed instructions mis-
takenly on the use of pesticides and overmixing pesticides
from the same mechanism of action and family practices
that if regularized could help reduce the high exposure that
flower growers have to these chemicals (Palis et al. 2006;
Olivera-Pasiani et al. 2012).

Conclusion

In conclusion, these results suggest that many pesticide pat-
terns show immunotoxic capacity expressed as an increase
in the levels of proinflammatory cytokines IL-6 and IFN-
y. Additional epidemiological studies are required that
overcome the limitations of the studies done so far, with a
cohort design, and standardized measurements of exposure
to pesticide mixtures, which take into account the duration
of exposure and the evaluated effects, in larger samples. This
would allow for greater validity in determining the associa-
tion between pesticide exposure and the immune response
in humans.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00420-023-02043-x.

Acknowledgements The authors would like to thank the participants
and the collaborating flower business for their willingness to help in
the study.

Author contributions BMG-P: writing—original draft preparation. AS:
development or design of methodology; creation of models; review-
ing. AL-M: laboratory analysis; reviewing. CE-N: statistical analysis;
reviewing. AIB-G: provision of study materials, reagents, and materi-
als. CA-G: reviewing and editing. JBM: conceptualization, Writing-
reviewing and editing. ML: funding acquisition; reviewing.

Funding The original study was supported by the National Council
for Science and Technology of Mexico (CONACYT, Spanish acro-
nym) with the grant number SALUD-2002-C01-7574. The first author
received a fellowship of the CONACYT, with registration number
CVU: 1081687. The content is solely responsibility of the authors and
does not necessarily represent the official views of the CONACYT. The
funding source had no involvement in study design; in the collection,

@ Springer

analysis and interpretation of data; in the writing of the paper; nor in
the decision to submit the article for publication.

Data availability The data that support the findings of this study are
not openly available due to reasons of sensitivity, to guarantee the
confidentiality of the information provided by study participants. Data
are available from the corresponding author upon reasonable request.
The content is solely the responsibility of the authors and does not
necessarily represent the official views of the CONACYT. The funding
source had no involvement in study design; in the collection, analysis,
and interpretation of data; in the writing of the paper; nor in the deci-
sion to submit the article for publication.

Declarations

Conflict of interest The authors have no relevant financial or non-fi-
nancial interests to disclose.

Ethical approval The procedures contributing to this work comply with
the ethical standards of the relevant national guidelines on human sub-
jects and with The Code of Ethics of the World Medical Association
(Declaration of Helsinki) and has been approved by the Commission
for Ethics in Research and were recorded in the Research Commission
(RC) with the number “322” of the National Institute of Public Health
of Mexico (INSP, Spanish acronym).

Consent to participate Written informed consent was obtained from
all individual participants included in the study.

Consent to publish Not applicable.

References

Aguilar-Garduiio C, Blanco-Muiioz J, Antonio KR, Escamilla-Nuifiez
C, Juarez-Pérez CA, Schilmann A, Cebrian ME, Lacasafia M
(2017) Occupational predictors of urinary dialkyl phosphate
concentrations in Mexican flower growers. Int J Occup Environ
Health 23:151-159. https://doi.org/10.1080/10773525.2018.
1441676

Andrade-Galindo JA, Castro-Domingo P (2018) Redes migratorias en
el mercado de trabajo de la floricultura en el Estado de México (
México ). Rev Antropol Soc 27:145-168. https://doi.org/10.5209/
RASO0.59436

Bejarano F (2017) Los Plaguicidas Altamente Peligrosos en México.
Texcoco, Estado de México, México: Red de Accion sobre Plagui-
cidas y Alternativas en México, A.C. (RAPAM). https://www.
rapam.org/wp-content/uploads/2017/09/Libro-Plaguicidas-Final-
14-agst-2017sin-portada.pdf. Accessed 26 June 2023

Ben-Batalla I, Vargas-Delgado ME, von Amsberg G, Janning M, Loges
S (2020) Influence of androgens on immunity to self and foreign:
effects on immunity and cancer. Front Immunol 11:1184. https://
doi.org/10.3389/fimmu.2020.01184

Blanco-Muiioz J, Lacasafia M (2011) Practices in pesticide handling
and the use of personal protective equipment in Mexican agricul-
tural workers. J Agromed 16:117-126. https://doi.org/10.1080/
1059924X.2011.555282

Corsini E, House RV (2018) Evaluating cytokines in immunotoxicity
testing. Methods Mol Biol 1803:297-314. https://doi.org/10.1007/
978-1-4939-8549-4_18

Corsini E, Birindelli S, Fustinoni S, de Paschale G, Mammone T,
Visentin S, Galli CL, Marinovich M, Colosio C (2005) Immu-
nomodulatory effects of the fungicide Mancozeb in agricultural


https://doi.org/10.1007/s00420-023-02043-x
https://doi.org/10.1080/10773525.2018.1441676
https://doi.org/10.1080/10773525.2018.1441676
https://doi.org/10.5209/RASO.59436
https://doi.org/10.5209/RASO.59436
https://www.rapam.org/wp-content/uploads/2017/09/Libro-Plaguicidas-Final-14-agst-2017sin-portada.pdf
https://www.rapam.org/wp-content/uploads/2017/09/Libro-Plaguicidas-Final-14-agst-2017sin-portada.pdf
https://www.rapam.org/wp-content/uploads/2017/09/Libro-Plaguicidas-Final-14-agst-2017sin-portada.pdf
https://doi.org/10.3389/fimmu.2020.01184
https://doi.org/10.3389/fimmu.2020.01184
https://doi.org/10.1080/1059924X.2011.555282
https://doi.org/10.1080/1059924X.2011.555282
https://doi.org/10.1007/978-1-4939-8549-4_18
https://doi.org/10.1007/978-1-4939-8549-4_18

International Archives of Occupational and Environmental Health

workers. Toxicol Appl Pharmacol 208:178-185. https://doi.org/
10.1016/j.taap.2005.02.011

Corsini E, Sokooti M, Galli CL, Moretto A, Colosio C (2013) Pesticide
induced immunotoxicity in humans: a comprehensive review of
the existing evidence. Toxicology 307:123-135. https://doi.org/
10.1016/j.tox.2012.10.009

Costa C, Rapisarda V, Catania S, Di C, Ledda C, Fenga C (2013)
Short communication Cytokine patterns in greenhouse workers
occupationally exposed to a-cypermethrin: an observational study.
Environ Toxicol Pharmacol 36:796-800. https://doi.org/10.1016/j.
etap.2013.07.004

Costa C, Gangemi S, Giambo F, Rapisarda V, Caccamo D, Fenga C
(2015) Oxidative stress biomarkers and paraoxonase 1 polymor-
phism frequency in farmers occupationally exposed to pesticides.
Mol Med Rep 12:6353-6357. https://doi.org/10.3892/mmr.2015.
4196

Curl CL, Spivak M, Phinney R, Montrose L (2020) Synthetic pes-
ticides and health in vulnerable populations: agricultural work-
ers. Curr Environ Health Rep 7:13-29. https://doi.org/10.1007/
$40572-020-00266-5

Damalas CA, Eleftherohorinos IG (2011) Pesticide exposure, safety
issues, and risk assessment indicators. Int J Environ Res Public
Health 8:1402-1419. https://doi.org/10.3390/ijerph8051402

De Camargo MR, Barbisan LF, Martinez MF, Da Silva Franchi CA, De
Camargo JL, Spinardi-Barbisan AL (2013) Macrophage activity
and histopathology of the lymphohematopoietic organs in male
Wistar rats orally exposed to single or mixed pesticides. J Envi-
ron Sci Health B 48:607-613. https://doi.org/10.1080/03601234.
2013.775020

del Prado-Lu JL (2007) Pesticide exposure, risk factors and health prob-
lems among cutflower farmers: a cross sectional study. J Occup
Med Toxicol 18:2-9. https://doi.org/10.1186/1745-6673-2-9

Dhouib I, Jallouli M, Annabi A, Marzouki S (2016) From immunotox-
icity to carcinogenicity: the effects of carbamate pesticides on the
immune system. Environ Sci Pollut Res Int 23:9448-9458. https://
doi.org/10.1007/s11356-016-6418-6

Ding Z, Shen JY, Hong JW, Zhang R, Li Z, Wang Q, Zhang JP, Zhang
MR, Xu LC (2020) Inhibitory effects of cypermethrin on inter-
actions of the androgen receptor with coactivators ARA70 and
ARAS5S. Biomed Environ Sci 33:158-164. https://doi.org/10.
3967/bes2020.022

Elsasser-Beile U, von Kleist S (1993) Cytokines as therapeutic and
diagnostic agents. Tumor Biol 14:69-94. https://doi.org/10.1159/
000217827

Fenga C, Gangemi S, Catania S, de Luca A, Costa C (2014) IL-17
and IL-22 serum levels in greenhouse workers exposed to pes-
ticides. Inflamm Res 63:895-897. https://doi.org/10.1007/
s00011-014-0769-6

Gangemi S, Gofita E, Costa C, Teodoro M, Briguglio G, Nikitovic D,
Tzanakakis G, Tsatsakis AM, Wilks MF, Spandidos DA, Fenga
C (2016) Occupational and environmental exposure to pesticides
and cytokine pathways in chronic diseases (Review). Int J Mol
Med 38:1012-1020. https://doi.org/10.3892/ijmm.2016.2728

Garcia-Garcia CR, Parron T, Requena M, Alarcén R, Tsatsakis AM,
Hernandez AF (2016) Occupational pesticide exposure and
adverse health effects at the clinical, hematological and biochemi-
cal level. Life Sci 145:274-283. https://doi.org/10.1016/.1fs.2015.
10.013

Gargouri B, Boukholda K, Kumar A, Benazzouz A, Fetoui H, Fiebich
BL, Bouchard M (2020) Bifenthrin insecticide promotes oxida-
tive stress and increases inflammatory mediators in human neu-
roblastoma cells through NF-kappaB pathway. Toxicol in Vitro
65:104792. https://doi.org/10.1016/j.tiv.2020.104792

Hernandez-Urzia MA, Alvarado-Navarro A (2001) Interleucinas e
inmunidad innata. Rev Biomed 12:272-280. https://doi.org/10.
32776/revbiomed.v12i4.286

Jacobsen-Pereira CH, Chiappin C, Cristina T, Regina C, Santos-Silva
MC (2020) Immune response of Brazilian farmers exposed to
multiple pesticides. Ecotoxicol Environ Saf 202:110912. https://
doi.org/10.1016/j.ecoenv.2020.110912

Kang S, Tanaka T, Narazaki M, Kishimoto T (2019) Targeting inter-
leukin-6 signaling in clinic. Immunity 50:1007-1023. https://doi.
org/10.1016/j.immuni.2019.03.026

Khan AA, Shah MA, Rahman SU (2013) Occupational exposure to
pesticides and its effects on health status of workers in Swat, Khy-
ber Pakhtunkhwa, Pakistan. J Biol Life Sci 4:43-55. https://doi.
org/10.5296/jbls.v4i2.3144

Klein SL, Flanagan KL (2016) Sex differences in immune responses.
Nat Rev Immunol 16:626-638. https://doi.org/10.1038/nri.2016.
90

Kromhout H, Heederik D (2005) Effects of errors in the measurement
of agricultural exposures. Scand J Work Environ Health 31(Suppl
1):33-37

Kumar S, Khodoun M, Kettleson EM, McKnight C, Reponen T, Grin-
shpun SA, Adhikari A (2014) Glyphosate-rich air samples induce
IL-33, TSLP and generate IL-13 dependent airway inflammation.
Toxicology 325:42-51. https://doi.org/10.1016/j.tox.2014.08.008

Lima C, Falcao MAP, Rosa JGS, Disner GR, Lopes-Ferreira M (2022)
Pesticides and their impairing effects on epithelial barrier integ-
rity, dysbiosis, disruption of the AhR signaling pathway and
development of immune-mediated inflammatory diseases. Int J
Mol Sci 23:12402. https://doi.org/10.3390/ijms232012402

Massawe R, Drabo L, Whalen M (2017) Effects of pentachlorophenol
and dichlorodiphenyltrichloroethane on secretion of interferon
gamma (IFNy) and tumor necrosis factor alpha (TNFa) from
human immune cells. Toxicol Mech Methods 27:223-235. https://
doi.org/10.1080/15376516.2016.1275906

Mokarizadeh A, Faryabi MR, Rezvanfar MA, Abdollahi M (2015) A
comprehensive review of pesticides and the immune dysregula-
tion: mechanisms, evidence and consequences. Toxicol Mech
Methods 25:258-278. https://doi.org/10.3109/15376516.2015.
1020182

Mostafalou S, Abdollahi M (2013) Pesticides and human chronic dis-
eases: evidences, mechanisms, and perspectives. Toxicol Appl
Pharmacol 268:157-177. https://doi.org/10.1016/j.taap.2013.01.
025

Mostatalou S, Abdollahi M (2017) Pesticides: an update of human
exposure and toxicity. Arch Toxicol 91:549-599. https://doi.org/
10.1007/300204-016-1849-x

Mwanga HH, Dalvie MA, Singh TS, Channa K, Jeebhay MF (2016)
Relationship between pesticide metabolites, cytokine patterns, and
asthma-related outcomes in rural women workers. Int J Environ
Res Public Health 13:957. https://doi.org/10.3390/ijerph 13100957

Oliveira-Pasiani J, Torres P, Silva JR, Diniz BZ, Caldas ED (2012)
Knowledge, attitudes, practices and biomonitoring of farmers and
residents exposed to pesticides in Brazil. Int J Environ Res Public
Health 9:3051-3068. https://doi.org/10.3390/ijerph9093051

Palis FG, Flor RJ, Warburton H, Hossain M (2006) Our farmers at risk:
behaviour and belief system in pesticide safety. J Public Health
28:43-48. https://doi.org/10.1093/pubmed/fdi066

Pollard KM, Cauvi DM, Toomey CB, Morris KV, Kono DH (2013)
Interferon-y and systemic autoimmunity. Discov Med 87:123-131

Quandt SA, Hernandez-valero MA, Grzywacz JG, Hovey JD, Gon-
zales M, Arcury TA (2006) Workplace, household, and personal
predictors of pesticide exposure for farmworkers. Environ Health
Perspect 114:943-952. https://doi.org/10.1289/ehp.8529

Quevedo-Aguado L, Bernaola-Alonso M (2014) La floricultura y sus
riesgos. Seguridad y Salud En El Trabajo 80:37-55

Rajesh K, Rana KV, Suri CR (2013) Characterization of hapten-protein
conjugates: antibody generation and immunoassay development
for pesticides monitoring. Bionanoscience 3:137-144. https://doi.
org/10.1007/s12668-013-0083-8

@ Springer


https://doi.org/10.1016/j.taap.2005.02.011
https://doi.org/10.1016/j.taap.2005.02.011
https://doi.org/10.1016/j.tox.2012.10.009
https://doi.org/10.1016/j.tox.2012.10.009
https://doi.org/10.1016/j.etap.2013.07.004
https://doi.org/10.1016/j.etap.2013.07.004
https://doi.org/10.3892/mmr.2015.4196
https://doi.org/10.3892/mmr.2015.4196
https://doi.org/10.1007/s40572-020-00266-5
https://doi.org/10.1007/s40572-020-00266-5
https://doi.org/10.3390/ijerph8051402
https://doi.org/10.1080/03601234.2013.775020
https://doi.org/10.1080/03601234.2013.775020
https://doi.org/10.1186/1745-6673-2-9
https://doi.org/10.1007/s11356-016-6418-6
https://doi.org/10.1007/s11356-016-6418-6
https://doi.org/10.3967/bes2020.022
https://doi.org/10.3967/bes2020.022
https://doi.org/10.1159/000217827
https://doi.org/10.1159/000217827
https://doi.org/10.1007/s00011-014-0769-6
https://doi.org/10.1007/s00011-014-0769-6
https://doi.org/10.3892/ijmm.2016.2728
https://doi.org/10.1016/j.lfs.2015.10.013
https://doi.org/10.1016/j.lfs.2015.10.013
https://doi.org/10.1016/j.tiv.2020.104792
https://doi.org/10.32776/revbiomed.v12i4.286
https://doi.org/10.32776/revbiomed.v12i4.286
https://doi.org/10.1016/j.ecoenv.2020.110912
https://doi.org/10.1016/j.ecoenv.2020.110912
https://doi.org/10.1016/j.immuni.2019.03.026
https://doi.org/10.1016/j.immuni.2019.03.026
https://doi.org/10.5296/jbls.v4i2.3144
https://doi.org/10.5296/jbls.v4i2.3144
https://doi.org/10.1038/nri.2016.90
https://doi.org/10.1038/nri.2016.90
https://doi.org/10.1016/j.tox.2014.08.008
https://doi.org/10.3390/ijms232012402
https://doi.org/10.1080/15376516.2016.1275906
https://doi.org/10.1080/15376516.2016.1275906
https://doi.org/10.3109/15376516.2015.1020182
https://doi.org/10.3109/15376516.2015.1020182
https://doi.org/10.1016/j.taap.2013.01.025
https://doi.org/10.1016/j.taap.2013.01.025
https://doi.org/10.1007/s00204-016-1849-x
https://doi.org/10.1007/s00204-016-1849-x
https://doi.org/10.3390/ijerph13100957
https://doi.org/10.3390/ijerph9093051
https://doi.org/10.1093/pubmed/fdi066
https://doi.org/10.1289/ehp.8529
https://doi.org/10.1007/s12668-013-0083-8
https://doi.org/10.1007/s12668-013-0083-8

International Archives of Occupational and Environmental Health

Ramirez Hernandez JJ, Avitia Rodriguez JA (2017) Floricultura Mexi-
cana en el Siglo XXI: Su Desempeiio en los Mercados Internac-
ionales. Revista De Economia, Facultad De Economia, Universi-
dad Auténoma De Yucatin 34:99-122. https://doi.org/10.33937/
reveco.2017.83

Ribeiro MG, Colasso CG, Monteiro PP, Filho WRP, Yonamine M
(2012) Occupational safety and health practices among flower
greenhouses workers from Alto Tieté region (Brazil). Sci Total
Environ 416:121-126. https://doi.org/10.1016/j.scitotenv.2011.
11.002

Rosales-Salinas IG, Avitiia-Rodriguez JA, Ramirez-Hernandez JJ
(2018) Externalidades sociales de la floricultura en el sur del
estado de Mexico:Efectos de los agroquimicos en la salud 224—
236. http://ru.iiec.unam.mx/4261/1/4-Vol2_Parte1_Eje3_Cap3-
027-Rosales-Avitia-Ramirez.pdf. Accessed 15 June 2023

SADER (2019) Primer Informe de Labores en Agricultura. Gobi-
erno de México 6, 951-952. Recuperado el 10 de mayo de 2022:
https://www.gob.mx/agricultura/documentos/informe-de-labor
es-2018-2024. Accessed 22 May 2022

Schilmann A, Lacasafia M, Blanco-Muiioz J, Aguilar-Garduiio C, Sali-
nas-Rodriguez A, Cebrian ME (2010) Identifying pesticide use
patterns among flower growers to assess occupational exposure
to mixtures. Occup Environ Med 67:323-329. https://doi.org/10.
1136/0em.2009.047175

Sun Y, Zhang J, Song W, Shan A (2018) Vitamin E alleviates phoxim-
induced toxic effects on intestinal oxidative stress, barrier func-
tion, and morphological changes in rats. Environ Sci Pollut Res
25:26682-26692. https://doi.org/10.1007/s11356-018-2666-y

Téllez-Bafiuelos MC, Haramati J, Franco-Topete K, Peregrina-Sand-
oval J, Franco-Topete R, Zaitseva GP (2016) Chronic exposure to
endosulfan induces inflammation in murine colon via f} -catenin

@ Springer

expression and IL-6 production. J Immunotoxicol 13:842-849.
https://doi.org/10.1080/1547691X.2016.1206998

Tielemans E, Bretveld R, Schinkel J, Wendel De Joode BV, Kromhout
H, Gerritsen-Ebben R, Roeleveld N, Preller L (2007) Exposure
profiles of pesticides among greenhouse workers: implications for
epidemiological studies. J Expo Sci Environ Epidemiol 17:501-
509. https://doi.org/10.1038/sj.jes. 7500544

Wang X, Anadén A, Wu Q, Qiao F, Ares I, Martinez-Larrafiaga MR,
Yuan Z, Martinez MA (2018) Mechanism of neonicotinoid tox-
icity : impact on oxidative stress and metabolism. Annu Rev
Pharmacol Toxicol 58:471-507. https://doi.org/10.1146/annur
ev-pharmtox-010617-052429

WHO Consultation on Obesity (1999: Geneva, Switzerland) & World
Health Organization (2000) Obesity : preventing and managing
the global epidemic: report of a WHO consultation. World Health
Organization. https://apps.who.int/iris/handle/10665/42330.
Accessed 15 June 2023

Zucchini-Pascal N, de Sousa G, Rahmani R (2009) Lindane and
cell death: at the crossroads between apoptosis, necrosis and
autophagy. Toxicology 256:32—41. https://doi.org/10.1016/j.tox.
2008.11.004

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds
exclusive rights to this article under a publishing agreement with the
author(s) or other rightsholder(s); author self-archiving of the accepted
manuscript version of this article is solely governed by the terms of
such publishing agreement and applicable law.


https://doi.org/10.33937/reveco.2017.83
https://doi.org/10.33937/reveco.2017.83
https://doi.org/10.1016/j.scitotenv.2011.11.002
https://doi.org/10.1016/j.scitotenv.2011.11.002
http://ru.iiec.unam.mx/4261/1/4-Vol2_Parte1_Eje3_Cap3-027-Rosales-Avitia-Ramirez.pdf
http://ru.iiec.unam.mx/4261/1/4-Vol2_Parte1_Eje3_Cap3-027-Rosales-Avitia-Ramirez.pdf
https://www.gob.mx/agricultura/documentos/informe-de-labores-2018-2024
https://www.gob.mx/agricultura/documentos/informe-de-labores-2018-2024
https://doi.org/10.1136/oem.2009.047175
https://doi.org/10.1136/oem.2009.047175
https://doi.org/10.1007/s11356-018-2666-y
https://doi.org/10.1080/1547691X.2016.1206998
https://doi.org/10.1038/sj.jes.7500544
https://doi.org/10.1146/annurev-pharmtox-010617-052429
https://doi.org/10.1146/annurev-pharmtox-010617-052429
https://apps.who.int/iris/handle/10665/42330
https://doi.org/10.1016/j.tox.2008.11.004
https://doi.org/10.1016/j.tox.2008.11.004

	Pesticide use patterns and their association with cytokine levels in Mexican flower workers
	Abstract
	Objective 
	Methods 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	Study design and population
	Data collection instruments
	Collection of biological samples and laboratory procedures
	Evaluation of pesticide exposure
	Statistical analysis

	Results
	General and occupational characteristics of flower workers
	Pesticide use patterns and cytokine concentrations
	Associations between pesticide use patterns and cytokines

	Discussion
	Conclusion
	Acknowledgements 
	References


