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Abstract

Background: Growing evidence suggests that pesticide exposure may influence respiratory
health, but data in young children are very limited. We examined the association of prenatal
pesticide exposure with lower respiratory tract infections (LRTIs) and wheeze at one year of age in
children from the Infants' Environmental Health Study (ISA) in Costa Rica.

Methods—We measured seven pesticide metabolites, including ethylenethiourea (ETU,
metabolite of mancozeb), in maternal urine samples collected repeatedly during pregnancy. For
each woman, we averaged pesticide concentrations during each half of pregnancy (<20 and >20
weeks of gestation) and across repeated samples collected over the course of pregnancy. We
collected information about LRTIs (n7 = 355) and wheezing (/7= 272) during the first year of life
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from mothers when their children were 11-19 months old. We fit multivariable logistic regression
models using high (quartile 4) vs. low (quartiles 1-3) urinary pesticide concentrations as exposures
and adjusted models for maternal age, education, parity, gestational age at birth, and child sex.

Results—Ten percent of the children had at least one LRTI and 39% had at least one episode of
wheezing during their first year of life. Median (25-75th percentile) specific gravity-corrected
urinary ETU concentrations during the first half, second half, and over the course of pregnancy
were 3.4 (2.1-5.0), 3.3 (2.2-4.7), and 3.4 (2.4-5.0) ng/mL, respectively. We observed that high
urinary ETU concentrations during the first half of pregnancy were associated with increased odds
of LRTI (OR = 2.45; 95% CI: 0.96, 6.26), whereas high urinary ETU concentrations during the
second half of pregnancy were associated with decreased odds of wheezing (OR = 0.50; 95% ClI:
0.26, 0.96). We found that the association between high urinary ETU concentrations during the
first half of pregnancy and LRTIs persisted among mother-child pairs with either high or low ETU
concentrations during the second half. In contrast, the association of high urinary ETU
concentrations during the second half of pregnancy with wheezing was attenuated when we
simultaneously adjusted for urinary ETU concentrations during the first half. We observed null
associations between other pesticide metabolites measured during pregnancy and respiratory
outcomes.

Conclusions—Our data indicate that exposure to mancozeb/ETU during the first half of
pregnancy may be associated with respiratory outcomes in the first year of life.

Keywords
Pesticides; mancozeb; respiratory outcomes; infants; Costa Rica

1. Introduction!

Respiratory outcomes including infection and wheezing during infancy can have long-term
consequences for respiratory health (Busse et al. 2010; Jackson et al. 2008; Jackson 2014;
Jackson et al. 2016; Lemanske et al. 2005; Liu et al. 2017; Lodge et al. 2014; Rubner et al.
2017). For example, viral wheezing respiratory illnesses during infancy were associated with
an increased risk of subsequent wheezing at preschool age (Lemanske et al. 2005) and
asthma at school age (Jackson et al. 2008). Similarly, lower respiratory tract infections
(LRTIs) in the first year of life have been associated with increased early transient wheeze
(before age 3 years) and intermediate-onset wheeze (after age 2 years) in a high risk for
allergy birth cohort (Lodge et al. 2014). To date, limited information is available for
environmental factors that contribute to LRTIs or wheezing during the first year of life
(Bloomberg 2011; Cupul-Uicab et al. 2014; Dick et al. 2014; Gascon et al. 2012; Gascon et
al. 2013; Gascon et al. 2014; Hehua et al. 2017; McEvoy and Spindel 2017; Selby et al.
2018; Vanker et al. 2017).

LAbbreviations: 2,4-D, 2,4-dichlorophenoxyacetic acid; DAP, dialkyl phosphate; DCCA, 3-(2,2-dichlorovinyl)-2,2-
dimethylcyclopropanecarboxylic acid; DDE, dichlorodiphenyldichloroethylene; DDT, dichlorodiphenyldichloroethane; ETU,
ethylenethiourea; ISA, Infants' Environmental Health (‘Infantes y Salud Ambiental’); ICC, intraclass correlation coefficient; ISAAC,
International Study of Asthma and Allergies in Childhood; LOD, limit of detection; LC-MS/MS, liquid chromatography mass
spectrometer; LRT], lower respiratory tract infection; OH-P, 3-hydroxypyrimetanil; 5-OH-TBZ, 5-hydroxythiabendazol; OP,
organophosphate; OR, odds ratio; 3-PBA, 3-phenoxybenzoic acid; P75, 75th percentile; SD, standard deviation; TCPy, 3,5,6-
trichloro-2-pyridinol.
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Pesticides have been associated with adverse respiratory outcomes in young children, but the
evidence is scarce, as the timing of exposure, pesticides assessed, and outcomes measured
have varied among studies. Most analyses have focused on
dichlorodiphenyldichloroethylene (DDE), the metabolite of dichlorodiphenyldichloroethane
(DDT), an organochlorine pesticide that is both biologically and environmentally persistent.
A meta-analysis of 10 European birth cohorts found that higher prenatal DDE
concentrations were associated with an increased risk of bronchitis and wheezing in the first
18 months of life, though the magnitude of the observed association was small (Gascon et al.
2014). Prenatal exposure to DDE was also associated with an increased risk of LRTI and
wheezing in 12-14-month-old children in Spain (Gascon et al. 2012). In contrast, prenatal
DDE concentrations were not associated with LRTIs in 18-month-old Mexican boys (Cupul-
Uicab et al. 2014).

Few studies have examined the associations between pesticides other than DDE/DDT and
respiratory outcomes in children. In an analysis of National Health and Nutrition
Examination Survey (NHANES) 1999-2008, organophosphate (OP) metabolite
concentrations in school-age children were not associated with current wheeze (Perla et al.
2015). However, a cross-sectional analysis of school-age children with asthma living in an
agricultural community in Washington State found that short-term exposure to OPs was
associated with a higher risk of asthma morbidity (Benka-Coker et al. 2019). In addition, a
birth cohort study of California children living near agricultural fields found these OP
metabolite concentrations in the second half of pregnancy and in childhood to be associated
with respiratory symptoms at ages 5 and 7 years (Raanan et al. 2015) and/or decreased lung
function at 7 years (Raanan et al. 2016). Prenatal exposure to piperonyl butoxide, a synergist
for residential pyrethroid insecticides, was associated with cough at age 5-6 years in a New
York City birth cohort (Liu et al. 2012). In a cross-sectional study in France, higher urinary
ETU concentrations, a marker of exposure to bisdithiocarbamate fungicides, were associated
with asthma and rhinitis symptoms in children aged 3-10 years (Raherison et al. 2019). To
our knowledge, no published study has examined the association of prenatal exposure to
current-use pesticides with respiratory symptoms and infections during infancy.

In Costa Rica, residents living in banana growing regions are exposed to a variety of
pesticides including fungicides (e.g., mancozeb), insecticides (e.g., OP chlorpyrifos,
cypermethrin), and herbicides (e.g., 2,4-D). These exposures result in measurable
concentrations of pesticides and their metabolites in the residents, including children (van
Wendel de Joode et al. 2012) and pregnant women (van Wendel de Joode et al. 2014). Using
biological monitoring data from the Infants' Environmental Health (‘Infantes y Salud
Ambiental’, ISA) study, a prospective birth cohort study of pregnant women and their
children living near banana plantations, we evaluated the impact of prenatal pesticide
exposure on respiratory health in the first year of life.

Methods

2.1. Study population

Pregnant women were enrolled in the ISA study from March 2010 and June 2011 (Mora et
al. 2014; van Wendel de Joode et al. 2014). Of 451 women enrolled in the study, 22 (5%)
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had a miscarriage or stillbirth and 69 (15%) were lost to follow-up before the one-year study
visit. Of the remaining 360 mother-child pairs, 355 (99%) singleton liveborn infants had
maternal urinary pesticide concentrations measured during pregnancy and available
information on respiratory outcomes in the first year of life. Mother-child pairs included in
these analyses (7= 355) did not differ significantly from the initial cohort (7= 451) (van
Wendel de Joode et al. 2014) on their attributes, including maternal education, parity,
household income, and prenatal specific gravity-corrected urinary pesticide concentrations.

The Ethical and Scientific Committee of the Universidad Nacional in Costa Rica approved
all study protocols. All mothers provided written informed consent at enroliment and
additional informed consent was obtained from the parents or legal guardians of participants
aged <18 years.

Data collection

We interviewed women during pregnancy (one to three times depending on their gestational
age at enrollment; median at the first, second, and third visit = 19, 30, and 33 weeks of
gestation, respectively), shortly after delivery (median = 7 weeks’ postpartum), and when
their children were 11-19 months old (median = 13.2 months; one-year study visit). We
collected socio-demographic data, such as maternal age, education, parity, and household
income, at the baseline interview. We also gathered information on maternal occupational
status, smoking habits, medical conditions, medications, and obstetric ultrasounds at each
interview. We abstracted data completed by hospital/clinic personnel from prenatal (e.g.,
ultrasounds) and delivery (e.g., length of gestation) medical records provided to the study
participants. We estimated gestational age at birth using the last menstrual period date,
information from early ultrasounds (<14 weeks of gestation), and medical record estimates
(Mora et al. 2015).

Respiratory outcomes

We evaluated two respiratory outcomes: physician- or nurse-confirmed diagnosis of LRTIs
and wheeze during the first year of life. Information about these outcomes was obtained
from mothers through questionnaires when children were 11-19 months old. Occurrence of a
LRTI episode was defined as a positive answer to one of the following two questions: “Has a
doctor or nurse ever told you that your child has pneumonia?” or “Has a doctor or nurse ever
told you that your child has bronchiolitis or bronchitis?”. Children with negative answers to
both questions were defined as not having LRTI. Wheezing during the first year of life was
defined as a positive answer to the question “Since he/she were born, has your child ever
experienced whistling or wheezing from the chest?”. Questions were extracted from Spanish
version of the International Study of Asthma and Allergies in Childhood (ISAAC)
questionnaire (ISAAC 1998) and have been previously used in other cohort studies (Gascon
etal. 2012). LRTI questions were administered to mothers of all infants who were assessed
at the one-year study visit (17 = 355), whereas the wheezing question was administered to
only 272 mothers (because it was added to the questionnaire after the study visits had
already started).

Int J Hyg Environ Health. Author manuscript; available in PMC 2021 April 01.
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2.4. Urinary pesticide metabolites measurements

We collected maternal urine samples one to three times during pregnancy (at the same time
as pregnancy interviews) in 100 mL beakers (Vacuette®, sterile), aliquoted them into 15 mL
tubes (PerformR™ Centrifuge tubes, Labcon®, sterile), and then stored them at —20°C until
shipment to the Division of Occupational and Environmental Medicine at Lund University,
Sweden, for analysis. A total of 93 women provided three samples during pregnancy, 222
women provided two samples, and 40 provided only one. Samples were analyzed for
metabolites of fungicides [ethylenethiourea (ETU, metabolite of mancozeb),
hydroxypyrimethanil (OH-PYR, metabolite of pyrimethanil), and 5-hydroxythiabendazole
(5-OH-TBZ, metabolite of thiabendazole)] and OP insecticides [3,5,6-trichloro-2-pyridinol
(TCPy, metabolite of chlorpyrifos) used in banana plantations (Table S1). Urine specimens
were also analyzed for metabolites of common synthetic pyrethroids used in vector control
programs and at home, but not in banana: 3-(2,2-dichlorovinyl)-2,2-
dimethylcyclopropanecarboxylic acid (DCCA, metabolite of permethrin, cypermethrin, and
cyfluthrin); and 3-phenoxybenzoic acid (3PBA, metabolite of permethrin, cypermethrin,
cyfluthrin, deltamethrin, allethrin, resmethrin, and fenvalerate). The herbicide 2,4-D, used to
control broadleaf in pasture and rice, was also measured in urine samples.

Urinary metabolites were measured using a liquid chromatography mass spectrometer (LC-
MS/MS; UFLCRX; Shimadzu Corporation) with a triple quadrupole linear ion trap (QTRAP
5500; AB Sciex) (Ekman et al. 2013; Ekman et al. 2014; Faniband et al. 2019). For ETU
analyses, duplicate urine samples were added with internal standards, hydrolyzed using
basic buffer, and then analyzed using two-dimensional LC-MS/MS methodology (Ekman et
al. 2013). For all other analyses, duplicate urine specimens were added with internal
standards and hydrolyzed using sulfatase/glucuronidase enzyme thereafter the metabolites
were extracted from the urinary matrix using solid phase extraction (Norén et al. 2020).
Average concentrations of the duplicate samples were used in further calculations. Between-
run and between-batch precisions were 4-18% and 8-19%, respectively.

Pesticide metabolite concentrations were normalized for dilution using the formula Msg =
Mx [(1.017 - 1) - (§G-1)], where Msg is the specific gravity-corrected metabolite
concentration (ug/L), Mis the observed metabolite concentration (ug/L), SG is the specific
gravity of the urine sample, and 1.017 kg/L is the average specific gravity for all urine
samples included in these analyses (1= 763). Urinary specific gravity (kg/L) was
determined using a hand refractometer.

2.5. Statistical analyses

We calculated descriptive statistics and distributional plots for all variables. We then
estimated bivariate associations between biomarkers of exposure, outcomes, and covariates
using t-tests and chi-square tests. We also estimated correlations between specific gravity-
corrected urinary pesticide metabolite concentrations using Spearman’s correlation
coefficients (r).

We examined associations of maternal urinary pesticide metabolite concentrations with
respiratory outcomes using multivariable logistic regression models. We examined three

Int J Hyg Environ Health. Author manuscript; available in PMC 2021 April 01.
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windows of exposure: (i) first half of pregnancy (<20 weeks of gestation, 7= 194), (ii)
second half of pregnancy (>20 weeks of gestation, 7= 343), and (iii) average over the course
of pregnancy (7= 355). Our primary analyses focused on evaluating those in the top quartile
[=75th percentile (P75)] vs. all other concentrations (<P75), but we also ran our models with
our exposures modeled as continuous variables (i.e., logyg-transformed specific gravity-
corrected urinary pesticide metabolite concentrations). We selected our covariates a priori
using directed acyclic graphs based on previous literature (Cupul-Uicab et al. 2014; Gascon
et al. 2012; Gascon et al. 2014): maternal age, maternal education, parity, gestational age at
birth, and infant sex. We imputed missing values for covariates (all <5% missing) using data
from the nearest available study visit. If values for a missing covariate were not available
from an earlier or later study visit, we randomly selected a value from the dataset (7= 2
participants missing parity; /7= 2 participants missing maternal smoking during pregnancy
for sensitivity analyses).

We conducted sensitivity analyses to assess the robustness of our results and better
understand our exposure-outcome associations. Because maternal smoking during pregnancy
has been identified as a risk factor for infant wheezing and LRTI (McEvoy and Spindel
2017) but the low prevalence of maternal smoking during pregnancy in our study population
(n = 15) prevented us from conducting stratified analyses and adjusting for this variable, we
excluded these mothers from our models. In addition, we ran our main models only with
mothers who had exposure data for both the first and second half of pregnancy (7= 182 for
LRTI and 161 for wheeze). We also clustered mother-infant pairs into four groups, based on
urinary ETU concentrations during the first and second half of pregnancy dichotomized at
the P75 of the two distributions: a) low ETU during first half/low ETU during second half,
representing concordant low exposures; b) high ETU during first half/low ETU during
second half; ¢) low ETU during first half/high ETU during second half; and d) high ETU
during first half/high ETU during second half, representing concordant high exposures.
Using multivariable regression models, we estimated the associations of this categorical
variable with LRTI and wheezing during the first year of life. All statistical analyses were
performed using Stata (version 14.2; StataCorp LLC) and R (version 3.1.2; R Development
Core Team).

3. Results

Ten percent of the children had at least one LRTI and 39% had at least one episode of
wheezing during their first year of life (Table 1). About 71% of children with history of a
LRTI also had wheezing. LTRI and wheezing were both associated with maternal smoking
both during pregnancy and during the first year of life. Mothers included in our analyses
were relatively young at the time of enrollment (median age = 22.3 years; range = 15-44),
predominantly Costa Rican-born (83%) and multiparous (64%), had no history of asthma
(87%), and lived below the Costa Rican poverty line at the time of enrollment (59%). Only
4% of mothers reported smoking during pregnancy. Pesticides were detected in the urine of
all women, with ETU, TCPy, 3PBA, and 2,4-D detected in all samples (Table 2). Median
(P25-P75) specific gravity-corrected urinary ETU, TCPy, and 3PBA concentrations averaged
during pregnancy were 3.3 (2.4-4.9) ng/mL, 1.8 (1.3-2.5) ng/mL, and 0.8 (0.5-1.3) ng/mL,
respectively. Urinary pesticide metabolites measured during the same window of exposure

Int J Hyg Environ Health. Author manuscript; available in PMC 2021 April 01.
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were weakly to moderately correlated (rs for first half of pregnancy = 0.03-0.34; r¢ for
second half of pregnancy = 0.01-0.20; rg for pregnancy average = 0-0.24), except for
pyrethroid metabolites 3PBA and DCCA, which were highly correlated during all exposure
periods (rs = 0.79-0.84; Table S2).

We observed that most associations of the seven prenatal urinary pesticide metabolites
[categorized in high (=P75) and low (<P75)] with respiratory outcomes during the first year
of life hovered around the null (Table 3). However, we found that high urinary ETU
concentrations during the first half of pregnancy were associated with increased odds of
LRTI (OR = 2.45; 95% CI: 0.96, 6.26). We also observed that high urinary ETU
concentrations during the second half of pregnancy were associated with decreased odds of
wheezing (OR = 0.50; 95% CI: 0.26, 0.96). We observed similar associations when we ran
our models with our exposures modeled as logg-transformed specific gravity-corrected
urinary pesticide metabolite concentrations (OR for ETU concentrations during the first half
of pregnancy and LRTI = 8.20; 95% CI: 1.66, 40.59; OR for ETU concentrations during the
second half of pregnancy and wheezing = 0.37; 95% CI: 0.13, 1.02; Table S3). Our effects
estimates did not change appreciably when we excluded mothers who reported smoking
during pregnancy (Table S4).

When we ran our main models only with mothers who had exposure data for both the first
and second half of pregnancy, we found that high urinary ETU concentrations during the
first half of pregnancy remained associated with increased odds of LRTI (OR = 2.69; 95%
Cl: 1.03, 7.05; n=182; data not shown in tables or figures). We also observed that high
urinary ETU concentrations during the second half of pregnancy were no longer associated
with decreased odds of wheezing among these women (OR = 0.51; 95% CI: 0.22, 1.21; n=
161). Similarly, when we clustered mother-infant pairs into four groups based on their
urinary ETU concentrations during the first and second half of pregnancy, we observed that
pairs with high ETU during first half/low ETU during second half had increased odds of
LRTI during the first year of life, compared to mother-child pairs with low ETU during first
half/low ETU during second half of pregnancy (OR = 3.08; 95% ClI: 0.98, 9.67; Figure 1).
Odds of wheezing were not associated with urinary ETU concentrations in our four-group
analyses (e.g., OR for mother-infant pairs with low ETU during first half/high ETU during
second half compared to the low concordant exposure group = 0.62; 95% ClI: 0.22, 1.70;
Figure 1).

4. Discussion

Our findings suggest that prenatal exposure to mancozeb, as indicated by urinary ETU
concentrations in women during pregnancy, is associated with respiratory outcomes in the
first year of life. We observed that infants in the highest quartile of maternal urinary ETU
concentrations during the first half of pregnancy had increased odds of LRTI, compared to
those in the lowest three quartiles. We also found that infants in the highest quartile of
maternal urinary ETU concentrations during the second half of pregnancy had decreased
odds of wheezing, compared to those in the lowest three quartiles, but this association was
attenuated when we included in our analyses only mothers with complete exposure
information and when we accounted for maternal ETU concentrations during the first half of
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pregnancy. It could be possible that exposure to current-use pesticides during the first half of
pregnancy is more important than exposure during the second half; however, further research
is warranted to assess the possibility of susceptible period(s) during pregnancy and the
mechanisms by which exposure to current-use pesticides may affect respiratory system
development.

Our findings on ETU and respiratory health are somewhat consistent to the only published
study to date on the association of bisdithiocarbamates fungicides exposure and respiratory
outcomes in children (Raherison et al. 2019). This cross-sectional study conducted in France
found that higher urinary ETU concentrations were associated with asthma and rhinitis
symptoms in children aged 3-10 years. This was a relatively small study (7= 66) that
examined health effects in older children (mean age = 7.5 years). The creatinine-corrected
urinary ETU concentrations in their study population (medians in Phases | and 11 =0.4 and
0.7 pg/g creatinine, respectively; n=96) were lower than those observed in the present study
(median throughout pregnancy = 3.1 ug/g creatinine), but were higher than those observed in
the US general population sample of children aged 6-11 years from the NHANES
2007-2008 study (median <LOD, P95 = 1.0 ug/g creatinine, n= 382) (Centers for Disease
Control and Prevention (CDC) 2019). The potential mechanism of bisdithiocarbamates
exposure on respiratory health is not well understood; nevertheless, evidence from
occupational studies suggests that these fungicides could affect respiratory function by
modulating the immune system, inducing macrophage activation, and enhancing the
inflammatory response (Colosio et al. 1996; Corsini et al. 2005; Weis et al. 2019). Given the
widespread use of mancozeb worldwide, more research studies are needed to understand
better the specific mechanisms by which bisdithiocarbamates interfere with the immune and
respiratory systems.

Although no published study has assessed the association of exposure to current-use
pesticides other than bisdithiocarbamate fungicides with respiratory health in the first year of
life, a few studies have examined the association of OP exposure with respiratory outcomes
in school-age children (Benka-Coker et al. 2019; Perla et al. 2015; Raanan et al. 2015;
Raanan et al. 2016). These studies have reported inconsistent results, possibly due to
differences in their study design (e.g., cross-sectional vs. prospective cohort), sources of
pesticide exposure (e.g., diet vs. drift from agricultural fields), windows of exposure (e.qg.,
prenatal vs. childhood), and/or exposure assessment methods (e.g., non-specific vs. OP-
specific metabolites). For example, in a cross-sectional study of U.S. children aged 5-16
years, OP exposure, as indicated by non-specific dialkyl phosphate (DAP) metabolites in
urine, was not associated with parent-reported asthma (n=2,777) (Perla et al. 2015). In
contrast, a birth cohort study of children living near agricultural fields in California observed
that higher urinary DAP metabolites in the second half of pregnancy and early childhood
(0.5-5 years) were associated with parent-reported respiratory symptoms at ages 5 and 7
years (n=359) (Raanan et al. 2015) and/or decreased lung function at 7 years (n=279)
(Raanan et al. 2016). Additionally, a very small cross-sectional study of children with
asthma aged 6-16 years and living in an agricultural community in Washington State (n7=
16), found that higher urinary DAPs metabolites were associated with increased urinary
leukotriene E4, a marker of asthma exacerbation (Benka-Coker et al. 2019). In our study, we
did not measure urinary DAP metabolites. We measured urinary TCPy, a metabolite specific
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to OP insecticide chlorpyrifos, in maternal samples collected during pregnancy, but did not
find an association with respiratory outcomes in the first year of life; nor did we observe
associations of prenatal exposure to pyrimethanil, thiabendazole, common synthetic
pyrethroids, and 2,4-D with LRTI and wheezing during the first year of life. In the present
study, we did not assess exposure to elemental sulfur or piperonyl butoxide both pesticides
and/or pesticide ingredients that have been previously associated with respiratory outcomes
in children (Liu et al. 2012; Raanan et al. 2017).

Our study has limitations, mostly related to the assessment of respiratory outcomes. We did
not obtain medical records to corroborate the physician- or nurse-confirmed diagnosis of
LRTI or wheezing episodes that mothers reported via questionnaire; thus, non-differential
outcome misclassification may have occurred. In addition, we examined respiratory
outcomes during the first year of life, which may be too early to identify long-lasting
respiratory effects of prenatal exposures to environmental toxicants. At the present time,
further respiratory assessments of the ISA study participants are being conducted to
determine if the exposure-outcome associations observed during the first year of life persist
throughout childhood. In our study, we cannot rule out the possibility that selection bias
could have arisen from loss to follow-up. Lastly, we recognize that we conducted multiple
comparisons, which could have led to statistically significant associations by chance, but we
tried to look for patterns in our results rather than to highlight isolated findings.

The present study has considerable strengths, perhaps most notable among them being its
longitudinal nature. We measured urinary pesticide metabolites concentrations in maternal
samples collected repeatedly during pregnancy — which is a strength considering that the
metabolites that we measured reflect short-term pesticide exposures (Lindh et al. 2008;
Nolan et al. 1984) -- and evaluated respiratory outcomes at age 1. As in any epidemiologic
study, the exposure-outcome associations that we found in our study could be attributable to
uncontrolled confounders, but we were able to assess or adjust for several important factors,
including maternal characteristics.

To our knowledge, ours is the first study to examine the association of prenatal exposure to
current-use pesticides with respiratory symptoms and infections during the first year of life.
Early life respiratory outcomes can have long-term consequences for respiratory health
(Busse et al. 2010; Jackson et al. 2008; Jackson 2014; Jackson et al. 2016; Lemanske et al.
2005; Liu et al. 2017; Lodge et al. 2014; Rubner et al. 2017). For example, viral wheezing
respiratory illnesses in infancy and early childhood life have been associated with an
increased risk of asthma at school age (Jackson et al. 2008) and adolescence (Rubner et al.
2017). Early life viral wheezing illnesses have also been associated with decreased lung
function at age 8 years (Guilbert et al. 2011). Previous studies have shown that the
respiratory and allergic disease risk profiles in Costa Rica are similar to those reported in
industrialized countries with a Western lifestyle (Celedon et al. 2002) and that children in
Costa Rica have one of the highest prevalence of wheeze worldwide (Lai et al. 2009). In our
study population, 39% of children had at least one episode of wheezing during their first
year of life, whereas 27% of children from eight European cohorts (Gascon et al. 2014) and
26% of children from a New York City birth cohort (Donohue et al. 2008) experienced
wheezing by ages 1.5 and 3 years, respectively. In contrast, only 10% of the children
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included in our study had developed at least one LRTI episode during their first year of life,
whereas 35% of the children from a large Spanish birth cohort (Gascon et al. 2012) and 19%
of the children from a Mexican birth cohort (Cupul-Uicab et al. 2014) experienced at least
one LRTI by ages 12-14 and 18 months, respectively. Further studies should examine how
prevalence differences in respiratory outcomes during infancy and early-life exposure to
pesticides can influence long-term respiratory health effects.

5. Conclusions

Prenatal exposure to mancozeb, but not to other current-use pesticides, was associated with
respiratory outcomes during the first year of life in infants living near banana plantations in
Costa Rica. Our results are biologically plausible, given the immunomodulatory effects of
bisdithiocarbamate fungicides observed in occupational studies, and are, to some degree,
consistent with the only published study to date on the association of bisdithiocarbamates
fungicides exposure and respiratory outcomes in children. Our findings provide additional
evidence supporting an association between prenatal pesticide exposure and respiratory
health in children and are important due to the widespread use of pesticides in agriculture
(Food and Agriculture Organization of the United Nations (FAQ) 2019) and increasing
prevalence of chronic respiratory diseases in children worldwide (Pearce et al. 2007; Zar and
Ferkol 2014).
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Figure 1.
Adjusted associations of urinary ETU concentrations during the first (FH) and second (SH)

half of pregnancy with respiratory outcomes at one year of age, ISA study, 2010-2013.
Models adjusted for maternal age, education, parity, gestational age at birth, and child sex.
High indicates above or at the 75th percentile (P75); low indicates below P75. P75 for ETU
concentrations during the first half of pregnancy = 3.40 ng/mL; P75 for ETU concentrations
during the second half of pregnancy = 3.25 ng/mL. Low FH + Low SH: reference category.
Abbreviations. ETU, ethylenethiourea; LRTI, low respiratory tract infections.
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Characteristics of study population by respiratory outcomes at one year of age, ISA study, Matina County,

2010-2013 [n (%) or median (P25-P75)].

Table 1.

LRTI (n = 355) Wheeze (n = 272)a
Never Ever Never Ever

All children 318 (89.6) 37(10.4) 166 (61.0) 106 (39.0)
Child characteristics
Child's sex

Boy 154 (48.4) 24 (64.9) 85 (51.2) 54 (50.9)

Girl 164 (51.6) 13 (35.1) 81 (48.8) 52 (49.1)
Low birth weight (<2,500 grams)

No 305 (95.9) 35 (94.6) 161 (97.0) 100 (94.4)

Yes 8(2.5) 2(5.4) 4(2.4) 3(2.8)

Missing 5(1.6) 0(0.0) 1(0.6) 3(2.8)
Preterm birth (<37 weeks)

No 298 (93.7) 34 (91.9) 154 (92.8) 103 (97.2)

Yes 20 (6.3) 3(8.1) 12 (7.2) 3(2.8)
Breastfeeding duration

<6 months 71 (22.3) 11 (29.7) 44 (26.5) 24 (22.6)

>6 months 247 (71.7) 26 (70.3) 122 (73.5) 82 (77.4)

Age at outcome assessment (months)
Maternal characteristics
Age at enrollment (years)
Country of birth
Costa Rica
Other
Education
<6th grade
>6th grade
Parity
0
>1
Missing
Agricultural work at enroliment
No
Yes
Agricultural work at one-year visit
No
Yes
History of asthma
No
Yes

131 (12.4-14.7)

22.1(19.1-28.2)

266 (83.7)
52 (16.3)

169 (53.1)
149 (46.9)

117 (36.8)
199 (62.6)
2(0.6)

289 (90.9)
29 (9.1)

241 (75.8)
77 (24.2)

274 (86.2)
44 (13.8)

13.0 (12.2-14.7)

23.5 (20.9-28.6)

30 (81.1)
7 (18.9)

12 (32.4)
25 (67.6)

9 (24.3)
28 (75.7)
0(0.0)

35 (94.6)
2(5.4)

28 (75.7)
9 (24.3)

34 (91.9)
3(8.1)

13.3 (12.5-15.3)

21.4 (18.5-25.8)

134 (80.7)
32 (19.3)

82 (49.4)
84 (50.6)

66 (39.8)
99 (59.6)
1(0.6)

155 (93.4)
11 (6.6)

130 (78.3)
36 (21.7)

144 (36.8)
22 (13.2)

13.8 (12.6-15.1)

23.0 (19.7-29.1)

90 (84.9)
16 (15.1)

57 (53.8)
49 (46.2)

34 (32.1)
72 (67.9)
0(0.0)

93 (87.7)
13 (12.3)

75 (70.8)
31(29.2)

91 (85.9)
15 (14.1)
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LRTI (n = 355) Wheeze (n = 272)a
Never Ever Never Ever
Smoking during pregnancy
No 306 (96.2) 33(89.2) 163 (98.2) 95 (89.6)
Yes 11 (3.5) 4(10.8) 3(1.8) 10 (9.4)
Missing 9(0.3) 0(0.0) 0(0.0) 1(1.0)
Cotinine levels during pregnancy
<LOD (1 ng/mL) 259 (81.4) 30 (81.1) 137 (82.5) 83 (78.3)
>LOD 48 (15.1) 7(18.9) 25 (15.0) 17 (16.0)
Missing 11 (3.5) 0(0.0) 4(2.4) 6 (5.7)
Smoking during the year after delivery
No 309 (97.2) 34 (91.9) 164 (98.8) 98 (92.5)
Yes 9(2.8) 3(8.1) 2(1.2) 8(7.5)
Household characteristics
Income at enrollmentb
>Poverty line 125 (39.3) 17 (46.0) 73 (44.0) 41 (38.7)
<Poverty line and >extreme poverty line 129 (40.6) 12 (32.4) 62 (37.3) 43 (40.6)
<Extreme poverty line 60 (18.9) 8 (21.6) 29 (17.5) 21 (19.8)
Missing 4(1.2) 0(0.0) 2(1.2) 1(0.9)

Abbreviations. LOD, limit of detection; LRTI, lower respiratory tract infection; 7, number of children; P25, 25th percentile; P75, 75th percentile.

a\Nheezing question was administered to only 272 mother-child pairs because it was added to the questionnaire after the one-year visits had already

started.

bCosta Rican poverty and extreme poverty lines in 2011: US$141 and US$69 per capita per month.
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Distribution of prenatal pesticide metabolites (specific gravity-adjusted, ng/mL) concentrations in the study
population, ISA study, 2010-2013.

Percentile
Pesticide metabolite %>LOD  Min Max
25th  50th  75th

1st half of pregnancy (n=194)
ETU 100 0.58 214 340 497 31.06
TCPy 100 0.28 1.06 162 246 50.01
3PBA 100 0.07 042 072 126 3261
2,4-D 100 0.04 0.17 027 048 3.50
DCCA 100 0.06 060 116 2.02 4577
OH-PYR 85 <LOD 015 032 086 946.36
5-OH-TBZ 63 <LOD 0.02 0.06 029 144.73

2nd half of pregnancy (= 343)
ETU 100 0.65 221 325 470 127.38
TCPy 100 0.41 121 177 259 9110
3PBA 100 0.06 044 073 134 1681
2,4-D 100 0.05 022 031 055 159.21
DCCA 99 0.13 068 120 221 18.06
OH-PYR 92 <LOD 0.19 049 125 368.55
5-OH-TBZ 72 <LOD 0.02 0.09 047 644.46

Pregnancy average (/7= 355)
ETU 100 0.81 238 335 490 127.38
TCPy 100 0.41 131 175 254 6296
3PBA 100 0.10 049 079 131 16.96
2,4-D 100 0.09 023 033 053 79.76
DCCA 100 015 075 130 230 2356
OH-PYR 94 <LOD 0.21 056 1.33 368.55
5-OH-TBZ 76 <LOD 0.03 0.11 058 339.00

Abbreviations. 2,4-D, 2,4-dichlorophenoxyacetic acid; DCCA, 3-(2,2-dichlorovinyl)-2,2-dimethylcyclopropanecarboxylic acid; ETU,

ethylenethiourea; ICC, intraclass correlation coefficient; LOD, limit of detection; /2, number of children; OH-P, 3-hydroxypyrimetanil; 5-OH-TBZ,

5-hydroxythiabendazol; 3-PBA, 3-phenoxybenzoic acid; SD, standard deviation; TCPy, 3,5,6-trichloro-2-pyridinol.
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Table 3.

Adjusted associations [OR (95% CI)] for prenatal pesticide metabolites (high vs. Iow)aand respiratory
outcomes at one year of age, ISA study,2010-2013

Pesticide metabolites

LRTI

Wheezing

First half of pregnancy

n=194

n=172

ETU 2.45(0.96,6.26) 1.01(0.48, 2.12)
TCPy 1.36 (0.50,3.68) 0.73 (0.34, 1.56)
3PBA 147 (0.54,4.01) 152 (0.73,3.16)
24-D 1.21(0.43,3.40) 0.79 (0.37, 1.68)
DCCA 1.90(0.72,5.01) 1.71(0.82, 3.57)
OH-PYR 1.60 (0.58,4.38) 1.02 (0.48, 2.16)
5-OH-TBZ 0.34(0.09,1.26)  1.50 (0.74, 3.03)

Second half of pregnancy

n=343

n=261

ETU 0.87 (0.37,2.05) 050 (0.26, 0.96)
TCPy 0.60 (0.24, 1.53)  0.82 (0.45, 1.50)
3PBA 1.40 (0.64,3.05)  1.23 (0.68, 2.22)
24-D 1.45(0.67,3.11) 0.87 (0.47, 1.60)
DCCA 0.92 (0.40,2.10)  0.76 (0.40, 1.47)
OH-PYR 0.93(0.41,2.13) 0.71(0.37,1.33)
5-OH-TBZ 1.03 (0.46,2.30)  0.69 (0.38, 1.28)
Pregnancy average n=355 n=272
ETU 150 (0.70,3.19)  0.69 (0.37, 1.28)
TCPy 0.84(0.36,1.95) 0.86 (0.48, 1.54)
3PBA 1.64 (0.78,3.47)  1.07 (0.60, 1.90)
24-D 1.48 (0.69,3.14)  0.87 (0.48, 1.59)
DCCA 1.07 (0.49,2.36)  0.74 (0.39, 1.38)
OH-PYR 1.49(0.70,3.18) 0.83 (0.45, 1.53)
5-0H-TBZ 0.98 (0.45,2.16)  0.80 (0.45, 1.45)

Abbreviations. 2,4-D, 2,4-dichlorophenoxyacetic acid; DCCA, 3-(2,2-dichlorovinyl)-2,2-dimethylcyclopropanecarboxylic acid; ETU,
ethylenethiourea; LRT]I, lower respiratory tract infection; /7, number of children; OH-P, 3-hydroxypyrimetanil; 5-OH-TBZ, 5-hydroxythiabendazol;
OR, odds ratio; 3-PBA, 3-phenoxybenzoic acid; TCPy, 3,5,6-trichloro-2-pyridinol.

Models adjusted for maternal age, education, parity, gestational age at birth, and child sex.

a ... . . . .
Pesticide exposure categorized as high (=75th percentile) and low (=75th percentile, reference category).
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