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ABSTRACT
Background  Little is known about the effects 
of pesticides on children’s respiratory and allergic 
outcomes. We evaluated associations of prenatal and 
current pesticide exposures with respiratory and allergic 
outcomes in children from the Infants’ Environmental 
Health Study in Costa Rica.
Methods  Among 5-year-old children (n=303), we 
measured prenatal and current specific gravity-corrected 
urinary metabolite concentrations of insecticides 
(chlorpyrifos, pyrethroids), fungicides (mancozeb, 
pyrimethanil, thiabendazole) and 2,4-D. We collected 
information from caregivers on respiratory (ever doctor-
diagnosed asthma and lower respiratory tract infections 
(LRTI), wheeze and cough during last 12 months) 
and allergic (nasal allergies, itchy rash, ever eczema) 
outcomes. We fitted separate multivariable logistic 
regression models for high (≥75th percentile (P75)) vs 
low (<P75) metabolite concentrations with respiratory 
and allergic outcomes. We also ran models including 
metabolite concentrations as continuous exposure 
variables.
Results  Children’s respiratory outcomes were common 
(39% cough, 20% wheeze, 12% asthma, 5% LRTI). 
High current pyrethroid metabolite concentrations 
(∑pyrethroids) were associated with wheeze (OR=2.37, 
95% CI 1.28 to 4.34), itchy rash (OR=2.74, 95% CI 
1.33 to 5.60), doctor-diagnosed asthma and LRTI. High 
current ethylene thiourea (ETU) (specific metabolite 
of mancozeb) was somewhat associated with LRTI 
(OR=2.09, 95% CI 0.68 to 6.02). We obtained similar 
results when modelling ∑pyrethroids and ETU as 
continuous variables. We saw inconsistent or null 
associations for other pesticide exposures and health 
outcomes.
Conclusions  Current pyrethroid exposure may affect 
children’s respiratory and allergic health at 5 years of 
age. Current mancozeb exposure might contribute to 
LRTI. These findings are important as pyrethroids are 
broadly used in home environments and agriculture and 
mancozeb in agriculture.

INTRODUCTION
The possible effects of pesticides on children’s respi-
ratory health are a public health concern. Lower 
respiratory tract infections (LRTI) are leading cause 
of death among children under 5 years of age, and 
asthma is the most common chronic disease of child-
hood, affecting 14% of children globally.1 Asthma 
prevalence has been increased during last decades, 

particularly in low-resource settings.2 Respiratory 
outcomes, including infection and wheezing, during 
infancy can have long-term consequences for adult 
respiratory health.3 Only few studies have reported 
associations of pesticide exposure with adverse 
respiratory outcomes in young children.4 5 World-
wide, exposure to pesticides is common in both 
agricultural and residential settings, and results 
from epidemiological studies of farmworkers have 
shown that occupational pesticide exposure may 
affect respiratory health, as it has been associated 
with increased odds of coughing, wheezing and 
asthma.5–9

Pesticide exposure assessment in epidemiological 
studies is challenging, and researchers studying its 
effects on children’s respiratory health have opted 
for different approaches, including measurement 
of pesticides, or its metabolites, in personal air 
samples, blood and urine.10 The measurement of 
urinary pesticide metabolites is one of the most-used 
methods and often considered the gold standard of 
exposure assessment, because they reflect exposures 
from all routes, and, generally, concentrations are 
more easily detected in urine as compared with 
blood. Nevertheless, as most current-use pesticides 
have relatively short toxicokinetic half-lives, their 
urinary metabolites mainly reflect exposures during 
the last 24 hours and tend to vary substantially 
for the same person on different days, most likely 
attenuating exposure-effect associations of chronic 
health effects.

Key messages

What is the key question?
	⇒ Are prenatal and current pesticide exposures 
associated with children’s respiratory and 
allergic outcomes?

What is the bottom line?
	⇒ Current, but not prenatal, pesticide exposures 
were consistently associated with respiratory 
and allergic outcomes among 5-year-old 
children, particularly pyrethroid exposures.

Why read on?
	⇒ Very little is known about the effects of 
pesticides on children’s respiratory and allergic 
outcomes, despite their extensive use.
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Several pesticides have been associated with respiratory 
outcomes in children. Results from a birth cohort in New York 
City indicated children aged 5–6 years with higher prenatal 
exposure to piperonyl butoxide (PBO), a synergist for residential 
pyrethroid insecticides, had more frequent non-infectious cough 
compared with children with lower exposures.11 On the other 
hand, the Center for the Health Assessment of Mothers and 
Children of Salinas (CHAMACOS) birth cohort showed chil-
dren with higher prenatal urinary organophosphate (OP) insec-
ticide concentrations in the second half of pregnancy, and higher 
cumulative OP exposure during childhood had more respiratory 
symptoms at ages 5 and 7 years.12 Results from the same cohort 
indicated cumulative urinary OP-metabolite concentrations 
between 0.5 and 5 years were associated with decreased lung 
function at 7 years of age.13 In contrast, a cross-sectional study 
using data from the US National Health and Nutrition Examina-
tion Survey in children aged 6–15 years found null associations 
of urinary OP-metabolite concentrations with current wheeze.14 
Regarding the fungicide mancozeb and its metabolite ethylene 
thiourea (ETU), results from a small (n=66) cross-sectional study 
performed in France indicated children with higher urinary ETU 
had higher prevalence of asthma and rhinitis symptoms at ages 
3–10 years.15 In Costa Rica, results from the Infants’ Environ-
mental Health Study (ISA)16 showed prenatal exposure to the 
fungicide mancozeb and ETU during the first, but not second, 
half of pregnancy, was associated with an increased prevalence 
of LRTI during the first year of life.17

Several studies16–18 have shown women and children from rural 
areas in the Costa Rica Caribbean are environmentally exposed 
to various pesticides used in agriculture, including the fungicides 
mancozeb, pyrimethanil and thiabendazole, the OP-insecticide 
chlorpyrifos and the herbicide 2,4-D used in pasture for broad 
leaved weed control as well as pyrethroid-insecticides used for 
vector control.16 17 19 20 On large-scale banana plantations, the 
predominant crops in our study area, mancozeb is generally 
applied with light aircrafts on a weekly basis to prevent Siga-
toka disease, and about 12 other fungicides are being applied 
by aerial spraying, while the fungicide thiabendazole is being 
applied postharvest, before packing the fruits for shipment. In 
addition, bags treated with insecticides, such as chlorpyrifos, are 

Table 1  Demographic characteristics and prevalence of select 
respiratory outcomes among 303 children from the ISA Population at 
children’s age 5, Matina County, Costa Rica 2015–2016

 
N %

Child’s characteristics

Child’s sex

 � Female 147 49

 � Male 156 51

Child current nutritional status

 � Underweight or below 3 1

 � Normal 228 75

 � Overweight 46 15

 � Obese 23 8

 � Missing 3 1

Low birth weight (<2500 grams)

 � Yes 9 3

 � No 289 95

 � Missing 5 2

Breast feeding duration

 � Less than 6 months 76 25

 � 6 months or more 227 75

Current cotinine detected in urine (>1 µg/L)

 � Yes 55 18

 � No 238 79

 � Missing 10 3

Mother’s characteristics

Parity ≥1 195 64

Maternal smoking during pregnancy 15 5

Cotinine detected in urine during pregnancy (>1 µg/L) 45 15

Maternal smoking history

 � Never 278 92

 � Past 15 5

 � Current 10 3

Current cotinine detected in urine (maternal) 45 15

Maternal history of asthma 70 23

Current work in agriculture

 � Yes 49* 14

 � No 250 83

 � Missing 10 3

Partner currently works in agriculture

 � Yes 154 51

 � No 139 46

 � Missing 10 3

Household characteristics

Current smoking inside house 32 11

Income per capita at enrolment

 � Above poverty line 102 34

 � Poverty 112 37

 � Extreme poverty 88 29

 � Missing 1 0

Continued

 
N %

Food security‡

 � Low 194 64

 � Marginal 69 23

 � High 30 10

 � Missing 10 3

Daily exposure to smoke of waste burning 50 17

Vector control by ministry of health during last 12 months 169 56

Pesticide use inside home during last 12 months 152 50

Residential distance to banana plantation (metres)

 � <50 56 19

 � 50–500 170 56

 � ≥500 77 25

*46 out of 49 mothers currently worked on banana plantations.
†138 out of 154 partners currently worked on banana plantations.
‡Defined using the U.S. Department of Agriculture Food Security Scale.
ISA, Infants’ Environmental Health Study.

Table 1  Continued
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being used, and highly toxic nematicides are being applied 3–4 
times a year.21 Regarding vector-control, pyrethroid-insecticides 
like cypermethrin are used by the Ministry of Health when there 
is an outbreak of Dengue, chikungunya and Zika fever, and 
synthetic pyrethroids are commonly used by families at home. 
Here, we evaluated the association of prenatal and current 
exposure to chlorpyrifos, pyrethroids, mancozeb, pyrimethanil, 
thiabendazole and 2,4-D with respiratory and allergic outcomes 
among 5-year-old children from the ISA study.

METHODS
Study population
As described previously,16 pregnant women were enrolled from 
March 2010 to June 2011, if aged ≥15 years, <33 weeks of 
gestation and living within 5 km of banana plantations in Matina 
County Costa Rica.16 17 Of the 451 women enrolled in the study, 
22 (5%) had a miscarriage, stillbirth or neonatal/infant death; 
and 126 (28%) were lost to follow-up before the 5-year study 
visit in 2015–2016. Mother–child pairs included in this analysis 
(n=303, 67% attainment since enrolment) were similar in socio-
demographic attributes to the initial cohort (n=451) and 293 
children provided a urine sample at the 5-year visit.

Data collection
Data collection of the prenatal and early life visits has been 
described in detail previously.16 17 In this study, we included 
data from prenatal and 5-year visits. We collected information 
on sociodemographic and socioeconomic, medical, occupational 
and environmental variables at each visit (table 1) with a struc-
tured questionnaire. We also measured Euclidean distances from 
residence to the nearest border of closest banana plantation.16 In 
addition, at each visit, we collected maternal spot urine samples 
1–3 times during pregnancy 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.16

When the children were 5 years old, we visited their homes 
again and administered their caretakers, mostly mothers (n=291, 
96%), a structured questionnaire to collect data on their child’s 
health. Information on respiratory and allergic outcomes was 
collected using the International Study of Allergy and Asthma in 
Children (ISAAC) questionnaire (in Spanish, previously used in 
Costa Rica).16 Images or videos for each condition (eg, wheeze, 
eczema) were provided when applicable. All data were collected 
using electronic tablets. Children provided a spot urine sample 
on the day of visit, with help from their caretaker following 
the same procedures as described before.16 17 Anthropometric 
measurements, including height, weight and waist circumfer-
ence, were also taken, as described previously.17

Exposure assessment
Urine samples were analysed for urinary pesticide metabolites 
using a liquid chromatography mass spectrometer (LC-MS/
MS; UFLCRX; Shimadzu Corporation) with a triple quadru-
pole linear ion trap (QTRAP 5500; AB Sciex) and corrected for 
specific gravity as described previously.16 17 22 We analysed ETU 
(limit of detection (LOD)=0.08 µg/L) for mancozeb; hydroxy-
pyrimethanil (OHP) (LOD=0.06 µg/L) for pyrimethanil; 
5-hydroxythiabendazole (OHT) (LOD=0.03 µg/L) for thiaben-
dazole; 3,5,6-trichloro-2-pyridinol (TCP) (LOD=0.05 µg/L) for 
chlorpyrifos and 3-(2,2-dichlorovinyl)−2,2-dimethylcyclopropa
necarboxylic acid (DCCA) (LOD=0.04 µg/L) for the pyrethroids 
permethrin, cypermethrin and cyfluthrin; and 3-phenoxybenzoic 
acid (3-PBA) (LOD=0.03 µg/L) for permethrin, cypermethrin, 
cyfluthrin, deltamethrin, allethrin, resmethrin and fenvalerate. 
The herbicide 2,4-D was also measured (LOD=0.02 µg/L). 
We added the concentrations of 3-PBA and DCCA to create a 
summary measure of pyrethroid exposure (∑Pyrethroids). The 
laboratory takes part in the Erlangen interlaboratory programme 
for TCP and 3-PBA with excellent results (online supplemental 
material I and II).

We also measured urinary cotinine concentrations (indicator 
for exposure to cigarette smoke) and urinary 1-hydroxypyerene 
and hydroxyphenanthrene concentrations. The latter are 
biomarkers of exposure to polycyclic aromatic hydrocarbons 
possibly from smoke from wood or waste burning.23 24 As our 
study was situated in a rural area, we did not measure outdoor 
pollution (particulate matter (PM) 2.5, PM 10 or ozone). Also, 
as the Caribbean climate is similar all-year round, without well-
defined dry or wet seasons, we also did not consider exposure 
to pollen.

Outcome assessment
We interviewed mothers or caretakers at home about respira-
tory and allergic outcomes in their children at 5 years of age 
with a structured questionnaire. Most questions were from 
the ISAAC-III questionnaire25 previously used in Costa Rica26 
(for more information, see online supplemental table S1). We 
obtained information about symptoms of asthma (ever and 
current (=during last 12 months) wheeze), ever doctor-confirmed 
asthma, current dry cough at night, ever and current LRTI, ever 
and current rhinitis, ever and current symptoms of eczema (itchy 
rash) and ever doctor-confirmed eczema. Severe symptoms of 
asthma were defined as ≥4 attacks of wheeze, or >1 night per 
week sleep disturbance from wheeze or wheeze-affecting speech 
in the past 12 months.27

Table 2  Prevalence of respiratory and allergic outcomes among 303 
children from the ISA Population at age 5, Matina County, Costa Rica 
2015–2016

Type of 
outcome Outcome N %

Respiratory Ever wheeze (symptom of asthma) 97 32

 �  Current* wheeze (symptom of asthma) † 62 20

 �  Current symptoms of severe asthma‡ 33 11

 �  Ever doctor-diagnosed asthma† 37 12

 �  Current dry cough† 118 39

 �  Ever LRTI 49 16

 �  Current LRTI† 15 5

Allergic Ever nasal allergies (allergic rhinitis) 67 22

 �  Current nasal allergies (allergic rhinitis) † 63 21

 �  Current allergic rhinoconjunctivitis 42 14

 �  Ever itchy rash (symptom of eczema) 52 17

 �  Current itchy rash (symptom of eczema) † 39 13

 �  Ever doctor-diagnosed eczema† 21 7

 �  Current medication for eczema 8 3

*Past 12 months.
†Selected for epidemiological analysis.
‡≥4 attacks of wheeze, or >1 night per week sleep disturbance from wheeze, or wheeze 
affecting speech in the past 12 months.
ISA, Infants’ Environmental Health Study; LRTI, lower respiratory tract infection.
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Statistical analyses
We calculated descriptive statistics and distributional plots for 
all variables. We then estimated bivariate associations between 
biomarkers of exposure, selected outcomes and covariates using 
χ2 tests. We estimated correlations between prenatal and current 
gravity-corrected urinary pesticide metabolite concentrations 
using Spearman’s correlation coefficients. In our main analyses, 
we examined associations of prenatal and children’s current 
urinary pesticide metabolite concentrations (modelled as dichot-
omous variables: highest quartile (≥75 th percentile (P75)) vs 
lowest three quartiles (<P75) as we expected effects at relatively 
high exposures) with selected respiratory and allergic outcomes 
using multivariable logistic regression models. We also ran our 
models with pesticide exposures modelled as continuous vari-
ables (ie, log10-transformed specific gravity-corrected urinary 
pesticide metabolite concentrations). Additionally, we ran our 
logistic regression models with exposure variables obtained via 
interviews: current maternal and paternal work in agriculture, 
pesticide use inside or outside home during last 12 months, 
governmental spraying for vector control during last 12 months 
and reported exposure to smoke from waste burning (daily 
or weekly vs less than weekly). We adjusted our multivariable 
models a priori for maternal smoking during pregnancy (yes/no) 
and child sex as these have been identified as risk factors for 
respiratory and allergic diseases in the literature.26 We imputed 
missing values for covariates (all <5% missing) using data from 
the nearest available study visit.

We ran several sensitivity analyses to evaluate the robustness 
of our results. First, we ran models that included both prenatal 
and current exposures in the same model, while adjusting for 
child sex and maternal smoking during pregnancy. Second, we 

added additional variables, reported among at least 5% of the 
children, described in the literature as possible risk or protective 
factors for respiratory and allergic diseases26 28 that associated 
(OR >1.5) with one or more of the outcomes and ran models 
adjusted for: (1) maternal smoking during pregnancy, child sex, 
parity (0 vs ≥1), breastfeeding (>6 vs ≤6 months); (2) maternal 
smoking during pregnancy, child sex, parity and maternal history 
of asthma (yes/no) and (3) models adjusted for current smoking 
inside house (yes/no), child sex and parity.

Based on the exploratory nature of this analysis, we did not 
adjust for multiple comparisons. Furthermore, we looked for 
patterns shown by results, instead of focusing on statistical 
significance (ie, p<0.05). All statistical analyses were conducted 
in R (V.3.6.1).

RESULTS
A total of 303 children were included in the analysis of prenatal 
exposures and 293 in the analysis of current exposures. Table 1 
shows about half of the children were girls, 75% had a normal 
nutritional status, almost all (97%) weighed >2500 g at birth, 
and 75% were breastfed for 6 months or more. Only 5% of 
mothers smoked during pregnancy. About one-third of house-
holds had an income per capita above the poverty line, but 
64% experienced low food security. Prevalence of children with 
ever doctor-confirmed asthma was 12%, while 20% reported 
current symptoms of asthma (wheeze), 39% dry cough at night 
and 5% LRTI during the last 12 months (table 2). Fourteen per 
cent (n=41) of the children had symptoms of severe asthma. 
Twenty per cent of children had current rhinitis (nasal allergies), 
13% had current symptoms of eczema (itchy rash) and 7% had 

Table 3  Prenatal and current specific-gravity adjusted urinary pesticide metabolite concentrations for children from the ISA study at age 5, Matina 
County, Costa Rica, 2015–2016

Urinary biomarkers of exposure (μg/L) Minimum

Percentile

Maximum10th 25th 50th 75th 90th

Averaged prenatal concentrations (n=303)†

TCP 0.41 0.92 1.31 1.75 2.52 4.19 62.96

ETU 1.03 1.87 2.34 3.32 4.66 6.16 127.38

OHP <LOD 0.12 0.21 0.56 1.29 3.28 368.55

OHT <LOD <LOD 0.03 0.10 0.53 2.35 339.00

2,4-D 0.09 0.17 0.23 0.32 0.54 1.10 79.76

3-PBA 0.10 0.30 0.51 0.83 1.35 2.46 16.96

DCCA 0.15 0.50 0.79 1.32 2.39 3.78 23.56

∑ Pyrethroid* 0.46 0.87 1.28 2.26 3.84 5.95 40.52

Current child’s concentrations (n=293)§

TCP 0.29 0.69 0.98 1.51 2.31 4.04 30.85

ETU <LOD 0.61 1.16 2.21 3.65 6.82 66.59

OHP <LOD 0.10 0.23 0.52 1.27 3.39 445.67

OHT <LOD <LOD <LOD 0.07 0.22 1.01 20.26

2,4-D 0.04 0.19 0.24 0.38 0.71 1.49 146.85

3-PBA 0.15 0.52 0.98 2.09 3.78 6.93 35.92

DCCA 0.19 0.83 1.39 2.53 4.52 8.83 44.19

∑ Pyrethroid* 0.41 1.70 2.62 4.60 8.65 14.74 80.12

*∑ Pyrethroid: sum of 3-PBA and DCCA.
†TCPy, ETU, 3-PBA, DCCA, and 2,4-D=100% > limit of detection (LOD), OHP=96%, OHT=80% > LOD.
‡Prenatal intra-class correlation coefficient (ICC): TCP=0.41, ETU=0.14, OHP=0.27, OHT=0.39, 2,4-D=0.28, 3-PBA=0.29, and DCCA=0.28.
§TCP, 3-PBA, DCCA, and 2,4-D=100% > LOD, ETU=99%, OHP=92%, OHT=68% >LOD.
2,4-D, 2,4-Dichlorophenoxyacetic acid; DCCA, 3-(2,2-dichlorovinyl)- 2,2-dimethyl-cyclopropane-1-carboxylic acid; ETU, ethylenethiourea; ISA, Infants’ Environmental Health Study; LOD, limit of 
detection; OHP, Hydroxypyrimethanil; OHT, 5-hydroxythiabendazole; 3-PBA, 3-phenoxybenzoic acid; TCP, 3,5,6 trichloro-2-pyridinol.
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ever doctor-diagnosed eczema. Current wheeze and ever doctor-
diagnosed asthma moderately correlated (r=0.49), while other 
outcomes weakly correlated (wheeze and cough: r=0.31, cough 
and nasal allergies: r=0.35, others r≤0.2) (online supplemental 
table S1).

The pesticide metabolites presented in table 3 were frequently 
detected in both prenatal (≥80%) and current urine samples 
(≥68%). Averaged prenatal and current pesticide metabolite 
concentrations were not correlated (rs=0–0.25; online supple-
mental table S2). Prenatal urinary pesticide concentrations 
generally were highest for ETU (P75=4.66 µg/L), followed by 
∑Pyrethroids (P75=3.84 µg/L) and 3,5,6 trichloro-2-pyridinol 
(TCP) (P75=2.52 µg/L). At 5 years, concentrations were usually 
highest for ∑Pyrethroids (P75=8.65 µg/L), followed by DCCA 
(4.52 µg/L), 3-PBA (P75=3.78 µg/L) and ETU (P75=3.65 µg/L). 
Prenatal pesticide metabolite concentrations varied more within 
than between children as intraclass correlation coefficients 
ranged from 0.14 to 0.41 (table 3).

Predominantly pyrethroid exposures were associated respi-
ratory outcomes. Prenatal DCCA and ∑Pyrethroid showed an 
inverse association with asthma (OR=0.21, 95% CI:0.05 to 
0.61 and OR=0.39, 95% CI 0.13, 0.98, respectively), but not 
with other respiratory outcomes. In contrast, children with high 
current pyrethroid exposures had increased odds of current 
asthma, ever doctor-diagnosed asthma, current LRTI and, to 
a lesser extent, current cough (table 4, figure 1). We observed 
the most precise association for high ∑Pyrethroid and wheeze: 
OR=2.37, 95% CI 1.28 to 4.34). Furthermore, children with 
high current TCP, ETU, OHP and OHT had increased odds 
(>2.03) of current LRTI, but these estimates were imprecise, as 
95% CI ranged from 0.66 to 6.07 (table 4). When we included 

exposures as log10-transformed specific gravity-corrected urinary 
pesticide metabolite concentrations (online supplemental table 
S3), our findings generally were similar for pyrethroid exposure, 
for example, for each tenfold increase in ∑Pyrethroid, we found 
increased odds for wheeze (OR=1.99, 95% CI: 0.98 to 4.07), 
asthma (OR=2.30, 95% CI: 0.96 to 5.57), and current LRTI 
(OR=3.74, 95% CI: 1.06 to 13.46). Yet, for the other pesti-
cide metabolites the increased odds of LRTI were attenuated, 
except for ETU (OR: 2.70, 95% CI 0.72, 10.64 for each tenfold 
increase in ETU). The results of our sensitivity analyses for respi-
ratory outcomes were similar to these presented above (online 
supplemental tables S4–S8)

We observed mostly null associations of prenatal pesti-
cide exposures with allergic outcomes (table  5), except for 
high urinary TCP concentrations that were associated with 
decreased odds of rhinitis (OR=0.49, 95% CI 0.22 to 0.98), 
and high urinary OHP concentrations that were associated with 
increased odds of ever doctor-diagnosed eczema (OR=2.39, 
95% CI 0.94 to 5.90). Yet, when modelling these exposures as 
continuous variables, associations were attenuated for prenatal 
TCP and current nasal allergies (OR=0.63, 95% CI 0.22 to 
0.66) as well as prenatal OHP and ever eczema (OR=1.19, 
95% CI 0.59 to 2.25) (online supplemental table S9). In addi-
tion, high current pyrethroid exposure was associated with 
current itchy rash (ie, ∑Pyrethroid OR=2.74, 95% CI 1.33 
to 5.60), but not with current nasal allergies, or ever eczema 
(figure  1, table  4). The latter association remained when we 
modelled current pyrethroid exposure as a continuous vari-
able (OR per 10-fold increase in ∑Pyrethroid concentrations: 
2.90 (95% CI 1.24 to 6.92) (online supplemental table S9). 
The sensitivity analyses we ran for models of allergic symptoms 

Table 4  ORs, adjusted for maternal smoking during pregnancy and child’s sex, of high (≥P75) specific pesticide exposures and childhood 
respiratory outcomes during last 12 months

Current wheeze (N=62) Ever doctor-diagnosed asthma (N=37) Current dry cough (N=118) Current LRTI (N=15)

OR 95% CI OR 95% CI OR 95% CI OR 95% CI

Prenatal metabolites* (n=303)

TCP 1.52 0.81 to 2.79 0.88 0.37 to 1.92 1.11 0.65 to 1.89 1.09 0.29 to 3.31

ETU 1.22 0.63 to 2.28 0.86 0.35 to 1.9 0.91 0.52 to 1.55 1.11 0.3 to 3.39

OHP 0.58 0.27 to 1.15 0.79 0.32 to 1.77 1.04 0.6 to 1.77 0.74 0.17 to 2.42

OHT 0.65 0.31 to 1.27 0.65 0.25 to 1.49 1.08 0.63 to 1.83 0.43 0.07 to 1.61

2,4-D 1.21 0.63 to 2.25 0.46 0.16 to 1.11 0.86 0.5 to 1.48 1.5 0.45 to 4.42

3PBA 1.22 0.64 to 2.27 0.6 0.23 to 1.38 1.15 0.67 to 1.96 0.7 0.16 to 2.31

DCCA 0.81 0.4 to 1.55 0.21 0.05 to 0.62 0.74 0.42 to 1.27 1.06 0.29 to 3.23

∑ Pyrethroid† 1.12 0.58 to 2.09 0.39 0.13 to 0.98 0.91 0.52 to 1.55 1.04 0.28 to 3.17

Child metabolites* (n=293)

TCP 0.94 0.48 to 1.79 1.14 0.5 to 2.46 0.78 0.45 to 1.35 2.05 0.66 to 5.89

ETU 0.58 0.27 to 1.15 0.66 0.25 to 1.53 0.94 0.54 to 1.61 2.09 0.68 to 6.02

OHP 1.21 0.63 to 2.26 1.4 0.62 to 2.97 1.29 0.75 to 2.2 2.1 0.68 to 6.07

OHT 1.17 0.61 to 2.2 1.82 0.84 to 3.8 0.91 0.52 to 1.56 2.03 0.66 to 5.85

2,4-D 0.84 0.42 to 1.61 0.54 0.19 to 1.28 0.76 0.43 to 1.31 1.47 0.45 to 4.32

3PBA 1.72 0.92 to 3.17 1.75 0.81 to 3.66 1.41 0.82 to 2.41 2.7 0.91 to 7.82

DCCA 1.95 1.05 to 3.58 2.09 0.98 to 4.36 1.35 0.79 to 2.31 2.06 0.67 to 5.93

∑ Pyrethroid† 2.37 1.28 to 4.34 2.09 0.98 to 4.36 1.58 0.92 to 2.71 2.78 0.94 to 8.04

ISA study at 5 years of age, Matina County, Costa Rica 2015–2016.
*Variables dichotomised at 75th percentile; reference: below 75th percentile.
†∑ Pyrethroid: sum of PBA and DCCA.
2,4-D, 2,4-dichlorophenoxyacetic acid; ETU, ethylenethiourea; OHP, hydroxypyrimethanil; OHT, 5-hydroxythiabendazole; 3-PBA, 3-phenoxybenzoic acid, DCCA: 3-(2,2-dichlorovinyl)-2,2-dimethyl-
cyclopropane-1-carboxylic acid; TCP, 3,5,6 trichloro-2-pyridinol.
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showed similar findings as presented above (online supple-
mental tables S10–S14).

A total of 56% of participants reported governmental pesti-
cide spraying at their homes for vector control during the 
last 12 months, which includes manually application of pyre-
throid insecticides with motorised equipment (table 1). Vector 
control was associated with children’s current cough (OR=1.77, 
95% CI:1.08 to 2.91), and current LRTI (OR=2.78, 95% CI 
0.84 to 12.53) (online supplemental table S15). Other envi-
ronmental or occupational exposures like maternal or paternal 
work in agriculture, pesticide use at home or smoke from envi-
ronmental waste burning were not associated with children’s 
respiratory outcomes or allergic symptoms (online supplemental 
tables S15, S16).

DISCUSSION
We found current, but not prenatal, pesticide exposures were 
consistently associated with respiratory and allergic outcomes 
among 5-year-old children. Particularly current exposures to 
pyrethroid insecticides may contribute to children’s asthma, 
LRTI and symptoms of eczema (itchy skin rash) at 5 years of age. 
Current vector control spraying by government, which includes 
application of pyrethroids, was associated with cough and LRTI. 
Furthermore, current mancozeb/ETU exposure was somewhat 

associated with more frequent LRTI. Unexpectedly, children 
with increased prenatal pyrethroid exposures had less often 
ever doctor-diagnosed asthma, and the estimated OR was even 
smaller after adjusting for maternal asthma. Possibly, mothers 
with asthma used more frequently pyrethroid insecticides during 
pregnancy, resulting in increased prenatal exposures to pyre-
throids. Yet, these prenatal pyrethroids do not seem to lead to an 
increased asthma at 5 years of age.

Similar to our findings, a birth cohort in Cincinnati found null 
associations of prenatal urinary pyrethroid metabolite concentra-
tions with wheeze among children aged 8, but no current expo-
sure levels were reported.29 In contrast to our findings, a cohort 
in New York City reported higher prenatal permethrin and air 
concentrations were associated with cough, but not wheeze, in 
children aged 5 years.30 An analysis among a subset of these chil-
dren indicated prenatal indoor air PBO (a synergist for pyre-
throid insecticides), but not current PBO or permethrin, which 
was associated with cough at age 5–6 years, but not with asthma 
or wheeze.11 Furthermore, current permethrin was associated 
with total IgE levels, but not indoor allergen-specific IgE. The 
authors hypothesised the effect of permethrin exposure, which 
may have been driven by sensitisation to outdoor pollen or food 
allergens, and mentioned that cough may be a result of sensory 
nerve irritation by pyrethroids.11 With respect to studies among 
adults exposed to pyrethroids, their findings are consistent with 
ours. The Agricultural Health Study in USA reported current use 
of pyrethroids was associated with wheeze in farmers,6 31 allergic 
asthma in farmers32 and female spouses33 as well as non-allergic 
asthma in female spouses.33 A study among rural women workers 
in South Africa found pyrethroid exposure was associated with 
the activation of T-helper cells type 2 cytokines (IL-4, IL-5 and 
IL-13), these mechanisms may be involved in the development of 
asthma-related outcomes.34

We previously reported increased urinary ETU (metabolite 
of mancozeb) during the first half of pregnancy was associated 
with an increased odds of LRTI during the first year of life.17 In 
this study, we observed that higher current ETU was somewhat 
associated with an increased odds of current LRTI; the estimate 
was imprecise as only 5% of the children had current LRTI. 
Still, our results suggest a continued effect of high mancozeb/
ETU exposure on children’s respiratory health. This is some-
what consistent with results from a cross-sectional study among 
children aged 3–10 years in France (n=66) in which higher 
urinary ETU was positively associated with symptoms of asthma 
and rhinitis.15 Data from occupational studies have shown dith-
iocarbamate fungicides like mancozeb may affect respiratory 
function by modulating the immune system, inducing macro-
phage activation and enhancing the inflammatory response.35–37 
Median prenatal and current urinary ETU concentrations in our 
study were about threefold higher than the study in France,15 
which may be explained by the frequent aerial applications of 
mancozeb performed in the ISA study area.

With respect to OP pesticides, such as chlorpyrifos, results 
from the CHAMACOS birth cohort have shown both increased 
prenatal urinary OP-metabolite concentrations during the 
second half of pregnancy and higher cumulative OP-exposure 
during childhood were associated with higher odds of respira-
tory symptoms at ages 5 and 712 and decreased lung function at 
age 7.13 In addition, repeated data of 16 school-aged children 
(6–16 years) with asthma who lived in a farmworker community 
in Washington State showed that children with higher urinary 
OP-metabolite concentrations had elevated leukotrienes, an 
indicator of asthma exacerbation.38 In our study, we measured 
urinary TCP, a specific metabolite of chlorpyrifos, instead of 

Figure 1  ORs, adjusted for maternal smoking during pregnancy 
and child’s sex,of high (≥P75) Σpyrethroid exposures and childhood 
respiratory and allergic outcomes. ISA study at 5 years of age, Matina 
County, Costa Rica 2015–2016. ORs presented on the logarithmic 
scale. 3-PBA, 3-phenoxybenzoic acid, DCCA, 3-(2,2-dichlorovinyl)-2,2-
dimethyl-cyclopropane-1-carboxylic acid.
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general OP-metabolites, and found null associations for prenatal 
and current TCP with most respiratory or allergic outcomes at 
age 5 years. Although imprecise, children with high current TCP 
concentrations had increased odds of LRTI, whereas those with 
high prenatal TCP concentrations had decreased odds of eczema. 
Yet, these associations were attenuated when analysing TCP as 
a continuous variable. Although research in children is limited, 
studies in adults have shown associations between exposure to 
chlorpyrifos and respiratory outcomes. For example, a study of 
69 indigenous women in Costa Rica reported increased odds of 
wheezing among non-smoker women exposed to chlorpyrifos-
treated bags.39 Additionally, a cross-sectional study of 496 Dow 
Chemical Company’s (Midland, MI, USA) employees who 
worked in chlorpyrifos production found increased odds of 
acute respiratory infections (OR: 1.49; 95% CI 1.8 to 2.5) as 
compared with unexposed workers (n=911) matched for age, 
race, sex, pay and year of hire.40 Animal and in vitro studies have 
demonstrated possible mechanisms of chlorpyrifos on respira-
tory outcomes. In guinea pigs, chlorpyrifos induced airway 
hyperactivity via neuronal M2 receptor disfunction, a mech-
anism involved with asthma.32 Furthermore, an in vitro study 
observed that chlorpyrifos inhibited the proinflammatory func-
tion of macrophages, which may be related to pesticide-induced 
immunosuppression41 and contribute to LRTI.

Assessment of pesticide exposure and its effects on human 
health are difficult. Although biomonitoring of pesticide-specific 
metabolites is generally considered the gold standard for expo-
sure assessment, metabolites of current-use pesticides mostly 
reflect exposures during the 24 hours prior to sample collec-
tion.10 Given the intermittent nature of pesticide use, accu-
rately characterising chronic exposures is challenging, which is 
reflected by the relatively low intraclass correlation coefficients 

(0.14–0.41) of our repeat prenatal urine samples, and will most 
likely result in non-specific misclassification of exposure and 
attenuation of effect estimates. Our study is challenged by its 
relatively small sample size. We have successfully followed 303 
children and their mothers from pregnancy until 5 years of age 
(67% follow-up), which is a strength. As mother–child pairs 
included in this analysis were similar in sociodemographic attri-
butes to the initial cohort, selection bias is unlikely. However, 
since exposure is hard to quantify well and some of the outcomes 
were rare (ie, LRTI 5%), this study would benefit from a larger 
sample size with more measurements of pesticide exposure to 
adequately address the questions related to pesticide exposure 
and respiratory health.

In our study, we observed a high prevalence of respiratory 
outcomes measured through the validated and widely used 
ISAAC questionnaires. In 2012, the global estimated prevalence 
for symptoms of asthma (defined by self-reported wheezing 
during last 12 months), rhinitis and symptoms of eczema among 
children age 6–7 years were 12%, 9% and 8%, respectively.2 
Compared with these estimates, our population had a higher 
prevalence of symptoms of asthma (wheezing) (20%), rhinitis 
(20%) and symptoms of eczema (13%). The 2014 ISAAC Survey 
in Costa Rica reported a similar prevalence of symptoms of 
asthma of 24% and eczema (16%), and a higher prevalence of 
rhinitis (40%) among 6–7-year-old children in Costa Rica.26 
Overall, these estimates demonstrate that respiratory and allergic 
outcomes are an important public health concern for children in 
Costa Rica.

In conclusion, our study shows that children living in a rural 
area with large-scale banana farming for export purposes in Costa 
Rica are exposed to pesticides used in agriculture and vector 
control, and their exposure levels are relatively high. Given the 

Table 5  ORs adjusted for maternal smoking during pregnancy, child’s sex of high (≥P75) specific pesticide exposures and childhood allergic 
outcomes during last 12 months unless indicated elsewise, ISA study at 5 years of age, Matina County, Costa Rica 2015–2016

Current nasal allergies (allergic rhinitis) (n=63) Current itchy rash (atopic eczema) (n=39) Ever doctor-diagnosed eczema (n=21)

OR† 95% CI OR† 95% CI OR† 95% CI

Prenatal metabolites* (n=303)

TCP 0.49 0.22 to 0.98 0.79 0.33 to 1.74 0.68 0.19 to 1.91

ETU 0.74 0.36 to 1.42 0.66 0.26 to 1.51 0.68 0.19 to 1.91

OHP 1.39 0.74 to 2.54 1.03 0.45 to 2.21 2.39 0.94 to 5.9

OHT 0.64 0.31 to 1.25 1.37 0.63 to 2.86 0.94 0.3 to 2.49

2,4-D 1.36 0.72 to 2.51 1.22 0.55 to 2.56 0.95 0.3 to 2.54

3PBA 1.24 0.65 to 2.28 0.53 0.2 to 1.22 1.56 0.57 to 3.93

DCCA 1.01 0.52 to 1.89 1.13 0.5 to 2.38 1.21 0.42 to 3.12

∑ Pyrethroid† 1.01 0.52 to 1.88 0.8 0.33 to 1.76 1.57 0.57 to 3.97

Child metabolites* (n=293)

TCP 0.96 0.48 to 1.8 0.58 0.22 to 1.33 0.92 0.29 to 2.44

ETU 0.51 0.23 to 1.04 1.37 0.63 to 2.86 0.29 0.05 to 1.05

OHP 1.32 0.69 to 2.44 1.24 0.55 to 2.62 0.68 0.19 to 1.92

OHT 1.19 0.62 to 2.21 1.56 0.73 to 3.24 0.29 0.05 to 1.04

2,4-D 1.19 0.62 to 2.21 1.16 0.52 to 2.45 1.24 0.43 to 3.21

3PBA 0.85 0.42 to 1.63 2.58 1.25 to 5.27 1.23 0.42 to 3.18

DCCA 0.76 0.37 to 1.46 2.08 0.99 to 4.27 1.19 0.41 to 3.06

∑ Pyrethroid† 0.85 0.43 to 1.63 2.74 1.33 to 5.6 1.55 0.57 to 3.89

*Variables dichotomised at 75th percentile; reference: below 75th percentile
†∑ Pyrethroid: sum of PBA and DCCA.
2,4-D, 2,4-dichlorophenoxyacetic acid; ETU, ethylenethiourea; ISA, Infants’ Environmental Health Study; OHP, hydroxypyrimethanil; OHT, 5-hydroxythiabendazole; 3-PBA, 3-phenoxybenzoic acid; 
3-PBA, 3-phenoxybenzoic acid, DCCA: 3-(2,2-dichlorovinyl)-2,2-dimethyl-cyclopropane-1-carboxylic acid; TCP, 3,5,6 trichloro-2-pyridinol.
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associations of pesticide exposure with adverse outcomes, inter-
ventions to reduce children’s pesticide exposure such as elimina-
tion of mosquito breeding sites, diversification of monoculture 
systems, improvement of soil quality, use of non-chemical pest 
control methods, integrated pest management, revision of appli-
cation methods and increase in the distance between pesticide 
applications and residential areas are warranted.

Our findings indicate that current pyrethroid exposure is asso-
ciated with asthma, wheeze, LRTI and allergic skin rashes. Our 
results also show that mancozeb exposure may be associated with 
LRTI. These findings are important as pyrethroids are broadly 
used worldwide at home and in agriculture, and mancozeb is 
one of the most-used fungicides in agriculture, possibly putting 
children’s health at risk.

Twitter Berna van Wendel de Joode @bernavanwendel
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