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ABSTRACT

BACKGROUND: Several environmental factors are associated with the risk of acute lower respiratory infections (ALRIs) and upper respira-
tory infections (URIs) in children under 5years of age (YOA). Evidence implicating chemical pesticides remains equivocal. There are also no
data on this subject in these children in Ghana. This study investigated the association between urinary pesticide residual levels and the risk
for ALRIs/URIs in children under 5 YOA.

METHODS: The participants for this study were from the Offinso North Farm Health Study, a population-based cross-sectional study. Two
hundred and fifty four parents/guardians who had answered affirmatively to the question “Has your child ever accompanied you to the farm?”
were interviewed on household socio-demographic and environmental factors, being breastfed, child education, age, gender, and respira-
tory infection. One hundred fifty children were randomly selected to provide the first void urine.

RESULTS: The proportion of children with ALRI was 22.1% and those with URI was 35.8%. We observed a statistically significant exposure-
response relation of p,p’-DDE (tertile) with ALRI (1.7-3.2ug/L urine: prevalence ratio [PR] =1.22 [1.05-1.70], =3.2ug/L urine: 1.50 [1.07-3.53]
[P-for trend =.0297]). This observation was in children older than two YOA (P-for trend =.0404). Delta-HCH and beta-HCH (2-levels) were
significantly associated with ALRI but not URI. The risk of ALRI increased with deltamethrin levels in an exposure-response manner (2.5-
9.5pug/L urine: 2.10 [1.37-3.24], =9.5ug/L urine: 4.38 [1.87-10.32] [P-for trend =.0011]) and this was also observed in children older than two
YOA. Similar observation was noted for URI. Bifenthrin (>0.5pug/L urine) was positively associated with ALRI and URI whereas permethrin
(=1.2ug/L urine) was not associated only with URI.

CONCLUSIONS: The present study supports the hypothesis that exposure to chemical pesticides is associated with respiratory infections
in children under 5 YOA.
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Introduction
Acute respiratory infections are one of the most important risk
factors for morbidity and mortality in children under 5 years of
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age (YOA).! Acute lower respiratory tract infections (ALRIs),
mainly pneumonia, bronchiolitis, and acute laryngitis are the
major contributors that account for the global burden of ALRIs-
related mortality in children under 5YOA.? Lower respiratory
infection is the second most important cause of morbidity and

mortality in Ghana and the Offinso North district.?
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Several risk factors are known to increase vulnerability to
ALRIs in children and these include exposure to tobacco
smoke, household air pollution, lack of breastfeeding, familial
history of atopy or allergic asthma, and sociocultural-related
factors.»> Children’s hand-to-mouth and object-to-mouth
behavior in contaminated areas may also increase their risk and
degree of pesticide exposure.® These factors may act indepen-
dently or in concert with other variables to increase the inci-
dence and severity of ALRIs.” There is evidence associating
chemical pesticides exposures to adverse health outcomes.

The demand for vegetables by the growing Ghanaian popu-
lation has resulted in an increase of importation and utilization
of chemical pesticides to manage the pests on the farm.® Many
of these pesticides belong to Class II (moderately hazardous) or
Class III (slightly hazardous).®’ In addition some persistent,
banned, or restricted pesticides smuggled into the country are
used by farmers.’® The short and long-term adverse health out-
comes among adults following the use of these pesticides are
well documented.!-13 However, evidence linking chemical pes-
ticides exposures to ALRIs in children under Syears of age
remains equivocal. Dallaire et al'# investigated the effect of pre-
natal exposure to pesticides on the incidence of acute infections
in Inuit infants. Maternal plasma collected during delivery was
sampled and assayed for total polychlorinated biphenyl conge-
ners (PCBs), PCB-153, and dichlorodiphenyldichloroethylene
(DDE). There was no association of prenatal levels of PCBs/
DDEs with a respiratory infection. A Swedish study failed to
establish any significant relationship between maternal serum
concentration of DDE sampled during pregnancy and ALRI
and wheezing.’® In a Menorcan birth cohort study, DDE was
found to increase the risk of wheezing and asthma at ages four
and seven YOA, but neither wheezing nor ALRI incidence
increased during the first year of life.!® However, in Spain,
Sunyer et al'7 sampled the serum of 584 women during preg-
nancy and assayed for p, p-DDE, p,p-DDT find, PCB conge-
ners 28, 118, 138, 153, and 180, hexachlorobenzene, and
-hexachlorocyclohexane. The authors did not find any associa-
tion of p,p-DDE with recurrent ALRI. Adjusting for PCBs
and the organochlorines did not change the results. This finding
was also confirmed in a much bigger population consisting of
1455 mother-child pairs in 3 regions in Spain (Gipuzkoa,
Sabadell, and Valencia),'® in Mexico, in Japan, and in Costa
Rica.1-22 Previous studies on this subject were are conducted in
Europe, and North and South America and they vary widely in
the way in which the studies were conducted. Evidence from
Asia and Africa is lacking. There also no data on the health
effect of pesticides in children under 5YOA in Ghana.
Understanding pesticide exposures and health effects in chil-
dren in Ghana will inform corrective control programs in the
event it is a real problem.

In Ghana individuals living in farming communities are
exposed to high concentrations of a variety of pesticides,
including fumigants, fungicides, herbicides, insecticides, and
banned pesticides.'-?>23 The Offinso North district is a major
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Figure 1. Map showing the Offinso North District and the study
areas-Afrancho, Akumadan, and Nkenkasu.

vegetable-growing area in Ghana and has one of the highest
pesticide usage rates. Previously, we have reported high con-
centrations of OCs and organophosphate in adult farmers in
the Offinso North district.?* The current study determines the
association between urinary pesticide residual levels and res-
piratory infections in children under 5 YOA.

Materials and Methods
Study participants, study design, and setting

The participants for this study are children under 5YOA from
the Offinso North Farm Health Study (ONFAHS). The
ONFAHS is a population-based cross-sectional study in the
Offinso North District of the Ashanti Region, Ghana. Offinso
North district is a major vegetable farming community, located
about 95km Northwest of Kumasi, the administrative capital
of the Ashanti Region. The district is made up of 17 small and
3 large farming communities.’? The communities are socio-
culturally and economically homogenous. The population of
the North Offinso district is 83 440 of which about 32210 live
in Akumadan, Nkenkenson, and Afrancho. Study participants
were selected from the 3 large farming communities, namely

Akumadan, Nkenkenson, and Afrancho (Figure 1).

Data collection

Data collection began before the spraying season. A detailed
description of this study including eligibility criteria, study
design, and sampling are reported elsewhere.!’>* Briefly,
between May and July 2017, 330 households in the 3 major
farming communities in the district were conveniently sampled
into the study. Trained local agriculture extension officers
scheduled interview appointments with parents/guardians of
the children at approximately 05:00 at their homes because
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most parents leave their homes for their farms around 06:00.
The interviewers asked questions about household socio-
demographic and environmental factors, questions related to
the children such as, if the child was or is being breastfed, child
education, age, gender, and so on. Much other information was
taken from the parents/guardians of the children but were not
included in this analysis. In the current analysis, the study pop-
ulation included 254 children under 5 YOA whose parents had
answered affirmatively to the question “Has your child ever
accompanied you to the farm?”

Upon recruitment, 150 children were randomly selected to
provide urine samples. Their parents were provided sterile,
(50mL) (Sarstet

S-monovette, Germany) or commode inserts for children who

metal-free plastic urine containers
were unable to urinate into the specimen tube (usually females).
If the insert was used, the parent transferred the urine into the
specimen cup. Urine samples were collected after the interview.
Parents were advised to use clean water and soap to wash their
hands before handling the sterile metal-free plastic urine con-
tainers. They were also instructed to void out the first portion
of the urine stream before the collection of 50 mL midstream
urine. The protocol for urine handling, and procedure used for
laboratory analysis of pesticide residues is explained in detail
elsewhere.!! Briefly, ten mL of the urine were drawn into each
of 4 sterile sample tubes (Sarstedt, S-monovette, Germany)
and stored in refrigerated boxes containing ice packs (at 4°C-
8°C) and shipped to the Ghana Standards Authority for analy-
sis with a gas chromatograph (CP-3800, Varian, Inc., Walnut
Creek, CA) equipped with an electron capture detector (CP-
3800, Varian, Inc.) (GC-ECD) and a capillary column (VF—
5mS, 40m X 0.25 mm X 0.25 mm, also from Varian, Inc.). The
GC-ECD operation conditions were: temperature program,
70°C (for 2minutes) to 180°C (for 1minutes) increasing at
25°C/minute, to 300°C increasing at 5°C/minute; injector
temperature, 270°C; detector temperature, 300°C; carrier gas,
nitrogen at 1.0mL/minute, and makeup gas, nitrogen at
29 mL/minute. Approval for this study was provided by the
Ghana Health Services Ethical Review Board. Informed con-
sent was obtained from parents on behalf of the children.

Main determinants of interest

The main determinants of interest were the concentrations of
four organochlorines, eight pyrethroids, and seven organophos-
phates pesticides in hexane extracts of 24 hours urine samples col-
lected in the early hour of the morning.

Health outcome

Our health outcome was acute respiratory infection defined as
symptoms of acute lower respiratory infection (ALRI) and
upper respiratory infection (URI) at any time in the 2weeks
period preceding the survey interview. ALRI here is defined as
cough accompanied by short and rapid breathing and feverish
condition. URI is defined as the experience of runny nose, nasal

congestion, sore throat, sneezing, watery eyes, and/or ache in
the ears. These definitions were consistent with other studies in
terms of the symptoms considered relevant.?20

Confounders

Potential confounders included the gender of the child, paren-
tal education, marital status, cooking fuel type, child fed exclu-
sively on breast milk, ethnicity, age of the child, and zonal
community and were retrieved from the questionnaire. The
definition of these confounders is shown in Table 1. The selec-
tion of these variables was informed by literature*16-21 and
their significant association with the outcomes of interest at

P<.05.

Statistical methods

For continuous variables, mean, standard deviation, median,
minimum, maximum, lower quartile, upper quartile, 90th, 95th,
and 99th percentile were computed. Proportions were com-
puted for categorical variables. The generalized linear models
(SAS PROC GENMOD) with a binomial distribution and
log link function were used to assess the association of urinary
pesticide residual levels (eg, organophosphate, pyrethroids, and
organochlorines) and acute respiratory infection. The trend
was investigated with Cochran-Armitage test for trend (sig-
nificance level of .05), and we controlled for potential con-
founders as shown above. The analysis was further stratified by
age (<2years vs >2years). Prevalence ratio (PR) was the effect
measure. The analysis was performed with the SAS statistical
software package (SAS, version 9.3, SAS Institute, Cary, NC).

Results

Participants characteristics

The characteristics of the study population are shown in
Table 1. Most of the children were males (167, 65.8%),
were3 YOA (96, 37.8%), did not attend school (119, 46.9%),
were not fed exclusively on breast milk (219, 86.2%), and
belong to ethnic groups such as the Gas, the Kokonbas, the
Sisala, and the Moshi (172, 67.7%). Most of the parents of
these children had no formal education (167, 65.8%), never
smoked (219, 86.2 vs 244, 96.4%: father vs mother, respec-
tively), and currently drinking alcohol (193, 76.0% vs 226,
89.3%: father vs mother, respectively). In homes of most of
these children (139, 54.7%), medium polluted fuel (ie, char-
coal) is the primary source for daily energy needs. Pesticides
were stored in different locations including designated store-
houses outside the home (55, 21.7.0%) or animal houses (31,
12.2%) or kitchens (86, 33.9%) or bedrooms (36, 14.2%).

Prevalence of ALRI/URI

The prevalence of ALRI and URI in the PSAC surveyed was
22.1% and 35.8%, respectively. The prevalence of ALRI was
found to decrease with age (41.9% at 1YOA vs 17.4% at
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Table 1. Personal and environmental characteristics of the study
population of children below 5years of age, the North Offinso Farm

Health study (NOFAHS) (n=254).

CHARACTERISTICS OF THE STUDY
POPULATION

Child gender
Male
Female

Age of child (y)

4
Child education
Do not attend school
Creche
Kindergarten
Child exclusive breastfeeding
Yes
No
Age of parent who filled the questionnaire (y)
<30
35-45
45-55

>55

N %
167  65.75
87  34.25
31 12.20
4 16.14
96 37.80
86 33.86
119 46.85
21 8.27
114 44.88
35 13.78
219 86.22
9 3.54
58 22.83
114 56.69
45 16.93

Marital status of the parent who filled the questionnaire

Single
Married
Ethnic origin
Akan
Ewe
Ga
Hausa
Others*
Parental education
Have not been to school
JSS/middle school/primary school

SSS/secondary school/vocational or technical
training

65  25.59
189 7441
109  42.91

28 11.02

15 5.91

96  37.80

6 2.36
167  65.75
78 30.71
9 3.54
(Continued)

Table 1. (Continued)

CHARACTERISTICS OF THE STUDY

POPULATION
Father’s smoking habit
Never smoker
Past smoker
Current smoker
Mother’s smoking habit
Never smoker
Past smoker
Current smoker
Father’s drinking habit
Current drinker
Past drinker
Never drinker
Mother’s drinking habit
Current drinker
Past drinker
Never drinker
Fuel type used
Low pollution fuel
Medium pollution fuel

High pollution fuel

The location where pesticides are stored at home

Kitchen

Bedroom

Designated storeroom inside a home

Designated storeroom outside a home

Animal house
Zonal communities

Akumadan

Nkenkenso

Afrancho

*Kusasi, dagati, dagomba, and Komkumba.

219

16

244

193
41

20

226

19

139
111

86
36
46
55

31

109
80
65

86.22
7.48

6.30

96.44
1.98

1.58

75.98
16.14

7.87

89.33
3.16

7.51

1.57
54.72

43.70

33.86
1417
18.11

21.65

12.21

42.91
31.50
25.59

<4YOA, Somers D=-0.28) and to be significantly higher in
girls (29.9%) than in boys (17.3%), (Somers D=0.18) P<.0001.
The proportion of children with ALRI was higher (Somers
D=0.22) in children on exclusive breastfeeding (42.9%) com-
pared to those who were not on exclusive breastfeeding (18.7%).
The risk of ALRI decreases with parental education with
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ALRI higher in children whose parent(s) had no formal educa-
tion compared to those children whose parent(s) had second-
ary/vocational/technical training (16.2% vs 44.4%, Somers D=
0.16). The remaining results are shown in Table 2.

On the other hand, the prevalence of URI decreases with the
increasing age of the child and this difference was significant
(<1YOA vs 2YOA vs 3YOA vs 4YOA: 90.3% vs 39.0% vs
25.0% vs 26.7%, respectively; Somers D=-0.39). The prevalence
of URI was higher in girls compared to boys (girl vs boy: 55.2%
vs 25.8%; Somers D=0.31). URI was higher in children who
were exclusively breastfeed compared to those who were not
(85.7% vs 27.9%; Somers D=0.33). Children of full-time farm-
ers compared to part-time farmers (42.7% vs 20.7%; Somers
D=-0.14) had higher URI. The remaining results is in Table 2.

Concentrations of urinary pesticide residues

Mean, median and lower, and upper quartile concentrations of
8 pyrethroid, 4 organochlorine, and 7 organophosphate insec-
ticide residues identified in urine from children are reported in
Table 3. The limit of detection of all residues was 0.01 pg/L of

urine.

Urinary residual levels of insecticides and self-
reported respiratory z'nfecz‘ian

ALRI. Trace concentrations of pesticide residues were detected
in the urine of the children (Table 4). For p,p”-DDE (continu-
ous), no significant association was observed with ALRI
(PR=1.02;0.98-1.11) (Table 4). But for p,p"-DDE (tertile) an
increased risk with ALRI (P-for trend =.0297) was noted. The
PRs for second tertile and third tertile vrs first tertile were 1.22
(1.05-1.77) and 1.50 (1.07-3.13), respectively. Delta-HCH
(continuous) was significantly associated with ALRI (1.95;
1.69-2.26); and as a categorical variable was associated with
ALRI (2.40; 1.30-4.42) and not confirmed in the subgroup
analysis. Beta-HCH (continuous) had no significant associa-
tion with ALRI, but the categorical variable was associated
with ALRI (1.90; 1.03-3.52) and not confirmed in the sub-
group analysis. The urinary concentration of deltamethrin
(continuous) was associated with ALRI (1.03; 1.02-1.05).
There was an increased risk of ALRI with deltamethrin con-
centration (P for trend=.0011). The PRs for second tertile and
third tertile versus first tertile was 2.10 (1.37-3.24) and 4.38
(1.87-10.32), respectively. In a subgroup analysis, increasing
risk of deltamethrin with ALRI (P-for trend =.0404) was also
observed in children, 3, or 4YOA but not in those below
3YOA. The PRs for second tertile and third tertile versus first
tertile were 2.48 (1.01-5.81) and 4.85 (1.15-10.98), respec-
tively. Bifenthrin (continuous) was not associated with ALRI,
but bifenthrin (>0.5pg/L urine) was associated with ALRI
(2.04; 1.11-3.74) and this was confirmed in children 3 or
4YOA but the estimate was inconclusive. Dieldrin, cyfluthrin,
allethrin, fenvalerate, cypermethrin, lambda-cyhalothrin,

ethyl,
dimethoate, malathion, and permethrin were not significantly

associated with ALRI (Table 4).

methamidophos, profenofos, diazinon, parathion

URI. Urinary concentration of p,p’-DDE, delta-HCH, beta-
HCH, dieldrin, cyfluthrin, allethrin, fenvalerate, cypermethrin,
lambda-cyhalothrin, bifenthrin, methamidophos, chlorpyrifos,
profenofos, diazinon, parathion ethyl, dimethoate, malathion, and
permethrin were not significantly associated with URI (Table 5).
Bifenthrin (continuous) was associated with URI in children 3 or
4YOA (1.33,1.07-1.65), but the association of bifenthrin (=0.5
pg/L urine) with URI was inconclusive in these children (8.68;
2.26-33.42). Deltamethrin (continuous) was significantly associ-
ated with URI (PR=1.02, 1.00-1.04). A trend (P=.0027) was
observed with tertile deltamethrin and URI. The PRs for urinary
concentrations of deltamethrin between 2.5 and 9.5 pg/L and for
=9.5ug/L vrs <2.5pg/L were 1.73 (1.22-2.45) and 2.98 (1.49-
5.98), respectively (Table 5). Permethrin (continuous) was associ-
ated with URI in children 3 or 4YOA (1.33, 1.07-1.65), but the
association of permethrin (=1.2pg/L urine) with URI was
inconclusive

Discussions
Main findings

This study explores the association of exposure of children
under five YOA to trace concentrations of 4 organochlorine, 8
pyrethroid, and 7 organophosphate insecticide residues with
respiratory infection in the Offinso North District of Ghana.
The specific pesticides and their concentrations in the first void
urine of the children are shown in Figure 1. The findings show
that in this community, the proportion of children with ALRI
was 22.1% and that with URI were 35.8%. Urinary residue
analysis demonstrated significant exposure-response relation
of urinary concentrations of p, p’~-DDE with ALRI; associa-
tion of delta-HCH, beta-HCH, and bifenthrin with ALRI.
An exposure-response relation of urinary concentrations of
deltamethrin with a respiratory infection was observed. These
findings are important for many farm communities in develop-
ing countries, where children continued to be exposed to high
levels of pesticides and related chemicals.

Methodological validity

Our study has several strengths. The data for this analysis were
derived from a population-based cross-sectional study in the
Offinso North District, Ghana. We measure direct exposure to
19 pesticides by their analysis in hexane extfacts of urine.
Findings from these data sources suggested positive associations
with ALRI/URI in some cases. Thus, information bias is not
likely or is minimal in our study. Moreover, confounding factors
controlled for in our analysis were based on their statistical sig-
nificance (P<.05) with our outcomes of interest and were con-
sistent with the literature.#1116-21 We received overwhelming
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Table 2. Prevalence of self-reported respiratory infection in children below the age of 5years, the Offinso North Farm Health Study (ONFAHS)

(N=254).

CHARACTERISTICS OF STUDY POPULATION

ACUTE RESPIRATORY INFECTION

ACUTE LOWER RESPIRATORY

INFECTION (ALRI)

ALRI N (%)

NO ALRI N (%)

UPPER RESPIRATORY INFECTION

(URI)

URI N (%)

NO URI N (%)

Total
Age

<1

Sex of child
Boy
Girl

Child’s education
Do not go to school

Creche or Kindergarten

Child on exclusive breastfeeding
Yes

No

Any parent a full-time or part-time farmer
Full-time farmer
Part-time farmer
Missing
Parental education
Have not been to school
JSS/middle school/primary school

SSS/secondary school/vocational or technical training

Father’s smoking habit
Never smoker
Past smoker

Current smoker

56 (22.05)

13(41.94)

14 (34.15)
14 (14.59)
15 (17.44)

Tau c=-0.28

30 (17.96)
26 (29.89)

Somers D=0.18

23 (19.33)
33 (24.44)

Somers D=0.08

15 (42.86)
41 (18.72)

Somers D=0.22

40 (23.39)
15 (18.29)

1

27 (16.17)
25 (32.05)
4 (44.44)

Somers D=0.16

5 (31.25)
4 (21.05)
47 (21.46)

Somers D=0.02

198 (77.95%)

18 (58.06)
27 (65.85)
82 (85.41)

71 (82.56)

137 (82.04)

61 (70.11)

96 (80.67)

102 (75.56)

20 (57.14)
178 (81.28)

131 (76.61)
67 (81.71)

Somers D=-0.03

140 (83.83)
53 (67.95)
5 (55.56)

11 (68.75)
15 (78.95)

172 (78.54)

91 (35.83)

28 (90.32)

16 (39.02)
24 (25.00)
23 (26.74)

Somers D=-0.39

43 (25.75)
48 (55.17)

Somers D=0.31

46 (38.66)
45 (33.33)
Somers D=0.03

30 (85.71)
61 (27.85)

Somers D=0.33

73 (42.69)
17 (20.73)

1

37 (22.16)
50 (64.10)
4 (44.44)

Somers D=0.35

10 (62.50)
4 (21.05)
77 (35.16)

Somers D=0.06

163 (64.17)

3(9.68)
25 (60.98)
72 (75.00)

63 (73.26)

124 (74.25)

39 (44.83)

73 (61.34)

90 (66.67)

5 (14.29)

158 (72.15)

98 (57.31)
65 (79.27)

Somers D=-0.14

130 (77.84)
28 (35.90)
5 (55.55)

6 (37.50)
15 (78.95)
142 (64.84)

(Continued)
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Table 2. (Continued)
CHARACTERISTICS OF STUDY POPULATION ACUTE RESPIRATORY INFECTION

ACUTE LOWER RESPIRATORY UPPER RESPIRATORY INFECTION

INFECTION (ALRI) (URI)

ALRI N (%) NO ALRI N (%) URI N (%) NO URI N (%)

Mother’s smoking habit

Never smoker 1(25.00) 3 (75.00) 2 (5.00) 2 (50.00)
Past smoker 1(20.00) 4 (80.00) 2 (40.00) 3 (60.00)
Current smoker 54 (22.13) 190 (77.87) 87 (35.66) 157 (64.34)
Missing 1 Somers D=-0.01 Somers D=0.02
Father’s drinking habit
Current drinker 7 (35.00) 13 (65.00) 12 (60.00) 8 (40.00)
Past drinker 8 (19.51) 33 (80.49) 23 (56.10) 18 (43.90)
Never drinker 41 (21.24) 152 (78.76) 56 (29.02) 137 (70.98)
Somers D=-0.03 Somers D=-0.16
Mother’s drinking habit
Current drinker 1(5.26) 18 (94.74) 7 (36.84) 12 (63.16)
Past drinker 4 (5.00) 4 (5.00) 4 (50.00) 4 (50.00)
Never drinker 50 (22.12) 176 (77.88) 79 (34.96) 147 (65.04)
Missing 1 Somers D=-0.02 1 Somers D=-0.01
Fuel type used
Low pollution fuel 1 (25.00) 3 (75.00) 3 (75.00) 1(25.00)
Medium pollution fuel 31(22.30) 108 (77.70) 43 (30.94) 96 (69.06)
High pollution fuel 24 (21.62) 87 (78.38) 45 (40.54) 66 (59.46)

Somers D=0.01 Somers D=-0.05

support and interest for the project from the local communities,
thus, increasing the participation rate and minimizing selection
bias. Whilst acknowledging the relevance of the current study, a
few limitations were also noted. A selection bias might have
occurred in the way in which sampling was carried out in this
study (ie, convenience sampling). In the community, farmers go
to their farms incredibly early in the morning and it was not
possible to reach out to all farmers. Thus, only those who
delayed were included in this study and this could be a source of
selection bias. It is important to note that the application of a
probabilistic sampling strategy was not feasible in this study. It
is also important to note that the current analysis was restricted
to high exposed children and the findings cannot be generalized
to all the children. Differential misclassification of ALRI was
unlikely in the present study because participants and inter-
viewers were not privileged to the laboratory results. Another
concern in the present study is the lack of clinical diagnosis or

confirmation of reported cases of respiratory infection. The
definitions of ALRI/URI applied in this study were consistent
with other similar studies in terms of the symptoms considered
relevant,?>% but the quality of the ascertainment of symptoms
is perhaps not as good, as there was not clinical confirmation.
The cross-sectional design applied in the current study
restricts our ability to establish any temporality. Nevertheless,
an exposure-response relation between exposure to some pesti-
cides and ALRI/URI was observed, suggesting plausible causal
links. Besides, some residual confounding such as birth weight
(<2500g), non-exclusive breastfeeding, measles immuniza-
tion, housing conditions, malnutrition, and ambient air pollu-
tion were not considered in the analysis. Mothers/guardians
provided 1 urine sample per child, and it was not possible to
determine within-child differences, which could have resulted
in misclassification and an imprecise estimate of the regression
parameter. Finally, some associations of urinary pesticide
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Table 3. Concentrations of pesticides residues in urine of children under the age of 5, the Offinso North Farm Health Study (ONFAHS) (n=150).

PESTICIDE LOD MIN LQ uQ MEAN

MEDIAN

SD 90TH 95TH 99TH MAX
PERCENTILE PERCENTILE PERCENTILE

Organochlorines

PP DDE 0.01 0.01 0.80 3.20 2.28 1.70
Dieldrin 0.01 0.01 0.40 870 5.53 3.40
Delta-HCH 0.01 0.01 0.01 0.01 0.1 0.01
Beta-HCH 0.01 0.01 0.01 0.31  0.53 0.01
Pyrethroid
Cyfluthrin 0.01 0.01 2.80 1540 9.68 6.20
Deltamethrin 0.01 0.01 1.60 11.20 8.15 5.60
Allethrin 0.01 0.01 0.40 240 147 1.25
Fenvalerate 0.01 0.01 0.01 0.31 0.61 0.01

Cypermethrin 0.01 0.01 200 12.80 8.05 6.50

Lambda 0.01 0.01 0.01 340 244 1.40

cyhalothrin

Bifenthrin 0.01 0.01 0.01 1.30 0.79 0.01

Permethrin 0.01 0.01 o0.01 1.20 417 0.01
Organophosphate

Methamidophos  0.01 0.01  0.01 240 1.63 1.45

Chlorpyrifos 0.01 0.01 0.01 720 5.95 210
Profenofos 0.01 0.01 0.01 3.60 2.58 2.25
Diazinon 0.01 0.01 0.01 1.60 0.96 0.80
Parathion ethyl 0.01 0.01 0.01 240 176 1.35
Dimethoate 0.01 0.01 0.01 1.60 1.54 0.01
Malathion 0.01 0.01 0.40 340 234 1.80

residue with URI/ALRI lacks the power to detect any associa-
tions and will increase the margin of error; and thus, compro-
mising the precision of the parameter estimates.

Comparison of our findings with previous studies

Children are more susceptible to pesticide exposure because of
their mouthing behavior, eating, drink, and breathing pattern,
and their lack of height which brings them close to contami-
nated sites/surfaces on the ground.® Our systematic search of
the literature did not retrieve any study on the relation between
organophosphate/pyrethroids and URI/ALRI, but we identi-
fied 15 studies reporting on a wide range of organochlorines
and URI (n=4), ALRI (n=13), general infection (n=1), and
chest infections (n=1). Findings from these studies were largely
inconsistent. For instance, in Sabadell (Spain), Sunyer et al'”
measured organochlorine levels in maternal serum in the first
trimester. Maternal levels of p, p-DDE, p, p-DDT, PCBs 28,

2.67 4.50 6.20 12.60 23.10
6.11 14.70 16.30 2410 28.80
0.36 0.27 0.80 2.4 2.4
1.36 1.40 4.10 6.80 7.6
8.37  23.00 2410 30.20 30.20
10.83 16.15 31.40 57.00 69.50
1.27 3.20 3.50 5.40 5.40
1.66 2.00 4.00 9.00 12.40
7.09  20.90 22.40 24.00 26.80
4.14 6.45 8.40 11.60 40.80
1.37 2.65 3.50 5.40 8.00
10.75 17.85 35.50 45.60 47.00
2.57 3.20 3.60 19.60 21.20
14.15 16.00 23.00 35.20 156.00
2.61 6.40 7.60 10.80 11.60
1.09 2.40 3.20 4.40 4.80
1.84 4.05 5.40 8.60 9.60
2.74 6.80 7.60 8.50 10.80
2.12 5.35 6.40 9.10 9.10

118, 138, 153, and 180, hexachlorobenzene, and [3-
hexachlorocyclohexane. DDE was the only organochlorine
compound that was significantly associated with recurrent
ALRI (relative risk (RR) 2.40, 95% confidence interval 1.19-
4.83), ALRI at 6months (RR=1.68; CI=1.06-2.66), and
ALRI at 14 months (1.52,1.05-2.21). In a follow-up study in a
much bigger population consisting of 1455 mother-child pairs
from 3 regions in Spain (Gipuzkoa, Sabadell, and Valencia),
prenatal DDE concentrations were associated with ALRI risk
(1.11,1.00-1.22). Adjusting for PCBs and HCB did not mate-
rially change the results. There was an exposure-response asso-
ciation of DDE with the risk of ALRI.2” These observations
were confirmed in Japanese children?® and Dutch PSAC.?
However, studies among PSAC in Sweden,'* in Mexico,* in
Canada,?"32 in Japan, in Costa Rica,?! and the USA33 did not
confirm these associations. A respiratory infection has been
reported among infants exposed to high levels of HCB and
DDE combined.?” A study by Okada et al?® in Sapporo, Japan,
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failed to establish any association between prenatal perfluo-
rooctanoic acid (PFOA)/perfluorooctane sulfonate (PFOS)
levels and otitis media in children. Previous studies have evalu-
ated a wide range of Persistent Organic Pollutants (POPs)
including, PCB congeners, DDE, HCB, and HCHs. In envi-
ronmental health studies, exposure to POPs was determined by
sampling maternal blood or breast milk during pregnancy, or
sampling of maternal diet or children’s serum.>?%2° Breast
milk sampled after delivery is used as a marker of perinatal
exposure. Other studies3® used maternal blood serum and diet
as markers of prenatal exposure and children’s serum as indica-
tors of post-natal exposure. The data source for ALRI/URI
includes the use of questionnaires’ 1211525262932 or medical
records.?33 Due to cultural beliefs and community perception
related to blood sampling, the current study sampled urine. The
experiences of ALRI/URI of PSAC, 2weeks before the study
were reported by parents. We collected data on direct exposure
to organochlorines, pyrethroid, and organophosphate residues
in urine. Like previous studies,?’?° we noted a consistent expo-
sure-response relationship between levels of exposure p, p’-
DDE, and the risk for ALRI. None of the organochlorine
POPs considered in our study was found to be associated with
URI, a finding consistent with those of Rogan et al*® and
Dallaire et al.'* We also reported on a wide range of urinary
pyrethroids/organophosphate residues, and we noted exposure-
response relations for deltamethrin with ALRI/URI. We also
observed a significant positive association of bifenthrin with
ALRI. These findings have not been reported previously, but in
our earlier study among 300 vegetable farmers, we observed an
exposure-response relationship of beta-HCH with wheezing.

We further tested for the first time the association of
pyrethroid and organophosphate insecticides with a respira-
tory infection. Our study further suggested that delta-and
beta-HCHs at concentrations >0.22 pg/L of urine or bifen-
thrin concentration of >0.5 pg/L in urine increased the risk
of ALRI. Deltamethrin concentration above 2.5ug/L in
urine increases the risk of respiratory infection in an expo-
sure-response manner. Our findings have important public
health implications for children living in farm communities
in developing countries given the fact that ALRI (particu-
larly, pneumonia) is the number one killer of children under
5YOA worldwide3* and the fact that these children will
continuously be exposed to high levels of pesticides because
of the increasing demand for pesticides to boost vegetable
production.® Our findings again suggested the need for
public health intervention measures that could minimize
the use and exposure to pesticides to have a marked public
health impact on children living in farming communities in
developing countries. Governments in these countries
should demonstrate a commitment to prudent measures
that ensures efficient utilization and management of chemi-
cal pesticides.

Conclusions

The present study supports the hypothesis that exposure to chem-
ical pesticides is associated with respiratory infections in children
under 5YOA. Specifically, we observed an increased risk of p,p’-
DDE with ALRI (P-for trend =.0297) and this was noted in chil-
dren, 3, or 4YOA (P-for trend=.0404). Delta-HCH and
beta-HCH had a significant association with ALRI but not URI.
The risk of ALRI increased with deltamethrin levels (P-for
trend=.0011) and this was also observed in children, 3, or 4YOA.
Bifenthrin (>0.5 pg/L) was associated with ALRI and URL
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