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ORIGINAL ARTICLE

Hygiene, atopy and wheeze—eczema—rhinitis
symptoms in schoolchildren from urban

and rural Ecuador

Philip J Cooper,"** Maritza Vaca," Alejandro Rodriguez,' Martha E Chico,’
Darci N Santos,* Laura C Rodrigues,” Mauricio L Barreto®

ABSTRACT

Background Rural residence is protective against atopy
and wheeze—-rhinitis—eczema symptoms in developed
countries, an effect attributed to farming and poor
hygiene exposures. There are few data from developing
countries addressing this question. We compared atopy
and wheeze—rhinitis—eczema symptoms between urban
and rural Ecuador, and explored the effects of farming
and poor hygiene exposures.

Methods We performed cross sectional studies of
schoolchildren living in rural and urban Ecuador. Data on
symptoms and farming/hygiene exposures were collected
by parental questionnaire, atopy by allergen skin prick
test reactivity and geohelminth infections by stool
examinations.

Results Among 2526 urban and 4295 rural
schoolchildren, prevalence was: atopy (10.0% vs 12.5%,
p=0.06), wheeze (9.4% vs 10.1%, p=0.05), rhinitis
(8.1% vs 6.4%, p=0.02) and eczema (5.9% vs 4.7%,
p=0.06). A small proportion of symptoms were
attributable to atopy (range 3.9-10.7%) with greater
attributable fractions for respiratory symptoms observed
in urban schoolchildren. Respiratory symptoms were
associated with poor hygiene/farming exposures: wheeze
with lack of access to potable water; and rhinitis with
household pets, no bathroom facilities and contact with
large farm animals. Birth order was inversely associated
with respiratory symptoms. Area of residence and atopy
had few effects on these associations.

Conclusions Urban schoolchildren living in Ecuador
have a similar prevalence of atopy, eczema and wheeze
but a higher prevalence of rhinitis compared with rural
children. Some farming and poor hygiene exposures
were associated with an increase in the prevalence of
wheeze or rhinitis while birth order was inversely
associated with these symptoms.

INTRODUCTION
Asthma, rhinitis and eczema are the commonest
chronic diseases of childhood in developed countries.
A high prevalence of these diseases has been reported
in urban centres in Latin America, and the prevalence
has been suggested to be lower in rural areas.'
Several epidemiological studies in developed
countries have shown a greater prevalence of
asthma in urban compared with rural, essentially
farming, populations, and a few studies have shown
a similar trend in developing countries.* The pro-
tective effects of rural residence have been attribu-
ted to farming and hygiene related exposures in

What is the key question?

» Do poor hygiene and farming exposures explain
the prevalence of atopy and wheeze—rhinitis—
eczema symptoms in urban and rural children
in a developing country?

What is the bottom line?

» The prevalence of rhinitis symptoms but not
atopy and wheeze—eczema symptoms was
greater in urban compared with rural
schoolchildren in tropical Ecuador. Some poor
hygiene exposures were associated with an
increase in the prevalence of respiratory
symptoms while others were associated with
less atopy and respiratory symptoms, effects that
were largely independent of area of residence.

Why read on?

» There are few data from developing countries
investigating the effect of poor hygiene and
farming exposures on the prevalence of atopy
and symptoms of wheeze-rhinitis—eczema. Our
data show that environmental exposures
indicative of poor hygiene or farming have
variable effects on atopy and the risk of
respiratory symptoms.

developed countries,” ° while in developing coun-
tries protective effects have in addition been attrib-
uted to the presence of chronic childhood
infections, such as geohelminth parasites.® Such
protection may be strongest when exposures occur
during pregnancy’ or early childhood® ® and be
mediated through effects on the developing
immune response.’

There are limited data from developing countries
exploring the effects of hygiene and farming expo-
sures on the prevalence of atopy and symptoms of
wheeze—rhinitis—eczema in urban and rural popula-
tions.” In the present study, we hypothesised that the
prevalence of atopy and wheeze—rhinitis—eczema
symptoms would be lower in rural compared with
urban schoolchildren in Ecuador, and that greater
exposure to environmental factors associated with
farming and poor hygiene would explain such an
effect. We therefore examined the prevalence of
atopy and wheeze—rhinitis—eczema symptoms in
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Respiratory epidemiology

comparable populations of schoolchildren living in urban and
rural areas of the same province in Ecuador, and examined the
effects on prevalence of farming and hygiene related factors.

METHODS

Study area and population

The study was performed in the coastal Province of Esmeraldas,
Ecuador, one of the poorest regions of Ecuador with limited
public services and infrastructure. The study area was tropical
rain forest. The rural area comprised a convenience sample of
59 traditional Afro-Ecuadorian communities along the tributar-
ies of the Santiago river basin in the districts of San Lorenzo
and Eloy Alfaro. Economic activities in these communities are
logging, subsistence agriculture and African palm oil extraction.
The urban study area was the provincial capital of Esmeraldas,
the city of Esmeraldas, a city of ~190 000 inhabitants'® whose
main economic activities are tourism, services and the oil indus-
try. In the urban area we chose a convenience sample of 11
urban schools in neighbourhoods that contained significant pro-
portions of Afro-Ecuadorian migrants from the same two rural
districts who had settled in these neighbourhoods.

Study design

We did a cross sectional survey of children attending the schools
that served the rural communities and the urban neighbourhoods.
All children attending the schools at the time of the survey were
eligible for inclusion. Based on annually updated school lists, we
were able to evaluate 91.3% of children in rural schools and
90.8% of those attending urban schools. Data collection for the
rural study was done between March 2005 and August 2008, and
for the urban study between September 2008 and January 2010.

Data collection

Questionnaires

The questionnaire was modified from the International Study of
Asthma and Allergies in Childhood (ISAAC) phase II question-
naire translated into Spanish, and has been extensively field
tested. The questionnaire collected information on symptoms of
wheeze, rhinitis and eczema, and risk factors, as described else-
where,'! and is provided as an online archive. The questionnaire
was administered to a parent in the presence of the child.

Allergen skin prick test reactivity

Allergic sensitisation was measured by skin prick testing with
Dermatophagoides pteronyssinus/farinae mix, American cock-
roach (Periplaneta americana), Alternaria tenuis, cat, dog, ‘9
southern grass mix’ and ‘New stock fungi mix’, and positive his-
tamine and negative saline controls (Greer Laboratories, Lenoir,
North Carolina, USA), as described previously.'! A positive reac-
tion was defined as a mean wheal diameter of at least 3 mm
greater than the saline control at 15 min. The same observer
performed all skin prick testing (MV).

Stool examinations

Single stool samples were collected and analysed for geohel-
minth eggs and larvae using the modified Kato Katz and
formol-ether concentration methods.'?

Definition of outcomes

Outcomes were defined as: atopy—the presence of at least one
positive allergen skin test; recent wheeze—reported wheezing
during the previous 12 months; recent eczema—having a reported
itchy rash with a flexural distribution in the previous 12 months;

and recent rhinitis—nasal stuffiness or sneezing without a cold
accompanied by itchy eyes in the previous 12 months.

Statistical analysis
Sample sizes of 2500 for the urban and 4000 for the rural
studies were estimated to yield approximately 200 asthma cases
for nested case control studies in each area. Associations
between poor hygiene/farming exposures and study outcomes
were explored using univariate and multivariate random effects
logistic regression adjusted for clustering by community or
neighbourhood. Exposures in multivariate models were selected
using a backwards stepwise procedure in which exposures were
included if p<0.2 or OR >10%. Interactions by area of resi-
dence or atopy were assessed using the Wald test. Because of
multiple comparisons, we used a p value <0.01 as evidence for
effect modification or of a variable being statistically significant
in multivariate models. Population attributable fractions (PAF)
were calculated by: P.,x(OR—1)/OR, where P, is the preva-
lence of allergen skin test reactivity among children with the
specific symptom of interest. Analyses were done using STATA
(V10).

Written informed consent was obtained from a parent, and
signed minor assent from the child. Appropriate antiparasitic
treatment was offered where necessary.

RESULTS

Characteristics of urban and rural schoolchildren

We studied a total of 6821 schoolchildren in urban (2526) and
rural (4295) areas. Recruitment of the study subjects is shown in
figure 1 and the distributions of risk factors between urban and
rural schoolchildren in table 1. Rural compared with urban chil-
dren were slightly older (p<0.001), more likely to be
Afro-Ecuadorian (p<0.001), have less educated mothers
(p<0.001) and a lower household income (p<0.001), be
underweight (p<0.001) and higher in the birth order
(p<0.001), not have access to a bathroom for defecation
(p<0.001) or access to potable drinking water (p<0.001), to
have attended daycare (p=0.008), to have a father engaged in
agriculture (p<0.001) and have contact with large farm animals
(p<0.001), to consume unpasteurised milk (p<0.001) and have
a higher prevalence of Ascaris lumbricoides (p<0.001) and
Trichuris trichiura (p<0.001).

Prevalence of atopy and symptoms of
wheeze-rhinitis-eczema

The prevalence of atopy and recent symptoms of wheeze—rhin-
itis—eczema symptoms in the urban and rural samples is shown
in table 2. The prevalence of wheeze was slightly greater in
rural (10.1%) compared with urban (9.4%) schoolchildren
(p=0.05). There were no differences in the prevalence of other
wheeze related symptoms and markers of wheeze severity
between urban and rural schoolchildren (data not shown). The
prevalence of rhinitis symptoms (with itchy eyes) was signifi-
cantly higher in urban schoolchildren (p=0.02). There was
some evidence for a higher prevalence of eczema symptoms
(itchy flexural rash) in the urban sample (p=0.06). The preva-
lence of allergen skin prick test reactivity (SPT) tended to be
greater in rural children (urban 10.0% vs rural 12.5%, p=0.06),
a difference largely explained by a higher prevalence of SPT to
American cockroach (p<0.001) and dog (p<0.001) in rural
children.

Cooper PJ, et al. Thorax 2014;69:232-239. doi:10.1136/thoraxjnl-2013-203818

233

yBLAdoo Aq pa1oalold 1sanb Aq £Z0z ‘0z Iudy Uo jwodlwg xeloyy//:dny woiy pspeojumod "ST0Z 1840100 § U0 8T8E0Z-ST0Z-|ulxeloyy9sTT 0T Se paysiiand 1Sy :xeloyL


http://thorax.bmj.com/

Respiratory epidemiology
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-
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Non-participants: 300 [

v
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(N=4,404)
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No questionnaire data: <
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Children included in analysis
(N=4,295)
91.3%

Figure 1

Associations between atopy and symptoms of
wheeze-rhinitis—eczema

The associations between recent symptoms and SPT in urban
and rural schoolchildren are shown in table 3. Wheeze
(p<0.001) and rhinitis (p=0.004) were significantly associated
with SPT in urban children while among rural children a signifi-
cant association was seen for wheeze only (p=0.04). The asso-
ciations between atopy and wheeze or rhinitis were significantly
stronger in urban than rural children (interaction p=0.01).
Recent eczema (itchy flexural rash) was weakly associated with
SPT (urban, p=0.06; rural, p=0.05). A small fraction of symp-
toms were attributable to SPT (table 3): population attributable
fractions for wheeze in urban and rural children were 10.7%
and 3.9%, respectively, and for rhinitis and eczema were <10%
in both areas.

Associations between hygiene/farming exposures and atopy
and wheeze—rhinitis—eczema symptoms

We explored the effects of poor hygiene and farming exposures
on study outcomes (table 4; frequencies are provided in the
online supplementary table S1). Multivariate analyses controlled
simultaneously for the effects of these exposures: SPT was
inversely associated with A lumbricoides (p=0.002) and
T trichiura (p<0.001) infections; wheeze was positively asso-
ciated with lack of potable drinking water (p=0.001) and
inversely associated with being higher in the birth order
(p=0.005); rhinitis was positively associated with household
pets (p=0.004), lack of household bathroom facilities
(p=0.003) and contact with farm animals (p=0.001) but
inversely with birth order (p<0.001); eczema was not asso-
ciated with any of the exposures.

URBAN

Schools in urban
neighbourhoods
(N=11)

v

Eligible children aged 5-16
years
(N=2,782)

2> Non-participants: 143

A 4
Parental consent obtained
(N=2,639)

94.6%

No questionnaire data:
l 113

Children included in analysis
(N=2,526)
90.8%

Flow diagram showing recruitment of schoolchildren in urban and rural areas.

Effect modification by area or residence and atopy

on associations between poor hygiene/farming exposures

and wheeze-rhinitis—eczema symptoms

We explored the effects of area of residence or atopy on the
associations between study exposures and wheeze-rhinitis—
eczema symptoms. Complete results are provided in online sup-
plementary tables S2 and S3. Area of residence modified the
association between birth order and wheeze, with an inverse
association seen only in rural schoolchildren (urban, adjusted
OR 1.13 (95% CI 0.79 to 1.81, p=0.497) vs rural, adjusted OR
0.63 (95% CI 0.50 to 0.80, p<0.001), interaction p=0.007).
For atopy, there was evidence of a significantly greater preva-
lence of wheeze among non-atopic children without access to
potable drinking water (SPT—, adjusted OR 1.42, 95% CI 1.13
to 1.79, p=0.002; SPT+, adjusted OR 0.74, 95% CI 0.47 to
1.14, p=0.172; interaction p=0.01). Non-atopic children living
in traditionally built houses had a greater prevalence of rhinitis
compared with atopics (SPT—, adjusted OR 1.37, 95% CI 1.09
to 1.72, p=0.008; SPT+, adjusted OR 0.66, 95% CI 0.36 to
1.21, p=0.179; interaction p=0.005) while atopic children
without access to potable drinking water had a reduced risk of
rhinitis compared with non-atopics (SPT+, adjusted OR 0.48,
959% CI 0.26 to 0.88, p=0.019; SPT—, adjusted OR 1.05, 95%
CI 0.79 to 1.40, p=0.741; interaction p=0.003). No effect
modification by atopy was observed for eczema.

DISCUSSION

In the present study of schoolchildren living in urban and rural
areas of a tropical region in Latin America, we did not observe a
significantly greater prevalence of atopy, wheeze and eczema
symptoms in urban compared with rural samples although there
was a greater prevalence of rhinitis symptoms in urban
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Table 1 Characteristics of schoolchildren in urban and rural areas

Urban Rural
(n=2526) (n=4295) p Value for
Risk factor n % n % rural vs urban
Demographics
Age (years)
5-8 856  33.9 1197 279  <0.001
9-11 1252 49.6 1511 35.2
12-16 418 165 1587  36.9
Sex
Female 1196 47.4 2089 48.6 0.303
Male 1330 526 2206 514
Ethnicity*
Afro-Ecuadorian 2116 83.9 3957 92.5 <0.001
Other 405 16.1 323 75
Maternal educational level
lliterate 546 22.0 2434 56.8 <0.001

Completed primary 1257 50.0 1498  35.0
Completed secondary 720 280 353 8.2
Monthly income (US$)

<150 98 392 3370 799  <0.001
>150 1499 60.8 845 20.1

Nutritional status
Underweight 341 13.5 703 16.4 <0.001
Normal 1718  68.0 2976 69.3
Overweight 467 185 616 143

General hygiene factors
Pets inside the house

No 1004 39.7 1650 385 0.293
Yes 1522 60.3 2640 61.5

Crowding (persons/sleeping room)
<Median 1298 515 2141 499  0.202
>Median 1222 48.5 2149 50.1

Birth order
>5th 1367 54.2 1726 40.2 <0.001
3rd-4th 727 28.8 1119 26.1
1st-2nd 426 17.0 1450 33.7

Bathroom (%)
Field 178 7.1 1553 36.1 <0.001
Latrine 595 235 2617 61.0
WC 1752 69.4 123 2.9

Potable drinking water
No 199 79 4028 938  <0.001
Yes 2320 9241 266 6.2

Daycare attendance
No 1431 57.4 2291 54.1 0.008
Yes 1061 42.6 1944 45.9

Household construction
Wood/bamboo 218 87 2443 572  <0.001
Mixed cement/wood 1139 452 1151 26.9
Cement 1163 46.1 678 15.9

Farming exposures
Father with agricultural occupation

No 2306 93.8 2213 524 <0.001
Yes 152 6.2 2007 47.5
Contact with large farm animals*
No 2306 914 2979 695  <0.001
Yes 218 86 1310 305
Unpasteurised milkt
No 1594 63.2 2455 573 <0.001
Yes 927 36.8 1831 42.7
Continued

Table 1 Continued

Urban Rural
(n=2526) (n=4295) p Value for
Risk factor n % n % rural vs urban
Infections
Geohelminth infections
Any geohelminth 1036 429 2849 69.0  <0.001
Ascaris lumbricoides 479 19.9 1752 424 <0.001
Trichuris trichiura 853 35.4 2234 54.1 <0.001
Hookworm m 4.6 228 5.5 0.106

Median crowding was 3.

Numbers of missing values (rural/urban) are given in parentheses: ethnicity (15/5);
maternal educational level (10/3); monthly income (80/59); pets inside the house
(5/0); crowding (5/6); birth order (0/6); bathroom (2/1); potable drinking water (1/7);
daycare attendance (60/34); household construction (23/6); father with agricultural
occupation (75/68); contact with large farm animals (6/2); unpasteurised milk (9/5);
any geohelminth (163/113); Ascaris lumbricoides (163/113); Trichuris trichiura (163/
113); Hookworm (163/113).

*Pigs, cows, horses, mules, donkeys.

tConsumption of unpasteurised milk at least once weekly.

schoolchildren. The strength of the association between atopy
and respiratory symptoms was greater in urban children. Some
poor hygiene/farming exposures were associated with an
increased risk of respiratory symptoms, while being higher in
the birth order was inversely associated. There was limited evi-
dence for modification of these effects by urban versus rural
residence or atopy. Our data emphasise the fact that rural chil-
dren do not necessarily have a reduced prevalence of atopy and
wheeze—rhinitis—eczema symptoms compared with urban chil-
dren, and that some exposures indicative of poorer hygiene may
increase the risk of respiratory symptoms.

A previous study comparing population samples of indivi-
duals living in rural subsistence communities with those in a
non-industrial urban environment showed a higher prevalence
of atopy to house dust mite in the rural but more wheeze symp-
toms in the urban population.'® Since then, other studies have
reported an elevated prevalence of asthma and atopy in urban
compared with rural populations in both developing and devel-
oped countries.* '* An urban-rural effect on risk of eczema is
less consistent although a systematic review suggested that the
prevalence of eczema may be increased in some urban
populations.

So why did we not observe such differences in the present
study? We have shown previously that there is significant hetero-
geneity in the level of urbanisation between rural communities
in the rural area where we conducted the study and that a
higher level of urbanisation, particularly the adoption of a more
urban lifestyle, was associated with the prevalence of wheeze at
the community level.'® Thus there is considerable heterogeneity
in asthma risk between rural communities, and considering all
as a single entity will mask these differences. Urban residence in
the present study, although associated with changes in the living
environment and presumably other factors such as exposure to
air pollution, was still associated with significant rural expo-
sures, such as farming. Such exposures likely reflect the lifestyle
of more recent rural migrants who maintain rural lifestyles and
contacts with their origins. Our urban study population can,
therefore, be considered at a relatively early stage in the transi-
tion to an urban way of life, and such changes as do occur did
not translate into significant changes in the prevalence of atopy,
wheeze and eczema. Perhaps the first changes to occur in allergy
during this early stage of urban transition are an increase in the
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Table 2 Frequencies of symptoms and atopy in 6821 schoolchildren living in urban and rural areas of Esmeraldas Province

Urban (n=2526)

Rural (n=4295)

Variable n % n % OR (95% Cl) p Value
Wheeze
Wheeze ever 801 32.7 1362 32.7 0.97 (0.87 to 1.09) 0.64
Recent wheeze 231 9.4 421 10.1 0.84 (0.71 to 1.00) 0.05
Rhinitis
Rhinitis ever 489 19.5 553 13.1 1.57 (1.37 to 1.80) <0.001
Recent rhinitis 203 8.1 270 6.4 1.25 (1.03 to 1.52) 0.02
Eczema
Eczema ever 323 129 358 8.4 1.57 (1.33 to 1.84) <0.001
Recent eczema 146 5.9 199 4.7 1.24 (1.00 to 1.56) 0.06
Skin prick test reactivity
Any allergen 246 10.0 515 12.5 0.85 (0.72 to 1.01) 0.06
House dust mite 185 7.6 281 6.8 1.19 (0.97 to 1.44) 0.09
Mixed grass 27 1.1 76 1.8 0.68 (0.43 to 1.07) 0.10
American cockroach 55 2.2 185 4.5 0.54 (0.40 to 0.74) <0.001
Mixed fungi 10 0.4 18 0.4 1.31 (0.58 to 2.94) 0.52
Alternaria tenuis 3 0.1 8 0.2 0.67 (0.17 to 2.60) 0.456
Cat 8 0.3 17 0.4 0.84 (0.36 to 1.98) 0.69
Dog 6 0.2 68 1.7 0.15 (0.07 to 0.35) <0.001

ORs and 95% Cls show urban and rural comparisons adjusted for age and sex.
Numbers in bold represent p<0.05.
Recent represents symptoms within the previous 12 months.

Eczema was defined by an itchy rash with a flexural distribution and rhinitis by nasal stuffiness/sneezing with itchy eyes.

prevalence of rhinitis and a strengthening of the association
between atopy and respiratory symptoms, as observed here.

The rural area where we conducted this study represents trad-
itional rural communities that have just started the transition to
a more modern way of living. Many were accessible only by
river, were not connected to the national electricity grid and
used traditional materials for housing. But no community was
truly isolated from urban influences—many rural residents had
travelled to urban centres and the economies of all communities
were money based. Most agriculture in these rural communities
was subsistence. The urban study population was chosen to be
representative ethnically and socially of the rural population,
and urban study neighbourhoods were located at the periphery
of the city of Esmeraldas where some but limited basic services
were present. Such marginal populations living at the periphery
of small to medium sized cities is expected to fuel much of the
growth of the world population in the 21st century.

The hygiene hypothesis developed from the observation of an
inverse association between sibling number and rhinitis that was

explained by unhygienic contacts with older siblings.'” Since
then, this hypothesis has been extended to include the effects of
a wide variety of infectious and other microbial exposures (eg,
farming and pets in affluent countries and parasites in non-
affluent countries) on a wide range of inflammatory diseases,
extending from allergic to autoimmune diseases.'® A plausible
underlying mechanism to explain such wide ranging effects is
the induction of immune regulation through the production of
regulatory cytokines, such as interleukin 10 that serves to modu-
late Th1l and Th2 mediated inflammation.'® Several environ-
mental exposures associated with poor hygiene, including
geohelminths, have been associated with increased interleukin
10,' 2° providing a biologically plausible link between chronic
microbial exposures and reduction in tissue inflammation.
Consistent with such a paradigm, we observed a reduced preva-
lence of SPT among children with geohelminths. Being higher in
the birth order was inversely associated with respiratory symp-
toms, in agreement with previous studies,'” *! but other expo-
sures representative of farming, poor hygiene or increased risk

Table 3 Associations between recent symptoms and allergen skin prick test reactivity and population fractions of symptoms attributable to skin

prick test reactivity (PAF%) in urban and rural schoolchildren

SPT
Urban Rural
Recent symptoms OR (95% CI) p Value PAF% OR (95% ClI) p Value PAF% Interaction p value
Wheeze 2.35 (1.63 to 3.40) <0.001 10.7 1.36 (1.01 to 1.83) 0.04 3.9 0.01
Rhinitis 1.82 (1.22 to 2.73) 0.004 7.3 0.94 (0.63 to 1.40) 0.75 = 0.01
Eczema 1.60 (0.99 to 2.60) 0.06 5.7 1.47 (1.00 to 2.16) 0.05 5.3 0.74

Shown also are p values for the interaction effect of the area of residence.
Numbers in bold represent p<0.05.

ORs are adjusted for age, sex and maternal educational level (eczema only).
PAF%, population attributable fraction; SPT, skin prick test reactivity.
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Table 4 Univariate and multivariate associations between outcomes and hygiene exposures in 6821 schoolchildren

Hygiene exposure

SPT Wheeze Rhinitis Eczema

OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)

p Value p Value p Value p Value

Univariate Multivariate Univariate Multivariate Univariate Multivariate Univariate Multivariate

Pets inside home

Yes vs no

Crowding

>3 vs <3

Birth order

>5th vs <4th

Bathroom

Field vs others

Potable drinking water
No vs yes

Attended daycare

Yes vs no

House construction
Wood/bamboo vs others
Father engaged in agriculture
Yes vs no

Contact with farm animals*
Yes vs no

Unpasteurised milkt
Yes vs no

Any geohelminth

Yes vs no

Ascaris lumbricoides
Yes vs no

Trichuris trichiura

Yes vs no

Hookworm

Yes vs no

0.91 (0.78 o 1.06)
0215

0.79 (0.67 to 0.92)
0.004

1.58 (0.98 o 1.37)
0.084

0.91 (0.76 to 1.09)
0.299

1.05 (0.81 to 1.34)
0.700

0.96 (0.82 t0 1.12)
0.642

1.14 (0.98 o 1.33)
0.087

1.55 (132 t0 1.81)
<0.001

1.40 (1.18 to 1.66)
<0.001

1.13 (0.97 0 1.32)
0.109

0.66 (0.56 to 0.77)
<0.001

0.71 (059 to 0.84)
<0.001

0.63 (0.53 t0 0.73)
<0.001

1.38 (1.01 to 1.88)
0.047

1.24 (1.01 to 1.51)
0.036

1.15 (0.95 to 1.41)
0.146

0.73 (0.60 to 0.89)
0.002

0.71 (0.59 to 0.85)
<0.001

1.37 (0.95 to 1.97)
0.088

1.09 (0.93 to 1.29)
0.296
0.97 (0.82 to 1.16)
0.733
0.75 (0.62 to 0.91)
0.003
1.19 (0.99 to 1.43)
0.054
1.21 (1.02 to 1.43)
0.028
0.99 (0.84 to 1.16)
0.889
0.95 (0.81 to 1.12)
0.508
0.89 (0.74 to 1.06)
0.176
1.03 (0.85 to 1.25)
0.781
1.05 (0.89 to 1.24)
0.557
1.12 (0.95 to 1.34)
0.165
1.01 (0.84 to 1.20)
0.924
1.16 (0.98 to 1.36)
0.084
1.10 (0.77 to 1.58)
0.591

0.75 (0.61 to 0.91)
0.005

1.44 (1.16 to 1.78)
0.001

0.86 (0.70 to 1.05)
0.144

1.34 (1.09 to 1.62)
0.005

0.86 (0.70 to 1.05)
0.133

0.62 (0.49 to 0.78)
<0.001

1.32 (1.08 to 1.62)
0.008

0.92 (0.72 to 1.20)
0.562

1.11 (0.92 to 1.33)
0.296

1.12 (0.93 to 1.35)
0.242

0.82 (0.66 to 1.01)
0.062

1.28 (1.04 to 1.59)
0.021

1.02 (0.85 to 1.24)
0.810

0.94 (0.78 to 1.14)
0.550

0.83 (0.68 to 1.02)
0.079

1.07 (0.88 to 1.29)
0.505

0.74 (0.46 to 1.20)
0.221

1.34 (1.09 to 1.63)
0.004

0.81 (0.66 to 1.0)
0.053

0.62 (0.49 to 0.79)
<0.001

1.44 (1.13 to 1.83)
0.003

0.79 (0.59 to 1.06)
0.123

1.28 (1.03 to 1.61)
0.027

0.89 (0.69 to 1.15)
0.386

1.50 (1.19 to 1.91)
0.001

1.28 (1.03 to 1.60)
0.031

0.88 (0.71 to 1.11)
0.276

0.79 (0.62 to 1.02)
0.069

0.80 (0.62 to 1.04)
0.097

0.96 (0.78 to 1.20)
0.771

1.28 (1.4 to 1.59)
0.023

1.02 (0.83 to 1.26)
0.854

1.24 (0.99 to 1.56)
0.055

1.38 (1.09 to 1.75)
0.008

1.34 (1.08 to 1.65)
0.008

0.97 (0.78 to 1.21)
0.810

1.03 (0.82 to 1.29)
0.810

0.78 (0.63 to 0.97)
0.025

1.37 (0.90 to 2.12)
0.143

1.19 (0.94 to 1.51)
0.151

0.78 (0.60 to 1.02)
0.070

1.28 (1.02 to 1.60)
0.037

1.41 (1.07 to 1.84)
0.014
1.13 (0.89 to 1.43)
0.321
1.31 (0.93 to 1.85)
0.125

0.72 (0.51 to 1.02)
0.061

Variables in multivariate analyses with p<0.01 were considered statistically significant and are shown in bold type.

Median crowding was 3.

*Pigs, cows, horses, mules, donkeys.
tConsumption of unpasteurised milk at least once weekly.

SPT, skin prick test reactivity.
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of infections (ie, lack of potable drinking water) were associated
with an increased risk of these symptoms.

Previous observations from urban Brazil showed strong asso-
ciations between non-atopic wheeze and indicators of dirt,
increased urban poverty and respiratory infections.** Although
such observations are not consistent with the hygiene hypoth-
esis, increased exposure to chronic parasitic, bacterial and viral
infections were strongly inversely associated with atopy.”® In our
study, only a minority of wheeze—rhinitis—eczema symptoms
were attributable to atopy (<11%), in agreement with previous
studies from Latin America.? 2*72° A study of European children
indicated that the effects of hygiene exposures on non-atopic
symptoms were distinct from those on atopic symptoms.”” In
the present study, there was some evidence to suggest that poor
hygiene exposures might increase the prevalence of respiratory
symptoms in non-atopic compared with atopic schoolchildren.

Being born and raised on a livestock farm in Europe provides
the strongest protection against atopy and allergic symptoms.®
Such protection may require an intimate relationship between
herd animals and their owners, particularly during the winter
months when the animals may be kept in barns close to the
farmer’s living space and where exposures to the animals and
their microbes is intense, perhaps leading to immune tolerance
and reduced inflammation. Clearly not all farm exposures are
protective, and significant heterogeneity of effects has been
reported across Europe,”® while an increased risk has been
reported in Australasian®® 3° and Towan children.>' The rela-
tionship between farming families and their animals is different
in the tropical lowlands of Ecuador and a less intimate associ-
ation could explain why childhood contact with large farm
animals, through exposures to farming related irritants or proin-
flammatory substances, might be associated with an increase in
rhinitis and perhaps also eczema symptoms.

The strengths of the present study were: evaluation of a large
population of urban and rural schoolchildren within the same
geographic region in Ecuador with sufficient power to detect
relevant effects of exposures on atopy and allergic symptoms;
very high rates of participation in both study areas (>90%)
ensuring the relevance of our findings to the largely
Afro-Ecuadorian population we studied; and use of simple and
widely used measurements of parentally reported symptoms.
The use of symptoms to estimate the prevalence of wheeze—
rhinitis—eczema is probably subject to less bias than a doctor
diagnosis in a population with limited access to healthcare and
where such access differs between urban and rural populations.
The term wheeze-rhinitis—eczema was used as a substitute for
‘allergic’ because few such symptoms in our study population
appear to be explained by atopy. Weaknesses were a lack of data
on the intensity and age of initial exposures to these factors,
and the questionnaire data may have been subject to recall bias
and misclassification. We used SPT rather than allergen specific
IgE to measure atopy and cannot comment on the effects of the
study exposures on this latter marker. However, SPT, a measure
of allergic effector responses rather than allergic sensitisation
per se, may be more appropriate for the exploration of such
effects in a population in which the two atopic markers are
dissociated.>* 2°

In summary, the present study, performed in rural and urban
schoolchildren in Ecuador, showed a greater risk of rhinitis
symptoms in urban compared with rural children but no such
effects on the prevalence of wheeze and eczema. There was evi-
dence that some poor hygiene/farming exposures were asso-
ciated with an increased risk of respiratory symptoms, while
being higher in the birth order was protective. Our observations

provide further insights into the determinants of the prevalence
of atopy and wheeze—rhinitis—eczema symptoms in a population
in Latin America undergoing development and at an early stage
in the evolution of the so-called allergy epidemic that has
emerged over recent years in more advanced Latin American
countries and in other developing regions.
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3.Apellidos/Nombres delJefedela casa.................c.oooiiiiiiiiniiiiniiiieeeen,

4. Numero de casa por Censo de Oncocercosis...............cc.cc.......

5. Apellidos y Nombres del entrevistador.................ccccooeviiiniiiiniiieniieiiecieeeen
A. Datos personales

6. Apellidos y Nombres (del niflo)...........coooiiiiiiiiiiii e,

7. Edad.......... afios 8. Fecha de nacimiento........... Joveeeeann. oeeeeeeann.

9.Raza:  Afro-ecuatoriana [J1 Mestiza [J2 Indigena
3

10.Localidad donde vive el nifio........................ 11. Provincia........................
12.Escuela.......cooooveeeeeeieeeeieeieeieeeeeeeeeeeeeenn, No estudia D

13. Paralelo: .............. de EB No sabe D

14. Sexo: F (32 ™M O1

B. Datos Socio-Econémicos
19. La relacion entre el nifi(a) y el JEFE de la casa es: Ausente [J 0

Padre D 1 Padrastro D 2 Abuelo D 3 Tio D 4 Otro 5.

20. Ocupacion del JEFE de la casa (especificar):

Jornalero D 1 Comerciante D 6 Chofer D 11
Agricultor 7], Profesor [J7 Desempleado (12
Ganadero [T 3 Carpintero [Jg Nosabe [J oo
Motorista D 4 Albaiiil D 9

Maderero D 5 Mecanico D 10 Otros 13

(especifique)




1. NUMERO .........cccceeuuen.e.
21. Instruccion del JEFE de la casa:
primaria completa [J1 primaria incompleta (s
secundaria completa (7], secundaria incompleta m s
superior completa [J3 superior incompleta mE
analfabeto [J4 Nosabe [ o9

22. Lugar de nacimiento del jefe de la casa:
........................................................................................... (localidad/ ciudad/ provincia)

23. El jefe de la casa se crio en zona: urbana 31 rual 2 Nosabe (99

24. ; Actualmente el jefe de la casa vive en una zona (rural o urbana) distinta a la
que se crio?

si 31 No (Jo No sabe [J99
= Si la respuesta a la pregunta 24 es SI, indique si el jefe de la casa ha migrado
de:
25. Zona rural aurbana  Si[J 1 No (3 0
26. Zona urbana a rural sid 2 No (3 0

= Siel jefe de la casa ha migrado especificar la ocupacion que tuvo antes de
migrar:

27. (De zona rural a urbana)

28. (De zona urbana a rural)

29. La relacion entre el nifio(a y la SENORA de la casa es: Ausente

(o

Madre Dl Madrastra DZ Abuela D3 Tia D OtroS.....coevvvvennn.

30. Ocupacién de la SENORA de la casa (especificar):

Quehaceres domésticos (7] 1 Profesora [J¢ Desempleada [T
Empleada doméstica [J 2 Comerciante [J7 Nosabe [J oo
Jornalera [J 3 Cocinera s
Agricultora [J 4 Partera o
Lavandera [J 5 Costurera [J10

Otros (especifique) 12




1. NUMERO .........cccceuueen.e.
31. Instruccién de la SENORA de la casa:
primaria completa 1 primaria incompleta (5
secundaria completa m P secundaria incompleta s
superior completa mE superior incompleta m
analfabeta [J4 Nosabe [T o9

32. Lugar de nacimiento de la sefiora de la casa?

........................................................................................... (localidad/ ciudad/ provincia)

33. La seiiora de la casa se crio en zona: urbana D 1 rural D 2  No sabe D99

34. ; Actualmente si la sefiora de la casa vive en una zona (rural o urbana)
distinta a la que se crio?

Si Dl No DO No sabe D99

= Si la respuesta a la pregunta 34 es SI, indique si la sefiora de la casa ha
migrado de:

35. Zona rural a urbana Si D 1 36. Zona urbana a rural Si D 1

No[J o No (Jo

= Si la sefiora de la casa ha migrado especificar la ocupacion que tuvo antes de
migrar:

37. (De zona rural a urbana)

38. (De zona urbana a rural)

39. ;Cuanto es el ingreso mensual familiar?  S$................
(suma total del dinero que aportan todas las personas que viven en la casa)



40. Vive en casa:  propia m J arrendada  [J 2 prestada mE

1. NUMERO ........ccccevveneene

41. ;Qué tipo de construccion tienen las paredes de la casa en la que vive el

Niio(a)?
Madera mk Ladrillo/ bloque/ cemento [T} 4
Mixta (madera/ cafia) Mixta (madera /cemento)
2 5
Cana Otro (especifique)
3 6

42. ;Cuantos cuartos (no se incluye los bafos) existen en la casa? ...

43. ;Cuantos dormitorios existen en la casa? ...

44. ;Cuantas personas viven/ duermen permanentemente en la casa? ...............

45. Usted utiliza:

Letrina (7] Servicio [J, Campo (T3 Otro 4
higiénico (especifique)
46. (El bafio lo comparte con otras familias? : si 31 No

(o

47. ;Usted tiene Luz? si 31 No

(o

= . Qué artefactos eléctricos hay en la casa?

48. Refrigeradora sifd1 Nol[Jo 49 si 1 No
Television o

50. Equipo de sonido sifJ1 NolJo 51-Radio sifJ1 ~No[Jo



- :Qué material utiliza para cocinar?

52. Gas si (1 No Qo  33-Carbon sild1 No Do
54. Lena Sl D 1 No D 0 55. OtrO
(especifique)

= .En su casa tiene?

56. Carro si (J1 No (Jo
57. Canoa a motor Si D 1 No D 0
Firma....ceeeeeeiiiiiieennnns Fecha...../....... /200

1. NUMERQO O.......c.ccceeeeeen.
= ;Cuales son las fuentes principales de recoleccion de agua?

58. Potable Si Dl 59. Entubada Si D 1 60. Pozo Si D 1

NODO NODO NODO

stero
NoD 0 NoD 0 NOD 0

64. Otras (ESPECIIIQUE).....eeiuiieiieeiieiie ettt ettt ettt ee ettt e e sseeesteesaaeenbeesnas

65. ;Uno de los padres /representantes/ familiares, se dedica a la agricultura o
cria de animales domésticos para consumo de la casa?

si 1 No Co

= Si la respuesta a la pregunta 65 fue SI indicar el lugar en que se lo hace:

66. En la casa donde vive el niiio(a) o sus alrededores Si 01 No 0
0

67. En una finca o terreno alejado de la casa en la
que vive el nifio(a) Si 1 No O

C. Datos Generales



68. ;Cuantos hijos son en la familia? ...
69. (Cuantos hermanos mayores tiene el nifo?  ..........
70. ;Cuantos hermanos menores tiene el nifio(a)?

71. (;Qué lugar ocupa el nifio(a)? ...
( llena el entrevistador, en relacion a todos los hijos nacidos vivos de la madre)

72. ; Cuantos nifios (r. nacidos -15 afios) viven permanentemente en la casa? ..........

73. (Cuantos de los nifios que viven en la casa permanentemente, son mayores
que el nifio(a)?

74. ; Cuantos de los nifios que viven permanentemente en la casa, son menores
que el nifio(a)?

75. ;Qué lugar ocupa el nifio(a) en relacion a los nifios que vive permanen -
Te mente en la casa?

76. (El nifio(a) recibio lactancia materna? Si m J No[J 0 No sabe

o9

77. Sila respuesta anterior fue SI, hasta qué edad lo hizo?

menos de 6 meses D 1 mas de 24 meses D 4
De los 6 a los 12 meses D 2 No sabe D 99
De los 13 a los 24 meses D 3

78. ;Trajo el nifio(a) o su representante el CARNET DE VACUNACION?

si (1 No [(Jo

= Si la respuesta anterior fue SI, sefiale las dosis que se indica en el carnet:



Vacunas que ha recibido el nifio Numero de dosis de vacunas

79. BCG: (e 1 1

80. DTP: Oo 0O O: 0Os O«

81. SARAMPION- o O

82. POLIO: Oo 0O O: O3 O«

= Si la respuesta anterior fue NO, sefiale las vacunas (cualquier nimero de
dosis) que indica la madre o su representante:

83. BCG: si 1 No (Do No sabe [J99
84. DTP: si 31 No (Do No sabe [J99
85. SARAMPION: si 31 No (Do No sabe [J99
86. POLIO: si 31 No (Jo No sabe [J99
87. Tiene el niiio(a) la cicatriz de la vacuna BCG? Si 1 No

(o

Firma....ceeeeeeiiiiieennnnns Fecha...../....... /200

1. NUMERO ........ccccevvvenenne

88. ;Su nifio(a) fue a la guarderia?: Si 1 No (Jo No sabe
99
89. A qué edad fue su nifio a la guarderia por primera vez........................... meses

90. Si la respuesta anterior fue SI, por cuanto tiempo?........ meses

@ Vamos a hablar sobre la frecuencia con que el nifio(a) come o bebe los
siguientes productos:

Productos Nunca A 1 vez al | 1-4 veces | mas de 4 veces
veces mes por por semana
semana (diario)
0 1 2 3 4

91. CARNES (res, cerdo, pollo)

92. PESCADO

93. CAMARONES




94. FRUTAS

95. ENSALADAS

96.ARROZ

97. PLATANO

98. YUCA

99. PAN

100. MANI

101. PAPAS

102. HUEVOS

103. LECHE

104. COLAS

105. HAMBURGUESAS

106. (El nifio(a) consume leche cruda / ordefiada por lo menos 1 vez a la

semana?

si (01 No (Jo

107. ;Durante el dia cuantas horas mira la television el nifio?

NuncaDO A veces Dl 1-3hD2 4-5hD3 mas deShD4
Firma....ceeeeeeiiiiiiennnnns Fecha...../....... /200
1. NUMERQO.....cccccetvnnnennnn.

108. ;Con que frecuencia el nifio(a) hace ejercicios para que le falte el aire o la

respiracion?

a diario mk cada 15 dias 4
3 veces por semana P 1 vez al mes (s
1 vez a la semana ] 3

@ ;Alguno de estos animales pasa dentro de la casa en la que vive el nifio(a) ?
(anotar si el animal pasa durante el dia y/o la noche dentro de la casa en la que vive el nifio)

109 Perro Si D 1 No D 0



110. Gato: Si D 1 No D 0

w ; Alguno de estos animales pasa alrededor de la casa en la que vive el nifio(a)?
(anotar si los animales estan la mayor parte del tiempo en el patio o jardin, asi
estos animales ingresen a la casa en forma esporadica).

111. Perro Si 31 No o
112. Gato: Si mk No o
113. Cerdos Si 1 No o
114. Gallinas Si 31 No o
115. Otro Si mk No o

116. ;El nifio(a) tiene contacto con animales en fincas por lo menos una vez por

semana?
si 1 No [ o

= ;Alguna vez en la vida del nifio(a), alguno de estos animales pas6 /vivio
dentro de la casa?

117. Perro si (31 No J o
118. Gato si (1 No J o
Firma....ceeeeeeeeneeeneeenees Fecha...../....... /200
1. NUMERO . ...oeeeeverernn

= ;La madre del nifio(a) ha presentado?

119. Asma si ()1 No [(Jo No Sabe [ 199

(algn médico le diagnostico de ASMA o tuvo ataques de silbido al pecho 3 0 mas veces y
por un lapso de 3 dias)

120. Rinitis si (J1 No (Jo No Sabe [ 199

(algin médico le diagnostico de rinitis alérgica, o tuvo estornudos, moqueo, picazédn de la
nariz o lagrimeo/ picazon de los ojos, sin estar con gripe, mas de una vez)



121. Eczema si (31 No (Jo No Sabe [ 199

(algin médico le diagnosticé de eczema o tuvo granos o ronchas que piquen, localizados en
cuello, parte anterior del codo, posterior de la rodilla, tobillos y /o nalgas que aparecen y
desaparecen y que duren por lo menos 6 meses)

= . El padre del nifio(a) ha presentado?

122. Asma si ()1 No [(Jo No Sabe [ 199

(algin médico le diagnostic6 de ASMA o tuvo ataques de silbido al pecho 3 0 més veces y
por un lapso de 3 dias)

123. Rinitis si ()1 No (Jo No Sabe [ 199

(algtin médico le diagnosticé de rinitis alérgica, o tuvo estornudos, moqueo, picazon de la
nariz o lagrimeo/picazon de los ojos, sin estar con gripe, mas de una vez)

124. Eczema si (31 No (Jo No Sabe [ 199

(algin médico le diagnosticé de eczema o tuvo granos o ronchas que piquen, localizados en
cuello, parte anterior del codo, posterior de la rodilla, tobillos y/o nalgas que apareceny
desaparecen y que duren por lo menos 6 meses)

Firma....ceeeeeeiiiiieennnnns Fecha...../....... /200

1. NUMERQO.....cccccectvnnnennnn.
< ;Fuma o fumaba la madre del nifio(a)?
125. En la actualidad Si D 1 No D 0 No sabe D 99
126. Durante el embarazo Si D 1 No D 0 No sabe D 99

127. En el primer afio de vidadel Si  (J; No [T o No sabe (7] 99
nifio

128. ; Actualmente fuma alguien en la casa? si Oh No

(o

D. Migracion
129. ;/Su nifio(a) ha vivido en este lugar toda su vida? si Oh No (3o



= Si la respuesta anterior fue NO conteste la siguiente.
(Para contestar esta pregunta el nifo tiene que haber pasado en el lugar 3 0 més

meses de su vida)

185 ID

SITIOS TIEMPO | Rural Urbano

(localidad/ciudad/ (meses o

provincia) aiios)
130. Primer afio de vida 130 174 175 1 D 2 D
131. Primer afio de vida 131 176 177 1 D 2 D
132. Delos 2 alos 5 afios | 132 178 179 1 D ZD
133. De los 2 alos 5 afios | 133 180 180 1 D ZD
134. Mayor que 5 afios 134 182 183 1 D 2 D
135. Mayor que 5 afios 135 184

136 ;El nifio(a) tiene familiares viviendo en Guayaquil?

(o

si (1 No

137. Si la respuesta anterior fue SI, sabe la direccion (localidad/ barrio)?

| Relacion Familiar

| Direccion (localidad/ barrio)




Firma....ceeeeeeiiiiiieennnns Fecha...../....... /200

1. NUMERO ........ccccevvvenenne

138. ;El nifio(a) tiene familiares viviendo en la ciudad de Esmeraldas?

si (1 No (Jo

139. Si la respuesta es SI, sabe la direccion (localidad/ barrio)?

Relacion Familiar Direccion (localidad/ barrio)

E. Tratamiento antiparasitario
140. ;Cuando fue la ultima vez que el nifio(a) tom6 purgante? .......... meses

141. ;Sabe el nombre del medicamento?

142. ;Alguna vez en la vida, el nifio(a) tuvo silbido al pecho, (en cualquier época

del pasado)?
si (31 No (Jo No Sabe [J99

143. (El nifio(a) ha tenido silbido al pecho en los ultimos 12 meses (ultimo afio)?

si ()1 No [ Jo No Sabe [ 199

144. ;Cuantos ataques o crisis de silbido al pecho, ha tenido el nifio(a) en estos

ultimos 12 meses (iltimo afio)?

Ninguno [J0 123 Oh 4212 02 mas de 12 (33

145. ;En estos ultimos 12 meses (iltimo afio) cuantas veces el nifio(a) se ha
despertado en la noche debido al silbido al pecho?



Nunca ha despertado con silbido o

Menos de una noche por semana 1
Una o mas noches por semana mp)
Firma......cocovveieinnnnee Fecha...../....... /200
1. NUMERO ........ccccceeuuen.e.

146. ;En estos ultimos 12 meses (ltimo afio) ha sido el silbido al pecho tan
severo (o tan fuerte) como para no dejarlo hablar mas de una o dos
palabras entre cada respiracion?

si ()1 No (o No Sabe [ 199

147. ;En estos ultimos 12 meses (iltimo afio), el nifio(a) ha tenido silbido al pecho
durante o después de hacer ejercicio (correr, trabajar, etc.)?

si (31 No [(Jo No Sabe [ 199

148. ;Alguna vez en la vida el nifio(a) fue diagnosticado de asma o bronquitis por
un meédico?

si (31 No [(Jo No Sabe [ 199

149. ;En estos ultimos 12 meses (iltimo afio), el nifio(a), ha tenido tos seca en la
noche? (aparte de la asociada con resfrios, gripes, o a infecciones

respiratorias)
sid1 Noo No Sabe [J99
G. Rinitis

150. ;Alguna vez en su vida, el nifio(a), ha tenido problemas de estornudo, goteo
de la nariz (moqueo), o que se le tape la nariz? (cuando no tenia resfrio
comun ni gripe)

si ()1 No (o No Sabe [ 199

151. ;En los ultimos 12 meses, el nifio, tuvo problemas de estornudo, goteo de
la nariz (moqueo), o que se le tape la nariz? (cuando no tenia resfrio
comun ni gripe)



si (31 No [Jo No Sabe [J99

152. ;En los ultimos 12 meses, al nifio(a), junto con el problema de la nariz ;le
picaban y lloraban los ojos?

si (31 No (Jo No Sabe [ 199

Firma....ceeeeeeiiiiieennnnns Fecha...../....... /200

1. NUMERO ........ccccevvveneene

153. ;En los ultimos 12 meses (altimo afio) en que cantidad interfirieron estos
problemas nasales con las actividades diarias del nifio(a)?

Ennada (30 Un poco 1 Moderadamente [32 Mucho

3

154. ;Alguna vez en la vida el nifio(a) fue diagnosticado por un médico de rinitis
alérgica?

si (31 No [(Jo No Sabe [ 199

H. Eczema

155. (El nifio(a) ha tenido alguna vez en la vida granos o ronchas acompafados
de picazon, que aparezcan y desaparezcan durante por lo menos 6 meses?

si ()1 No [ Jo No Sabe [ 199

156. (El nifio(a) ha atenido éstas ronchas o granos con picazon en algun
momento de estos ultimos 12 meses ?

si ()1 No [ Jo No Sabe [ 199

@ . Los granos o ronchas con picazon le han salido en alguno de los siguientes
lugares?

SI NO
157. Alrededor de 10s 0jos............cccoceeeeviiiiniiiinnennns 1 m
158. Alrededor o parte frontal del cuello................. 1 m

159. En las orejas..........cccoooovveviiiniieniiiieeeiee e, 1 m



160. Parte frontal de los codos..........c...cceeevevveeennnnnnn. D 1 D 0

161. Detras de las rodillas..............ocoocovvevveveeveon, 1 o
162. Parte frontal de los tobillos....................cocooo..... )1 m
163. Nal@as.........cooviiiiiiiiiiieeeeeeeee e 31 m

164. ;A qué edad aparecieron los granos o ronchas por primera vez en el
nifio(a)?

1. NUMERO ........ccccevvveneene

165. ;Ha estado completamente sano de este problema de la piel (granos o
ronchas con picazon) en algun momento en los ultimos 12 meses (ultimo afno)?

si (J1 No [Jo

166. ;Cuantas veces en los ultimos 12 meses (ultimo afio) (en promedio) se ha
mantenido despierto el nifio durante la noche debido a la picazén con
granos o ronchas?

Ninguna vez en los tltimos 12 meses (o
Menos de una noche por semana 1
Una o mas noches por semana mp

167. ;Alguna vez un médico le ha diagnosticado al nifio(a) de eczema o
dermatitis atopica?

si (31 No [(Jo No Sabe [ 199

I. Fuente de informacion:

168. Nifio sif 31 NolJo 169 Tia (o) sild1 No(Jo



170. Hermana (0) silJ1 NoJo 171 Padre silJ1 No[Jo
172. Madre SilJ1 No[Jo  173. Representante silJ1 No[Jo



SPT Wheeze Rhinitis Eczema
No Yes No Yes No Yes No Yes
N % N % N % N % N % N % N % N %

Pets inside No 2240 38.6% 311 40.9% 2355 39.3% 242 37.2% 2460 39.4% 155 32.8% 2513 39.3% 121 33.6%
home Yes 3565 61.4% 449 59.1% 3641 60.7% 409 62.8% 3791 60.6% 318 67.2% 3878 60.7% 239 66.4%
Crowding <3 1768 30.5% 271 35.6% 1845 30.8% 204 31.4% 1928 30.9% 161 34.2% 1972 30.9% 121 33.6%

>=3 4031 69.5% 490 64.4% 4149 69.2% 445 68.6% 4320 69.1% 310 65.8% 4414 69.1% 239 66.4%
Birth order <5th 4234 72.9% 531 70.0% 4311 71.9% 503 77.4% 4496 71.9% 380 80.5% 4614 72.2% 275 76.6%

>=5th 1571 27.1% 228 30.0% 1686 28.1% 147 22.6% 1756 28.1% 92 19.5% 1778 27.8% 84 23.4%
Bathroom Field 1482 25.5% 181 23.8% 1497 25.0% 185 28.4% 1557 24.9% 144 30.4% 1636 25.6% 78 21.7%

Others 4324 74.5% 580 76.2% 4501 75.0% 466 71.6% 4696 75.1% 329 69.6% 4757 74.4% 282 78.3%
Potable No 3580 61.6% 504 66.2% 3711 61.9% 432 66.3% 3907 62.5% 279 59.0% 3993 62.4% 222 61.7%
drinking water Yes 2229 38.4% 257 33.8% 2289 38.2% 220 33.7% 2349 37.5% 194 41.0% 2403 37.6% 138 38.3%
Attended No 3155 55.0% 419 55.9% 3270 55.1% 356 55.4% 3419 55.4% 249 52.9% 3505 55.5% 176 49.3%
daycare Yes 2577 45.0% 330 44.1% 2667 44.9% 287 44.6% 2758 44.6% 222 47.1% 2812 44.5% 181 50.7%
House others 2825 48.6% 345 45.3% 2863 47.7% 320 49.1% 3018 48.2% 215 45.5% 3070 48.0% 171 47.5%
construction bamboo/wood 2984 51.4% 416 54.7% 3137 52.3% 332 50.9% 3238 51.8% 258 54.5% 3326 52.0% 189 52.5%
Father engaged No 3907 68.7% 434 58.6% 3947 67.1% 445 69.7% 4120 67.3% 334 71.5% 4252 67.9% 221 63.0%
in agriculture Yes 1783 31.3% 307 41.4% 1935 32.9% 193 30.3% 2000 32.7% 133 28.5% 2011 32.1% 130 37.0%
Contact with No 4545 78.3% 548 72.1% 4650 77.6% 502 77.1% 4871 78.0% 347 73.4% 4982 78.0% 259 71.9%
farm animals* Yes 1257 21.7% 212 27.9% 1343 22.4% 149 22.9% 1377 22.0% 126 26.6% 1406 22.0% 101 28.1%
Unpasteurized No 3478 60.0% 431 56.9% 3580 59.8% 382 58.6% 3717 59.5% 279 59.0% 3821 59.9% 190 52.8%
miIkT Yes 2321 40.0% 326 43.1% 2409 40.2% 270 41.4% 2525 40.5% 194 41.0% 2561 40.1% 170 47.2%
Any No 2221 39.4% 363 49.7% 2361 41.0% 238 38.1% 2432 40.5% 192 41.9% 2493 40.6% 144 41.3%
geohelminth Yes 3410 60.6% 367 50.3% 3404 59.0% 387 61.9% 3573 59.5% 266 58.1% 3646 59.4% 205 58.7%
A. lumbricoides No 3670 65.2% 530 72.6% 3802 65.9% 411 65.8% 3940 65.6% 319 69.7% 4049 66.0% 228 65.3%

Yes 1961 34.8% 200 27.4% 1963 34.1% 214 34.2% 2065 34.4% 139 30.3% 2090 34.0% 121 34.7%




T. trichiura No 2897 51.4% 459 62.9% 3078 53.4% 31 49.8% 3178 52.9% 235 51.3% 3228 52.6% 205 58.7%

Yes 2734 48.6% 271 37.1% 2687 46.6% 314 50.2% 2827 47.1% 223 48.7% 2911 47.4% 144 41.3%
Hookworm No 5351 95.0% 681 93.3% 5471 94.9% 590 94.4% 5690 94.8% 440 96.1% 5827 94.9% 325 93.1%
Yes 280 5.0% 49 6.7% 294 5.1% 35 5.6% 315 5.2% 18 3.9% 312 5.1% 24 6.9%

Supplementary Table 1. Frequencies of poor hygiene and farming exposures according to the presence and absence of
allergen skin test reactivity (SPT), and recent symptoms of wheeze, rhinitis, and eczema in urban and rural schoolchildren
combined. *Pigs, cows, horses, mules, donkeys. 1 - Consumption of unpasteurized milk at least once weekly. Median

crowding was 3 persons per sleeping room.



Inter. Wheeze Inter. Rhinitis Inter. Eczema Inter.
OR (95% ClI) P OR (95% ClI) P OR (95% ClI) P OR (95% ClI) P
p value value p value value p value value p value value
Hygiene exposure Urban Rural Urban Rural Urban Rural Urban Rural
Pets inside home 0.75(0.57-0.98) 1.08(0.88-1.32) 0.036 1.16(0.88-1.55) 1.07(0.86-1.32) 0.616 1.53(1.12-2.10) 1.22(0.93-1.60) 0.245 1.05(0.75-1.47) 1.37(1-1.87) 0.229
Yes vs. No 0.035 0.451 0.291 0.560 0.007 0.143 0.779 0.053
Crowding 0.73(0.55-0.96) 0.89(0.72-1.09) 0.297 1.03(0.77-1.39) 0.88(0.70-1.10) 0.421 1.02(0.74-1.40) 0.77(0.59-1.01) 0.290 1.01(0.71-1.44) 0.84(0.62-1.15) 0.620
23 vs. <3 0.025 0.261 0.829 0.254 0.901 0.063 0.942 0.285
Birth order 0.83(0.57-1.20) 1.16(0.95-1.41) 0.105 1.13(0.79-1.61) 0.63(0.50-0.80) 0.007 | 0.80(0.53-1.22) 0.59(0.44-0.79) 0.292 0.97(0.62-1.52) 0.75(0.55-1.03) 0.413
25" vs. <4th 0.317 0.145 0.497 <0.001 0.304 <0.001 0.894 0.079
Bathroom 0.67(0.37-1.24) 0.92(0.74-1.14) 0.368 | 0.77(0.43-1.38) 1.17(0.93-1.47) 0.187 | 0.86(0.47-1.58) 1.78(1.35-2.35) 0.032 0.53(0.23-1.21) 1.06(0.76-1.48) 0.095
Field vs. others 0.202 0.443 0.382 0.179 0.630 <0.001 0.131 0.722
Potable drinking water 0.87(0.48-1.57) 0.80(0.45-1.45) 0.896 1.25(0.71-2.20) 2.10(1.13-3.90) 0.167 1.29(0.75-2.22) 2.66(1.24-5.72) 0.288 1.25(0.73-2.14) 2.78(0.92-8.39) 0.146
No vs. Yes 0.648 0.477 0.446 0.019 0.363 0.012 0.420 0.069
Attended daycare 1.17(0.89-1.53) 0.83(0.67-1.02) 0.046 | 0.91(0.69-1.21) 0.97(0.78-1.19) 0.689 1.50(1.12-2.0) 0.95(0.73-1.24) 0.030 1.40(1-1.96) 1.19(0.88-1.61) 0.522
Yes vs. No 0.263 0.073 0.530 0.767 0.007 0.716 0.047 0.247
House construction 1(0.74-1.37) 1.07(0.86-1.32) 0.846 | 0.93(0.68-1.28) 0.86(0.68-1.07) 0.690 1.14(0.83-1.59) 1.52(1.13-2.05) 0.254 | 0.87(0.59-1.27) 1.28(0.91-1.80) 0.080
Wood/bamboo vs. others 0.954 0.565 0.669 0.179 0.412 0.006 0.468 0.150
Father engaged in agriculture 0.94(0.53-1.68) 1.25(0.99-1.57) 0.367 | 0.96(0.53-1.74) 0.85(0.68-1.05) 0.672 1.21(0.68-2.15) 1(0.75-1.34) 0.479 1.20(0.61-2.33) 1.11(0.79-1.55) 0.972
Yes vs. No 0.844 0.057 0.899 0.144 0.514 0.980 0.600 0.546
Contact with farm animals* 0.89(0.54-1.46) 1.25(1-1.55) 0.203 1.02(0.63-1.66) 1.06(0.85-1.34) 0.908 1.86(1.21-2.85) 1.42(1.07-1.87) 0.194 | 2.14(1.34-3.41) 1.29(0.94-1.78) 0.063
Yes vs. No 0.644 0.042 0.931 0.599 0.005 0.015 0.002 0.118
Unpasteurized milkt 1.16(0.88-1.53) 0.96(0.77-1.19) 0.257 | 0.88(0.66-1.18) 1.18(0.96-1.48) 0.107 | 0.85(0.63-1.16) 1.23(0.93-1.61) 0.081 0.89(0.62-1.25) 1.46(1.05-2) 0.029
Yes vs. No 0.283 0.683 0.394 0.118 0.312 0.143 0.494 0.021
Any geohelminth 0.78(0.59-1.05) 0.58(0.47-0.72) 0.099 1.24(0.93-1.64) 0.97(0.76-1.22) 0.216 | 0.86(0.63-1.16) 1.19(0.88-1.61) 0.135 | 0.95(0.67-1.34) 1.30(0.92-1.84) 0.118
Yes vs. No 0.109 <0.001 0.136 0.770 0.327 0.246 0.765 0.132
A. lumbricoides 0.60(0.40-0.91) 0.69(0.56-0.87) 0.556 | 0.74(0.51-1.09) 1.06(0.86-1.32) 0.101 0.62(0.40-0.94) 1.09(0.84-1.44) 0.033 | 0.93(0.60-1.43) 1.20(0.88-1.65) 0.206
Yes vs. No 0.015 0.001 0.130 0.571 0.027 0.502 0.738 0.252
T. trichiura 0.81(0.60-1.10) 0.59(0.48-0.73) 0.091 1.40(1.05-1.87) 0.95(0.76-1.19) 0.044 | 0.98(0.72-1.34) 1.17(0.88-1.54) 0.351 1.01(0.71-1.44) 0.89(0.65-1.23) 0.868
Yes vs. No 0.181 <0.001 0.020 0.651 0.892 0.282 0.938 0.504
Hookworm 1.18(0.57-2.45) 1.14(0.76-1.70) 0.975 1.69(0.84-3.41) 0.90(0.54-1.48) 0.216 | 0.91(0.43-1.90) 0.80(0.41-1.58) 0.813 | 0.50(0.16-1.58) 1.76(1.02-3.03) 0.011
Yes vs. No 0.658 0.526 0.138 0.683 0.803 0.520 0.238 0.042




Supplementary Table 2. Associations between study outcomes and poor hygiene/farming exposures stratified by area of
residence. Odds ratios (ORs) and 95% confidence intervals (95% CI) were calculated using random effects logistic
regression in which clustering by rural community or urban neighbourhood was adjusted. Age and sex were included as a
priori confounders and ethnicity, maternal educational level, household income and body mass index were considered as
potential confounders and adjusted for where they had a significant effect on study outcomes. Interactions (inter.) with
P<0.01 were considered relevant.

*Pigs, cows, horses, mules, donkeys. f - Consumption of unpasteurized milk at least once weekly. Median crowding was

3 persons per sleeping room.






Hygiene exposure Wheeze Inter. P Rhinitis Inter. P Eczema Inter. P
OR (95% Cl) value OR (95% Cl) value OR (95% Cl) value
P value P value P value
SPT- SPT+ SPT- SPT+ SPT- SPT+
Pets inside home 1.08 (0.89-1.30) | 1.30(0.84-2.01) | 0.470 | 1.54(1.23-1.93) | 0.80 (0.46-1.37) | 0.019 | 1.27 (0.98-1.64) | 1.22(0.67-2.24) | 0.724
Yes vs. No 0.449 0.245 0.001 0.410 0.071 0.516
Crowding 0.94 (0.77-1.15) | 1.07 (0.69-1.67) | 0.618 | 0.89(0.71-1.11) | 0.98(0.55-1.74) | 0.786 | 0.86 (0.67-1.12) | 0.85 (0.46-1.59) | 0.989
23 vs. <3 0.573 0.760 0.301 0.941 0.259 0.629
Birth order 0.75(0.60-0.93) | 0.75(0.47-1.23) | 0.987 | 0.65(0.50-0.84) | 0.64 (0.32-1.25) | 0.675 | 0.81 (0.61-1.08) | 0.64 (0.32-1.27) | 0.716
25" vs. <4th 0.010 0.261 0.001 0.191 0.157 0.201
Bathroom 118 (0.94-1.47) | 0.97 (0.59-1.69) | 0.355 | 1.53(1.19-1.95) | 0.80 (0.38-1.68) | 0.027 | 0.92(0.68-1.26) | 0.90 (0.44-1.86) | 0.768
Field vs. others 0.147 0.899 0.001 0.550 0.616 0.778
Potable drinking water 1.42 (1.13-1.79) | 0.74(0.47-1.14) | 0.010 | 1.05(0.79-1.40) | 0.48 (0.26-0.88) | 0.010 | 0.99 (0.70-1.39) | 0.87 (0.39-1.94) | 0.623
No vs. Yes 0.002 0.172 0.741 0.019 0.949 0.726
Attended daycare 0.99 (0.82-1.19) | 0.87 (0.56-1.33) | 0.588 | 1.15(0.93-1.42) | 1.48(0.85-2.57) | 0.471 | 1.33(1.04-1.70) | 1.12(0.62-2.02) | 0.455
Yes vs. No 0.888 0.510 0.202 0.163 0.025 0.712
House construction 1.01 (0.84-1.23) | 0.59(0.38-0.90) | 0.018 | 1.37 (1.09-1.72) | 0.66 (0.36-1.21) | 0.005 | 1.03 (0.77-1.38) | 0.79 (0.41-1.50) | 0.462
Wood/bamboo vs. others 0.904 0.014 0.008 0.179 0.858 0.466
Father engaged in agriculture 0.95(0.77-1.18) | 0.77 (0.49-1.20) | 0.465 | 0.87 (0.67-1.13) | 1.04 (0.53-2.04) | 0.775 | 1.03(0.77-1.38) | 1.55(0.77-3.12) | 0.484
Yes vs. No 0.663 0.247 0.285 0.920 0.858 0.220
Contact with farm animals* 1.07 (0.85-1.34) | 0.93(0.57-1.51) | 0.658 | 1.36 (1.05-1.75) | 1.73(0.92-3.26) | 0.789 | 1.48 (1.11-1.97) | 1.18(0.61-2.32) | 0.703
Yes vs. No 0.561 0.770 0.018 0.087 0.008 0.615
Unpasteurized milkt 1.05(0.87-1.28) | 1.08(0.71-1.65) | 0.892 | 1.02(0.82-1.27) | 1.18 (0.68-2.07) | 0.666 | 1.12(0.86-1.44) | 1.47 (0.80-2.70) | 0.663
Yes vs. No 0.584 0.718 0.856 0.560 0.396 0.218
Any geohelminth 1.22 (1.00-1.49) | 0.87 (0.57-1.35) | 0.130 | 1.02 (0.81-1.28) | 0.95(0.54-1.67) | 0.675 | 1.01(0.78-1.31) | 1.32(0.71-2.47) | 0.376
Yes vs. No 0.055 0.543 0.877 0.860 0.919 0.384
A. lumbricoides 1.00 (0.82-1.23) 1.25(0.77-2.02) | 0.487 | 0.83(0.65-1.05) | 1.50(0.79-2.82) | 0.202 | 0.94 (0.72-1.24) | 1.88 (0.98-3.63) | 0.062
Yes vs. No 0.971 0.362 0.116 0.212 0.679 0.058
T. trichiura 123 (1.01-1.49) | 0.85(0.54-1.34) | 0.094 | 1.14(0.92-1.43) | 0.78 (0.43-1.43) | 0.194 | 0.86 (0.66-1.12) | 0.96 (0.51-1.82) | 0.690
Yes vs. No 0.037 0.472 0.235 0.431 0.257 0.907
Hookworm 1.09 (0.70-1.69) | 1.21(0.52-2.80) | 0.854 | 0.64 (0.34-1.19) | 2.00 (0.74-5.46) | 0.057 | 1.21(0.70-2.09) | 0.96 (0.33-3.04) | 0.884
Yes vs. No 0.700 0.658 0.156 0.174 0.490 0.991




Supplementary Table 3. Associations between study outcomes and poor hygiene/farming exposures stratified by allergen
skin prick test reactivity (SPT). Odds ratios (ORs) and 95% confidence intervals (95% CI) were calculated using random
effects logistic regression in which clustering by rural community or urban neighbourhood was adjusted. Age and sex
were included as a priori confounders and ethnicity, maternal educational level, household income and body mass index
were considered as potential confounders and adjusted for where they had a significant effect on study outcomes.
Interactions (inter.) with P<0.01 were considered relevant.

*Pigs, cows, horses, mules, donkeys. T - Consumption of unpasteurized milk at least once weekly. Median crowding was

3 persons per sleeping room.



