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Background : The "International Study of Wheezing in Infants (EISL)", is a cross-sectional,
population-based study, based on ISAAC. "(Http // www.isaac.auckland.ac.nz). It uses a
validated questionnaire on early wheezing and risk/protective factors.

Objective: To apply EISL questionnaire regarding wheezing events in 0-12months' infants
with/without atopic background searching for risk-factors in the tropics. Methods Population:
toddlers coming in for check-up or 12-months’ vaccination in primary health care clinics of a
tropical city. Apart from child factors (i.e. day-care attendance) we evaluated home factors (i.e.
air-conditioning, bathroom, carpet, >6 persons, pollution) and mother’s factors (i.e. education
level, employment, cellphone). Data analysis was descriptively and case-control, with as cases
atopic (AW) or nonatopic (NAW) wheezing children versus healthy controls. Wheezing-
associated factors were evaluated using multivariate analysis, adjusted for the relation of
AW/NAW with factors, significant in prior univariate analysis.

Results : 999 included toddlers. Any wheeze: 31.3%, recurrent wheeze (>3 episodes):

12.1%. Major risk-factors for AW (OR;95%Cl): smoking (11.39;2.36-54.99), common cold <3mo
of life (3.72;2.59-5.36), mold (3.48;2.28-5.30), kitchen indoors (2.40;1.27-

4.54) and pets (1.69;1.09-2.62); breastfeeding was almost protective. For NAW common cold
and pets were risk-factors, but caesarean section (0.44;0.23-0.82), >1 sibling (0.33;0.18-0.61)
and breastfeeding >3m (0.50;0.28-0.91) protective.

Conclusion : Wheezing is a health care burden. We found potential new risk-factors for AW,
some possibly unique for tropical climates. We suggest testing several hypotheses: could early
AW be reduced in the tropics attacking mold growth? enhancing cooking place ventilation?
keeping pets outside? Or by postponing day-care attendance till after four months and avoiding
(passive) smoking during pregnancy?
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Introduction (2859 words)

Wheezing in infants is a condition that brings adem on families, caretakers and the
health care system, as a child in distress causggish among family members and
dyspnea in a preschooler often leads to emergesggrtment attendance. Moreover, it
has been shown that viral induced wheeze might teasthma later in life.(1) Yet the
prevalence of wheezing in infants had not beeniatluch many populations, until the
"International Study of Wheezing in Infants (EISLy its Spanish abbreviation)" was
developed by a multinational group of investigataising to investigate the frequency
of wheezing in infants and to determine associatddand protective factors. To that
means investigators developed a standardized quoesire for the interviews
(QE-EISL — phase 1) and validated it.(2) This made camspns between different
populations possible(3-5) and repeating the quastive 5 years later allowed
observation of trends in early wheeze and its tmeat.(6)

As the questionnaire included questions relatethéopresence of skin allergies in the
infant and rhinitis, asthma and skin allergiesirstfdegree relatives, children could be
divided in clinically atopic and non-atopic. As futhe objective of the here presented
study was to determine the prevalence of wheezamyracurrent wheezing during the
first year of life in a tropical climate and to danine risk and protective factors for
atopic and non-atopic wheezing children, using tBESL questionnaire. We

hypothesized we might find some new risk factorsuntropical environment.

Methods

The "International Study of Wheezing in Infants$E) by its Spanish abbreviation)" is
multinational, multicenter, population-based studyrandom samples of infants in
which a validated questionnaire(2, 7) was usediighigr based on the "International
Study of Asthma and Allergies in Childhood (ISAAC)."(Http //
www.isaac.auckland.ac.nz). The questionnaire iresdudjuestions about wheezing
during the first year of life, its frequency and/egty, and questions about possible risk
or protective factors.
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Population and questionnaires

This study is designed to evaluate a representatiwgple of 1000 children in the first
year of life living in Villahermosa, a tropical gitin the south of Mexico, between
January 2009 and October 2011. According to theoNal Institute of Statistics we
estimate at there lived about 12,500 children <dryhat moment in Villahermosa.(8)
As such, recruitment has been carried out in pyniealth care clinics, linked to the
large Regional Pediatric Hospital. During a routust of the preschoolers to the clinic
for their regular check-up or for the administratiof the 12-months’ vaccination, the
parents or guardians of the children were invitdilt in the EISL questionnaire. The
questions related to wheezing and events that mtuiuring the first 12 months of the
child’s life. The field workers were well-instructeand supervised primary health care
personnel and medical residents. Verbal informedseont was obtained before
conducting the survey interview. According to lodegjislation no ethics committee
approval nor written informed consent is neededurveys with anonymous reporting
of results.

The study consists of two parts. The first partdsscriptive, documenting the
characteristics of the enrolled children as onela/igooup, specifically focusing on the
presence of wheezing episodes, their frequency sewkrity, but also on child’'s
characteristics, and household specifics. The skepant of the study is a case-control
analysis on risk-factors for wheezing, either inldren with an atopic or a non-atopic
background. In this analysis, the cases are tHdrehiwho reported wheezing and we
used our healthy toddlers as controls. In the @ealyhe wheezing children were sub-

divided in atopic and non-atopic wheezers, as ddflrelow.

Definitions

Wheezindhas been defined as having a positive answetretgulestion: ‘Has your baby
had wheezing in the chest during the first 12 mentt life?’ In this context,
interviewing health workers were allowed to explarthe mothers what was meant by
wheezing.

Atopic wheezewe categorize the wheezing as atopic if there alss a positive answer
to either of these questions: ‘Does your baby ravallergic skin disease (e.g. allergic
dermatitis, eczema, etc.) at this moment, or diduféer from it during this first year of
life?” or ‘Has your baby first degree family membeavith asthma, allergic rhinitis or
skin allergy?’. In a final analysis, we used a matangent definition of atopy,
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considering as atopic only those children with batfopic dermatitis and first-degree
family members with one or more of the atopic ctinds mentioned above, to see if
there would be any change in the associated rigkratective factors. Results of this
analysis can be found in the online repository.

NON-atopic wheezing/as defined as a positive answer to the wheeziegtgpn, but a
negative answer to the other two above-mentioneskteqpns on personal or family
atopy.

The healthy childrenwere defined as those who never had wheezed, hadnwereover
had no personal nor family history of atopic deitigtasthma or allergic rhinitis, i.e.
healthy, non-atopic children.

Therisk or protective factorpossibly related to wheeze, as obtained with diiglated
EISL questionnaire we used in our study are 1) isdrethe child was born by caesarean
section, 2) frequency of consumption of producth rin fat and/or sugar such as
yoghurt, flan or junk-food as chips, etc. and sbifhks, 3) common colds during the
first 3 months of life, 4) day-care attendancegter child conditions (full vaccination
schedule, breastfeeding more than 3 months), 6henstconditions (smoking during
pregnancy) 7) several housing conditions (elegaishvooden stove, air conditioning,
carpets, indoor bathroom, indoor visible mold, nembf siblings, people living in the
home, pets at birth, pets currently and level ofdoar pollution) and 8) social

conditions (mobile phone, mother's educationallland employment).

Data analysis

The first analysis is descriptive, concerning thespnce of wheeze in preschool infants,
its frequency and severity and the treatment optreceived. Also, the frequency in the
whole study population of the risk-factors and patitze factors shall be described.

In the second part of this study, a case-contralysis has been developed. Crude
associations between the risk / protection factord the response variables (atopic
wheezing and non-atopic wheezing) were calculagdguOdds Ratio (OR) and 95%
confidence intervals (95% CI). We have used geize@linear models with a family of
binomial distribution and a link logit for multiviate analysis, in which all factors with
significance (p <0.05) and those close to signifcaain the univariate analysis, have
been included as explanatory variables; and ateprezing and non-atopic wheezing
were considered as dependent variables (Stata,\@0l@ge Station, TX, USA).
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Results

Descriptive analysis (total population)

A total of 1001 questionnaires have been retur@68,fulfilling the inclusion criteria.
During the first year of life 31.3% reported evehegze and 123 (12.1%) children
among them reported recurrent wheeze. Most of thielren with wheeze at 0-12
months (53%) started the first episode between rResths (Figure 1). Emergency
health care utilization of the children with evelneeze was considerable: ER visit 41%
and hospitalization 13%. Sixty-three percent of tbaretakers reported inhaled
bronchodilator being part of the treatment and 4i@d%aled corticosteroids, while a
quarter received leukotriene receptor antagonistsame point. Apart from the
wheezing, the caregivers indicated 8.7% of alldrkeih had suffered from pneumonia
and two thirds of them were hospitalized with agdiasis of (bronco)pneumonia. The
diagnosis of pneumonia was rare in children withaineezing (2.4%); among the
children with wheezing ever, a history of pneumonas more common in those with
physician diagnosed asthma, Odds Ratio 2.13 (C1-2.28), as opposed to non-
asthmatic children (26 versus 14%, p<0.01). Dayedtendance was started somewhat
earlier in children who reported wheezing (Figuye 2

In the total study population, atopic conditionsfirst degree family members were
asthma (24%), allergic rhinitis (22%) and skin igles (14%). Half of the mothers had
finished secondary or high school and a third wapleyed at the time of the interview.
Twenty-six percent of the children received bresesifng beyond six months.

Housing conditions varied from those of lower togé of middle class: most had 0-2
siblings, 3-6 people living in the house, all hagas-stove, 90% inside the house, 78%
a complete bathroom and half had air-conditioniogt, carpeting was rare. 168/703
(23.9%) of the caregivers reported mold at hom#hial had a pet at the child’s birth or
at the moment of interview and a third agreed tlegd in a moderate-to-severely

polluted area.

Case-control study: wheezing children versus healthy controls
Figure 3 shows the flowchart for the case-contanit.pOf the wheezing children 256

had atopic wheeze and 57 non-atopic wheeze, wilBi®ev@ere pure healthy controls.

Table 1 shows the frequency of factors possiblyp@ased with wheezing for atopic
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children and healthy controls and aOR’s (95% ChRhwinivariate analysis. Table 2
shows the same for non-atopic wheezing children.

As a next step, we conducted a multivariate anglysirrecting for factors that had been
significant in the univariate analysis, see talllesd 2, bold figures. Table 3 shows the
results of the multivariate analysis for both, astfor which a significant association
with wheezing could be confirmed and for those wathsignificant association. Here,
several factors that seemed to be of importand¢karunivariate analysis were rejected
as risk or protective factors in the multivariat@blysis. As such, in the multivariate
analysis we did not find anymore an associatiorwbeh atopic wheeze and sex,
caesarean section, attending day-care, presersibliofys, mother's employment status
or pets at the moment of birth. Six or more persoriee house was almost a risk factor
and breast feeding showed a trend for being a gireéefactor, as confidence intervals
just crossed unity.

For non-atopic wheeze, we rejected the followingepbal risk or protective factors:
sex, attending day-care, indoors cooking or moldeats, presence of siblings or number
of persons in the house or mother’'s employmenustd&tor smoking during pregnancy,
the number of smoking mothers in these groups a@srall to be analyzed.

When conducting the same analyses with a moregstnindefinition of atopic wheeze
(see methods), cooking indoors and pets at homejuditl not reach significant

association anymore. For the rest, no major chawges found, see e-table.

Discussion

We here present the results of an epidemiologiestipnnaire-based study on wheezing
in the first year of life among toddlers visitingmpary healthcare centers in a city in the
tropical south-eastern region of Mexico. A thirdtbé toddlers presented at least one
episode of early wheeze (<12 months of age), riegult ER visits in 41% and hospital
admission in 13% of them, reflecting a considerdhleden on health-care utilization
and costs. Moreover, 12.3% of our toddlers presergeurrent wheeze. In the multi-
variate analysis of the case-control part of oudgtwe found risk and protective factors
associated with early wheeze being partly differémt atopic versus non-atopic
children. In both groups breast-feeding for moranttthree months was an (almost)
protective factor, while common colds before thmenths of age and mother’s

smoking during pregnancy were risk factors. Pethaahe also seemed to be a risk
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factor, be it ‘at the moment of the study’ for th®pic children and at birth for non-
atopic children. However, in atopic children havimgld at home, an indoor kitchen or
more than five inhabitants are all risk factors.awehile, in the non-atopic children
two further factors were protective, reducing thR Of wheezing: being borne by
caesarean section and having siblings.

The strength of the here presented study is itpkasize, which enables us to reveal
with an acceptable degree of certainty, the realitwheezing in low-middle class pre-
school children in a tropical city, an environmantvhich not many reliable studies on
this concept have been published. Also, the use ofalidated questionnaire for
wheezing and related factors, with a validated dlation into local language(2)
augments the reliability of our findings. Finallhe multivariate analysis with a more
stringent definition of atopy, showing almost tlzene results add to this study’s power.
The weaknesses of our study are the use of a goeaire, which might lead to recall
bias. Also, the caregiver’s reporting of mold i thome does not forcefully reflect the
real situation in the subject’'s house and it mighn be that a mother in an atopic
family is more cautious in detecting mold, biasthg results. Further, the selection of
children attending primary health care facilitiew ftheck-up or vaccination. This
sample selection leaves out the two extremes ddreim: on the one hand the upper-
class preschoolers who only see a private physamanon the other hand those who are
not seen by health care personnel, generally ttreraely poor population.

The same questionnaire has been used in otheestindEurope and Latin America. By
comparing our results with theirs we can observaesdifferences. Although the most
important independent risk factors for wheeze, tbimthese studies and confirmed in
our population, were having a cold during the figsstmonths of life and mother’s
smoking during pregnancy, we did not find male ga(®) was a risk factor. Attending
day care seemed also to be a risk factor for oapi@atwheezing children in the
univariate evaluation, but did not hold stand ia thultivariate analysis, as the 95% CI
included unity. As for the protective factors, wanfirmed exclusive breastfeeding for
>3 months in both our wheezing groups, but uniwersiudies of the mother did not
protect our children from wheeze, as it did dotimeo parts of Latin America.(3)

In line with findings from other places where rifkctors for wheezing have been
investigated we confirm that an early age of thst fcommon cold(4) and maternal
smoking during pregnancy are risk factors. The a&xgiion for these two is clear. Viral

infections are the prime cause for wheezing innt€410) In this sense, if early viral
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infections can lead to the development of atopy asthma is still open to
discussion.(1) Actually the risk of developing asthis greatest for young children who
wheeze with rhinovirus infections.(11) Very recgniDNA methylation changes at
several genomic sites in chromosomal regions puslyolinked to asthma (e.g. the
SMAD3 gene promoter) have been found to be assatiaith atopic asthma after
rhinovirus-induced wheezing,(12) but this may b#edent for RSV.(13) Day-care
attendance from very young age on could augmentrdgrency of these very early
viral infections and with them the early onset (Bgeres 1 and 2) of the first wheezing
episode. Furthermore, it has been known for lorag thaternal smoking is one of the
most important prenatal determinants of reducecdhaab lung function.(14)
Remarkably, our study results suggest the pospiigigence of unique factors related to
an augmented frequency of early wheezing in adedgopulation, especially in atopic
children: indoor mold, indoor cooking and pets’ ggece. We would like to postulate
the following as possible explanations. FirstlyllAhermosa has a tropical climate: 24%
of all our households reported the presence of nidtald exposure during infancy has
been demonstrated to be a predictor of potentitinas development,(15) partly
because of allergic sensitization, but also becatigelatile substances and other toxins
that molds secrete.(16, 17) Similarly, a small gtud Costa Rica concluded that
lifetime childhood asthma prevalence (LCAP) wasitedd to relative moldiness index
values in floor dust, but not to dust mite allergemcentrations in bed dust (positive in
90% of all homes, but not different in homes wiitghhversus low LCAP).(18) With the
fast evolving climate changes of the past decadeger areas of the world could be
exposed to more humid climates in the future, ugmenting the infant population at-
risk as has been documented for other pediatriordiéss recently.(19) On the other
hand, though, caregiver’s verbal report of indoaidncould be biased and should be
confirmed and quantified in future trials. Secondipoking indoors was related to
atopic wheeze; all our families reported the usgasd-stoves that could lead to indoor
pollution, as the cooking-living-sleeping spaces aften within the same area. Finally,
related to pets being a risk-factor for wheezing:our population pets are rarely
cleaned, thus emanating considerable quantitiesetfllergens and house dust, the
latter being a cause of allergy in almost 90% dfegpais with allergic rhinitis living in
Villahermosa(20). A causal relationship of thesgdavarrants further investigated.

In this context, our findings open two researchstjoeswe suggest should be tested

with interventional trials: 1) does improving indoor air quality (attackingolch
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enhancing ventilation) reduce the frequency anersgvof wheezing in atopic infants
in tropical settings? 2) does postponing day-edtendance till > 4 months reduce the
frequency and severity of wheezing in infants?.

In conclusion, infant wheezing in the tropics igduent and most have their first
episode between 2-4 months. Over forty percenhemmtis brought to the emergency
department, conveying a considerable burden orttieate costs. Moreover, our study
points at several possible risk- and protectivetoiac related to the presence of
wheezing, some of them not reported previously.uRdn-based studies like this one
are of importance, as they could lead to hypoth#sssshould be tested, and at the end

could lead to recommendations for public health. .



242

243

244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290

References

1. Hussain SA, Mejias A, Ramilo O, Peeples ME, Grayson MH. Post-viral atopic airway
disease: pathogenesis and potential avenues for intervention. Expert Rev Clin Immunol.
2018:1-10.

2. Mallol J, Garcia-Marcos L, Aguirre V, Martinez-Torres A, Perez-Fernandez V, Gallardo A,
et al. The International Study of Wheezing in Infants: questionnaire validation. International
archives of allergy and immunology. 2007;144(1):44-50.

3. Garcia-Marcos L, Mallol J, Sole D, Brand PL, Group ES. International study of wheezing
in infants: risk factors in affluent and non-affluent countries during the first year of life. Pediatr
Allergy Immunol. 2010;21(5):878-88.

4, Aranda CS, Wandalsen G, Fonzar L, Bianca AC, Mallol J, Sole D. Risk factors for
recurrent wheezing--International Study of Wheezing in Infants (EISL) phase 3. Allergologia et
immunopathologia. 2016;44(1):3-8.

5. Teijeiro A, Badellino H, Raiden MG, Cuello MN, Kevorkof G, Gatti C, et al. Risk factors
for recurrent wheezing in the first year of life in the city of Cordoba, Argentina. Allergologia et
immunopathologia. 2017;45(3):234-9.

6. Aranda CS, Wandalsen GF, Bianca A, Dantas EO, Mallol J, Sole D. Temporal Comparison
of Wheezing Prevalence in the First Year of Life in Sao Paulo: International Study of Wheezing
in Infants. Rev Paul Pediatr. 2018;36(4):445-50.

7. Bianca AC, Wandalsen GF, Miyagi K, Camargo L, Cezarin D, Mallol J, et al. International
Study of Wheezing in Infants (EISL): validation of written questionnaire for children aged below
3 years. Journal of investigational allergology & clinical immunology. 2009;19(1):35-42.

8. Instituto Nacional de Estadistica y Geografia. Cuéntame, informacién para nifios y no
tan ninos 2015 [Available from:
http://cuentame.inegi.org.mx/monografias/informacion/tab/poblacion/comotu.aspx?tema=m
e&e=27.

9. Bercedo-Sanz A, Lastra-Martinez L, Pellegrini-Belinchon J, Vicente-Galindo E, Lorente-
Toledano F, Garcia-Marcos L. Wheezing and risk factors in the first year of life in Cantabria,
Spain. The EISL study. Allergologia et immunopathologia. 2015;43(6):543-52.

10. Bacharier LB. Viral-induced wheezing episodes in preschool children: approaches to
therapy. Current opinion in pulmonary medicine. 2010;16(1):31-5.
11. Jartti T, Gern JE. Role of viral infections in the development and exacerbation of

asthma in children. J Allergy Clin Immunol. 2017;140(4):895-906.

12. Lund RJ, Osmala M, Malonzo M, Lukkarinen M, Leino A, Salmi J, et al. Atopic asthma
after rhinovirus-induced wheezing is associated with DNA methylation change in the SMAD3
gene promoter. Allergy. 2018;73(8):1735-40.

13. Turi KN, Shankar J, Anderson LJ, Rajan D, Gaston K, Gebretsadik T, et al. Infant Viral
Respiratory Infection Nasal Immune-Response Patterns and Their Association with Subsequent
Childhood Recurrent Wheeze. Am J Respir Crit Care Med. 2018;198(8):1064-73.

14. Bisgaard H, Bonnelykke K. Long-term studies of the natural history of asthma in
childhood. J Allergy Clin Immunol. 2010;126(2):187-97; quiz 98-9.
15. lossifova YY, Reponen T, Ryan PH, Levin L, Bernstein DI, Lockey JE, et al. Mold exposure

during infancy as a predictor of potential asthma development. Annals of allergy, asthma &
immunology : official publication of the American College of Allergy, Asthma, & Immunology.
2009;102(2):131-7.

16. Baxi SN, Portnoy JM, Larenas-Linnemann D, Phipatanakul W, Environmental Allergens
W. Exposure and Health Effects of Fungi on Humans. The journal of allergy and clinical
immunology In practice. 2016;4(3):396-404.



2901
292
293
294
295
296
297
298
299
300
301
302

303
304
305
306
307

308

309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325

10

17. Larenas-Linnemann D, Baxi S, Phipatanakul W, Portnoy JM, Environmental Allergens
W. Clinical Evaluation and Management of Patients With Suspected Fungus Sensitivity. J
Allergy Clin Immunol Pract. 2016.

18. Vesper S, Choi H, Perzanowski MS, Acosta LM, Divjan A, Bolanos-Rosero B, et al. Mold
populations and dust mite allergen concentrations in house dust samples from across Puerto
Rico. Int J Environ Health Res. 2016;26(2):198-207.

19. Bhutta ZA, Aimone A, Akhtar S. Climate change and global child health: what can
paediatricians do? Archives of disease in childhood. 2019.

20. Larenas-Linnemann D, Michels A, Dinger H, Shah-Hosseini K, Mosges R, Arias-Cruz A, et
al. Allergen sensitization linked to climate and age, not to intermittent-persistent rhinitis in a
cross-sectional cohort study in the (sub)tropics. Clinical and translational allergy. 2014;4:20.

Figure legends:

Figure 1: Age (months) of the first wheezing epesaa infants who reported at least
one wheezing episode between birth and 12 monthgefN = 311. Note: though there
were 313 children with ever wheeze, there were £&img answers to this question on

time of first wheeze.

Figure 2: Cumulative age of start of daycare atiewd in months for children with (n =
70) and without (n = 133) wheezing. For wheezirfgnts: Median 5 months, (P5-P95:
1-12m). For non-wheezing infants: Median 7 moni{#5-P95: 2-12m). Statistically
significant differences in ratio of children attémgl day-care between groups with chi-

square (Pearson): * p<0.05, ** p<0.01

Figure 3: Flow diagram showing how the whole stpaypulation can be subdivided
into children who fulfilled the criteria for ato@nd with at least one wheezing episode,
non-atopic children with at least one wheezing @ges healthy children with no atopy
nor wheezing at all and a rest group with non-dpeceplies to some respiratory
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symptom questions. Two questionnaires of the 108devhardly completed at all and

thus excluded from further analysis.
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Table 1. Study population characteristics and urat@ association between early
atopic wheeze and possible risk/protection fact@tsidren with early wheezing and
clinical atopy -personal or first-degree family+rses healthy children (no wheezing nor

atopy).
Items with significant differences between groupbold.

Atopic wheeze Healthy (no wheezing Odds ratios (OR) and 95%

(N=256) nor atopy) confidence intervals (95%
(N=390) Cl)
n (%) n (%) OR Cl 95%
Male 147 (57.4) 223 (57.2) 1.01 (0.73,1.39)
Smoking during pregnancy 16 (6.3) 2 (0.5) 12.93 (2.95,56.74)
Cesarean section 131 (51.2) 189 (48.5) 1.14 (0BB,1
Fast food
Never 81 (31.6) 119 (30.5) 1 (unity, no CI)
Once a month 19 (7.4) 38 (9.7) 0.73 (0.40,1.36)
Once aweek 132 (51.6) 203 (52.1) 0.96 (0.67,1.37)
Everyday 22 (8.6) 30 (7.7) 1.08 (0.58,2.00)
Common cold < 3mo of life 159 (62.1) 131 (33.6) 331 (2.38,4.60)
Attending daycare 58 (22.7) 60 (15.4) 1.63 (.09, 2.43)
Having air-conditioning 128 (50.0) 190 (48.7) 1.07 (0.78,1.47)
Carpet at home 18 (7.0) 28 (7.2) 0.99 (0.53,1.82)
Having bathroom at home 199 (77.7) 293 (75.1) 1.20 (0.82,1.75)
Cooking indoors, in the house 236 (92.2) 335 (86.1) 211 (1.20,3.70)
Cellphone 190 (74.2) 276 (70.8) 1.23 (0.86,1.75)
Mother’s level of education
Basic 38 (14.8) 55 (14.1) 1 (unity, no CI)
Incomplete middle level 80 (31.3) 133 (34.1) 0.87 (0.53,1.43)
Complete middle and superior 136 (53.1) 202 (51.8) 0.97 (0.61,1.55)
level
Mold 99 (38.7) 57 (14.6) 3.73 (2.55,5.44)
Complete vaccination schedule 231 (90.2) 352 (90.3) 1.08 (0.63,1.87)
Siblings (>1) 217 (84.8) 281 (72) 1.10 (0.97,1.25)
Persons in the house (>=6) 69 (27.0) 58 (14.9) 1.17 (1.06,1.28)
Breastfeeding >3m 142 (55.5) 256 (65.6) 0.66 (0.48,0.92)
Mother's employment 88 (34.4) 106 (27.2) 143 (1.02,2.01)
Pollution 136 (53.1) 199 (51.0) 1.11 (0.81,1.52)
Pets at birth 107 (41.8) 129 (33.1) 147 (1.06,2.04)
Pets at the moment 103 (40.2) 102 (26.2) 1.92 (1.37,2.70)
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Table 2. Study population characteristics and urat@ association between early non-
atopic wheeze and possible risk/protection factorhildren with no clinical atopy -
personal or first-degree family-: wheezers versois-wheezers. Items with significant

differences between groups in bold.

Non-atopic wheeze Healthy (no Odds ratios (OR) and
(N=57) wheezing nor atopy) 95% confidence intervals
(N=390) (Cl 95%)
n % n % OR Cl 95%
Male 29 (50.9) 223 (57.2) 0.77 (0.44, 1.35)
Smoking during pregnancy 0 (0.0) 2 (0.5) Numbers too small
Cesarean section 17 (29.8) 189 (48.5) 0.45 (0.25, 0.82)
Fast food
Never 19 (33.3) 119 (30.5) 1 (unity, no ClI)
Once amonth 8 (14.0) 38 (9.7) 0.80 (0.42, 1.51)
Once aweek 26 (45.6) 203 (52.1) 1.32 (0.53, 3.25)
Everyday 4 (7.0) 30 (7.7) 0.83 (0.26, 2.64)
Common cold < 3mo of life 32 (56.1) 131 (33.6) 253 (1.44, 4.45)
Attending daycare 6 (10.5) 60 (15.4) 0.65 (0.2671.
Having air-conditioning 20 (35.1) 190 (48.7) 0.57 0.3, 1.02)
Carpet at home 0 (0.0) 28 (7.2)  Numbers too small
Having bathroom at home 41 (71.9) 293 (75.1) 0.85 0.45, 1.58)
Cooking indoors, in the 43 (75.4) 335 (86.1) 0.49 (0.25, 0.96)
house
Cellphone 36 (63.2) 276 (70.8) 0.71 (0.40, 1.26)
Mother’s level of education
Basic 12 (21.1) 55 (14.1) 1 (unity, no ClI)
Incomplete middle level 15 (26.3) 133 (34.1) 0.52 (0.23,1.17)
Complete middle and 30 (52.6) 202 (51.8) 0.68 (0.33,1.42)
superior level
Mold 12 (21.1) 57 (14.6) 1.56 (0.78, 3.12)
Complete vaccination 49 (86.0) 352 (90.3) 0.66 (0.29, 1.50)
schedule
Siblings (>1) 30 (52.6) 281 (72.1) 043 (0.24,0.76)
Persons in the house (>=6) 13 (22.8) 58 (14.9) 1.69(0.86, 3.33)
Breastfeeding >3m 29 (50.9) 256 (65.6) 0.54 (0.31, 0.95)
Mother’s employment 10 (17.5) 106 (27.2) 0.57 (0287)
Pollution 35 (61.4) 199 (51.0) 1.53 (0.86, 2.70)
Pets at birth 29 (50.9) 129 (33.1) 2.09 (.20, 3.67)
Pets at the moment 22 (38.6) 102 (26.2) 1.77 (0.99, 3.16)

NI: not included in de model, no significant vat&ab
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Table 3. Multivariant analysis, with OR adjustea fbe relation of atopic and non-
atopic wheeze with factors, significant in the wamiate analysis. Factors significantly
associated with early wheeze in bold.

Children with atopic and non-atopic wheeze vs healthy children

Atopic wheeze Non-atopic wheeze

OR IC 95% OR IC 95%

Gender
- Masculine 1.01 (0.70, 1.44) 0.87 (0.48,1.57)

Smoking during pregnancy  11.39 (2.36,54.99) Numbers too small
Cesarean section Numbers too small 0.44 (0.23,0.82)
Common cold < 3mo of life 3.72 (2.59,5.36) 2.68 (1.46,4.91)
Cooking indoors, in the 240 (1.27,4.54) 0.76 (0.37,1.56)
house
Mold 3.48 (2.28,5.30) NI
Siblings (>1) NI 0.33 (0.18,0.61)
Persons in the house (>=6) 1.10 (0.99,1.23) NI
Breastfeeding >3m 0.73 (0.50,1.06) 0.50 (0.28,0.91)
Pets at birth 0.99 0.64,1.52 2.03 (1.11,3.70)
Pets at the moment 1.69 (1.09,2.62) NI
Attending daycare 1.34 (0.83,2.16) NI
Mother's employment 1.16 (0.78,1.72 NI

Italics: almost significant
NI: not included in de model, no significant vat&an this group.
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Table 1. Study population characteristics and urat@ association between early
atopic wheeze and possible risk/protection fact@tsidren with early wheezing and
clinical atopy -personal or first-degree family+rses healthy children (no wheezing nor

atopy).
Items with significant differences between groupbold.

Atopic wheeze Healthy (no wheezing Odds ratios (OR) and 95%

(N=256) nor atopy) confidence intervals (95%
(N=390) Cl)
n (%) n (%) OR Cl 95%
Male 147 (57.4) 223 (57.2) 1.01 (0.73,1.39)
Smoking during pregnancy 16 (6.3) 2 (0.5) 12.93 (2.95,56.74)
Cesarean section 131 (51.2) 189 (48.5) 1.14 (0BB,1
Fast food
Never 81 (31.6) 119 (30.5) 1 (unity, no CI)
Once a month 19 (7.4) 38 (9.7) 0.73 (0.40,1.36)
Once aweek 132 (51.6) 203 (52.1) 0.96 (0.67,1.37)
Everyday 22 (8.6) 30 (7.7) 1.08 (0.58,2.00)
Common cold < 3mo of life 159 (62.1) 131 (33.6) 331 (2.38,4.60)
Attending daycare 58 (22.7) 60 (15.4) 1.63 (.09, 2.43)
Having air-conditioning 128 (50.0) 190 (48.7) 1.07 (0.78,1.47)
Carpet at home 18 (7.0) 28 (7.2) 0.99 (0.53,1.82)
Having bathroom at home 199 (77.7) 293 (75.1) 1.20 (0.82,1.75)
Cooking indoors, in the house 236 (92.2) 335 (86.1) 211 (1.20,3.70)
Cellphone 190 (74.2) 276 (70.8) 1.23 (0.86,1.75)
Mother’s level of education
Basic 38 (14.8) 55 (14.1) 1 (unity, no CI)
Incomplete middle level 80 (31.3) 133 (34.1) 0.87 (0.53,1.43)
Complete middle and superior 136 (53.1) 202 (51.8) 0.97 (0.61,1.55)
level
Mold 99 (38.7) 57 (14.6) 3.73 (2.55,5.44)
Complete vaccination schedule 231 (90.2) 352 (90.3) 1.08 (0.63,1.87)
Siblings (>1) 217 (84.8) 281 (72) 1.10 (0.97,1.25)
Persons in the house (>=6) 69 (27.0) 58 (14.9) 1.17 (1.06,1.28)
Breastfeeding >3m 142 (55.5) 256 (65.6) 0.66 (0.48,0.92)
Mother's employment 88 (34.4) 106 (27.2) 143 (1.02,2.01)
Pollution 136 (53.1) 199 (51.0) 1.11 (0.81,1.52)
Pets at birth 107 (41.8) 129 (33.1) 147 (1.06,2.04)
Pets at the moment 103 (40.2) 102 (26.2) 1.92 (1.37,2.70)
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Table 2. Study population characteristics and urat& association between early non-
atopic wheeze and possible risk/protection factor<hildren with no clinical atopy -
personal or first-degree family-: wheezers versois-wheezers. Items with significant

differences between groups in bold.

Non-atopic wheeze Healthy (no Odds ratios (OR) and
(N=57) wheezing nor atopy) 95% confidence intervals
(N=390) (Cl 95%)
n % n % OR Cl 95%
Male 29 (50.9) 223 (57.2) 0.77 (0.44, 1.35)
Smoking during pregnancy 0 (0.0) 2 (0.5) Numbers too small
Cesarean section 17 (29.8) 189 (48.5) 0.45 (0.25, 0.82)
Fast food
Never 19 (33.3) 119 (30.5) 1 (unity, no ClI)
Once amonth 8 (14.0) 38 (9.7) 0.80 (0.42, 1.51)
Once aweek 26 (45.6) 203 (52.1) 1.32 (0.53, 3.25)
Everyday 4 (7.0) 30 (7.7) 0.83 (0.26, 2.64)
Common cold < 3mo of life 32 (56.1) 131 (33.6) 253 (1.44, 4.45)
Attending daycare 6 (10.5) 60 (15.4) 0.65 (0.2671.
Having air-conditioning 20 (35.1) 190 (48.7) 0.57 0.3, 1.02)
Carpet at home 0 (0.0) 28 (7.2)  Numbers too small
Having bathroom at home 41 (71.9) 293 (75.1) 0.85 0.45, 1.58)
Cooking indoors, in the 43 (75.4) 335 (86.1) 0.49 (0.25, 0.96)
house
Cellphone 36 (63.2) 276 (70.8) 0.71 (0.40, 1.26)
Mother’s level of education
Basic 12 (21.1) 55 (14.1) 1 (unity, no ClI)
Incomplete middle level 15 (26.3) 133 (34.1) 0.52 (0.23,1.17)
Complete middle and 30 (52.6) 202 (51.8) 0.68 (0.33,1.42)
superior level
Mold 12 (21.1) 57 (14.6) 1.56 (0.78, 3.12)
Complete vaccination 49 (86.0) 352 (90.3) 0.66 (0.29, 1.50)
schedule
Siblings (>1) 30 (52.6) 281 (72.1) 043 (0.24,0.76)
Persons in the house (>=6) 13 (22.8) 58 (14.9) 1.69(0.86, 3.33)
Breastfeeding >3m 29 (50.9) 256 (65.6) 0.54 (0.31, 0.95)
Mother’s employment 10 (17.5) 106 (27.2) 0.57 (0287)
Pollution 35 (61.4) 199 (51.0) 1.53 (0.86, 2.70)
Pets at birth 29 (50.9) 129 (33.1) 2.09 (.20, 3.67)
Pets at the moment 22 (38.6) 102 (26.2) 1.77 (0.99, 3.16)

NI: not included in de model, no significant vat&ab
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Table 3. Multivariant analysis, with OR adjustea fbe relation of atopic and non-
atopic wheeze with factors, significant in the wamiate analysis. Factors significantly
associated with early wheeze in bold.

Children with atopic and non-atopic wheeze vs healthy children

Atopic wheeze Non-atopic wheeze

OR IC 95% OR IC 95%

Gender
- Masculine 1.01 (0.70, 1.44) 0.87 (0.48,1.57)

Smoking during pregnancy  11.39 (2.36,54.99) Numbers too small
Cesarean section Numbers too small 0.44 (0.23,0.82)
Common cold < 3mo of life 3.72 (2.59,5.36) 2.68 (1.46,4.91)
Cooking indoors, in the 240 (1.27,4.54) 0.76 (0.37,1.56)
house
Mold 3.48 (2.28,5.30) NI
Siblings (>1) NI 0.33 (0.18,0.61)
Persons in the house (>=6) 1.10 (0.99,1.23) NI
Breastfeeding >3m 0.73 (0.50,1.06) 0.50 (0.28,0.91)
Pets at birth 0.99 0.64,1.52 2.03 (1.11,3.70)
Pets at the moment 1.69 (1.09,2.62) NI
Attending daycare 1.34 (0.83,2.16) NI
Mother's employment 1.16 (0.78,1.72 NI

Italics: almost significant
NI: not included in de model, no significant vat&an this group.
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Figure legends:

Figure 1: Age (months) of the first wheezing episode in infants who reported at least one
wheezing episode between birth and 12 months of age. N = 311. Note: though there were 313

children with ever wheeze, there were 2 missing answers to this question on time of first wheeze.

Figure 2: Cumulative age of start of daycare attendance in months for children with (n = 70) and
without (n = 133) wheezing. For wheezing infants: Median 5 months, (P5-P95: 1-12m). For non-
wheezing infants: Median 7 months, (P5-P95: 2-12m). Statistically significant differences in
ratio of children attending day-care between groups with chi-square (Pearson): * p<0.05, **
p<0.01

Figure 3: FHow diagram showing how the whole study popul ation can be subdivided into children
who fulfilled the criteria for atopy and with at least one wheezing episode, non-atopic children
with at least one wheezing episode, healthy children with no atopy nor wheezing at all and a rest
group with non-specific replies to some respiratory symptom questions. Two questionnaires of
the 1001 were hardly completed at al and thus excluded from further analysis.
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I ntroduction

Wheezing in infants is a condition that brings adem on families, caretakers and the
health care system, as a child in distress causggish among family members and
dyspnea in a preschooler often leads to emergesggrtment attendance. Moreover, it
has been shown that viral induced wheeze might teasthma later in life.(1) Yet the
prevalence of wheezing in infants had not beeniatluch many populations, until the
"International Study of Wheezing in Infants (EISly its Spanish abbreviation)" was
developed by a multinational group of investigatarming to investigate the frequency
of wheezing in infants and to determine associatddand protective factors. To that
means investigators developed a standardized quoesire for the interviews
(QEREISL — phase 1) and validated it.(2) This made camspns between different
populations possible(3-5) and repeating the questive 5 years later allowed
observation of trends in early wheeze and its tmeat.(6)

As the questionnaire included questions relatethéopresence of skin allergies in the
infant and rhinitis, asthma and skin allergiesirstfdegree relatives, children could be
divided in clinically atopic and non-atopic. As fithe objective of the here presented
study was to determine the prevalence of wheeamyracurrent wheezing during the
first year of life in a tropical climate and to deanine risk and protective factors for
atopic and non-atopic wheezing children, using tBESL questionnaire. We

hypothesized we might find some new risk factorsuntropical environment.

M ethods

The "International Study of Wheezing in Infants$E) by its Spanish abbreviation)" is
multinational, multicenter, population-based studyrandom samples of infants in
which a validated questionnaire(2, 7) was usediighigr based on the "International
Study of Asthma and Allergies in Childhood (ISAAC)."(Http //
www.isaac.auckland.ac.nz). The questionnaire iredudjuestions about wheezing
during the first year of life, its frequency and/egty, and questions about possible risk
or protective factors.
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Population and questionnaires

This study is designed to evaluate a representatiwgple of 1000 children in the first
year of life living in Villahermosa, a tropical gitin the south of Mexico, between
January 2009 and October 2011. According to theoNal Institute of Statistics we
estimate at there lived about 12,500 children <&dryhat moment in Villahermosa.(8)
As such, recruitment has been carried out in pyniealth care clinics, linked to the
large Regional Pediatric Hospital. During a routungt of the preschoolers to the clinic
for their regular check-up or for the administratiof the 12-months’ vaccination, the
parents or guardians of the children were invitdilt in the EISL questionnaire. The
questions related to wheezing and events that mtuiuring the first 12 months of the
child’s life. The field workers were well-instructeand supervised primary health care
personnel and medical residents. Verbal informedseont was obtained before
conducting the survey interview. According to lodagislation no ethics committee
approval nor written informed consent is neededurveys with anonymous reporting
of results.

The study consists of two parts. The first partdsscriptive, documenting the
characteristics of the enrolled children as onela/igooup, specifically focusing on the
presence of wheezing episodes, their frequency sewkrity, but also on child’'s
characteristics, and household specifics. The skpant of the study is a case-control
analysis on risk-factors for wheezing, either inldren with an atopic or a non-atopic
background. In this analysis, the cases are tHdrehiwho reported wheezing and we
used our healthy toddlers as controls. In the @ealyhe wheezing children were sub-

divided in atopic and non-atopic wheezers, as ddfimelow.

Definitions

Wheezing has been defined as having a positive answeretgdlestion: ‘Has your baby
had wheezing in the chest during the first 12 mentf life?’ In this context,
interviewing health workers were allowed to explarthe mothers what was meant by
wheezing.

Atopic wheeze: we categorize the wheezing as atopic if there alss a positive answer
to either of these questions: ‘Does your baby ravallergic skin disease (e.g. allergic
dermatitis, eczema, etc.) at this moment, or diduféer from it during this first year of
life?” or ‘Has your baby first degree family membeavith asthma, allergic rhinitis or

skin allergy?’. In a final analysis, we used a matangent definition of atopy,
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considering as atopic only those children with batfopic dermatitis and first-degree
family members with one or more of the atopic ctinds mentioned above, to see if
there would be any change in the associated rigkratective factors. Results of this
analysis can be found in the online repository.

NON-atopic wheezing was defined as a positive answer to the wheeziegtgpn, but a
negative answer to the other two above-mentioneskteqpns on personal or family
atopy.

The healthy children were defined as those who never had wheezed, hadnwereover
had no personal nor family history of atopic deitigtasthma or allergic rhinitis, i.e.
healthy, non-atopic children.

Therisk or protective factors possibly related to wheeze, as obtained with diiglated
EISL questionnaire we used in our study are 1) isdrethe child was born by caesarean
section, 2) frequency of consumption of producth rin fat and/or sugar such as
yoghurt, flan or junk-food as chips, etc. and sbifhks, 3) common colds during the
first 3 months of life, 4) day-care attendancegter child conditions (full vaccination
schedule, breastfeeding more than 3 months), 6henstconditions (smoking during
pregnancy) 7) several housing conditions (elegaishvooden stove, air conditioning,
carpets, indoor bathroom, indoor visible mold, nembf siblings, people living in the
home, pets at birth, pets currently and level ofdoar pollution) and 8) social

conditions (mobile phone, mother's educationallland employment).

Data analysis

The first analysis is descriptive, concerning thespnce of wheeze in preschool infants,
its frequency and severity and the treatment optreseived. Also, the frequency in the
whole study population of the risk-factors and patitze factors shall be described.

In the second part of this study, a case-contrallyais has been developed. Crude
associations between the risk / protection factord the response variables (atopic
wheezing and non-atopic wheezing) were calculagdguOdds Ratio (OR) and 95%
confidence intervals (95% CI). We have used geize@linear models with a family of
binomial distribution and a link logit for multiviate analysis, in which all factors with
significance (p <0.05) and those close to signifcain the univariate analysis, have
been included as explanatory variables; and atepeezing and non-atopic wheezing

were considered as dependent variables (Stata,\@0ldge Station, TX, USA).



96

97

98

99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122

123
124
125
126

Results

Descriptive analysis (total population)

A total of 1001 questionnaires have been retur@88,fulfilling the inclusion criteria.
During the first year of life 31.3% reported evehegeze and 123 (12.1%) children
among them reported recurrent wheeze. Most of thkren with wheeze at 0-12
months (53%) started the first episode between rResths (Figure 1). Emergency
health care utilization of the children with eveneeze was considerable: ER visit 41%
and hospitalization 13%. Sixty-three percent of tbaretakers reported inhaled
bronchodilator being part of the treatment and 4@%aled corticosteroids, while a
quarter received leukotriene receptor antagonistsame point. Apart from the
wheezing, the caregivers indicated 8.7% of alldrkeih had suffered from pneumonia
and two thirds of them were hospitalized with agdiasis of (bronco)pneumonia. The
diagnosis of pneumonia was rare in children withadneezing (2.4%); among the
children with wheezing ever, a history of pneumonas more common in those with
physician diagnosed asthma, Odds Ratio 2.13 (C1-2.28), as opposed to non-
asthmatic children (26 versus 14%, p<0.01). Dayedtendance was started somewhat
earlier in children who reported wheezing (Figuye 2

In the total study population, atopic conditionsfirst degree family members were
asthma (24%), allergic rhinitis (22%) and skin igles (14%). Half of the mothers had
finished secondary or high school and a third wapleyed at the time of the interview.
Twenty-six percent of the children received bresesifng beyond six months.

Housing conditions varied from those of lower togé of middle class: most had 0-2
siblings, 3-6 people living in the house, all hagas-stove, 90% inside the house, 78%
a complete bathroom and half had air-conditioniogt, carpeting was rare. 168/703
(23.9%) of the caregivers reported mold at hom#hial had a pet at the child’s birth or
at the moment of interview and a third agreed tlegd in a moderate-to-severely

polluted area.

Case-control study: wheezing children versus healthy controls

Figure 3 shows the flowchart for the case-contint.pOf the wheezing children 256
had atopic wheeze and 57 non-atopic wheeze, wlievere pure healthy controls.

Table 1 shows the frequency of factors possiblyp@aged with wheezing for atopic
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children and healthy controls and aOR’s (95% ChRhwinivariate analysis. Table 2
shows the same for non-atopic wheezing children.

As a next step, we conducted a multivariate anglysirrecting for factors that had been
significant in the univariate analysis, see talllesd 2, bold figures. Table 3 shows the
results of the multivariate analysis for both, astfor which a significant association
with wheezing could be confirmed and for those wathsignificant association. Here,
several factors that seemed to be of importand¢karunivariate analysis were rejected
as risk or protective factors in the multivariat@blysis. As such, in the multivariate
analysis we did not find anymore an associatiorwbeh atopic wheeze and sex,
caesarean section, attending day-care, presersibliofys, mother's employment status
or pets at the moment of birth. Six or more persoriee house was almost a risk factor
and breast feeding showed a trend for being a gireéefactor, as confidence intervals
just crossed unity.

For non-atopic wheeze, we rejected the followingepbal risk or protective factors:
sex, attending day-care, indoors cooking or moldeats, presence of siblings or number
of persons in the house or mother’'s employmenustd&tor smoking during pregnancy,
the number of smoking mothers in these groups a@srall to be analyzed.

When conducting the same analyses with a moregstnindefinition of atopic wheeze
(see methods), cooking indoors and pets at homejuditl not reach significant

association anymore. For the rest, no major chawges found, see e-table.

Discussion

We here present the results of an epidemiologiestipnnaire-based study on wheezing
in the first year of life among toddlers visitingmpary healthcare centers in a city in the
tropical south-eastern region of Mexico. A thirdtbé toddlers presented at least one
episode of early wheeze (<12 months of age), riegulih ER visits in 41% and hospital
admission in 13% of them, reflecting a considerdileden on health-care utilization
and costs. Moreover, 12.3% of our toddlers presergeurrent wheeze. In the multi-
variate analysis of the case-control part of oudgtwe found risk and protective factors
associated with early wheeze being partly differémt atopic versus non-atopic
children. In both groups breast-feeding for moranttthree months was an (almost)
protective factor, while common colds before thmenths of age and mother’s

smoking during pregnancy were risk factors. Pethaahe also seemed to be a risk
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factor, be it ‘at the moment of the study’ for th®pic children and at birth for non-
atopic children. However, in atopic children havimgld at home, an indoor kitchen or
more than five inhabitants are all risk factors.awehile, in the non-atopic children
two further factors were protective, reducing thR Of wheezing: being borne by
caesarean section and having siblings.

The strength of the here presented study is itpkasize, which enables us to reveal
with an acceptable degree of certainty, the realitwheezing in low-middle class pre-
school children in a tropical city, an environmantvhich not many reliable studies on
this concept have been published. Also, the use ofalidated questionnaire for
wheezing and related factors, with a validated dlation into local language(2)
augments the reliability of our findings. Finallhe multivariate analysis with a more
stringent definition of atopy, showing almost tlzene results add to this study’s power.
The weaknesses of our study are the use of a goeaire, which might lead to recall
bias. Also, the caregiver’s reporting of mold i thome does not forcefully reflect the
real situation in the subject’'s house and it mighn be that a mother in an atopic
family is more cautious in detecting mold, biasthg results. Further, the selection of
children attending primary health care facilitiew ftheck-up or vaccination. This
sample selection leaves out the two extremes ddreim: on the one hand the upper-
class preschoolers who only see a private physamanon the other hand those who are
not seen by health care personnel, generally ttreraely poor population.

The same questionnaire has been used in otheestindEurope and Latin America. By
comparing our results with theirs we can observaesdifferences. Although the most
important independent risk factors for wheeze, tbimthese studies and confirmed in
our population, were having a cold during the figsstmonths of life and mother’s
smoking during pregnancy, we did not find male ga(®) was a risk factor. Attending
day care seemed also to be a risk factor for oapi@atwheezing children in the
univariate evaluation, but did not hold stand ia thultivariate analysis, as the 95% CI
included unity. As for the protective factors, wanfirmed exclusive breastfeeding for
>3 months in both our wheezing groups, but uniwersiudies of the mother did not
protect our children from wheeze, as it did dotimeo parts of Latin America.(3)

In line with findings from other places where rifkctors for wheezing have been
investigated we confirm that an early age of thst fcommon cold(4) and maternal
smoking during pregnancy are risk factors. The a&xgiion for these two is clear. Viral

infections are the prime cause for wheezing innt€410) In this sense, if early viral



194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227

infections can lead to the development of atopy asthma is still open to
discussion.(1) Actually the risk of developing asthis greatest for young children who
wheeze with rhinovirus infections.(11) Very recgniDNA methylation changes at
several genomic sites in chromosomal regions puslyolinked to asthma (e.g. the
SMAD3 gene promoter) have been found to be assatiaith atopic asthma after
rhinovirus-induced wheezing,(12) but this may b#edent for RSV.(13) Day-care
attendance from very young age on could augmentrdgrency of these very early
viral infections and with them the early onset (Bgeres 1 and 2) of the first wheezing
episode. Furthermore, it has been known for lorag thaternal smoking is one of the
most important prenatal determinants of reducecdhaab lung function.(14)

Remarkably, our study results suggest the pospiigigence of unique factors related to
an augmented frequency of early wheezing in adedgopulation, especially in atopic
children: indoor mold, indoor cooking and pets’ ggece. We would like to postulate
the following as possible explanations. FirstlyllAhermosa has a tropical climate: 24%
of all our households reported the presence of nidtald exposure during infancy has
been demonstrated to be a predictor of potentitinas development,(15) partly
because of allergic sensitization, but also becatigelatile substances and other toxins
that molds secrete.(16, 17) Similarly, a small gtud Costa Rica concluded that
lifetime childhood asthma prevalence (LCAP) wasitedd to relative moldiness index
values in floor dust, but not to dust mite allergemcentrations in bed dust (positive in
90% of all homes, but not different in homes wiitghhversus low LCAP).(18) With the
fast evolving climate changes of the past decadeger areas of the world could be
exposed to more humid climates in the future, ugmenting the infant population at-
risk as has been documented for other pediatriordiéss recently.(19) On the other
hand, though, caregiver’s verbal report of indoaidncould be biased and should be
confirmed and quantified in future trials. Secondipoking indoors was related to
atopic wheeze; all our families reported the usgasd-stoves that could lead to indoor
pollution, as the cooking-living-sleeping spaces aften within the same area. Finally,
related to pets being a risk-factor for wheezing:our population pets are rarely
cleaned, thus emanating considerable quantitiesetfllergens and house dust, the
latter being a cause of allergy in almost 90% dfegpais with allergic rhinitis living in
Villahermosa(20). A causal relationship of thesgdavarrants further investigated.

In this context, our findings open two researchsjoes we suggest should be tested

with interventional trials: 1) does improving indoair quality (attacking mold,
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enhancing ventilation) reduce the frequency anersgvof wheezing in atopic infants
in tropical settings? 2) does postponing day-edtendance till > 4 months reduce the
frequency and severity of wheezing in infants?.

In conclusion, infant wheezing in the tropics igduent and most have their first
episode between 2-4 months. Over forty percenhemmtis brought to the emergency
department, conveying a considerable burden orttieate costs. Moreover, our study
points at several possible risk- and protectivetoiac related to the presence of
wheezing, some of them not reported previously.uRdn-based studies like this one
are of importance, as they could lead to hypoth#sssshould be tested, and at the end

could lead to recommendations for public health.
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Mexico City, 27th of May 2019

Dear Editor,
The here reported results form part of the "International Study of Wheezing in Infants (EISL)".

We would like to submit the manuscript reporting results of our epidemiologic study on early
wheezing in atopic and non-atopic children, based on a questionnaire, validated by the
international study-group. The uniqueness of our study is that it was carried out in a tropical
environment, as opposed to other epidemiologic studies on early wheezing. Not even the
Brazilian study related to this setting, as it was conducted near Sao Paolo with a more
template climate. As such, we could detect some unique risk-factors for early wheeze, related
to raising a child in a humid environment. We checked the content for completeness with the
STROBE checklist for cross-sectional studies.

Also, and with more general implications, the majority of our children had their first wheezing
episode between 2 to 4 months of age and in both groups, atopic and non-atopic toddlers, a
common cold <3 months was a risk-factor linked to early wheeze. With the progressively
better understood risk for the development of asthma of early viral infections we would like to
suggest postponing day-care attendance till after 6 months. With around 40% of the wheezing
leading to emergency department visits and 13% to hospitalization we showed clearly how
early wheeze poses a burden on health care costs.

In conclusion, we could show risk-factors for early wheezing in atopic and non-atopic toddlers,
that might lead to some generalizable suggestions focused on postponing the age of first
wheezing episode and therefore reducing the burden of early wheeze and its possible
consequences. Also, we could show some specific risk-factors for early wheezing in a tropical
climate, not previously reported: mold indoors and gas-stove.

As Annals has been very open to the international community of investigators, both giving
them free access to content and in publishing their results, and especially for the latinamerican
allergists it is one of the lead journals being read, Annals was the journal we selected to submit
our paper to.
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