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Abstract

Background: There are limited data from non-industrialized settings on the effects
of early life viral respiratory disease on childhood respiratory illness. We followed a
birth cohort in tropical Ecuador to understand how early viral respiratory disease, in
the context of exposures affecting airway inflammation including ascariasis, affect
wheezing illness, asthma, and rhinoconjunctivitis in later childhood.

Methods: A surveillance cohort nested within a birth cohort was monitored for
respiratory infections during the first 2 years in rural Ecuador and followed for 8 years
for the development of wheeze and rhinoconjunctivitis. Nasal swabs were examined
for viruses by polymerase chain reaction and respiratory symptom data on recent
wheeze and rhinoconjunctivitis were collected by periodic questionnaires at 3, 5, and
8 years. Stools from pregnant mothers and periodically from children aged 2 years
were examined microscopically for soil-transmitted helminths. Atopy was measured
by allergen skin prick testing at 2 years. Spirometry, fractional exhaled nitric oxide
measurement, and nasal washes were performed at 8 years. Associations between
clinically significant respiratory disease (CSRD) and wheezing or rhinoconjunctivitis
at 3, 5, and 8 years were estimated using multivariable logistic regression.

Results: Four hundred and twenty six children were followed of which 67.7% had at
least one CSRD episode; 12% had respiratory syncytial virus (RSV)+CSRD and 36%
had rhinovirus (RHV)+CSRD. All-cause CSRD was associated with increased
wheeze at 3 (OR 2.33 [95% confidence intervals (Cl) 1.23-4.40]) and 5 (OR: 2.12
[95% Cl 1.12-4.01]) years. RHV+-CSRD was more strongly associated with wheeze
at 3 years in STH-infected (STH-infected [OR 13.41, 95% Cl 1.56-115.64] vs. un-
infected [OR 1.68, 95% CI 0.73-3.84]) and SPT+ (SPT+ [OR 9.42, 95% Cl 1.88-
47.15] versus SPT- [OR 1.92, 95% CIl 0.84-4.38]) children. No associations were
observed between CSRD and rhinoconjunctivitis.

Discussion: CSRD was significantly associated with childhood wheeze with stronger
associations observed for RHV+CSRD in SPT+ and STH-infected children.
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1 | BACKGROUND

Respiratory syncytial virus (RSV) is the leading viral cause of severe
acute lower respiratory infections (LRI) in infants and children
worldwide, causing up to 80% of bronchiolitis and an estimated >3.6
million hospitalizations and 84,500-125,200 deaths annually among
children below 5 years of age.? Rhinovirus (RHV) is responsible for
up to 20%-40% of medically attended acute wheezing and bron-
chiolitis in infancy, and is a leading cause of LRI outside the RSV
season. Viral infections in infancy, particularly early LRI due to RSV
and RHV, have been associated with recurrent wheezing and asthma
in children.®=¢ Important questions remain about the directionality of
the associations between viral LRI in infants and airway disease in
children and potential interactions with atopy.>~® If causal associa-
tions do exist, the prevention of early viral LRI may reduce wheezing
illness in early childhood and/or asthma in older children.

Although numerous studies over the last 30 years have evalu-
ated these rel.s\tionships,g’12 few have been conducted in resource-
limited rural settings in low and middle-income countries where
the burden of acute LRI is considered to be disproportionately high
and a number of environmental factors might interact with early viral
LRI to alter long-term wheezing and airway outcomes.*

The hygiene hypothesis has postulated a protective role of
common early childhood infections®® and exposure to a wide di-
versity of microbes'* against allergy and asthma. In recent years,
there has been interest in the role of early life helminth infections in
modulating the development of allergy or atopy and wheezing ilness
in childhood.*>~*8 Soil-transmitted helminths (STH), primarily Ascaris
lumbricoides and Trichuris trichiura, are estimated to infect over 1
billion humans worldwide.’® A severe Th2-inflammatory response?®
associated with severe pulmonary disease?! can be induced in mice
experimentally infected with Ascaris, while potentially severe
obstructive airway disease has been observed in humans with evi-

dence of sporadic?? or seasonal®®

exposures to Ascaris.

Early life exposure to STH parasites could modify the effects of
early viral LRI on wheezing illness and asthma in later childhood
through effects on airway inflammation. We followed a birth cohort
in a tropical, rural region of Ecuador to investigate associations be-
tween clinically significant respiratory illness (CSRD) in the first
2 years of life and pulmonary outcomes at 3, 5, and 8 years in the
context of endemic STH infections. We explored whether associa-
tions between CSRD and later respiratory outcomes might be
modified by antenatal and early childhood exposure to STH parasites,

and by early life endotoxin exposure and atopy at 2 years.

2 | METHODS
2.1 | Study population
This study was nested within the ECUAVIDA birth cohort, a study of

2404 children born between 2006 and 2009 in the district of Qui-

nindé, Esmeraldas Province, in a rural tropical coastal region in

northeastern Ecuador. ECUAVIDA was designed to evaluate the ef-
fects of a wide range of infectious and non-infectious factors on
development of atopy and allergic disease to 8 years.?* The cohort
was recruited at the public hospital in the town of Quinindé, the only
hospital serving the district. All newborns born at the hospital during
the recruitment period were eligible for recruitment according to the
following criteria: (i) healthy baby aged less than 14 days; (ii) resi-
dence in the district of Quinindé; (iii) accessible household; and (iv)
maternal stool sample during pregnancy. The present analysis
focused on a subset of 504 children enrolled consecutively during
October 2008 and December 2009. Detailed active respiratory dis-
ease surveillance during the first 2 years of life was performed on
426 of these children who lived within a 10 km radius of the town of
Quinindé. Follow-up at 8 years was completed between October
2016 and December 2017. Further details regarding data and spec-

imen collection, testing and follow-up are provided elsewhere.?*

2.2 | Routine procedures

Information on demographic, socioeconomic and household infor-
mation, and respiratory symptoms were obtained using a question-
naire administered to the child's mother during routine visits around
the time of birth of the child and at 3, 5, and 8 years. Relevant data
were collected by questionnaire and physical examinations during

clinic and home visits.?*

2.3 | Atopy

Allergen skin prick testing (SPT) was performed at 2 years for a panel
of nine allergens (house dust mites, cockroach, dog, cat, fungi, grass
pollens, egg, milk, and peanut) as described.?> A positive test was a
mean wheal diameter >2 mm greater than the negative saline con-
trol. SPT positivity was defined as reactivity to any allergen.

2.4 | Stool analyses

STH infections were detected by microscopy of stool samples
collected from the mother during the third trimester of pregnancy
and from children at 3, 7, 13, and 24 months using a combination of
direct saline smears, Kato-Katz, formol-ether concentrations, and

carbon coproculture.?*

2.5 | Airways function and inflammation at 8 years

Pulmonary function was measured using a MicroLoop spirometer
(CareFusion) before and after 200 pg salbutamol. A positive test for
airway reactivity was an increase in FEV1 of >12%. Global Lung
Function Initiative reference values were used to calculate z-scores
for FEV1, FVC, and FEV1/FVC, adjusting for age, sex, height, and
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ethnicity.? Fractional exhaled nitric oxide was measured in parts per
billion (ppb) using NObreath (Bedfont Scientific). Values greater than
35 ppb were considered elevated.?’” Nasal wash samples were
collected and prepared as described?®: slides with >5% eosinophils
were considered eosinophilic.

2.6 | Nasopharyngeal swabs

Once respiratory surveillance was initiated, nasopharyngeal (NP)
swabs were collected whenever children had symptomatic respiratory
iliness through a combination of active and passive surveillance
through clinic and home visits for evaluation of acute respiratory ill-
nesses. Routine telephone calls were made twice weekly to mothers to
determine whether the child in the surveillance sample had respira-
tory symptoms, and medical records of visits to a dedicated cohort
pediatric clinic were reviewed. Swabs were stored at —80°C and
tested using multiplex rRT-polymerase chain reaction (PCR) (FTD
Respiratory pathogens 21, Fast-Track Diagnostics, Luxembourg) for a

range of respiratory pathogens including RHV and RSV.

2.7 | Endotoxin

Mattress samples for the measurement of endotoxin were obtained
from the sleeping place of each child at 13 months using 1200W
electric vacuum cleaners (Electrolux) and nylon filters (Indoor Bio-
technologies, Inc.) to aspirate an uncovered area of 0.25 m? over
2 min. Dust samples were stored at —20°C prior to shipment for
analysis of endotoxin levels (EU/mL) using the kinetic Limulus
Amoebocyte Lysate assay (Indoor Biotechnologies).

2.8 | Definitions

Respiratory outcomes were defined: (1) CSRD—any respiratory
iliness with rales, wheezing, tachypnea, subcostal retraction, or nasal
flaring detected on physical examination and/or a diagnosis of
bronchiolitis, bronchitis, pneumonia; (2) recent wheeze—parental
report of wheeze during the previous 12 months; (3) recurrent
wheezing—parental report of wheezing on two or more occasions
during the previous 12 months; (4) asthma—a parental report of
wheeze over the previous 3 years at 8 years of age, and parentally
reported wheeze up to 5 years or physician-diagnosed asthma at any
time, or both; and (5) recent rhinoconjunctivitis—a parental report
during the previous 12 months of relevant nasal symptoms in the

absence of a cold and accompanied by itchy watery eyes.2?

2.9 | Bias

Stringent procedures to prevent losses to follow-up or incomplete
data and sampling were implemented, including regular contacts by

phone and home visits and maintaining a registry of neighborhood

contacts. Reliance on maternal recall for the collection of question-
naire data could be subject to bias because of differential recall
depending on maternal age and educational level. Data on a wide va-
riety of relevant risk factors were collected to control for potential
confounding. Exposures were measured using objective and stan-
dardized protocols (including laboratory methods for respiratory vi-
ruses, STH infections, and endotoxin) which will have minimized
measurement bias. Data on outcomes were collected blind to exposure
status. The original cohort study (of 2404 newborns) was designed to
measure the effect of childhood STH infections on allergic outcomes
and not for the effects of CSRD on wheeze and rhinoconjunctivitis. The
sample size for this sub-sample of the cohort selected for respiratory
infection surveillance was restricted by logistical and cost consider-
ations. Our analysis of this sub-sample of the cohort with respiratory
infection surveillance had limited power for detection of associations

between infrequent exposures and or outcomes.

2.10 | Statistical analyses

The primary analysis examined associations between CSRD and
wheeze at 3, 5, and 8 years. Secondary analyses addressed associa-
tions between CSRD and other respiratory outcomes (recurrent
wheeze, asthma diagnosis, and markers of airways function and
inflammation). Bivariate and multivariable logistic regression ana-
lyses were done to estimate associations with CSRD and potential
confounders with outcomes. Potential confounders considered in the
analyses are shown in Table 1. A socio-economic status index was
created using principal component analysis as described.'” Potential
confounders in any of the bivariate analyses with p < 0.10 were kept
in the final models using the same set of confounders to adjust all
models. All multivariable models were controlled for sex. Potential a
priori effect modifiers (maternal [any vs. none] and childhood [any vs.
none during first 2 years of life] STH infections, and endotoxin
exposure [>median vs. < median of 18 EU/mL]) were evaluated using
likelihood ratio tests. Significance was set at a = 0.05. Population
fractions of CSRD attributable to individual pathogens were esti-
mated as described.?° Sensitivity analyses for uncertainty in esti-
mates were explored including missing data assumed to be at
random, and results did not qualitatively change the findings. All

statistical analyses were performed using Stata 11 (Statacorp).

2.11 | Ethics considerations

Study protocols were approved by ethics committees in Ecuador
(Hospital Pedro Vicente Maldonado, Universidad San Francisco de
Quito, and Universidad Internacional del Ecuador) and the UK
(London School of Hygiene and Tropical Medicine). The study was
registered as an observational study (ISRCTN41239086). Informed
written consent was obtained from the child's mother and minor
assent was obtained from the child after 8 years. Anthelmintic
treatment was provided to mothers and children with positive stools

for STH as recommended.3!
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3 | RESULTS RHV (41%) was most frequently detected followed by bocavirus

(10%), adenovirus (9%), and RSV (7%). Only 84/1635 swabs (5%)

3.1 | Surveillance cohort participants were negative for all pathogens, while 375 (23%) swabs were positive

As shown in Figure 1, 504 children in the ECUAVIDA cohort were

considered for participation in surveillance; 78 were excluded B2 Rhino
because of accessibility (i.e. lived outside a 10 km radius of Quininde). = igca
eno
Thus, 426 infants were included in surveillance. Follow-up was over B RSVAB
85% at each of the follow-up times from 3 to 8 years (Figure 1). Data [ Entero
TN .. Para 3
on individual, maternal and household factors for 426 study partici- g Hel\‘/::V AB
pants are shown in Table 1. Births occurred between late 2008 and B Cor63
the end of 2009. One child died before one year of age of unknown E glzr:3
cause. Baseline characteristics did not differ significantly between I Para4
. . . . . . [ Parecho
the children included in the analysis and those initially considered for Bl Cor HKU
participation (data not shown). I FluB
[ Para1
[ Para2
Il Cor229

3.2 | Viruses during first 2 years of life
RSV

Nasopharyngeal (NP) swab collection began in the January 2009 and FIGURE 2 Viruses detected during the first 2 years of life in a
surveillance cohort of 426 children. Data are for 1894 positive PCR
reached 2 years. Multiplex real-time PCR was performed on 1635 reactions from 1809 swabs collected during the first 2 years of life.
swabs collected from 426 children; results are shown in Figure 2. PCR, polymerase chain reaction.

continued through 2011 when the youngest enrolled children

Potentially eligible
(N=504)

Excluded - residence outside
surveillance catchment area (N=78)

I

Recruited into
surveillance cohort
(N=426)

Lost to follow-up (N=12)
Not evaluated (N=7)

1

Death (n=1)
3 years
(N=406 [95.3%])
Lost to follow-up (N=18)
Not evaluated (N=13)

5 years
(N=382 [89.7%])

Lost to follow-up (N=31) ]

[

FIGURE 1 Participant flow of 426 children
recruited into the surveillance cohort through
follow-up to 8 years of age and those included
and excluded from the analysis.

8 years
(N=364 [85.4%)])
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for 1 pathogen, 619 (38%) were positive for 2, 391 (24%) were
positive for 3, and 166 (10%) for >4 (maximum 7 pathogens). RSV
was seasonal (from January to July) while rhinovirus (RHV) was
detected year-round. Analysis of the age of children in the follow-up
relative to the seasonality of RSV revealed that the number of chil-
dren aged up to 6 months under surveillance when RSV was circu-
lating was limited (n = 210, 42%), likely resulting in missing RSV in
early infancy for those born during the 2009 RSV season.

3.3 | Clinically significant respiratory disease
(CSRD)

CSRD during the first 2 years of life was common affecting 287/426
(67.7%) children (Table 1) Among these, 32 (7.5%) had CSRD asso-
ciated with positivity for both RSV+ and RHV+, 18 with RSV+ (4.3%)
only, and 119 (28.0%) with RHV+ only. Children in the RSV+/RHV+
group included those with dual-positivity or multiple episodes of
single pathogen CSRD. RSV+ (OR 4.53, 95% confidence intervals [CI]
2.1-11.3, p < 0.001) and RHV+ (OR 246, 95% Cl 1.77-3.42,
p < 0.01) were significantly associated with CSRD. Population
attributable fractions for CSRD associated with individual pathogens
were 28% for RSV+, 4.3% for RHV+, and 7.5% for both pathogens.
Approximately 2.4% of children were hospitalized for respiratory

illness over this period.

3.4 | Respiratory outcomes

Wheezing during the previous 12 months was observed in 18.0%,
18.6%, and 6.3% of children at 3, 5 and 8 years, respectively; for
recurrent wheeze, the proportions at these time points were 10.6%,
11.3%, and 3.3%, respectively. Asthma was present in 9.1% of

E;AACI |

children at 8 years. Evidence of impaired lung function (<—1.64 z
scores) by spirometry (out of 299 with valid tests) was observed in
11.4% for FEV1, 17.4% for FVC, and 2.0% for FEV1/FVC. Evidence of
elevated FeNO (>35 ppb) was observed in 8.6% of children and nasal
eosinophilia in 11.4%. Rhinoconjunctivitis during the previous
12 months was observed in 12.5%, 14.5%, and 9.1% of children at 3, 5
and 8 years, respectively.

3.5 | Endotoxin, SPT, and STH infections

Median endotoxin levels in bed dust were 18 EU/mg (geometric
mean 21.5; range 3-1394). SPT reactivity was observed in 17.9% of
children at 2 years. STH infections were detected in 43.9% of
mothers (26.0% had A. lumbricoides and 25.1% had T. trichiura). STH
infections during the first 2 years of life were detected in 21.0% of
children (16.0% with A. lumbricoides and 8.6% with T. trichiura).

3.6 | Associations between CSRD and respiratory
outcomes

Univariable associations between CSRD and individual, maternal, and
household risk factors and recent wheeze at 3, 5 and 8 years of age
are shown in Table 1 and multivariable associations are shown in
Table 2. In multivariable analyses, all-cause CSRD was significantly
associated with recent wheeze at 3 (adj. OR 2.33, 95% Cl 1.23-4.40,
p = 0.009) and 5 years (adj. OR 2.12, 95% Cl 1.12-4.01, p = 0.021).
RHV+ CSRD was associated with recent wheeze at 3 years (adj. OR
244, 95% Cl 1.19-5.00, p = 0.015) while RSV+/RHV+ CSRD was
associated with wheeze at 3 (adj. OR 3.49, 95% Cl 1.31-9.33,
p = 0.013) and 5 (adj. OR 3.32, 95% Cl 1.25-8.78, p = 0.016) years.
Similar associations were observed between CSRD and recurrent

TABLE 2 Multivariable associations between clinically significant respiratory disease (CSRD) and childhood wheeze between 3 and

8 years of age.

Wheeze at 3 years

Wheeze at 5 years

Wheeze at 8 years

CSRD group OR (95% Cl) p Value OR (95% ClI) p Value OR (95% Cl) p Value
CSRD to 2 years
No 1 1 1
Yes
All CSRD 2.33 (1.23-4.40) 0.009 2.12 (1.12-4.01) 0.021 2.88 (0.82-10.10) 0.099
RSV+ 1.98 (0.48-8.17) 0.346 2.19 (0.52-9.14) 0.282 4.47 (0.55-35.99) 0.160
RHV+ 2.44 (1.19-5.00) 0.015 1.87 (0.90-3.89) 0.094 2.48 (0.61-9.96) 0.202
RSV+/RHV+ 3.49 (1.31-9.33) 0.013 3.32 (1.25-8.78) 0.016 3.86 (0.68-21.92) 0.128
RSV-RHV- 1.98 (0.84-4.66) 0.120 2.01 (0.86-4.73) 0.109 3.40 (0.77-15.04) 0.106
No PCR result 1.93 (0.76-4.90) 0.267 2.15 (0.89-5.21) 0.091 2.21(0.41-11.76) 0.353

Note: ORs and 95% confidence intervals (Cl) estimated using logistic regression and adjusted for sex, breastfeeding, SPT at 2 years, and maternal allergy.
Separate models were used to estimate associations with all CSRD and CSRD by respiratory virus subgroups. SPT, allergen skin prick test reactivity;
RSV, PCR+ for respiratory syncytial virus; RHV+, PCR+ for rhinovirus; RSV+/RHV+, PCR+ for both viruses; RSV-/RHV-, PCR- for both viruses. Bold
values denote statistical significance at the p < 0.05 level.
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wheeze at 3 (adj. OR 2.66, 95% Cl 1.13-6.27, p = 0.025) and 5 years
(adj. OR 2.44, 95% CI 1.04-5.71, p = 0.040). No significant associa-
tions were observed between CSRD and recent wheeze (Table 2),
recurrent wheeze, or asthma at 8 years (data not shown). There were
no associations between all-cause CSRD or CSRD sub-groups and
elevated FeNO at 8 years (data not shown), while RHV+CSRD was
associated with elevated nasal eosinophil counts (adj. OR 3.28, 95%
Cl 1.27-8.48, p = 0.014). Parameters of diminished airway function
(FEV,, FVC, and FEV,/FVC <1.64 z scores) or evidence of revers-
ibility were not associated with all-cause CSRD or CSRD sub-groups
(data not shown). Analysis of the subsample of 210 children born
after July 2009, and aged 3-6 months during the 2010 RSV season
showed comparable associations between RSV+CSRD and wheeze at
3 (adj. OR 1.62, 95% Cl 0.27-9.73), 5 (adj. OR 4.94, 95% CIl 0.37-
66.30) and 8 years (adj. OR 4.76, 95% Cl 0.31-73.69). Univariate
associations between CSRD and CSRD sub-groups and rhino-
conjunctivitis are shown in Table S1. No significant associations were
observed between CSRD (3 years—OR 0.82, 95% Cl 0.44-1.53,
p = 0.536; 5 years—OR 1.08, 95% Cl 0.58-2.01, p = 0.803; and
8 years—OR 1.50, 95% CI 0.65-3.432, p = 0.338) or CSRD sub-

groups and rhinoconjunctivitis at 3, 5, and 8 years.

3.7 | Effect modification by endotoxin level, SPT, or
STH infections

Multivariable associations between CSRD and recent wheeze at
3 years stratified by potential effect modifiers (i.e. maternal and
childhood STH, endotoxin levels, and SPT+ at 2 years) are shown in
Table 3. There was no statistical evidence of effect modification by
any of these exposures on CSRD-recent wheeze associations. Anal-
ysis of associations between CSRD sub-groups and recent wheeze at
3 years stratified by the same variables are shown in Table 4. None of
the atopic children or those infected with STH had wheeze-
associated RSV+ CSRD. There was some evidence for stronger as-
sociations between RHV-positive CSRD (i.e. RHV+CSRD [adj. OR
9.42, 95% Cl 1.88-47.15], and any RHV+ sub-groups [adj. OR 8.86,
95% Cl 1.88-41.77]) among atopic compared to non-atopic children
while the reverse was seen for the (any) RSV+ sub-group (adj. OR
3.25, 95% Cl 1.20-8.76). Associations between RHV+CSRD and
wheeze was stronger among STH-infected children.

4 | DISCUSSION

Here, we used a surveillance sample nested within a birth cohort to
explore the effects of CSRD associated with viral infections during
the first 2 years of life on wheeze/asthma to 8 years and airway
function and inflammation at 8 years. The cohort was recruited in a
low-resource “pre-industrial” setting in a rural tropical district of
coastal Ecuador where infections with soil-transmitted helminth
parasites are endemic.®2 We explored the effects of exposures that

could affect airway inflammation during the first 2 years of life,

namely in utero and early childhood exposures to STH parasites,
SPT+, and endotoxin exposure in mattress dust. Our data provide
evidence that CSRD, particularly when associated with RHV or mixed
RHV/RSV infections, was associated with wheezing at 3 and 5 years.
There is some evidence that early childhood atopy and post-natal
STH infections might enhance the effects of RHV on wheeze.

In this surveillance sample, the majority (67.7%) of children
experienced CSRD during the first 2 years of life, substantial frac-
tions of which were attributable to RSV (28%) or RHV (4.3%) in-
fections. Wheezing illness was frequent before 8 years (>18.0% at 3
and 5 years) but declined to below 6.3% by 8 years. CSRD was
associated with recent and recurrent wheeze at 3 and 5 years, but
the effects were not statistically significant at 8 years although
strong positive associations persisted. These observations are
consistent with what has been previously described in cohorts of
children from high-income settings such as Arizona, USA,%® and the
Netherlands®#3> in which LRIs are associated with early childhood
wheeze, but with less clear effects on asthma at school-age,2*33’35
particularly for RSV. Rhinovirus has been more often associated with
atopy and the development of recurrent wheeze and asthma at
school age.®¢®” Consistent with a transient effect of virally induced
CSRD on airway disease was the observation of no associations with
diminished lung function, reversibility, and inflammation at 8 years,
except for a positive association between RHV+CSRD and nasal
eosinophilia.

Our findings showed associations between all-cause CSRD (and,
often, RHV+ CSRD) and recent or recurrent wheeze up to 5 years of
age. In the case of RSV infections, trends of positive associations
between RSV+ CSRD and wheeze symptoms were observed
consistently, indicating a possible effect that this cohort had insuffi-
cient power to detect. Our ability to capture RSV in children before
6 months of age (and especially in children before 3 months of age)
was limited by the timing of births among the children enrolled in
respiratory surveillance relative to temporal patterns of RSV. Res-
piratory surveillance was not implemented for a significant propor-
tion of the cohort prior to their first RSV season. Recent evidence,
incompletely understood at the time of the study, indicates that RSV
in Ecuador is strongly seasonal.*®3? This likely underpowered our
results, particularly for associations with RSV+ CSRD.

Historically, STH has been understood to downregulate Th2-
effector functions.?” However, A. lumbricoides is an STH that mi-
grates through the lung during the larval stage of the life cycle and
has been shown to induce strong and long-lasting allergic inflam-
mation in the airways of experimentally infected mice.?°2* A. lum-
bricoides infection might therefore be expected to induce strong
persistent Th2-mediated inflammatory responses in the lungs of
infected children, although real world data are lacking. A recent
analysis from the same cohort provided evidence that children with
greater A. lumbricoides parasite burdens at 5 years of age were more
likely to have wheeze/asthma and elevated FeNO levels at 8 years.'”
In this study, the associations between CSRD and wheeze at 3 years
were stronger among children with early STH infections compared

with uninfected children, although the interaction was not
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statistically significant. This effect appeared to be restricted to
RHV+CSRD and could indicate a specific A. lumbricoides-RHV inter-
action. There was no strong evidence that in utero exposure to STH
infections (evaluated by STH infections in the last trimester of
pregnancy) had strong effects on the associations between CSRD and
pulmonary outcomes.

Atopy, measured using allergen skin prick test reactivity at
2 years, was used as an indicator of risk of allergic inflammation in
the airways. There was evidence for a stronger association between
CSRD and wheeze at 3 years among SPT+ compared to SPT- children
although the interaction was not significant. Examining CSRD sub-
groups, it appeared that this effect was seen only for RHV+CSRD,
while RSV+CSRD was less affected by atopy. These observations are
consistent with the published literature on RHV+ and RSV-+
LRTIs.3¢%7 A “two-hit” model has been proposed of a synergistic
interaction between allergic sensitization and severe viral LRTls in
the development of childhood asthma.* In the Childhood Origins of
Asthma study, a US birth cohort of children at increased asthma risk,
wheezing with RSV, RHV, or both viruses, was associated with an
increased risk of asthma at 6 years of age*, while in an Australian
high-risk birth cohort, infant wheezing with RHV or RSV was a risk
factor for current wheeze at 5 years.** These studies showed that the
risk of asthma is increased by severe LRTIs, particularly in the
presence of atopy.** There appears to be a specific interaction be-
tween early childhood allergic sensitization and RHV+ wheeze: RHV
is a risk factor for the development of atopic asthma, whereas RSV
has been associated with non-atopic asthma.®

This study is subject to several limitations. The ECUAVIDA
Cohort was not originally designed to study early life respiratory viral
infections and NP swab collection was initiated in mid-2009. The
sample size for active surveillance was restricted by logistical and
cost considerations. Because children were not enrolled into the
cohort at a uniform rate and RSV is strongly seasonal in Ecuador,®&3?
a fact not appreciated at the time of the study, a minority of children
younger than 6 months of age were under surveillance during the
RSV season, possibly resulting in much of RSV disease in early infancy
being missed. This could have introduced substantial bias, as children
categorized as never having had RSV+ CSRD in the first 2 years of
life may indeed have had such undocumented illnesses in 2009. Such
bias would likely underestimate associations between RSV+CSRD
and respiratory outcomes. In contrast to RSV, RHV was detected
year-round. High study retention (>85% until 8 years) should have
minimized potential selection bias and detailed information collected
on a wide variety of potential confounding factors should have
limited uncontrolled confounding. We used CSRD to identify outpa-
tient illnesses of the lower respiratory tract, given that hospitaliza-
tion rates for lower respiratory illness would be expected to be low in
a surveillance cohort of this size. CSRD likely represents a medically
significant but non-severe illness of the lower respiratory tract.

In conclusion, our data from a population of children followed
prospectively in a low-resource non-industrialized setting in Latin
America showed that CSRD during the first 2 years of life,

particularly when associated with RHV infection or RHV/RSV co-
infection, was significantly associated with wheezing illness up to
5 years of age. Associations of early childhood RHV+CSRD and
wheezing illness in later childhood were strongest in the presence of
atopy and A. lumbricoides infections, both of which cause Th2-
mediated inflammation, indicating that Th2 inflammation in the
lungs may contribute to severity of LRIs associated with RHV. Our
findings are likely to be generalizable to similar non-affluent pediatric
populations living in rural tropical regions of Latin America. Larger
prospective studies in similar STH-endemic settings are required to
better understand the interactions between A. lumbricoides and RHV

and their long-term effects on lung health.
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