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Background. Vitamin D deficiency at birth has been reported as a risk factor for respiratory syncytial virus
(RSV) lower respiratory tract infection during the first year of life. Limited data are available on whether an
infant’s vitamin D status is associated with the severity of acute RSV bronchiolitis.
Methods. Infants < 1 year of age and hospitalized with their first episode of RSV bronchiolitis were enrolled
into the RSV Bronchiolitis in Early Life II cohort. We investigated the relationships between vitamin D status at
enrollment and the following indicators of bronchiolitis severity: duration of hospitalization, lowest oxygen
saturation measured during hospitalization, and bronchiolitis severity score.
Results. Among the 145 enrolled infants, the median (quartile 1 [Q1], Q3) serum 25-OH-VitD level was 36.8
(29.8, 42.3) ng/mL, with 14 infants (9.7%) having deficient serum vitamin D levels (25-OH-VitD <20 ng/mL).
Vitamin D-deficient infants were younger than infants with 25-OH-VitD� 20 ng/mL (2.8 vs 4.5 months,
respectively; P = .04) and were less likely to consume infant’s formula (42.9% vs 87.0%, respectively; P < .01).
The following indicators of acute bronchiolitis severity did not differ between infants who were vitamin
D-deficient and nondeficient: duration of hospitalization (P = .53), lowest oxygen saturation (P = .45), and
bronchiolitis severity score (P = .97), even after adjusting for age, and for infant’s formula consumption.
Conclusions. Among this cohort of infants that were hospitalized for RSV bronchiolitis, vitamin D status at the
time of bronchiolitis was not associated with indicators of acute bronchiolitis severity.
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Respiratory syncytial virus (RSV) is the major cause of
bronchiolitis in the first year of life, with nearly all children
having serologic evidence for infection with the virus by the
age of 2 years [1–3]. Most children infected with RSV ex-
perience mild disease that does not require inpatient care.
However, RSV bronchiolitis remains the leading cause of
hospitalizations in infants younger than 1 year of age in
the United States [4, 5], and it serves as a major risk factor
for future asthma, with up to 50% of hospitalized children
being diagnosed with asthma by school age [6]. The sub-
group of infants, which eventually requires hospitalization,
suffers from a substantial clinical morbidity that is

associated with significant healthcare costs in both the
short and long terms.

Only supportive treatment is recommended for acute
RSV bronchiolitis [7, 8], and until recently no therapy
has been demonstrated to be effective in modulating the
long-term outcomes of recurrent wheezing and asthma.
According to a recent study, treatment of preterm infants
with the monoclonal antibody palivizumab, compared
with placebo, was effective in reducing the incidence of
RSV-related hospitalization and was associated with
fewer wheezing days during the first year of life [9].
However, palivizumab treatment is expensive and requires

Original Article

Journal of the Pediatric Infectious Diseases Society, Vol. 4, No. 3, pp. 182–8, 2015. DOI:10.1093/jpids/piu042
© The Author 2014. Published by Oxford University Press on behalf of the Pediatric Infectious Diseases Society.
All rights reserved. For Permissions, please e-mail: journals.permissions@oup.com.

D
ow

nloaded from
 https://academ

ic.oup.com
/jpids/article/4/3/182/2579961 by guest on 23 M

ay 2023



monthly injection. There is a need to identify a target for an
affordable pharmacological intervention that may modu-
late the severity of the acute RSV bronchiolitis, save pre-
cious health resources associated with RSV-related
hospitalizations, and potentially prevent the development
of asthma after RSV bronchiolitis.

Vitamin D status might affect the occurrence or the
severity of RSV bronchiolitis, because vitamin D has non-
skeletal activities that might directly or indirectly affect
bronchiolitis: eg, in utero effects on lung growth and mat-
uration, immune system modulation, and enhancement of
immunity to viral infections [10–12].Moreover, vitamin D
deficiency at birth, defined as cord blood vitamin D level
below 20 ng/mL, was reported to be a risk factor for
RSV lower respiratory tract infections (LRTIs) during the
first year of life [13]. Although vitamin D status may alter
the overall risk of RSV bronchiolitis, there are limited data
on the effect of vitamin D status on the severity of the acute
episode of RSV bronchiolitis [14]. This question may be
even more important among the subgroup of children
with bronchiolitis who require hospital-based care because
these patients suffer greater morbidity and are at the high-
est risk of future asthma [15]. We conducted this study to
investigate whether vitamin D deficiency among infants

who required hospital-based care for RSV bronchiolitis is
associated with the severity of the acute bronchiolitis
episode.

MATERIALS AND METHODS

Study Population
The study population included infants who were enrolled
from 2009 to 2012 into the RSV Bronchiolitis in Early
Life II (RBEL II) prospective cohort study that was estab-
lished to investigate how specific genetic, biologic, and im-
munologic characteristics, along with environmental
exposures, interact in children who experience severe
RSV bronchiolitis early in life and impact the subsequent
development of asthma.

All infants that had bronchiolitis that was severe enough
to require care at St. Louis Children’s Hospital from 2009
to 2012 were screened to determine whether they met our
inclusion criteria (Figure 1). Infants enrolled in the RBEL II
study were 12 months of age or younger, had a positive na-
sopharyngeal swab result confirming infection with RSV,
and had physician-documented wheezing during the
acute illness. Exclusion criteria were a history of previous
wheezing or a diagnosis of asthma, congenital abnormali-
ties of the heart and lung, cystic fibrosis diagnosed in the

Figure 1. RSV Bronchiolitis in Early Life (RBEL) II cohort flow diagram. RSV, respiratory syncytial virus; SLCH, St. Louis Children’s Hospital.
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patient or immediate family, regular use of anti-
gastroesophageal reflux medication, bronchodilators, or
anti-inflammatory medications, and history of prematurity
(<36 weeks). A study coordinator collected detailed infor-
mation about demographic factors, risk factors for allergy
or asthma, and family history of asthma from the child’s
parent(s). All infants were enrolled during the winter
months, the typical season for RSV bronchiolitis.
During the hospitalization, the infants were treated ac-

cording to a predefined care-path: the St. Louis
Children’s Hospital Bronchiolitis Pathway, a set of orders
based on the American Academy of Pediatrics Guidelines
for treatment of bronchiolitis [7]. All decisions regarding
the treatment during the hospitalization, including the de-
cision to use supplemental O2, and timing of discharge
were decided by the primary attending physician, indepen-
dent of the study.
The study was approved by the Washington University

School of Medicine Institutional Review Board. Informed
consent was obtained from the parents or guardians.

Outcome Measures
The primary outcome of this study was the duration of hos-
pitalization for RSV bronchiolitis. Secondary outcomes
were the lowest oxygen saturation in room air recorded
during the hospitalization and the total Bronchiolitis
Severity Score (BSS) [16] on the day of admission. Length
of stay and the lowest oxygen saturation were measured as
previously reported [17]. The BSS [16] is a clinical score
that incorporates 4 parameters of bronchiolitis severity:
(1) respiratory rate, (2) presence of respiratory distress ev-
ident by accessory muscle use, (3) oxygen saturation, and
(4) the presence of wheezing. Each of these parameters
was measured on a scale of 0 to 3: higher scores represent
greater disease severity or lower oxygen saturation. The
total BSS score is the sum of these 4 scores and has a
scale of 0 to 12.
Although the Institute ofMedicine concluded that serum

25-OH-VitD levels of at least 20 ng/mL are sufficient to
maintain appropriate bone health [18], there is a lack of
consensus as to the optimal serum levels of 25-OH-VitD
for conditions other than bone health. In our primary anal-
ysis, we investigated the association between 25-OH-VitD
level and study outcomes using 25-OH-VitD as a dichoto-
mous value with a cutoff of 20 ng/mL, consistent with a re-
cent study that reported that cord blood 25-OH-VitD
below 20 ng/mL is a risk factor for subsequent RSV
LRTIs [13]. However, previous asthma studies among
older children have detected associations between respira-
tory outcomes and vitamin D status using serum vitamin D
cutoff levels below 30 ng/mL [19–21], or when considering

vitamin D as a continuous variable [22]. Due to these un-
certainties in determining the appropriate vitamin D cut-
offs, along with the absence of previous studies
investigating the effect of serum vitamin D levels on clinical
outcomes during acute RSV bronchiolitis, we performed
additional analyses using 25-OH-VitD as a dichotomous
value with a cutoff of 30 ng/mL, and we also considered
25-OH-VitD level as a continuous variable.

Vitamin D Measurements
Baseline serum samples at enrollment, once the infants pre-
sented to the hospital with acute bronchiolitis, were avail-
able from 145 RBEL II participants. The 25-OH-VitD
levels were measured in these serum samples at
Heartland Assays, LLC (Ames, IA) using the DiaSorin plat-
form as previously described [23].

Statistical Considerations and Data Analysis

A logarithmic transformation was applied to the measures
of immunoglobulin E and eosinophil counts to improve
normality of the data. Results are presented as mean ±
standard deviation (SD) in untransformed units or per-
cents. Analyses of demographic data among the vitamin
D-deficient and nondeficient groups were performed
using two-sided t tests for continuous outcomes and the
χ2 test for categorical outcomes. The associations between
vitamin D level as a continuous variable and the study out-
comes were investigated using linear regression. Estimates
of the mean and standard error (SE) of duration of hospi-
talization, BSS, and lowest oxygen saturation were ob-
tained from an analysis of covariance model after
adjusting for covariates that differed between the vitamin
D-deficient and nondeficient groups at a significance level
of <.05. A P value of less than .05 was considered statisti-
cally significant. Results were analyzed using SAS version
9.3 (SAS Institute Inc.).

RESULTS

Characteristics of Study Populations

Serum samples for vitamin D measurements were available
from 145 (87%) of the 167 infants enrolled in the RBEL II
cohort. The mean (SD) age of the infants was 4.3 (±2.9)
months, 61% were males, 46% were white, and 42%
were African American. Other demographic and clinical
characteristics of the study population are presented in
Table 1. The mean (±SD) duration of hospitalization for
RSV bronchiolitis was 72.9 ± 49.8 hours, the mean lowest
oxygen saturation was 90.6% ± 5.2%, and the mean BSS
was 7.6 ± 2.1.

The 22 infants who did not have serum samples avail-
able at baseline were more likely to be female, have a
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mother with asthma, and had a different distribution of
season at birth compared with the 145 infants who had
serum samples available for vitamin D measurement,
(Supplementary Table S1). Other demographics did not
differ between these 2 groups.

Baseline Vitamin D Levels Among the Study Population

Median serum 25-OH-VitD (Q1, Q3) was 36.8 (29.8,
42.3) ng/mL. Fourteen infants (9.7%) had serum
25-OH-VitD < 20 ng/mL (ie, vitamin D deficiency), and
23 infants (15.8%) had serum 25-OH-VitD between 20
and 29.9 ng/mL. The distribution of vitamin D levels
among the study population is presented in Figure 2.

Associations Between Baseline Participant Characteristics
and Baseline Vitamin D Levels
Vitamin D-deficient infants were younger compared with
participants with vitamin D levels of 20 ng/mL and
above (2.8 [ ± 2.5] vs 4.5 [ ± 2.9] months, respectively;
P = .04). Vitamin D levels were lower among infants who
were breast fed at time of enrollment and were higher
among infants who reported any formula feeding

Table 1. Baseline Characteristics of the RBEL II Cohort*

All Participants
(n = 145)

Baseline Covariates Based on
25-OH-VitD Level Cutoff of 20 ng/mL.
Participants With Baseline 25-OH-VitD

Levels

Baseline Covariates Based on
25-OH-VitD Level Cutoff of 30 ng/mL.
Participants With Baseline 25-OH-VitD

Levels

< 20 ng/mL
(n = 14)

� 20 ng/mL
(n = 131) P Value

< 30 ng/mL
(n = 37)

� 30 ng/mL
(n = 108) P Value

Age at enrollment (months)a 4.3 (2.9) 2.8 (2.5) 4.5 (2.9) .04 3.5 (3.0) 4.6 (2.9) .06
Gender (male) 60.7% 50.0% 61.8% .39 59.5% 61.1% .86
Race
African American 42.1% 42.9% 42.0% .85 32.4% 45.4% .17
White 46.2% 50.0% 45.8% 59.5% 41.7%
Other/multiple 11.7% 7.1% 12.2% 8.1% 13.0%

Birth weight (kg)† 3.3 (0.5) 3.2 (0.3) 3.3 (0.5) .43 3.4 (0.5) 3.2 (0.5) .10
Birth length (cm) † 50.4 (2.9) 50.2 (2.3) 50.4 (2.9) .87 51.3 (2.8) 50.0 (2.8) .02
Length of pregnancy (wks)† 38.6 (1.4) 38.3 (1.3) 38.7 (1.4) .39 38.5 (1.4) 38.7 (1.4) .63
Season at Birth
Winter (December–February) 29 (20.0%) 2 (14.3%) 27 (20.6%) .5 5 (13.5%) 24 (22.2%) .43
Spring (March–May) 31 (21.4%) 5 (35.7%) 26 (19.9%) 11 (29.7%) 20 (18.5%)
Summer ( June–August) 38 (26.2%) 4 (28.6%) 34 (26.0%) 9 (24.3%) 29 (26.9%)
Fall (September–November) 47 (32.4%) 3 (21.4%) 44 (33.6%) 12 (32.4%) 35 (32.4%)

Current eczema 13.3% 21.4% 12.4% .34 19.4% 11.2% .21
Paternal asthma 23.4% 25.0% 23.3% .89 24.2% 23.2% .90
Maternal asthma 28.8% 8.3% 30.7% .10 17.6% 32.4% .10
Maternal smoking during pregnancy 22.8% 7.1% 24.4% .14 16.2% 25.0% .27
Total IgE level (IU/mL)† 24.1 (95.2) 11.2 (32.6) 25.4 (99.6) .10‡ 25.9 (98.0) 23.4 (94.7) .32‡

Blood eosinophils (%)a 1.7 (1.8) 1.5 (1.1) 1.7 (1.8) .87‡ 2.0 (2.1) 1.6 (1.7) .26‡

Diet
Current breast feeding 85 (58.6) 10 (71.4) 75 (57.3) .31 28 (73.7) 57 (53.3) .03
Ever fed with formula 120 (82.8) 6 (42.9) 114 (87.0) <.01 22 (57.9) 98 (91.6) <.01
Ever fed with solid food 23 (15.9) 3 (21.4) 20 (15.3) .47 7 (18.4) 16 (15.0) .62

Abbreviations: Ig, immunoglobulin; RBEL II, RSV Bronchiolitis in Early Life II; SD, standard deviation.
*Data are expressed as proportion of children in each vitamin D range except as noted.
†Data represent the mean (SD) of this covariate.
‡Significance level for differences in means was calculated after logarithmic transformation to improve normality of the data.

Figure 2. Distribution of vitamin D levels among the RSV Bronchiolitis in Early
Life II cohort (n = 145).
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(Table 1 and Supplementary Table S2). Vitamin D levels
were not different between infants who consumed solid
foods compared with infants who did not consume solid
foods (Table 1 and Supplementary Table S2). Other base-
line characteristics did not differ between the vitamin
D-deficient and nondeficient infants. Once using a
25-OH-VitD cutoff level of 30 ng/mL, birth length and
feeding history were the only baseline characteristic that
were different between the groups once using a 25-OH-
VitD cutoff level of 30 ng/mL. (Table 1).

Clinical Indicators of Acute Bronchiolitis Severity According
to Vitamin D Levels
The mean (SE) duration of hospitalization, adjusted for age
at enrollment and for formula consumption, did not differ
between vitamin D-deficient infants and infants with vita-
min D levels�20 ng/mL (64.5 [13.9] hours vs 73.8 [4.3]
hours; P = .53. The secondary outcomes of total BSS and
the lowest oxygen saturation also did not differ between
these 2 groups (Table 2).
Infants with a 25-OH-VitD level <30 ng/mL did not dif-

fer in the primary or secondary outcomes compared to
those with a 25-OH-VitD level�30 ng/mL (Table 2).
Finally, vitamin D level as a continuous variable was not
associated with any of the clinical indicators of bronchioli-
tis severity (Table 3).

DISCUSSION

The findings of our study suggest that vitamin D deficiency
was infrequent among a cohort of infants hospitalized with
RSV bronchiolitis; and when present, vitamin D deficiency
was more often seen in younger infants and infants who do
not consume infant’s formula.Moreover, among this cohort
of patients that required hospital-based care for RSV bron-
chiolitis, vitamin D status at the time of bronchiolitis was
not associated with indicators of acute bronchiolitis severity.
Previous reports have provided mechanistic rationale to

support the hypothesis that vitamin D might modulate the

occurrence or severity of acute RSV bronchiolitis through
its antiviral activities. Vitamin D can augment the innate
immune system activity by inducing antimicrobial
peptides, mainly cathelicidin in epithelial cells, and by aug-
menting superoxide generation from monocytes and cyto-
toxic activity of natural killer cells [24].Epidemiologic data
in children support the biologic plausibility of these mech-
anistic hypotheses by showing that maternal serum vitamin
D levels measured during pregnancy [25] or infant vitamin
D levels in cord blood [26,13] are inversely associated with
the risk of respiratory tract infections in infancy. The main
difference between our current study and these previous
studies [25, 26, 13] is the timing of the vitamin D measure-
ment: our study measured vitamin D at the time of bron-
chiolitis (which was mandated to occur during the first
year of life), whereas most previous studies [26, 13] mea-
sured vitamin D in cord blood, which is a reflection of ma-
ternal vitamin D status during late pregnancy and
subsequently the in utero vitamin D status of the fetus.

Table 2. Clinical Indicators of Bronchiolitis Severity Based on Baseline Serum Vitamin D Level

Clinical Indicators Based on 25-OH-VitD
Level Cutoff of 20 ng/mL† Participants
With Baseline Vitamin D Levels

Clinical Indicators Based on 25-OH-VitD
Level Cutoff of 30 ng/mL‡Participants
With Baseline Vitamin D Levels

< 20 ng/mL
(n = 14)

� 20 ng/mL
(n = 131) P Value

< 30 ng/mL
(n = 37)

� 30 ng/mL
(n = 108) P Value

Duration of hospitalization (hours) 64.5 (13.9) 73.8 (4.3) .53 73.3 (8.5) 72.8 (4.8) .96
Lowest oxygen saturation recorded on room air (%) 91.7 (1.5) 90.5 (0.5) 0.45 90.9 (0.9) 90.5 (0.5) .72
BSS* 7.6 (0.6) 7.6 (0.2) 0.97 7.2 (0.4) 7.7 (0.2) .27

Abbreviations: BSS, Bronchiolitis Severity Score; SD, standard deviation; SE, standard error.
*BSS was measured on a 0–12 scale, 12 represents the most severe score.
†Adjusted for age at enrollment and for infant’s formula consumption. Reported with mean (SE): presented as SE and not SD because data are adjusted for age.
‡Adjusted for birth length and for infant’s formula consumption. Reported with mean (SE): presented as SE and not SD because data are adjusted for birth length.

Table 3. Associations Between Serum Vitamin D Level,
Analyzed as a Continuous Variable, and Bronchiolitis Severity

Regression
Coefficient*

95% Confidence
Interval

P
Value

Duration of Hospitalization
Unadjusted 0.003 −0.007 to 0.013 .57
Adjusted for age 0.005 −0.006 to 0.015 .38
Adjusted for birth length 0.005 −0.005 to 0.016 .34
Adjusted for any formula
consumption

0.007 −0.005 to 0.018 .26

Lowest O2 Saturation
Unadjusted −0.047 −0.13 to 0.032 .24
Adjusted for age −0.050 −0.13 to 0.029 .27
Adjusted for birth length −0.046 −0.120 to 0.330 .25
Adjusted for any formula
consumption

−0.064 −0.15 to 0.023 .14

Bronchiolitis Severity Score
Unadjusted 0.010 −0.022 to 0.041 .54
Adjusted for age 0.008 −0.024 to 0.039 .63
Adjusted for birth length 0.009 −0.023 to 0.041 .57
Adjusted for any formula
consumption

0.011 −0.024 to 0.046 .52

*Data were analyzed using a linear regression methodology.
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As suggested by animal models, vitamin D is important for
the development of the fetal lungs [27], and therefore it
might serve as a protective factor against the development
of viral LRTI. However, until recently, only limited data
were available on the association between serum vitamin
D levels and the severity of the acute bronchiolitis once it
has already occurred. Mansbach et al [14] studied 82 in-
fants presenting to the emergency department (ED) with
viral bronchiolitis (62 with confirmed RSV infection) and
found no association between serum vitamin D levels and
subsequent hospitalization for at least 24 hours. Our
study’s findings substantially extend the findings of
Mansbach et al [14], by providing greater confidence in
the absence of significant relationship between vitamin D
status and RSV bronchiolitis severity by virtue of its greater
sample size, bronchiolitis only due to RSV, and the use of a
continuous measure for duration of hospitalization.
Together, the results of these 2 studies suggest that, at
least among hospitalized children, vitamin D status is not
associated with bronchiolitis severity.

Our study has the advantage of including a homogenous
cohort consisting of otherwise healthy and not premature
infants who experience acute RSV bronchiolitis.
Moreover, our research question was investigated among
a subgroup of patients that have the most severe disease
because all of them required hospital-based care. These
children experience the greatest morbidity and have the
highest risk for subsequent asthma [15]. However, this
group of hospitalized patients has relatively limited vari-
ability in their disease severity because hospitalized chil-
dren are the children with the most severe disease, which
represent a minority of all cases of RSV bronchiolitis
[28].Therefore, we cannot exclude the possibility that vita-
min D status might be associated with bronchiolitis severity
among nonhospitalized patients. However, this result
seems unlikely because 2 previous studies that compared
vitamin D levels between young children that were hospi-
talized with viral LRTI and age-matched controls deter-
mined that vitamin D status was not a risk factor for
hospitalization due to viral LRTI [29, 30].

One potential explanation for the absence of an associ-
ation between vitamin D status and RSV bronchiolitis
severity in our study is the relatively low prevalence of non-
sufficient vitamin D levels, because 37 infants (26%) were
insufficient (vitamin D below 30 ng/mL) and 14 infants
(10%) were vitamin D-deficient (vitamin D below 20 ng/
mL). Belderbos et al [13] reported an association between
vitamin D deficiency at birth and the risk for RSV LRTIs
during the first year of life, among European infants,
with an estimated prevalence of vitamin D deficiency at
27%. However, vitamin D levels in his cohort were

measured in cord blood, and they were a reflection of ma-
ternal vitamin D status. Overall, the prevalence of vitamin
D deficiency seems to be age-related, because vitamin D
deficiency in the United States is less common among pre-
school aged children compared with adolescents and
young adults [31]. The prevalence of vitamin D deficiency
in our study (10%) is consistent with the prevalence of this
condition in infants and toddlers in the United States, as
demonstrated by a recent study among 380 US children
aged 8–24 months that estimated the prevalence of
vitamin D deficiency as 12% [32]. This result suggests
that vitamin D deficiency alone is not a significant risk
factor for the development of severe RSV bronchiolitis.

In addition, a study [14] among US infants presenting to
the ED with viral bronchiolitis reported a median (Q1, Q3)
vitamin D level of 34 ng/mL (28, 40), which is very compa-
rable to the median vitamin D level (36.8 [29.8, 42.3] ng/
mL) documented in our study. The relatively lower preva-
lence of vitamin D deficiency among infants and toddlers in
the United States might be related to routine vitamin D sup-
plementation among this age group as recommended by
the American Academy of Pediatrics [33], maternal sourc-
es, and to the presence of vitamin D supplements in many
foods. We acknowledge that the relatively low prevalence
of vitamin D deficiency among our cohort is a potential
limitation, because we cannot entirely exclude the unlikely
possibility that different results might be noted in a popu-
lation where the prevalence of vitamin D deficiency is
higher.

In summary, our results indicate that, among infants
who required hospital-based care for acute RSV bronchio-
litis, vitamin D status was not associated with the severity
of bronchiolitis. These results need to be confirmed in
additional larger cohorts with greater variability of bron-
chiolitis severity (including hospitalized and nonhospital-
ized infants). In addition, further studies are needed to
determine whether vitamin D status, and its potential asso-
ciation with RSV bronchiolitis, is a risk factor for subse-
quent respiratory outcomes such as recurrent wheezing
and asthma.
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