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Background. Vitamin D may be important for immune function. Studies to date have shown an inconsistent
association between vitamin D and infection with respiratory viruses. The purpose of this study was to determine if
serum 25-hydroxyvitamin D (25(OH)D) was associated with laboratory-confirmed viral respiratory tract infections
(RTIs) in children.

Methods. Serum 25(OH)D levels were measured at baseline and children from Canadian Hutterite communi-
ties were followed prospectively during the respiratory virus season. Nasopharyngeal specimens were obtained if
symptoms developed and infections were confirmed using polymerase chain reaction. The association between
serum 25(OH)D and time to laboratory-confirmed viral RTI was evaluated using a Cox proportional hazards
model.

Results. Seven hundred forty-three children aged 3–15 years were followed between 22 December 2008 and 23
June 2009. The median serum 25(OH)D level was 62.0 nmol/L (interquartile range, 51.0–74.0). A total of 229 par-
ticipants (31%) developed at least 1 laboratory-confirmed viral RTI. Younger age and lower serum 25(OH)D levels
were associated with increased risk of viral RTI. Serum 25(OH)D levels <75 nmol/L increased the risk of viral RTI
by 50% (hazard ratio [HR], 1.51; 95% confidence interval [CI], 1.10–2.07, P = .011) and levels <50 nmol/L increased
the risk by 70% (HR, 1.67; 95% CI, 1.16–2.40, P = .006).

Conclusions. Lower serum 25(OH)D levels were associated with increased risk of laboratory-confirmed viral
RTI in children from Canadian Hutterite communities. Interventional studies evaluating the role of vitamin D sup-
plementation to reduce the burden of viral RTIs are warranted.
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Viral upper respiratory tract infections (RTIs) are very
common worldwide. Despite their perceived benign
nature, the burden of disease is significant in terms of

morbidity and economic loss [1]. Viral respiratory in-
fections may also be associated with mortality in
certain patient populations [2, 3]. Unfortunately, treat-
ment remains unsatisfactory and is often focused on
symptom relief. As a result, prevention remains a key
strategy in reducing the burden of these infections.

There has been increasing interest in the role of
vitamin D in respiratory infections. Vitamin D has been
shown to have important roles for both innate [4–6] and
adaptive immune responses [7–9]. In particular, vitamin
D has been linked to innate immune responses in lung
epithelial cells [10, 11]. In addition, antimicrobial peptides
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induced by vitamin D may have antiviral effects with activity
shown against herpes simplex virus type 1 [12], adenovirus [13],
human immunodeficiency virus (HIV) [14], and vaccinia vi-
rus [15].

Several observational studies have evaluated the role of serum
25-hydroxyvitamin D (25(OH)D) concentration in respiratory
tract infections [16–25]. However, all these studies have impor-
tant limitations including short follow-up period [16], small
sample size [16–20, 24, 25], case-control design [18–20], or cross-
sectional design with retrospective ascertainment of symptoms
[21, 22] and failure to obtain laboratory confirmation of self-re-
ported illness [16, 21–23]. The studies in adults have shown an
association between lower vitamin D levels and increased respi-
ratory infections (self-reported) [21, 22, 24] and absence from
work due to respiratory symptoms [23]. However, pediatric
studies have focused predominantly on lower RTIs (chest radiog-
raphy–confirmed pneumonia or bronchiolitis) [17–20, 25]. The
relationship between serum 25(OH)D concentration and upper
RTIs in children has not been evaluated.

The purpose of this study was to determine if serum 25(OH)
D levels are associated with subsequent risk of laboratory-
confirmed viral upper RTIs in children and adolescents.

METHODS

Population and Study Design
We conducted a prospective cohort study of children and ado-
lescents participating in a cluster randomized controlled trial
evaluating the effect of influenza vaccination of children on
viral infection rates in Hutterite communities, the results of
which have been published elsewhere [26]. Hutterite communi-
ties (colonies) are rural, self-governing, and self-sufficient com-
munal-living groups of Anabaptists. In the RCT, children with
no underlying chronic medical conditions between 3 and 15
years of age (n = 947) from 46 colonies were randomly assigned
by colony to receive either inactivated seasonal influenza
vaccine (A/Brisbane/59/2007[H1N1]-like virus, A/Brisbane/
10/2007[H3N2]-like virus, B/Florida/4/2006-like virus; Vaxi-
grip) or hepatitis A vaccine (Avaxim-Pediatric, Sanofi Pasteur).
Children with underlying conditions (n = 65) and other chil-
dren (n = 174) were followed but not randomized. All partici-
pants were followed regularly with twice-weekly assessments by
research nurses over the influenza season, defined by the start
date (1 laboratory-confirmed influenza case for 2 consecutive
weeks) and stop date (no laboratory-confirmed influenza cases
for 2 consecutive weeks). This period was from 28 December
2008 to 23 June 2009.

Covariables of interest were age, sex, presence of asthma,
presence of other underlying conditions, influenza vaccination,
and 25(OH)D level (nmol/L). Serum 25(OH)D levels were col-
lected on children at baseline unless bloodwork was refused.

Serum from venous blood was frozen at −80°C until batched
analysis was performed according to the manufacturer’s in-
structions using the DiaSorin LIAISON chemiluminescence
assay. Serum 25(OH)D levels were taken between 16 October
2008 and 28 April 2009 with most taken between 16 October
2008 and 31 December 2008 (n = 724, 97%).

Outcome
The primary outcome was laboratory-confirmed viral infection
defined by a positive nasopharyngeal swab polymerase chain
reaction (PCR) result. Copan flocked nasopharyngeal swabs
(Copan Italia, Brescia, Italy) were collected in universal trans-
port medium (Copan Italia) if 2 or more of the following symp-
toms were present: fever (≥38°C), cough, nasal congestion, sore
throat, headache, sinus problems, muscle aches, fatigue, ear
ache or infection, or chills. Specimens were first tested for influ-
enza A (including pH1N1) and B using the Centers for Disease
Control and Prevention Human Influenza Virus Real-time
Reverse Transcription PCR Detection and Characterization
Panel [27]. Negative specimens were then tested for influenza
(A, B), coronavirus (229E, NL63, OC43), enterovirus (includ-
ing rhinovirus), parainfluenza (1–4), respiratory syncytial virus
(RSV) (A, B), and human metapneumovirus by xTAG Respira-
tory Virus Panel multiplex PCR (Luminex, Austin, Texas).

Statistical Analysis
Survival analysis was used to assess the relationship between
time to laboratory-confirmed viral respiratory infection and
serum 25(OH)D level. Univariable analyses were conducted to
obtain unadjusted hazard ratios (HRs), and significance was de-
termined using the log-rank test. Vitamin D levels were ana-
lyzed as both a continuous variable (log-transformed to correct
positive skew) and dichotomized based on both the American
Academy of Pediatrics (AAP [≥50 nmol/L]) [28] and Canadian
Paediatric Society (CPS [≥75 nmol/L]) [29] recommendations.
Age was also analyzed both as a continuous variable and cate-
gorized into 3 groups (<5 years, 5–9 years, 10–15 years). A Cox
proportional hazards model was used to estimate adjusted
hazard ratios (aHRs), and the model was adjusted for clustering
at the colony level. Variables with a P value < .1 were consid-
ered for inclusion in the multivariable model, and the final
model was determined using a stepwise backwards elimination
method. It was decided a priori to adjust the final model for age
and sex. The proportional hazards assumption was evaluated
using Shoënfeld residual test, graphically using Shoënfeld resid-
uals and log-log curves and examination of variables for time
dependence. Overall model fit was assessed using Cox-Snell re-
siduals and deviance residual plots.

A recurrent events analysis was conducted to examine the
relationship between 25(OH)D and rate of occurrence of respi-
ratory tract infection adjusted for the biologically plausible
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covariables specified above. A counting process model was used
to treat recurrent events as identical. The model was adjusted
for clustering at the colony level.

All estimates are presented with 95% confidence intervals
(CIs). P values <.05 was considered statistically significant. All
analyses were conducted using Stata Statistical Software release
12 (StataCorp, College Station, Texas).

RESULTS

Baseline characteristics are summarized in Table 1. Of 1186
children (aged ≤15 years) in the RCT, 947 were randomized to
influenza or hepatitis A vaccine, and 743 (63%) children from
43 colonies had serum 25(OH)D levels and were included in
the study. There were no appreciable differences between par-
ticipants with serum 25(OH)D levels and those without. The
mean age was 9.3 years (SD, 4.3 years); 47.5% were male. The
median serum 25(OH)D level was 62.0 nmol/L (interquartile
range, 51.0–74.0); 565 (76%) participants had levels <75 nmol/
L, 152 (20.5%) had levels <50 nmol/L, and 4 (0.5%) had levels
<25 nmol/L. The colony latitudes ranged from 49.2°N to 54.8°
N (median, 50.0°N).

Participants were followed between 22 December 2008 and
23 June 2009 for a median of 156 days (range, 17–176 days).
Ten participants (1%) withdrew from the study in the first
month. A total of 229 (31%) participants developed at least 1
laboratory-confirmed respiratory tract infection. The most
common infection was influenza (n = 101, 14%), followed by
enterovirus/rhinovirus (n = 81, 11%), RSV (n = 35, 5%), parain-
fluenza (n = 33, 4%), coronavirus (n = 26, 3%), and human
metapneumovirus/metapneumovirus (n = 7, 1%). Coinfection
occurred in 6 participants. Repeated infections occurred in 46
participants; 44 participants (6%) had 2 infections and 2 partic-
ipants (0.5%) had 3 infections.

In univariable analyses, age and serum 25(OH)D level were
associated with RTI (Table 2). In multivariable analysis ac-
counting for clustering at the colony level, serum 25(OH)D
level was independently associated with viral RTI (Table 2). For
every 1-unit increase in log serum 25(OH)D level (correspond-
ing to a 2.72-fold increase in serum 25(OH)D level), the hazard
of developing a respiratory tract infection decreased by 50%
(aHR, 0.52; 95% CI, .35–.79, P = .002). When levels were di-
chotomized based on AAP and CPS recommendations, levels
<50 nmol/L (aHR, 1.67; 95% CI, 1.16–2.40, P = .006) and <75
nmol/L (aHR, 1.51; 95% CI, 1.10–2.07, P = .011), were both as-
sociated with increased risk of infection (Figures 1 and 2).

Age was also independently associated with viral RTI in the
multivariable analysis. Children aged <5 years were at highest
risk of RTI compared to those aged 5–9 years (aHR, 1.92; 95%
CI, 1.26–2.88, P = .002) and 10–15 years (aHR, 2.40; 95% CI,

1.48–3.87, P < .001). There were no interactions found between
serum 25(OH)D level and either age and sex.

When multiple viral RTI events were taken into account, age
and log serum 25(OH)D levels were associated with increased
rate of occurrence of respiratory tract infection (Table 3).
Serum 25(OH)D level was an important predictor both as a
continuous variable (aHR, 0.57; 95% CI, .39–.83, P = .003) and
when dichotomized based on levels <50 nmol/L (aHR, 1.49;
95% CI, 1.11–2.02, P = .008) and <75 nmol/L (aHR, 1.50; 95%
CI, 1.11–2.03, P = .009). Younger age conferred an increased
risk of viral RTI with a hazard ratio of 1.45 for every 5-year de-
crease in age (aHR, 1.45; 95% CI, 1.09–1.94, P = .011).

DISCUSSION

We found a statistically significant association between serum
25(OH)D and laboratory-confirmed viral RTIs in children
from Hutterite communities in Canada. Lower serum 25(OH)D
levels were associated with increased risk of RTI after adjusting
for age and sex. Younger age was also associated with increased
risk.

This study provides novel information on the effects of
vitamin D status on laboratory-confirmed viral upper RTIs in
children and adolescents. Previous studies have shown that
children with rickets are at increased risk of lower respiratory
tract disease or pneumonia [30–32]. More recently, several

Table 1. Baseline Characteristics of Children With and Without
Serum 25-Hydroxyvitamin D Levels and Colony Characteristics

Characteristic
Vitamin D Levels
Availablea (n = 743)

Age, mean (SD) 9.3 (3.4)
Male sex 353 (47.5)

Comorbidities

≥1 comorbidityb 18 (2.4)
Asthma 11 (1.5)

Serum 25(OH)D level, nmol/L,
median (IQR)

62.0 (51.0–74.0)

No. with serum 25(OH)D levels:

<25 nmol/L 4 (0.5)

<50 nmol/L 152 (20.5)
<75 nmol/L 565 (76)

Cluster size, mean (SD)

All residents per colony 71.1 (25.2)
Enrolled children in study 17.4 (8.0)

Abbreviations: 25(OH)D, 25-hydroxyvitamin D; IQR, interquartile range; SD,
standard deviation.
a Categorical variables presented as No. (%).
b Comorbidity: heart/lung disease (including asthma), blood disorder,
swallowing/choking disorder, aspirin use, chronic metabolic condition, kidney/
liver disease, immunodeficiency.
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observational studies have shown an association between low
serum 25(OH)D levels and risk of lower respiratory tract infec-
tion in children in India [17], Bangladesh [20], and Turkey [18].
Our study extends these results, suggesting that vitamin D
status may also be important for susceptibility to viral upper
RTIs in children and adolescents, a finding consistent with the
adult literature [21–24]. If confirmed with intervention trials,
our findings may have important public health implications

given the frequency of viral upper RTIs and their associated
morbidity and the prevalence of low vitamin D levels.

We found that serum 25(OH)D level was an important pre-
dictor of RTI both as a continuous variable (per 1-unit change
in log 25(OH)D), and also when dichotomized into levels <50
nmol/L (AAP recommendations) and levels <75 nmol/L (CPS
recommendations). Therefore, although maintaining levels
>50 nmol/L is important to prevent rickets, [33] higher levels

Table 2. Predictors of Laboratory-Confirmed Viral Respiratory Tract Infection (Univariable and Multivariable Analyses)

Univariable Analyses Multivariable Analyses

Variable HR (95% CI) P Value HR (95% CI) P Value

Agea

Per 1-y increase 0.93 (.88–.99) .017 0.92 (.87–.97) .005

Age groups

<5 y 2.08 (1.31–3.30) .002
5–9 y 1.14 (.77–1.68) .502

10–15 y Reference

Male sex 0.73 (.53–1.03) .070 0.74 (.52–1.04) .082
≥1 comorbidity 1.07 (.51–2.25) .867

Asthma 0.81 (.31–2.09) .660

Vaccination
Influenza (vs hepatitis A) 0.74 (.37–1.49) .401

Serum 25(OH)D level, nmol/La

Per 1-unit change in log 0.61 (.40–.92) .019 0.52 (.35–.79) .002
levels (dichotomized)

<25 nmol/L vs ≥25 nmol/L 0.72 (.13–3.94) .700

<50 nmol/L vs ≥50 nmol/L 1.54 (1.07–2.21) .021
<75 nmol/L vs ≥75 nmol/L 1.35 (1.01–1.82) .043

Abbreviations: 25(OH)D, 25-hydroxyvitamin D; CI, confidence interval; HR, hazard ratio.
a Analyzed as either continuous variable and dichotomized.

Figure 2. Time to laboratory-confirmed viral infection by serum 25-
hydroxyvitamin D level (<75 nmol/L vs ≥75 nmol/L), adjusted for age and
sex. Abbreviation: 25(OH)D, 25-hydroxyvitamin D.

Figure 1. Time to laboratory-confirmed viral infection by serum 25-
hydroxyvitamin D level (<50 nmol/L vs ≥50 nmol/L), adjusted for age and
sex. Abbreviation: 25(OH)D, 25-hydroxyvitamin D.
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may be needed for prevention of viral RTI. This was suggested
in a recent study involving healthy adults, where a serum
25(OH)D concentration of >38 ng/mL (approximately 95
nmol/L) was associated with a reduced incidence of acute viral
respiratory tract infection [24]. Further studies in children are
needed to determine the optimal level required for immune
function.

Other Canadian studies have failed to show an association
between vitamin D status and risk for hospitalization for acute
lower respiratory infection in children <5 years of age [19, 25].
Although differences in vitamin D levels were not found in
these studies, a higher proportion of participants with acute
lower respiratory infection were found to have vitamin D recep-
tor polymorphisms associated with reduced receptor expression
in one study [34]. We did find an association between serum
25(OH)D level and upper RTI in children <5 years of age,
which may be related to differences in population (urban vs
rural, genetic differences such as vitamin D receptor polymor-
phisms), study design, serum 25(OH)D measurements, or
outcome (upper vs lower RTI).

The role of serum 25(OH)D level and individual respiratory
viruses has not been studied. It has been postulated that lower vi-
tamin D levels may explain the seasonal variation in influenza [35].
In the case of RSV infection, studies have shown that in RSV-
infected human airway epithelial cells, vitamin D induces Ikβα,
an NF-kβ inhibitor, in airway epithelium and decreases RSV in-
duction of inflammatory genes [11]. Although we were unable
to look at serum 25(OH)D level and the risk of individual respi-
ratory viruses, this area warrants further research as serum 25
(OH)D level may impact viruses differently.

Our study has several limitations. First, we obtained only 1
vitamin D measurement for each participant and therefore do
not have the exact level around the time of RTI. However,
serum 25(OH)D measurements were taken around the same

time in October and November and reflect the vitamin D status
at the start of the respiratory infection season prior to the devel-
opment of viral RTI. We believe this estimate is more appropri-
ate than estimates taken at the time of illness because the
impact of acute viral illness on serum 25(OH)D levels has not
been studied. These levels were also taken at a time just after
levels tend to peak in the Northern Hemisphere [36]. There-
fore, it is unlikely that vitamin D levels would have rebounded
by early spring and had an appreciable impact on infections
that occurred later in the follow-up period. In addition, 10 par-
ticipants had serum for 25(OH)D levels obtained after the
follow-up period had started. Sensitivity analysis removing
these estimates also did not affect the results. A third limitation
was that data were not collected on sources of vitamin D intake
for each individual participant. However, there are no data
demonstrating that vitamin D supplementation or the use of
fortified foods is part of routine practice in Hutterite communi-
ties, and therefore we do not feel that this would affect our anal-
ysis. Finally, this study was conducted in Hutterite children and
adolescents and may not be generalizable to other populations.
Studies evaluating other pediatric populations are warranted.

CONCLUSIONS

We found that children and adolescents with lower vitamin D
levels were at increased risk for laboratory-confirmed viral
upper RTI. Current recommendations regarding target serum
25(OH)D levels may be too low to prevent viral upper RTI.
This study provides evidence in support of future intervention-
al trials examining the efficacy of vitamin D supplementation
on viral RTIs in children and adolescents.
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