
 

 

Since January 2020 Elsevier has created a COVID-19 resource centre with 

free information in English and Mandarin on the novel coronavirus COVID-

19. The COVID-19 resource centre is hosted on Elsevier Connect, the 

company's public news and information website. 

 

Elsevier hereby grants permission to make all its COVID-19-related 

research that is available on the COVID-19 resource centre - including this 

research content - immediately available in PubMed Central and other 

publicly funded repositories, such as the WHO COVID database with rights 

for unrestricted research re-use and analyses in any form or by any means 

with acknowledgement of the original source. These permissions are 

granted for free by Elsevier for as long as the COVID-19 resource centre 

remains active. 

 



J ALLERGY CLIN IMMUNOL

NOVEMBER 2010

1074 LETTERS TO THE EDITOR
5. Finding 1 SCID infant among 78 referred for flow cytom-
etry (many of whom had alternative diagnoses or idio-
pathic T-cell lymphopenia) is acceptable with regard to
resource use and stress to families.
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Low serum 25-hydroxyvitamin D levels are
associated with increased risk of viral coinfec-
tions in wheezing children

To the Editor:
Epidemiologic studies have shown that low serum 25-hydrox-

yvitaminD (25[OH]D) levels are associated with increased risk of
lower respiratory tract infections in young children.1,2 Moreover,
both low maternal intake of vitamin D during pregnancy and low
umbilical cord blood 25(OH)D levels have been associated with
increased risk of childhood wheezing.2,3 These associations
are supported by intervention trials demonstrating decreased res-
piratory tract infections in children receiving vitamin D supple-
mentation.4,5 To date, only 1 virus-specific study is available, a
randomized placebo-controlled trial demonstrating that a group
of school-aged children receiving a 1,200 IU vitamin D3 supple-
ment had fewer influenza A viral infections.5 In Finland national
recommendations are that all young children receive vitamin
D supplementation because of Finland’s northern latitude,
but parental compliance is generally low.6 We hypothesized that
25(OH)D levels would be inversely associated with the risk of
rhinovirus (the main viral trigger of wheezing), more than 1 con-
current viral infection (ie, viral coinfections), or both.7

In the VINKU study cohort of 284 hospitalized wheezing chil-
dren, nasopharyngeal aspirate samples were collected and blood
was drawn during the acute illness (see Fig E1 in this article’s On-
line Repository at www.jacionline.org).7 In this 2-year study
(September 2000 to May 2002, excluding June and July 2001),
75% of the children were recruited during September to February.
We tested the nasopharyngeal aspirate samples for 18 different vi-
ruses using all available conventional and molecular methods.
Specifically, we performed PCR, culture, antigen detection, and
serology, if available, for rhinovirus; respiratory syncytial virus
(RSV); enteroviruses; coronaviruses 229E, OC43, NL63, and
HKU1; metapneumovirus, human bocavirus; influenza A and B
viruses; adenovirus; parainfluenza virus types 1 to 4; and WU
and KI polyomaviruses.
Serum 25(OH)D measurements were done by means of liquid

chromatography–tandem mass spectrometry at Massachusetts
General Hospital. Specific IgE levels for common allergens were
measured from serum by using a fluoroenzyme immunoassay
(cutoff for specific allergens 0.35 kU/L; CAP FEIA, Phadiatop
Combi; Phadia, Uppsala, Sweden). These data allowed us to
perform a cross-sectional analysis of the association between
serum 25(OH)D levels and the viral cause of acute wheezing
necessitating hospitalization. The methods are described in more
detail in theMethods section of this article’s Online Repository at
www.jacionline.org.
Statistical analyses included descriptive statistics, multivari-

able logistic regression models, and unadjusted Lowess plots to
visually present nonlinear associations, if present, between 25
(OH)D level and outcomes (Stata 10.0 software; StataCorp,
College Station, Tex).
The median age of the children was 1.6 years (interquartile

range, 1.0–2.8 years), and 189 (67%) were boys (see Table E1 in
this article’s Online Repository at www.jacionline.org). The
mean 25(OH)D concentration was 68 nmol/L. Eighty-eight
(31%) children had a serum 25(OH)D level of less than 50
nmol/L, and 16 (6%) had a level of less than 25 nmol/L. A viral
infection was identified in 271 (95%) children, most commonly
rhinovirus (40%), RSV (27%), enterovirus (26%), and bocavirus
(19%).More than 1 virus was found in 112 (39%) children. Of the
viral coinfections, 51% involved rhinovirus, 35% involved RSV,
33% involved enteroviruses, and 35% involved bocavirus. More
than one third of the children (102/277 [37%]) had a specific
allergic sensitization.
In both unadjusted and adjusted analyses (with the latter

adjusting for age, sex, sensitization status, and fall-winter hospi-
talization), we found that the child’s serum 25(OH)D level was in-
versely associated with RSV (odds ratio [OR] per 10 nmol/L
increase, 0.91; 95% CI, 0.83-0.99), rhinovirus (OR, 0.92; 95%
CI, 0.85-0.99), and multiple viral cause (OR, 0.91; 95% CI,
0.84-0.99; see Table E2 in this article’s Online Repository at
www.jacionline.org). By contrast, no association was found
with other viral infections. In these same multivariable models
we found a positive association between atopy status and rhinovi-
rus (OR, 2.71; 95%CI, 1.54-4.75), a negative association between
atopy status and RSV (OR, 0.43; 95% CI, 0.19-0.93), and no sig-
nificant association between atopy status and viral coinfection
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FIG 1. Unadjusted association of serum 25(OH)D levels with the probability of viral coinfection in

hospitalized wheezing children. The graph was smoothed by carrying out weighted regression of outcomes

on vitamin D (Lowess plot). Viral coinfection was a dichotomous outcome. Dots represent subjects.
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(OR, 0.82; 95% CI, 0.47-1.45) or other viral infections. Further
control for parental smoking, number of siblings, and day care at-
tendance did not materially change these results. Fig 1 shows the
unadjusted association between serum 25(OH)D levels and the
risk of viral coinfections.
Thus our study has 2mainfindings. First, we provide the first link

between a low serum 25(OH)D level and risk of viral coinfection,
specifically the risk of RSV, rhinovirus, or both infections, which
were involved in most of the coinfections. Interestingly, the
association was demonstrated in the most severe spectrum of viral
illness in children with acute wheezing necessitating hospitaliza-
tion. Moreover, RSV is the dominant cause of bronchiolitis,
whereas rhinovirus is the main trigger of wheezing in slightly older
children and an important risk factor for asthma.8 Our results are
consistent withmultiple epidemiologic studies examining the asso-
ciation between vitamin D intake/level and risk of respiratory tract
illness and one randomized controlled trial examining influenza.1-5

Together these findings suggest that vitamin D might play a role in
antiviral defense and might be particularly important in children at
increased risk ofmoderate-to-severe viral infections, such as young
infants exposed to RSV and high asthma risk children exposed to
rhinovirus. The potential beneficial effects of vitamin D in the de-
fense against respiratory tract infections might involve changes in
both the innate and adaptive immune systems.9

Second, one third of the children had low serum 25(OH)D
levels. During the study period, the Finnish national recommen-
dation (by the Ministry of Social Affairs and Health) for vitamin
D supplementation for children less than 12 months of age was
10 mg (1000 IU) per day for 1 year. For children aged 1 to
15 years, the recommendation was 5 to 10 mg/d during the winter
months depending on the use of other vitamin D–containing
products. Unfortunately, most 2- to 3-year-olds in Finland do not
take vitamin supplements,7 a finding that helps explain the chil-
dren’s low vitamin D status.
The study has several strengths. Serum 25(OH)D concentra-

tions were measured during the child’s acute wheezing illness.
Comprehensive viral diagnostics were used (ie, all available
conventional and molecular methods were applied). Statistical
analyses were carefully adjusted for important covariates. Never-
theless, causality cannot be assessed by this cross-sectional
analysis.
In summary, our study provides additional evidence supporting

a role of vitamin D in antiviral defense and suggests that it might
be particularly important in wheezing children. The inverse
associations between 25(OH)D levels and specific types of viral
infection raise the question of whether vitamin D could moderate
the frequency or severity of acute respiratory tract infections.
Randomized controlled trials of vitamin D supplementation are
warranted to determine whether our findings are truly causal and
reversible. One third of the study children had low 25(OH)D
levels. Intensified counseling of the parents is clearly needed to
prevent these low levels and their likely untoward effects on
general health.
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METHODS
Subjects

The current analysis is a substudy of the VINKU project, which took place

in the Department of Pediatrics of Turku University Hospital (September

2000-May 2001, excluding Christmas week, and August 2001-May 2002). Its

original aim was to study the efficacy of oral prednisolone in hospitalized

wheezing children in relation to viral cause; that is, half of the patients were

randomized to receive oral prednisolone for 3 days, and the other half were

randomized to receive placebo in a double-blind design.E1-E4 The present anal-

ysis included all 284 children of the VINKU study who had serum samples

available for 25(OH)D analyses at study entry (Fig E1). Predefined inclusion

criteria were age of 3 months or greater and less than 16 years and hospitali-

zation for acute wheezing. Predefined exclusion criteria were chronic disease

(other than asthma or allergy), systemic glucocorticoid treatment within 4

weeks before the study, severe wheezing necessitating intensive care unit

treatment, and previous participation in this study. The initial decisions of hos-

pitalizations were done by on-duty physicians not participating in the study.

The presence of wheezingwas confirmed by the study physician at enrollment.

The study protocol was approved by the Ethics Committee of Turku Univer-

sity Hospital, and informed consent was obtained from the guardian before

commencing the study.

Sample collection and analysis
Bloodwas drawn at the acute and convalescence phases (2weeks later), and

serawere stored in small aliquots at2708Cbefore processing. On admission, a

nasopharyngeal aspirate sample was also obtained by using a standardized

procedure, as described elsewhere.E1

Serum aliquots for each enrolled subject were shipped on dry ice to

Massachusetts General Hospital for serum 25(OH)D measurement by means

of liquid chromatography–tandem mass spectrometry, which is replacing

DiaSorin radioimmunoassay as the criterion standard.E5 The method used was

an isotope dilution, liquid chromatography–tandem mass spectrometry assay

optimized based on published procedures.E6 The limit of detection is 5 nmol/L

for vitamin D2 and 7.5 nmol/L for vitamin D3. The between-run coefficient of

variation for a quality control serum containing a total vitamin D concentra-

tion of 57 nmol/L is 7.5%.

Viral antigen detection and viral culture were carried out immediately, and

the samples obtained for PCR assays were stored in small aliquots at 2708C
before processing. The diagnostic evaluation of nasopharyngeal aspirate

specimens included the following: single PCR testing for 18 viruses (enter-

oviruses; rhinoviruses; RSV; coronaviruses 229E, OC43, NL63, and HKU1;

metapneumovirus; human bocavirus; influenza A and B viruses; adenovirus;

parainfluenza virus [PIV] types 1-4; and WU and KI polyomaviruses), viral

culture for 10 viruses (adenovirus, influenza A and B viruses, PIV types 1-3,

RSV, enteroviruses, rhinovirus, and metapneumovirus), antigen detection for

7 viruses (adenovirus, influenza A and B viruses, PIV types 1-3, and RSV),

IgG serologic testing of acute and convalescent phase serum samples for 7

viruses (adenovirus, enteroviruses, influenza A and B viruses, PIV type 1/type

3, and RSV), and IgM serology for enteroviruses.E1,E7-E10 Two hundred forty-

seven (87%) of 284 study subjects had samples available for complete viral

testing. Thirteen percent missed bocavirus and polyomavirus testing. All

rhino-enterovirus PCR-positive samples could not be typed by means of hy-

bridization. Twelve such samples, which were available for sequence analysis,

showed rhinoviruses. On the basis of this finding, all 35 nontypable rhino-

enteroviruses were classified as rhinoviruses.

Specific IgE levels for common allergens were measured from serum with a

fluoroenzyme immunoassay (cutoff for specific allergens, 0.35kU/L;CAPFEIA,

Phadiatop Combi; Phadia, Uppsala, Sweden). The tested allergens included

codfish, cow’s milk, egg, peanut, soybean, wheat, cat, dog, horse, birch, mug-

wort, timothy, Cladosporium herbarum, and Dermatophagoides pteronyssinus.
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FIG E1. Study flow chart.
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TABLE E1. Patients’ characteristics

Characteristic n 5 284

Age (y), median (interquartile range) 1.6 (1.0-2.8)

25(OH)D (nmol/L), mean (SD) 68 (35)

<25 nmol/L 16 (6%)

25-49 nmol/L 72 (25%)

50-74 nmol/L 92 (32%)

75-99 nmol/L 62 (22%)
>_100 nmol/L 42 (15%)

Viral infection

Any virus 271 (95%)

Rhinovirus 115 (40%)

RSV 77 (27%)

Enterovirus 70 (26%)

Bocavirus 51 (19%)

Other virus 65 (23%)

Multiple viruses 112 (39%)

Male sex 189 (67%)

Parental smoking 119 (43%)

No. of siblings at home, median (interquartile range) 2 (1-3)

Day care attendance 122 (45%)

Sensitized* 102 (37%)

First episode of wheezing 153 (56%)

History of asthma 42 (15%)

Inhaled corticosteroid at study entry 28 (10%)

Season of hospitalization

Spring (March-May) 64 (23%)

Summer (June-August) 8 (3%)

Fall (September-November) 123 (43%)

Winter (December-February) 89 (31%)

*Specific IgE level for any of the common allergens greater than 0.35 kU/L.
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TABLE E2. Association between serum 25(OH)D level

(per 10 nmol/L increase) and viral cause of wheezing

OR (95% CI)

Outcome Univariable Multivariable*

Rhinovirus 0.92 (0.86-0.99) 0.92 (0.85-0.99)

RSV 0.98 (0.91-1.06) 0.91 (0.83-0.99)

Enterovirus 1.04 (0.96-1.12) 1.05 (0.97-1.14)

Bocavirus 0.97 (0.89-1.06) 0.97 (0.88-1.07)

Multiple viruses 0.93 (0.87-1.00) 0.91 (0.84-0.99)

*Adjusted for age, sex, atopy, and fall/winter hospitalization.
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