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Abstract
Background: We undertook a 2X2 factorial, randomized controlled trial (RCT) to assess whether vitamin D3
supplementation (10,000 international units per week) versus placebo and gargling versus no gargling could
prevent viral, clinical upper respiratory tract infection (URTI) in university students.
Methods: We randomized 600 students into 4 treatment arms: 1) vitamin D3 and gargling, 2) placebo and gargling,
3) vitamin D3 and no gargling, and 4) placebo and no gargling. Students completed weekly electronic surveys and
submitted self-collected mid-turbinate nasal flocked swabs during September and October in 2010 or 2011.
Symptomatic students also completed an electronic symptom diary. The primary and secondary outcomes were
the occurrence of symptomatic clinical URTI and laboratory confirmed URTI respectively.
Results: Of 600 participants, 471 (78.5%) completed all surveys while 43 (7.2%) completed none; 150 (25.0%)
reported clinical URTI. Seventy participants (23.3%) randomized to vitamin D3 reported clinical URTI compared to
80 (26.7%) randomized to placebo (RR:0.79, CI95:0.61-1.03, p = 0.09). Eighty-five participants (28.3%) randomized to
gargling reported clinical URTI compared to 65 participants (21.7%) randomized to the no gargling arm (RR:1.3,
CI95:0.92-1.57, p = 0.19). Laboratory testing identified 70 infections (46.7 per 100 URTIs). Vitamin D3 treatment was
associated with a significantly lower risk for laboratory confirmed URTI (RR: 0.54, CI95:0.34-0.84, p = 0.007) and with
a significantly lower mean viral load measured as log10 viral copies/mL (mean difference: −0.89, CI95: -1.7, −0.06,
p = 0.04). Fewer students assigned to gargling experienced laboratory confirmed URTI, however this was not
statistically significant (RR:0.82, CI95:0.53-1.26, p = 0.36).
Conclusions: These results suggest that vitamin D3 is a promising intervention for the prevention of URTI. Vitamin D3
significantly reduced the risk of laboratory confirmed URTI and may reduce the risk of clinical infections.
Trial registration: Clinical Trials Registration: NCT01158560.
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Background
Upper respiratory tract infection (URTI), which presents
clinically as the common cold, is the most common human
illness [1,2]. Multiple respiratory viruses are known to cause
episodes of URTI, however rhinovirus has consistently been
identified as the most common cause of the common
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cold [2,3]. While the majority of infections are mild and
self-limiting, URTI can exacerbate existing medical conditions and can cause severe illness which may result in
hospitalization or death [1,2,4].
Observational studies have consistently demonstrated
an association between low vitamin D levels and greater
frequency and severity of URTI in children and adults
[5-11]. Results from several trials of vitamin D3 supplementation report reduced risk of infection, but only
three studies have reported statistically significant findings [12-21]. The lack of consensus among these studies
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may reflect substantial heterogeneity across trials resulting from variation in participant populations, degree of
vitamin D deficiency, the dose and duration of vitamin
D supplementation, and definitions of URTI [12-21].
Additionally, several trials were limited by retrospective
data collection and post-hoc analyses of trials with nonrespiratory outcomes [12-14]. Consequently, there remains a need for rigorously-designed, large clinical trials
to investigate the effect of vitamin D3 on URTI in a
healthy population.
In Japan, daily gargling with water is recommended as a
preventive measure against URTI. Results from a Japanese
trial reported a 36% reduction in incident URTI amongst
participants randomized to gargle with water three times
daily compared to the control group [22].
The current study was designed to assess the effectiveness of vitamin D3 supplementation versus placebo, and
of gargling versus no-gargling, for the prevention of
URTI in university students.

Methods
Study design

We conducted a 2 × 2 factorial RCT of vitamin D3 versus
placebo and gargling versus no-gargling with students at
McMaster University, Hamilton, Ontario. Participants were
enrolled during the first two weeks of September 2010 or
2011 and were followed to the end of October 2010 or
2011, respectively. Individuals were eligible for the study if
they were enrolled at McMaster University, were ≥17 years,
and lived with at least one student housemate. Participants
with contra-indicated medical conditions (hypercalcemia,
parathyroid disorder, chronic kidney disease, use of anticonvulsants, malabsorption syndromes, sarcoidosis), who
were currently or planning to become pregnant, who were
taking ≥1000 international units (IU)/day vitamin D3, or
who were unable to swallow capsules were excluded. All
participants provided written consent. The study protocol
was approved by the Hamilton Health Sciences/Faculty of
Health Sciences Research Ethics Board and was registered
at clinicaltrials.gov (NCT01158560).
Participants completed a baseline questionnaire that
collected demographic, health and lifestyle information
and submitted a self-collected mid-turbinate flocked nasal
swab (Copan Italia, Brescia Italy) [23]. Participants were
then randomized to one of four allocation arms: 1) vitamin
D3 and gargling, 2) vitamin D3 and no gargling, 3) placebo
and gargling, or 4) placebo and no gargling. The study
sample was stratified based on housing (in residence versus off-campus) and block randomization occurred within
each stratum using a 1:1:1:1 allocation ratio. Only the
study pharmacist knew the randomization scheme. The
allocation was concealed using opaque, sealed, serially
numbered envelopes. To prevent any violations of the
allocation concealment, the envelopes could only be
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accessed by two study personnel who were not involved
in their preparation. The envelopes were only accessed
when both personnel were present, and the size of the
randomization blocks was not known. The study was
double-blind with respect to the vitamin D3/placebo
intervention. Due to the nature of the gargling intervention, participants randomized to the gargling were not
blinded. All other participants and study personnel
remained blinded.
Interventions

Participants were randomized to receive a container with
eight capsules of either 10,000 IU of active vitamin D3 or
identical placebo. All participants were instructed to take
one pill weekly and received a weekly email reminder. Individuals randomized to the gargling intervention were
asked to gargle with approximately 30 mL of tap water for
30 seconds twice daily. All participants received general
lifestyle and health advice about the benefits of appropriate sleep, nutrition, hand hygiene, and exercise at the time
of randomization. Intervention allocation occurred via
serially numbered pill containers and opaque envelopes,
containing gargling allocation, given directly to participants. The vitamin D was purchased from Euro-Pharm
International Canada Inc. and the placebo contained only
calcium carbonate. The pills were made aesthetically
identical through use of a gelatin capsule.
Assessments

Participants were asked to complete weekly online surveys
which screened for URTI symptoms and to submit one
self-collected nasal swab weekly. Participants with URTI
were asked to complete a symptom survey for seven consecutive days following symptom onset and a follow-up
survey 14 days after symptom onset. They were also asked
to collect seven consecutive daily nasal swabs starting from
symptom onset. Swabs were stored at room temperature
in CyMol™ transport medium (Copan Italia, Brescia Italy),
an alcohol-based medium which inactivates respiratory viruses on contact [24]. Only swabs submitted from symptomatic participants were tested for respiratory viruses. All
other swabs were stored for separate studies, including
investigations into asymptomatic illnesses.
Outcome measures

The primary outcome was the incidence of clinical URTI,
defined as the participant’s perception of a “cold” in conjunction with two or more symptoms (runny/stuffy nose,
congestion, cough, sneezing, sore throat, muscle aches, or
fever). Students were asked to immediately electronically
report the onset of a “cold” and the weekly survey asked
participants if they considered themselves to be sick. Adjudication by two clinicians was applied when participants
reported symptoms but were uncertain if they were ill.
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These reports were deemed adjudicated events if 1) at
least two symptoms were reported and included one of
nasal congestion, sneezing, cough, sore throat, and wheezing, and 2) no additional information was provided that attributed the symptoms to another cause. Self-reported and
adjudicated episodes of clinical URTI were considered
‘events’ if the onset occurred at least seven days after the
participant’s randomization date.
Secondary outcomes included laboratory confirmed illness, viral load, and symptom duration and severity. Laboratory confirmed illness was determined by testing the
Day 1 nasal swabs using an in-house enterovirus/rhinovirus polymerase chain reaction (PCR) and, if negative, a
commercial multiplex PCR able to detect 16 respiratory
viruses and viral subtypes (xTAG RVP FAST, Luminex,
Austin TX). No testing was performed to identify bacterial agents. Viral load was determined for rhinovirus infections using quantitative PCR [25]. Symptom severity
and duration were measured using the 21-item Wisconsin Upper Respiratory Symptom Survey [26]. Symptom
severity was calculated as the sum of seven consecutive
daily severity scores. Symptom duration was defined as
the total number of days from symptom onset until the
participant responded “I do not feel sick today”.
At enrolment, participants were asked about the frequency of hand washing before meals, average weekly
hours of exercise, average hours of sleep per night, current
vitamin supplement use and gargling habits, as well as
asthma and smoking status to provide information for
potential confounders, mediators, or moderators.
Statistical analysis

We aimed to recruit 600 unique participants to ensure
greater than 80% power to detect a 25% reduction (from
50% to 37.5%) in the proportion of students with URTI,
with 10% over-recruitment to adjust for attrition. This
study was powered to detect main effects and was
underpowered to definitively investigate interactions.
Poisson regression with robust standard errors was used
to assess our primary question of whether vitamin D3 or
gargling could reduce the number of clinical URTIs experienced in those groups. This analysis was chosen in place
of logistic regression since odds ratios overestimate treatment effects when incorrectly interpreted as risk ratios
[27]. Robust standard errors were calculated in place of
model based standard errors which are typically too large
[27]. Multiple imputation, using the Markov chain Monte
Carlo method, was conducted to address missing data. Information collected at baseline and through weekly surveys was used to predict missing values for independent
and dependent variables [28]. The pooled imputed data
was used to conduct an intention-to-treat analysis adjusted for randomization strata: housing, trial year, vitamin
D3 and gargling allocation. Interaction between vitamin
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D3 use and gargling was investigated using a crossproduct term. A complete case analysis, adjusted for the
same variables, was performed as a sensitivity analysis. An
identical complete-case analysis was conducted to assess
the secondary outcome of laboratory confirmed infections.
Symptom severity and viral load (log viral copies/mL)
were compared by t-test. Cox regression was used to assess time to symptom resolution adjusted for the variables
listed above. All analyses were planned a priori.
Results were considered statistically significant with
p < 0.05. Statistical analyses were conducted using IBM
SPSS statistical software version 20.0 (IBM SPSS Inc.,
Chicago, IL, USA).

Results
Participants

Six hundred ninety-eight prospective participants provided written consent. Of these, 600 completed the baseline survey, provided a nasal swab and were randomized
into the study. Four hundred seventy one (78.5%) completed all weekly surveys, 86 (14.3%) completed at least
one but not all, and 43 (7.2%) completed none (Figure 1).
The median age of the participants was 19 years (interquartile range 18–20), 60% were first or second year
undergraduate students, and 64% were female. Baseline
characteristics were similar across the intervention arms
(Table 1).
Outcomes
Incidence of clinical and laboratory confirmed URTI

Clinical URTI and laboratory confirmation data was available for 492 (82%) and 489 (81.5%) participants, respectively. A total of 150 individuals experienced symptomatic
(clinical) URTI with 106 episodes self-reported and 44 episodes established through adjudication. Laboratory testing
identified viral pathogens in 70 infections, with rhinovirus
being the predominant viral pathogen (61 cases), six cases
of enterovirus and one case of coronavirus NL63. The distinction between rhinovirus and enterovirus was not
established for two samples.
As shown in Table 2, fewer participants randomized to
receive vitamin D3 (70 or 27%) reported a clinical URTI
than those randomized to receive placebo (80 or 34%) (imputed analysis RR:0.80, CI95:0.63,1.02, p = 0.08; complete
case analysis RR:0.79, CI95: 0.61,1.03, p = 0.09). Laboratory
confirmed events were significantly lower in participants
receiving vitamin D3 supplementation (26 or 10.2%) compared with those receiving placebo (44 or 18.9%) (RR:0.54,
CI95:0.34,0.84, p = 0.007) (Table 2).
Eighty-five (33.2%) participants assigned to gargle reported clinical URTI compared to 65 (27.5%) participants not assigned to gargle (imputed analysis RR: 1.1,
CI95: 0.78,1.44, p = 0.69; complete case analysis RR: 1.3,
CI95: 0.92,1.57, p = 0.19) (Table 3). Thirty-three (13.0%)
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Figure 1 Flow diagram of participant randomization and follow-up during the McFLu2 COLD3 Prevention Trial, Hamilton, Canada;
2010 and 2011.

Table 1 Baseline characteristics of student participants across study arms, Hamilton, Canada, 2010 and 2011
Vitamin D & gargling
(N = 150)

Vitamin D & No gargling
(N = 150)

Placebo & gargling
(N = 150)

Placebo & No gargling
(N = 150)

19 (18-20)

19 (18-21)

19 (18-20)

19 (18-21)

Female, No. (%)

96 (64.0)

97 (64.7)

100 (66.7)

89 (59.3)

Living in residence, No. (%)

48 (32.0)

50 (33.3)

50 (33.3)

49 (32.7)

Age, median years (IQR)

Asthma, No. (%)

14 (9.3)

16 (10.7)

16 (10.7)

12 (8.0)

114 (76.0)

102 (68.0)

111 (74.0)

116 (77.3)

5.1 (4.2)

4.9 (3.5)

4.8 (4.9)

4.8 (4.0)

Never

34 (22.7)

30 (20.0)

36 (24.0)

42 (28.0)

Usually

75 (50.0)

71 (47.3)

68 (45.3)

70 (46.7)

Always

40 (26.7)

45 (30.0)

42 (28.0)

35 (23.3)

6 (4.0)

5 (3.3)

6 (4.0)

6 (4.0)

0

1 (0.7)

2 (1.3)

4 (2.7)

Vitamin use, No. (%)

30 (20.0)

40 (26.7)

34 (22.7)

21 (14.0)

Daily gargling, No. (%)

15 (10.0)

19 (12.7)

18 (12.0)

8 (5.3)

≥ 7 Hours sleep, No. (%)
Exercise, mean hours (SD)
Hand washing before meals, No.(%)

Smoking, No. (%)
Occasionally
Daily

SD: Standard deviation, No: Number.
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Table 2 Frequency, severity, duration and viral load (log viral copies/mL) associated with URTI according to vitamin D
allocation
Clinical URTI

Laboratory confirmed URTI

Vitamin D
(n = 258)

Placebo
(n = 234)

Imputed URTI episodes,
No. (%)

91 (30.3)

114 (38.0)

*

RR:0.80 (0.63-1.02)

0.08

Complete case URTI episodes,
No. (%)

70 (27.1)

80 (34.2)

*

RR:0.79 (0.61-1.03)

0.09

6.0 (1.6)

6.2 (1.3)

HR: 1.32 (0.59-2.90)

0.49

Outcome measure

€

P value

Viral load, mean (SD)

†

Symptom duration, mean
days, (SD)

†

Effect measure
(95% CI)

*

Symptom severity, mean (SD) 218.6 (124.0) 199.8 (108.1)

Vitamin D
(n = 256)

Placebo
(n = 233)

26 (10.2)

44 (18.9)

5.51 (1.6)

6.40 (1.2)

5.8 (1.5)

6.2 (1.2)

Effect measure
(95% CI)

*

RR:0.54 (0.34-0.84)

P value

0.007
0.036

*

HR: 1.30 (0.49-3.48)

0.41 229.7 (110.3) 181.5 (91.9)

0.59
0.09

RR: relative risk, HR: Hazard ratio.
*
The Poisson and Cox regression models were adjusted exclusively for randomization strata: vitamin D allocation, gargling allocation, year of participation and
type of housing.
€
Viral load was measured as log10 viral copies/mL.
†
Symptom duration and severity was measured only in participants who self-reported illness (ie. not for adjudicated events), n = 106. For clinical URTI, n = 53 in
each of the vitamin D and placebo groups. For laboratory confirmed URTI n = 22 and n = 34 in the vitamin D and placebo groups respectively.

participants assigned to gargle had a laboratory confirmed URTI compared to 37 (18.7%) participants randomized to the control arm; however this was not a
statistically significant difference (Table 3) (RR: 0.82,
CI95:0.53,1.26, p = 0.36).

Viral load

Viral load was established for 59 of 61 rhinovirus infections. The mean viral load in the vitamin D3 group was
lower compared to those in the placebo group, with 5.51
log10 viral copies/mL versus 6.40 log10 viral copies/mL,
respectively (mean difference: −0.89, CI95: -1.7, −0.06, p =
0.04) (Table 2). The mean viral load in those assigned to
the gargle group was 6.24 log10 viral copies/mL compared
to 5.95 log10 viral copies/mL in the control group (mean
difference: 0.37, CI95: −0.44, 1.02, p = 0.43) (Table 3).

Symptom duration and severity of clinical and laboratory
confirmed URTI

The mean duration of clinical and laboratory confirmed
URTI was non-significantly lower in the vitamin D3 group
compared to the placebo group (6.0 versus 6.2 days and
5.8 versus 6.2 days, respectively). Time to symptom
resolution was not significantly different between the
groups (clinical URTI HR: 1.3, CI95: 0.59, 2.90, p = 0.49;
laboratory confirmed URTI HR: 1.3, CI95: 0.49,3.48, p =
0.59) (Table 2).
Gargling did not reduce the mean duration of symptoms or improve time to symptom resolution. Results
were similar for clinical URTIs (HR: 0.85, CI95: 0.38,1.89,
p = 0.69) and laboratory confirmed URTIs (HR:1.5,
CI95:0.56,4.0, p = 0.43) (Table 3).
Mean symptom severity appeared to be greater in the
vitamin D3 group for clinical and laboratory confirmed

Table 3 Frequency, severity, duration and viral load associated with URTI according to gargling allocation
Clinical URTI
Outcome measure
Imputed URTI episodes,
No. (%)
Complete case URTI episodes,
No. (%)
€

Control
(n = 236)

Effect measure
(95% CI)

106 (35.3)

100 (33.3)

*

RR: 1.1 (0.78-1.44)

0.69

85 (33.2)

65 (27.5)

*

RR: 1.2 (0.92-1.57)

0.19

6.2 (1.3)

6.0 (1.6)

HR: 0.85 (0.38-1.89)

0.69

P value

Viral load, mean (SD)

†

Symptom duration, mean
days (SD)

†

Laboratory confirmed URTI

Gargling
(n = 256)

Symptom severity, mean (SD)

225.3 (123.9) 191.8 (105.1)

*

Gargling
(n = 254)

Control
(n = 235)

33 (13.0)

37 (18.7)

6.24 (1.3)

5.95 (1.5)

5.9 (1.3)

6.1 (1.4)

0.13 210.5 (105.3) 191.8 (98.8)

Effect measure
(95% CI)

*

RR:0.82 (0.53-1.26)

P value

0.36
0.43

*

HR: 0.43 (0.56-4.0)

0.43
0.49

RR: relative risk, HR: Hazard ratio.
*
The Poisson and Cox regression models were adjusted exclusively for randomization strata: vitamin D allocation, gargling allocation, year of participation and
type of housing.
€
Viral load was measured as log10 viral copies/mL.
†
Symptom duration and severity was measured only in participants who self-reported illness (ie. not for adjudicated events), n = 106. For clinical URTI, n = 55 and
n = 51 in the gargling and control groups respectively. For laboratory confirmed URTI n = 26 and n = 30 in the gargling and control groups respectively.
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URTI (218.6 versus 199.8 and 229.7 versus 181.5, respectively) (Table 2). However, the difference was not
statistically significant. Symptom severity also appeared
to be greater in the gargling group for clinical and laboratory confirmed URTI, however this was not statistically significant (225.3 versus 191.8 and 210.5 versus
191.8, respectively) (Table 3).

Discussion
Weekly supplementation with 10,000 IU of vitamin D3
in university students during September and October
was associated with a non-significant, but potentially
clinically important 20% risk reduction of clinical URTI.
Importantly, vitamin D supplementation was associated
with a statistically significant 46% risk reduction of laboratory confirmed URTI.
Results from previous trials of vitamin D3 supplementation for the prevention of URTI have been conflicting.
Two placebo controlled RCTs in pediatric populations
and one trial in adults with primary immune suppression
have demonstrated that vitamin D3 significantly reduced
the risk of clinical and lab-confirmed URTI and improved
annual infection scores, respectively [17,18,20]. However,
previous trials in healthy adult populations have not
yielded statistically significant results. The effect estimates
from our study are similar to those reported in pediatric
trials. Urashima et al. reported that children, ages 6–15,
receiving daily supplementation with 1200 IU vitamin D3
had a 42% lower risk of influenza A infection [17].
Camargo et al., reported a 50% risk reduction in parentreported URTI among children, ages 9–11, receiving daily
supplementation with 300 IU of vitamin D3 [18].
Consistent with previous studies in healthy adults, our
primary analysis did not show that vitamin D3 significantly
reduced the risk of clinical URTI; however the 20% relative
risk reduction may be clinically relevant. Li-Ng et al. randomized 162 adults to 2000 IU vitamin D3 or placebo
daily from December to March and reported no difference
in self-reported URTI [15]. Laaksi and colleagues randomized 164 men to 400 IU vitamin D3 or placebo daily from
October through March but did not detect a significant
difference in the number of days absent from duty due to
URTI [16]. However, the proportion of men who did not
experience a URTI was significantly greater in the intervention group (51.3%) than in the control group (35.7%)
[16]. Murdoch et al. followed 322 adults randomized to
monthly doses of 100,000 IU vitamin D3 or placebo [19].
After 18 months, the study recorded 593 and 611 URTI
episodes in the vitamin D3 and control groups respectively, however this was not a significant difference [19].
Rees et al. performed a substudy of 759 participants in a
trial of colorectal adenoma chemoprevention. Participants
were randomized to receive 1000 IU vitamin D3, calcium
carbonate, both or placebo daily and were followed for an
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average of 13 months which covered two winter seasons.
The authors reported that supplementation did not significantly reduce the incidence of URTI [21]. Bergman et al.
followed 140 adults with increased susceptibility to respiratory infections at an immunodeficiency clinic. After
one year of daily supplementation with either 4000 IU
vitamin D3 or placebo, the authors reported a significantly
lower infection score in the vitamin D3 group [20]. Notably, our a priori secondary outcome which assessed laboratory confirmed URTI demonstrated a significant 46%
relative risk reduction associated with vitamin D3 supplementation. This result is consistent with two recent
meta-analyses by Charan et al. and Bergman et al. which
reported that vitamin D3 supplementation significantly decreased the odds of respiratory infections (pooled OR:
0.58, CI95: 0.42-0.81, p = 0.001 and OR: 0.64, CI95: 0.490.84, p = 0.0014, respectively) [29,30]. Although these results support the use of vitamin D3 supplementation,
further meta-analysis, particularly an individual patient
data meta-analysis, including the results from more recent
trials and an exploration of heterogeneity between trials
should be conducted.
Research has demonstrated that vitamin D plays a role
in the innate immune response by stimulating the production of antimicrobial peptides, such as defensins and
cathelicidins, and by enhancing the microbicidal action
of monocytes and macrophages [31,32]. For this reason
we hypothesized that vitamin D supplementation might
reduce the amount of virus in infected persons. Our data
support this hypothesis: mean log viral load was significantly lower in the vitamin D3 group compared to the
placebo group.
Our study differed in several potentially important ways
from previous studies. It is well established that vitamin D
levels fluctuate seasonally [33]. Studies of Canadians have
demonstrated a marked drop in vitamin D levels in the fall
from their peak levels in the summer, and a high prevalence of low wintertime vitamin D levels [34,35]. To capture peak rates of rhinovirus infection in students, we
initiated our intervention in early September, rather than
during late autumn and winter months. Thus, serum vitamin D levels did not have the same opportunity to decline
as they naturally would during the autumn. Rather than
having to overcome depletion in vitamin D levels, our
study may have maintained and potentially enhanced vitamin D levels. However, in the absence of blood tests this
cannot be proven. Additional differences include the frequency and quantity of vitamin D3 supplementation. Our
study used a relatively high dose of 10,000 IU of vitamin
D3 per week ingested as a single dose, an average of approximately 1400 IU/day. Although the optimal dosing
regimen remains uncertain, it has been acknowledged that
adherence with daily supplements is often suboptimal and
larger, less frequent doses may be an effective alternative
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[36,37]. A final methodological difference was our use of
self-collected nasal swabs and laboratory confirmation of
URTI. Our definition of clinical URTI may have been excessively broad and insufficiently specific which may have
led to incorrectly classified events. It is possible that this
definition captured episodes attributable to allergies or
other causes, creating error in the statistical model and
pushing the results towards a null effect.
Ultimately, our study was underpowered since the observed event rate was lower than predicted. This would
contribute to larger variance in the estimates and uncertainty surrounding our results. This study was conducted
over a relatively short period of time and while it captured
peak rhinovirus activity, it was unable to capture URTI
caused by other viruses. Consequently, it is uncertain
whether vitamin D3 supplementation is beneficial for the
prevention of non-rhinovirus URTI. An additional limitation was the lack of serum vitamin D testing without
which we were unable to investigate whether individuals
with lower baseline vitamin D levels benefitted incrementally compared to individuals with sufficient baseline vitamin D levels.
Gargling did not appear to reduce the risk of URTI in
our study population, in contrast to previous reports [22].
Although our collection period captured peak rhinovirus
activity, gargling may be more effective for pathogens
which predominantly colonize the oropharynx. Additionally, we were unable to observe whether, or how often,
gargling was practiced by participants; gargling may
need to be carried out more frequently than twice daily
to be beneficial.

Conclusions
Our findings support the growing body of literature that
proposes vitamin D3 as a promising intervention for the
prevention of URTI in young adults. This study demonstrated that vitamin D3 can prevent laboratory confirmed
acute, viral respiratory infections. While vitamin D supplementation may represent an effective, accessible and safe
intervention for the prevention of URTI, many questions
which might guide clinical practice remain unanswered. A
rigorous systematic review and meta-analysis of current
studies, particularly an individual patient data meta-analysis
which would facilitate the evaluation of potential variable
interactions, would be instrumental to the design of future
trials in this field which may need to include a larger
sample size, longer period of follow-up or different dosing regimens, and targeted populations who may benefit
disproportionately from vitamin D supplementation.
Abbreviations
CI95: 95% Confidence interval; IU: International units; HR: Hazard ratio;
PCR: Polymerase chain reaction; RCT: Randomized controlled trial; RR: Relative
risk; RRR: Relative risk reduction; URTI: Upper respiratory tract infection.

Page 7 of 8

Competing interests
The authors declare that they have no competing interests.
Authors’ contributions
EG had full access to all study data and takes responsibility for the integrity
of the data and the accuracy of the data analysis. EG, MS, EP and ML
participated in the study design and development. Study conduct and
supervision were conducted by EG and MS. EG, AG and KL were responsible
for the acquisition of data. AG and KL conducted all laboratory testing.
The analysis and interpretation of data was conducted by EG, EP, MS,
ML and BC. EG drafted the manuscript and all authors critically reviewed
the manuscript for intellectual content. All authors read and approved the
final manuscript.
Acknowledgments
The authors would like to thank Dr. Fiona Smaill for acting as the data safety
and monitoring board and Dr. Jennie Johnstone for her help with the event
adjudication process.
Funding
This work was supported in part by the Canadian Institutes of Health
Research [OPP 86940] and with in-kind support from Copan Italia, Brescia
Italy. The sponsors had no role in the study design, conduct and analysis
or in the development and approval of this manuscript.
Author details
1
Department of Clinical Epidemiology and Biostatistics, McMaster University,
Hamilton, Ontario, Canada. 2Department of Medical Sciences, McMaster
University, Hamilton, Ontario, Canada. 3St. Joseph’s Healthcare, Hamilton,
Ontario, Canada. 4Child Health Evaluative Sciences, The Hospital for Sick
Children, Toronto, Ontario, Canada. 5Department of Microbiology, Mount
Sinai Hospital, Toronto, Ontario, Canada. 6School of Public Health, Faculty of
Medicine, University of Toronto, Toronto, Ontario, Canada. 7Department of
Medicine, Institute for Infectious Disease Research, McMaster University,
Hamilton, Ontario, Canada. 8Department of Pathology & Molecular Medicine,
McMaster University, Hamilton, Ontario, Canada. 9Population Health Research
Institute, McMaster University, Hamilton, Ontario, Canada.
Received: 15 September 2013 Accepted: 2 May 2014
Published: 19 May 2014
References
1. Proud D: Upper airway viral infections. Pulm Pharmacol Ther 2008,
21(3):468–473.
2. Monto AS: Epidemiology of viral respiratory infections. Am J Med 2002,
112(Suppl 6A):4S–12S.
3. Heikkinen T, Jarvinen A: The common cold. Lancet 2003, 361(9351):51–59.
4. Kwong JC, Crowcroft NS, Campitelli MA, Ratnasingham S, Daneman N,
Deeks SL, Manuel DG: Ontario Burden of Infectious Disease Study (ONBOIDS):
An OAHPP/ICES Report. In. Toronto: Ontario Agency for Health Protection
and Promotion, Institute for Clinical and Evaluative Sciences; 2010.
5. Ginde AA, Mansbach JM, Camargo CA Jr: Association between serum
25-hydroxyvitamin D level and upper respiratory tract infection in the
Third National Health and Nutrition Examination Survey. Arch Intern Med
2009, 169(4):384–390.
6. Karatekin G, Kaya A, Salihoglu O, Balci H, Nuhoglu A: Association of
subclinical vitamin D deficiency in newborns with acute lower
respiratory infection and their mothers. Eur J Clin Nutr 2009,
63(4):473–477.
7. Laaksi I, Ruohola JP, Tuohimaa P, Auvinen A, Haataja R, Pihlajamaki H,
Ylikomi T: An association of serum vitamin D concentrations < 40 nmol/L
with acute respiratory tract infection in young Finnish men. Am J Clin
Nutr 2007, 86(3):714–717.
8. McNally JD, Leis K, Matheson LA, Karuananyake C, Sankaran K, Rosenberg
AM: Vitamin D deficiency in young children with severe acute lower
respiratory infection. Pediatr Pulmonol 2009, 44(10):981–988.
9. Roth DE, Shah R, Black RE, Baqui AH: Vitamin D status and acute lower
respiratory infection in early childhood in Sylhet, Bangladesh.
Acta Paediatr 2010, 99(3):389–393.

Goodall et al. BMC Infectious Diseases 2014, 14:273
http://www.biomedcentral.com/1471-2334/14/273

10. Sabetta JR, DePetrillo P, Cipriani RJ, Smardin J, Burns LA, Landry ML:
Serum 25-hydroxyvitamin d and the incidence of acute viral respiratory
tract infections in healthy adults. PLoS One 2010, 5(6):e11088.
11. Wayse V, Yousafzai A, Mogale K, Filteau S: Association of subclinical
vitamin D deficiency with severe acute lower respiratory infection in
Indian children under 5 y. Eur J Clin Nutr 2004, 58(4):563–567.
12. Rehman PK: Sub-clinical rickets and recurrent infection. J Trop Pediatr
1994, 40(1):58.
13. Avenell A, Cook JA, Maclennan GS, Macpherson GC: Vitamin D
supplementation to prevent infections: a sub-study of a randomised
placebo-controlled trial in older people (RECORD trial, ISRCTN
51647438). Age Ageing 2007, 36(5):574–577.
14. Aloia JF, Li-Ng M: Re: epidemic influenza and vitamin D. Epidemiol Infect
2007, 135(7):1095–1096.
15. Li-Ng M, Aloia JF, Pollack S, Cunha BA, Mikhail M, Yeh J, Berbari N:
A randomized controlled trial of vitamin D3 supplementation for the
prevention of symptomatic upper respiratory tract infections. Epidemiol
Infect 2009, 137(10):1396–1404.
16. Laaksi I, Ruohola JP, Mattila V, Auvinen A, Ylikomi T, Pihlajamäki H: Vitamin
D supplementation for the prevention of acute respiratory tract
infection: a randomized, double-blinded trial among young Finnish men.
J Infect Dis 2010, 202(5):809–814.
17. Urashima M, Segawa T, Okazaki M, Kurihara M, Wada Y, Ida H: Randomized
trial of vitamin D supplementation to prevent seasonal influenza A in
schoolchildren. Am J Clin Nutr 2010, 91(5):1255–1260.
18. Camargo CA Jr, Ganmaa D, Frazier AL, Kirchberg FF, Stuart JJ, Kleinman K,
Sumberzul N, Rich-Edwards JW: Randomized trial of vitamin D supplementation
and risk of acute respiratory infection in Mongolia. Pediatrics 2012,
130(3):e561–e567.
19. Murdoch DR, Slow S, Chambers ST, Jennings LC, Stewart AW, Priest PC,
Florkowski CM, Livesey JH, Camargo CA, Scragg R: Effect of vitamin D3
supplementation on upper respiratory tract infections in healthy adults:
the VIDARIS randomized controlled trial. JAMA 2012, 308(13):1333–1339.
20. Bergman P, Norlin AC, Hansen S, Rekha RS, Agerberth B, Björkhem-Bergman
L, Ekström L, Lindh JD, Andersson J: Vitamin D3 supplementation in
patients with frequent respiratory tract infections: a randomised and
double-blind intervention study. BMJ Open 2012, 2(6):e001663.
doi:10.1136/bmjopen-2012-001663.
21. Rees JR, Hendricks K, Barry EL, Peacock JL, Mott LA, Sandler RS, Bresalier RS,
Goodman M, Bostick RM, Baron JA: Vitamin D3 supplementation and
upper respiratory tract infections in a randomized, controlled trial.
Clin Infect Dis 2013, 57(10):1384–1392.
22. Satomura K, Kitamura T, Kawamura T, Shimbo T, Watanabe M, Kamei M,
Takano Y, Tamakoshi A: Prevention of upper respiratory tract infections
by gargling: a randomized trial. Am J Prev Med 2005, 29(4):302–307.
23. Smieja M, Castriciano S, Carruthers S, So G, Chong S, Luinstra K, Mahony JB,
Petrich A, Chernesky M, Savarese M, Smieja M, Castriciano S, Carruthers S, So
G, Chong S, Luinstra K, Mahony JB, Petrich A, Chernesky M, Savarese M,
Triva D: Development and evaluation of a flocked nasal midturbinate
swab for self-collection in respiratory virus infection diagnostic testing.
J Clin Microbiol 2010, 48(9):3340–3342.
24. Luinstra K, Petrich A, Castriciano S, Ackerman M, Chong S, Carruthers S,
Ammons B, Mahony JB, Smieja M: Evaluation and clinical validation of
an alcohol-based transport medium for preservation and inactivation of
respiratory viruses. J Clin Microbiol 2011, 49(6):2138–2142.
25. Granados A, Luinstra K, Chong S, Goodall E, Banh L, Mubareka S, Smieja M,
Mahony J: Use of an improved quantitative polymerase chain reaction
assay to determine differences in human rhinovirus viral loads in
different populations. Diagn Microbiol Infect Dis 2012, 74(4):384–387.
26. Barrett B, Brown RL, Mundt MP, Thomas GR, Barlow SK, Highstrom AD,
Bahrainian M: Validation of a short form Wisconsin Upper Respiratory
Symptom Survey (WURSS-21). Health Qual Life Outcomes 2009, 7:76.
27. Knol MJ, Le Cessie S, Algra A, Vandenbroucke JP, Groenwold RH:
Overestimation of risk ratios by odds ratios in trials and cohort studies:
alternatives to logistic regression. CMAJ 2012, 184(8):895–899.
28. Groenwold RH, Donders AR, Roes KC, Harrell FE Jr, Moons KG: Dealing with
missing outcome data in randomized trials and observational studies.
Am J Epidemiol 2012, 175(3):210–217.
29. Charan J, Goyal JP, Saxena D, Yadav P: Vitamin D for prevention of
respiratory tract infections: A systematic review and meta-analysis.
J Pharmacol Pharmacother 2012, 3(4):300–303.

Page 8 of 8

30. Bergman P, Lindh ÅU, Björkhem-Bergman L, Lindh JD: Vitamin D and
respiratory tract infections: a systematic review and meta-analysis of
randomized controlled trials. PLoS One 2013, 8(6):e65835.
31. Wang TT, Nestel FP, Bourdeau V, Nagai Y, Wang Q, Liao J, Tavera-Mendoza
L, Lin R, Hanrahan JW, Mader S, Wang TT, Nestel FP, Bourdeau V, Nagai Y,
Wang Q, Liao J, Tavera-Mendoza L, Lin R, Hanrahan JW, Mader S, White JH:
Cutting edge: 1,25-dihydroxyvitamin D3 is a direct inducer of antimicrobial
peptide gene expression. J Immunol 2004, 173(5):2909–2912.
32. Liu PT, Stenger S, Li H, Wenzel L, Tan BH, Krutzik SR, Ochoa MT, Schauber J,
Wu K, Meinken C, Liu PT, Stenger S, Li H, Wenzel L, Tan BH, Krutzik SR,
Ochoa MT, Schauber J, Wu K, Meinken C, Kamen DL, Wagner M, Bals R,
Steinmeyer A, Zugel U, Gallo RL, Eisenberg D, Hewison M, Hollis BW, Adams
JS, et al: Toll-like receptor triggering of a vitamin D-mediated human
antimicrobial response. Science 2006, 311(5768):1770–1773.
33. Webb AR, Kline L, Holick MF: Influence of season and latitude on the
cutaneous synthesis of vitamin D3: exposure to winter sunlight in
Boston and Edmonton will not promote vitamin D3 synthesis in human
skin. J Clin Endocrinol Metab 1988, 67(2):373–378.
34. Rucker D, Allan JA, Fick GH, Hanley DA: Vitamin D insufficiency in a
population of healthy western Canadians. CMAJ 2002, 166(12):1517–1524.
35. Gozdzik A, Barta JL, Wu H, Wagner D, Cole DE, Vieth R, Whiting S, Parra EJ:
Low wintertime vitamin D levels in a sample of healthy young adults of
diverse ancestry living in the Toronto area: associations with vitamin D
intake and skin pigmentation. BMC Public Health 2008, 8:336.
36. Stoll D, Dudler J, Lamy O, Hans D, Krieg MA, Aubry-Rozier B: Can one or
two high doses of oral vitamin D3 correct insufficiency in a nonsupplemented rheumatologic population? Osteoporos Int 2013,
24(2):495–500.
37. Tripkovic L, Lambert H, Hart K, Smith CP, Bucca G, Penson S, Chope G,
Hypponen E, Berry J, Vieth R, Tripkovic L, Lambert H, Hart K, Smith CP,
Bucca G, Penson S, Chope G, Hypponen E, Berry J, Vieth R, Lanham-New S:
Comparison of vitamin D2 and vitamin D3 supplementation in raising
serum 25-hydroxyvitamin D status: a systematic review and
meta-analysis. Am J Clin Nutr 2012, 95(6):1357–1364.
doi:10.1186/1471-2334-14-273
Cite this article as: Goodall et al.: Vitamin D3 and gargling for the
prevention of upper respiratory tract infections: a randomized
controlled trial. BMC Infectious Diseases 2014 14:273.

Submit your next manuscript to BioMed Central
and take full advantage of:
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at
www.biomedcentral.com/submit

本文献由“学霸图书馆-文献云下载”收集自网络，仅供学习交流使用。

学霸图书馆（www.xuebalib.com）是一个“整合众多图书馆数据库资源，
提供一站式文献检索和下载服务”的24 小时在线不限IP 图书馆。
图书馆致力于便利、促进学习与科研，提供最强文献下载服务。

图书馆导航：
图书馆首页

文献云下载

图书馆入口

外文数据库大全

疑难文献辅助工具

