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Epidemic influenza and vitamin D

To the Editor:

We were very interested to see this very thorough ar-
ticle [1] and welcome its particular acknowledgement
of the pioneering work of Hope-Simpson.

Vitamin D deficiency states are associated with
both inadequate diet and limited exposure to sunlight
and there are clearly risk populations especially
among the elderly who are likely to become vitamin D
deficient. In consequence, they might have an in-
creased likelihood of infections generally and of the
more severe manifestations of influenza in particular.
However, the converse argument is not so persuasive.
Only a minority of persons who experience influenza
are likely to be vitamin D deficient and certainly not
enough to materially affect herd immunity thereby
interfering with transmission of influenza viruses. We
would like to use this opportunity to air an alternative
hypothesis on the seasonality of influenza: this is
offered as a development of ‘Proposition Number 1’
as articulated by Hope-Simpson, which concerned the
lack of spread of influenza [2].

Influenza is clearly a seasonal condition which very
rarely reaches epidemic proportions during summer
months, whether north or south of the equator.
Accepting that influenza is transmitted (along with
many other respiratory virus infections) mainly by
respiratory droplets, then it follows that anything
interfering with the transmission of viruses in such
droplets will inhibit spread. Perhaps ultraviolet (UV)
radiation effectively reduces the likelihood of trans-
mission of influenza viruses by substantially reducing
the number of viruses which are transmitted in this
way because they are ‘killed” by UV exposure. Lab-
oratory experiments have demonstrated the inactivat-
ing properties of UV radiation against a number of
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viral pathogens including influenza [3, 4]. The Weekly
Returns Service of the Royal College of General
Practitioners has recorded a declining trend in
the incidence of respiratory infections (particularly
influenza-like illness) over the last two decades and
it is possible that this may, in part, be due to increas-
ing levels of environmental UV radiation [5, 6]. This
hypothesis on the transmission of influenza in relation
to UV differing levels of exposure would need to be
tested in an appropriate animal model.

The hypothesis is consistent with many features
typically associated with influenza.

(1) Historically it has long been observed that
winter weather conditions precipitate epidemics
of infection. These conditions include reduced
daylight, increased particulate matter in the at-
mosphere and often overcast and cloudy con-
ditions all of which reduce the penetration of UV
radiation. A small increase in the potential of one
person to pass the illness onto another would
accelerate the spread of influenza in a susceptible
community. There has to be a minimum value of
the reproduction number (R,) in order to sustain
transmission at all. Perhaps in conditions of high
UV exposure this number at a community level
falls consistently below that minimum.

(2) Pandemics have always been described as coming
in waves. Why does one wave peter out in cir-
cumstances where the population immunity is
low? The virus has not disappeared and there are
still substantial numbers in the community who
are susceptible. Since this petering out invariably
comes during periods of increased light intensity,
the virucidal effects of UV light may be curtailing
spread. The Sydney strain of influenza A/H;3N,
appeared in March 1997 in the United Kingdom
and although it had a sharp impact in close com-
munities such as the elderly in nursing homes, it
did not spread substantially to the population
until the following winter.
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(3) Influenza viruses presenting in one hemisphere do
not get to the other at the same time of the year,
even though they appear in east/west differing
populations the same distance away. Excess win-
ter mortality is largely linked to the incidence of
respiratory infections (not only influenza) as the
major cause. However, excess winter mortality
levels differ in ways that are not easily understood
[7]. Part of the difference must relate to the density
of population and level of personal interaction
which might favour the spread of respiratory
droplet infections and weather conditions may be
relevant, in particular the levels of UV exposure.
Fifty years ago it was common practice to send
persons with tuberculosis to sanatoria in the
mountains in Switzerland. Perhaps the benefits
they obtained in regard to the management of
tuberculosis were chiefly because they were living
in an environment of clean air and high UV
exposure resulting in a reduced likelihood of
secondary respiratory infections.

Further support is presented in the study published by
Yusuf and colleagues who investigated the relation-
ship between meteorological conditions and respirat-
ory syncytial virus (RSV) infection [8]. UVB radiation
was inversely related to the incidence of RSV in
most locations investigated, although they considered
the effects were attributable to a combination of
meteorological conditions which included UVB radi-
ation. Whilst these authors concentrated on the im-
portance of UVB radiation in the synthesis of vitamin
D, their final sentence is particularly significant:
‘UVB irradiation may also be useful in reducing the
survival of RSV in closed spaces.’
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The authors reply:

We thank Drs Fleming and Elliot for their kind re-
sponse to our recent hypothesis that the seasonality of
25-hydroxy-vitamin D [25(OH)D] levels explains the
seasonality of epidemic influenza [1]. We emphasize
that we — like Hope-Simpson — limited our theory to
epidemic influenza, not pandemic influenza. Some of
the evidence we presented, such as summertime scar-
city and higher incidence among African Americans,
did not hold true for the 1918 pandemic [2]. In ad-
dition, of the 125 mainly pandemics recorded before
1918, 50 occurred in the winter, 35 in the spring, and
24 in the autumn; but 16 occurred in the summer
[2, p. 489]. It would be a mistake to overstate the
potential role of vitamin D, which is likely to play a
key role in innate immunity, but might be less effective
facing a virus as virulent as the one that devastated
the world in 1918.

We know of no evidence to support or refute
Fleming and Elliot’s statement that ‘Only a minority
of persons who experience influenza are likely to be
vitamin D deficient and certainly not enough to affect
herd immunity materially thereby interfering with
transmission of influenza viruses.” The incidence of
vitamin D deficiency depends entirely on how one
defines it. If it is anything less than 25(OH)D levels
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achieved by natural summertime sun exposure (50 ng/
ml), then almost all humans residing in temperate
latitudes are vitamin D deficient, at least in the winter
[3]. To our knowledge, it is unknown if such levels
affect the transmission of the influenza virus and thus
herd immunity.

If solar radiation is retarding influenza trans-
mission by directly killing the virus, as Fleming
and Elliot propose, then it must do so outdoors. As
UVC radiation does not penetrate the atmosphere,
UVB radiation does not penetrate glass, and UVA
radiation does not penetrate solid structures such
as buildings, cars, or subway trains, then UV light
should have no effect indoors where most human
contagion surely occurs.

Gigineishvili et al. found brief courses of UV radi-
ation reduced respiratory infections in athletes by
50% and absenteeism by 300% compared to non-
irradiated controls over 3 years [4]. The twice yearly
courses of radiation were only administered for about
15 minutes a day, three times a week, for 12 weeks.
Thus, the subjects were irradiated for only 27 of the
26280 hours in the 3 years. If direct UV inactivation
of the virus explains these results, we find it difficult to
understand how it could do so when the subjects were
irradiated briefly and not continuously. At least five
other studies have found such brief courses of vitamin
D-producing radiation reduce the incidence of viral
respiratory infections [5-9].

In 1951, Gelperin et al. directly investigated the
direct UV inactivation hypothesis, at least as regards
influenza transmission by aerosols [10]. For 4 months
during the height of the cold and influenza season, the
authors carefully irradiated only the upper air in half
the classrooms of eight New Haven schools, taking
great care not to irradiate the students, either directly
or indirectly. When they compared absenteeism in
irradiated classrooms to non-irradiated control class-
rooms, they found no effect from irradiation. Two
other large field studies likewise showed no effect from
UV air irradiation [11, 12].

A study of the 1957-1958 pandemic — which is
frequently cited as proof of influenza transmission
by aerosols — found quite different results. McLean,
as part of a general discussion in a paper by another
author, reported that the 150 patients on a ‘totally
radiated’ California TB ward had a 2% influenza
attack rate while the 250 ‘non-radiated’ patients
had a 19% attack rate [13]. Inspection of an earlier
publication by the same authors about a similar
hospital clearly shows that in addition to irradiating
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circulating air, the rooms and hallways of the ‘totally
radiated” ward were all equipped with UV lights
that shone directly on patients, apparently the entire
waking day [14]. Such radiation should have signi-
ficantly raised the 25(OH)D levels of the relatively
influenza-free patients.

Finally, as Fleming and Elliot point out, vitamin
D-producing sunlight was successfully used to treat
TB in the early part of the last century. However,
brief courses of artificial UV light were used as
well. In fact, the 1903 Nobel Prize in Medicine or
Physiology was awarded to Dr Niels Finsen for his
discovery that artificial UV radiation cured tubercu-
losis of the skin (lupus vulgaris) [15]. It is commonly
assumed that Finsen’s discovery was due to direct UV
effects on the skin and thus only relevant to skin in-
fections. In fact, Finsen and others extended his work
to all forms of internal tuberculosis. By 1925, the
American Medical Association was comfortable en-
ough with the scientific evidence to issue the following
statement.

The benefit derived by patients suffering from tuberculosis
of the bones, articulations, peritoneum, intestine, larynx
and lymph nodes when exposed to natural sunlight or to the
rays emitted by certain artificial sources of radiation cannot
be doubted ... [16].

Sir Almroth Wright, one of the founders of immun-
ology — writing in the 1929 edition of the Encyclo-
paedia Britannica —summed up the mechanism of
action as known at the time:

As has been shown in the irradiation of the skin with ultra-
violet light, the light of the electric arc and sunlight that
by these agencies also the bactericidal power of the blood
is increased, such bactericidal power depending upon the
increased phagocytic power of the leucocytes and also upon
the increased antibacterial power of the serum. It is not yet
known how irradiation produces these results [17].

Subsequently, vitamin D-producing artificial UV
radiation and sunbathing in open air sanitariums was
reported to be effective treatment for a variety of
infectious diseases and was widely practised in the
1920s and 1930s (for a critical review see Albert &
Ostheimer [18]). The mechanism of action we refer-
enced in our influenza paper —increased production
of antimicrobial peptides by vitamin D —may be the
long-lost explanation for UV light’s effectiveness. We
hypothesize that any infectious disease that is sus-
ceptible to vitamin D-induced antimicrobial peptides
is a potential target.

While the theory that UV light directly destroys
the influenza virus might explain some of the
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observations we referenced, it cannot explain them
all. Why do non-rachitic vitamin D-deficient children
have an 11 times higher incidence of lower respiratory
infections? [19]. Why are age-adjusted influenza
deaths during epidemics more common among
African Americans than among whites? [20-22]. Why
are the fevers caused by the intranasal administration
of attenuated influenza virus so much more evident
during the winter than the summer? [23, 24]. Why
does cod liver oil [25-27] and supplemental vitamin
D [28] reduce the incidence of viral respiratory infec-
tions? The vitamin D theory parsimoniously explains
all the facts we presented. If there are relevant facts,
which we did not reference and that contradict our
theory, we invite their presentation.
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To The Editor:

The occurrence of the common cold and influenza
shows clear seasonality. The cold and influenza
season corresponds to the season of vitamin D insuf-
ficiency. This association was highlighted in the recent
article in this journal by Cannell ef al. [1], which pro-
posed that the lack of vitamin D during the winter
may be a ‘seasonal stimulus’ to the infectivity of the
influenza virus.

Vitamin D is produced in the skin when sunlight
is absorbed. Thus, vitamin D levels, or serum 25-
hydroxyvitamin D (25-OHD), fluctuate seasonally.
At latitudes above 37° N and below 37° S, sunlight is
insufficient to induce cutaneous vitamin D synthesis
during the winter months so 25-OHD levels are
low [2]. New evidence has accumulated that vitamin
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D can have important functions in the immune
system, specifically the innate immune system. Is our
susceptibility to colds and influenza related to vitamin
D insufficiency in the wintertime? Furthermore,
would vitamin D supplementation boost our immune
system and work as a preventive measure for colds
and influenza?

We considered these questions after reviewing the
adverse events of a vitamin D3 supplementation trial
that we completed [3]. The design and primary results
of the study have been published and are summarized
here. We conducted a 3-year randomized controlled
trial to test the hypothesis that vitamin D3 sup-
plementation would prevent bone loss in calcium-re-
plete, African-American post-menopausal women.
A total of 208 women were randomized to receive
vitamin D3 (n=104) or placebo (n=104). After
2 years, the vitamin D3 dose was increased to 50 ug/d
(2000 IU) in the active group. None of the patients
had a history of chronic obstructive pulmonary
disease, congestive heart failure, or myocardial
infarction. Few patients had a history of asthma
and seasonal allergies with no significant difference
between the vitamin D3 group and the placebo group.

The study was approved by the Institutional
Review Board of Winthrop University Hospital.
After randomization, patients were followed up every
6 months for 3 years. At each visit, information on
URI symptoms was obtained by first asking the
participants, ‘Have you been well?’ If the participant
answered ‘No’, then she was asked, ‘Have you
had any colds or influenza?’ A report of cold and
influenza was recorded as an adverse event.

After 3 years, a total of 34 patients reported cold
and influenza symptoms, eight in the vitamin D3
group vs. 26 in the placebo group (P <0-002). When
we examined the seasonality of the symptoms, we
found that the placebo group had cold/influenza
symptoms mostly in the winter. The vitamin D group
had symptoms throughout the year while on 20 ug/d,
whereas only one subject had a cold/influenza while
on 50 ug/d (Fig.). None of the 34 patients with
reported cold and influenza symptoms had significant
comorbidities.

Vitamin D supplementation, particularly at higher
doses, may protect against the ‘typical’ winter cold
and influenza. A major flaw in this analysis is that the
data on viral URI symptoms were collected in an
insensitive and imprecise way. From a 3-year trial on
208 subjects, we would expect at least 139 colds, but
we only collected 39 reports of viral URI symptoms,
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