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Abstract

Occurrence of influenza pandemics is a worldwide phenomenon and a significant cause of mortality

and morbidity throughout the globe. It is due to mutations in the influenza virus genetic material cre-
ating antigenic drift of pathogenic viral proteins resulting in emergence of new influenza virus strains.
Therefore, the vaccines available for prevention of influenza offer no protection against influenza pan-
demics caused by new virus strains. Moreover, the existing drugs used to combat influenza may be
ineffective to treat influenza pandemics due to the emergence of drug resistance in the pandemic virus
strain. Therefore, a working strategy must be developed to combat influenza pandemics. In this review
we have addressed this problem and reviewed the published studies on ascorbic acid in the common
cold and influenza and laboratory studies on the effect of ascorbic acid on influenza virus. We have also
correlated the clinical and laboratory studies and developed a hypothesis to prevent influenza pan-

demics. © 2010 Elsevier Inc. All rights reserved.
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Introduction

The common cold, or acute viral nasopharyngitis, is
a mild, self-limiting infectious disease that can be caused
by more than 100 different viruses. Of these, rhinovirus
and coronavirus are responsible for approximately 50-70%
of all common colds [1]. In contrast, influenza is an acute
respiratory illness caused primarily by the influenza virus
(serotypes A and B). It occurs worldwide and is responsible
for considerable morbidity and mortality. Influenza, usually
more severe than the common cold, typically causes fever,
headache, muscle aches, and a more significant cough; how-
ever, mild cases of influenza are similar to colds. Of the two
serotypes, influenza A occurs more frequently and is more
dangerous [2]. The viruses causing the common cold are gen-
erally inhaled, which then attach to a protein (intercellular
adhesion molecule-1) and get into the nasal epithelium and
cause an inflammatory response. Inside the cell the virus pro-
liferates, and when the host cell ruptures more viruses are
available to occupy fresh intercellular adhesion molecule-1
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receptors [3,4]. Influenza A viruses are typically divided
into two general subtypes that correspond to two different
antigens on the surface of the virus: hemagglutinin and neu-
ramidase. Hemagglutinin antigen (H) is a glycoprotein that
allows the virus to bind to respiratory epithelial cell mem-
brane sialic acid and fuse with the host cell membrane. After
incorporation into the host cell, the viral RNA is integrated
into the host cell genome, which then starts forming new
virion particles that are transported to the host cell membrane,
and the viral neuramidase antigen (N) breaks down sialic
acid, allowing the virus to disperse from the infected cell
[S]. Mutations occur in influenza viruses, resulting in the fre-
quent emergence of new viral strains (antigenic drift) with
immunologically different H and N antigens. As an example,
we can observe the HSN1 avian influenza viral strain or the
recent pandemic HIN1 swine flue influenza virus strain
known to cause influenza pandemics [6,7]. Consequently,
the antibody raised against known influenza virus strains
by vaccination programs cannot prevent the disease caused
by the emergence of a new viral strain. It is needless to men-
tion that a vaccine development to combat a new strain of in-
fluenza virus is not possible by any nation within a short time
to control an influenza pandemic emergency [8]. Moreover,
there are reports of drug-resistant influenza virus strains
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[9]. Therefore, alternative strategies to combat influenza pan-
demics are urgently necessary for successful control of such
pandemics and in this review we address this problem to
develop a hypothesis that may pave the path to combat influ-
enza pandemics.

Clinical experience: Vitamin C in management of
influenza/common cold

There has been considerable interest regarding the associ-
ation of vitamin C (ascorbic acid) with the common cold
since the claim of the famous scientist, Linus Pauling, in
1970 that ascorbic acid has a physiologic effect on the com-
mon cold [10]. Megadoses of vitamin C (3 g/d) have been
shown to prevent cold and flu symptoms in students 18-30
y of age [11]. Lower doses of vitamin C have not been shown
to prevent cold symptoms in a number of trials [12-28].
Doses of vitamin C in excess of 1 g/d taken shortly after onset
of a cold symptom did not decrease the duration or severity of
cold symptoms in healthy adult volunteers when compared
with a vitamin C dose lower than the minimum recommen-
ded daily intake [29]. In cases of confirmed influenza, rela-
tively few clinical trials have examined the efficacy of
vitamin C [30]. In a controlled trial of 226 patients with influ-
enza A, 114 patients received vitamin C 300 mg/d, and 112
patients served as controls; outcomes measured were devel-
opment of pneumonia and duration of hospital stay. Pneumo-
nia was reported in two subjects in the treatment group and 10
in the control group, and hospital stays for influenza or
related complications averaged 9 d in the vitamin C group
and 12 d in the control group [31]. There are many reviews
providing meta-analyses about the matter and concluding
that there is no correlation between vitamin C supplementa-
tion and the incidence of cold symptoms in the general pop-
ulation, but there are also persistent views that challenge
these conclusions [32-38]. In fact, there is a widespread per-
ception that the conclusion of no association of vitamin C
supplementation with cold symptoms is mostly due to inac-
curate review methodologies [39].

Story of vitamin C and influenza virus in the laboratory

In in vitro cell culture systems, ascorbic acid has been
shown to exhibit specific antiviral effects against influenza
virus [40]. In the Vero cell line, it shows 50% inhibition of
influenza viral proliferation at 100 and 250 uM at 24 h. In
the MDCK cell line, the specific antiviral effect of ascorbic
acid is observed at higher doses (>200 uM) in a dose-depen-
dent manner [40]. Ascorbic acid 3000 uM has been shown to
inhibit the cell cycle of fibroblasts in an in vitro cell culture
system at S phase with 100% inhibition of entry of those cells
into G2 M phase, probably by down-modulating the genes
essential for S-phase progression [41]. This ascorbic acid—
induced inhibition of cells entering the G2 M phase of the
cell cycle may inhibit the integration of viral genetic material
into the host genome in the case of RNA viruses; for incorpo-

ration of viral genetic material into the host cell genome, the
host cell cycle must be arrested at G2 M phase [42,43]. In this
regard, the influenza virus, corona virus, or picorna virus
should be no exception because these are RNA viruses.
Moreover, ascorbic acid has been shown to stimulate LXR-
« gene expression [44], which is known to cause downregu-
lation of the c-myc gene [45,46]. Downregulation of the
c-myc gene arrests the cell cycle at GOG1 phase [47], result-
ing in restricted entry of cells in S phase and reducing the
number of cells at G2 M phase for viral genome integration.
Also, it is a proven fact that ascorbic acid inhibits viral repli-
cation of other RNA viruses such as the human immunodefi-
ciency virus and avian tumor virus [48,49].

Ascorbic acid also has been observed to exhibit a sustained
antiviral effect against influenza virus in the presence of iron,
which may be due to the pro-oxidant effect of vitamin C. De-
hydroascorbate has shown this effect more significantly com-
pared with ascorbate [S0]. In vivo ascorbic acid has been
observed to play a pro-oxidant role but those observations
have been criticized [51-53]. To exhibit a pro-oxidant effect
on bronchial epithelium, the availability of iron and oxidants
such as hydrogen peroxide should not be a limiting factor for
locally available ascorbic acid because iron and hydrogen
peroxide are present at the vicinity of bronchial epithelium
[54,55].

Influenza virus infection is known to produce matrix met-
alloprotease (MMP) in epithelial cells, which is thought to be
a mechanism of spread of the virus [40]. Vero cells infected
with influenza virus have been shown to produce substantial
MMP-9 [56]. Clinical cases with influenza encephalitis also
have been proved to have significantly more serum MMP-9
concentration [57]. Ascorbic acid has been shown to reduce
MMP-9 gene expression in peripheral blood-derived mono-
nuclear cells [44]. It also has been shown to decrease
MMP-9 synthesis induced by hydrogen peroxide in an in vi-
tro chorioamniotic membrane model [58]. It is well known
that MMPs are important for cancer metastasis and vitamin
C has been proved to inhibit the migration of cancer cells
independent of its antioxidant activity [59]. Therefore, it is
likely that availability of vitamin C in the respiratory epithe-
lium will inhibit the possible lethal mediator of inflammation,
MMP-9, and reduce the extent of harm due to influenza virus
infection. Supporting this view, a study in an animal model
system has demonstrated enhanced lung pathology in an
influenza virus—infected vitamin C—deficient mouse model
[60]. All these experimental evidences indicating vitamin
C—induced inhibition of influenza virus proliferation are rep-
resented in Figure 1.

Correlation of clinical findings and laboratory results to
develop the hypothesis

The laboratory reports stating an antiviral effect of ascor-
bic acid against influenza virus has not been challenged by
any report thus far. The antiviral activity of ascorbic acid
against influenza virus is not due to its interaction with the
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Fig. 1. Diagram showing possible antiviral mechanisms of high concentra-
tions of vitamin C by arresting the cell cycle and modulating host gene ex-
pression .The possible pro-oxidant action of vitamin C in the presence of
iron to render antiviral effects is also represented. The cell cycle inhibition
effect of vitamin C is shown at S phase directly and at GOG1 phase through
LXR-a overexpression and subsequent c-myc underexpression, which re-
duces the availability of cells at G2 M phase, required for viral genome inte-
gration, a mandatory event for successful causation of influenza. Vitamin C—
induced LXR-« overexpression and subsequent downregulation of MMP-9
gene are also shown, which are important to inhibit the spread of influenza
infection. Relevant references are indicated within square brackets. Upregu-
lation and downregulation of gene expression are indicated by upward and
downward dashed arrows. A hyphen within parentheses represents inhibition
of that particular process. MMP, matrix metalloprotease.

H and N antigens of the virus but may be due to its pro-
oxidant effect, its genomic effect of cell cycle arrest at S
phase, or perhaps both. Therefore, the antiviral activity of
ascorbic acid should occur irrespective of the antigenic drift
of the virus, which changes the N or H antigen, causing an
influenza pandemic emergency, and renders the existing
influenza vaccines ineffective for prevention of a pandemic
influenza virus strain infection or causes drug resistance of
the neuraminidase inhibitor (N).

In the community, although many trials have assessed the
relation of cold and flu symptoms and vitamin C supplemen-
tation, no trial has assessed the specific viral load in an influ-
enza epidemic/pandemic in a population with ascorbic acid
supplementation. The supplementation trials have been re-
viewed several times, but the individual studies considered
in those trials mostly have not estimated the viral load and
ascorbic acid concentration available in the respiratory secre-
tion before and after vitamin C supplementation. Therefore,

the available reviews and meta-analyses speaking for and
against vitamin C supplementation may not exist without
substantial errors.

Availability of ascorbic acid in bronchial secretion is
a proven fact [61]. It has been shown that after 1-g/d supple-
mentation of vitamin C, ascorbic acid concentration in the
bronchial secretion is around 90 uM, a concentration ineffec-
tive to exhibit an antiviral effect on the MDCK cell line or to
arrest the cell cycle at S phase in fibroblasts [62]. Therefore,
we are of the opinion that, if a sustained high dose of vitamin
C is available in the respiratory secretion, it can exhibit
substantial anti influenza virus activity.

How to test the hypothesis

Oral megadoses of ascorbic acid in a normal population
are not advisable because these have been reported to cause
diarrhea in normal individuals and there is no conclusive
study reporting that oral high doses of ascorbic acid deliver
sufficient amounts of ascorbic acid to bronchial secretion
[63]. An exploration of the antitumor activity of ascorbic
acid through intravenous route has been proposed [64]. Anal-
ogously, to achieve a high concentration of ascorbic acid in
the bronchial epithelium, we propose ascorbic acid supple-
mentation by an inhalational route. In recent times, when
steroid inhalers are routinely used in asthmatic patients, the
technologic development for an ascorbic acid delivery
system by an inhalational route is expected to be developed
quickly without much difficulty. In addition to ascorbic
acid supplementation by an inhalational route, a 1-g/d oral
supply of ascorbic acid should be combined because oral
ascorbic acid supplementation is known to enhance iron
absorption from the gastrointestinal tract, which may be re-
sponsible for killing the influenza virus in the presence of as-
corbic acid in the bronchial epithelium. There is every reason
to believe that this combined mode of ascorbic acid supple-
mentation may render the host resistant to influenza virus in-
fection, even to a newly emerged pandemic strain. Before
starting this trial directly in humans, preclinical studies in
animal models must be conducted to determine the possible
toxicities of this approach. If preclinical studies show encour-
aging results, then appropriate clinical trials should be
designed and available ascorbic acid concentrations in bron-
chial secretions and viral load must be correlated to interpret
the outcome and adequate monitoring of such trials for any
harm. Only this combination approach of ascorbic acid sup-
plementation and correlation of available ascorbic acid at the
bronchial epithelium and viral load can conclusively decide
that the widespread anticipation about ascorbic acid as a pre-
ventive measure of influenza is right or wrong.

Summary and conclusion
Influenza virus infects the respiratory tract epithelial cells

and frequently causes flu pandemic emergencies due to emer-
gence of a new strain of the virus by possible antigenic shift/
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drift of viral proteins that renders the disease unpreventable
by vaccination of the host against known influenza viral
strains. Vitamin C has long been expected to offer protection
against influenza, but the clinical studies conducted thus far
have failed to provide an unbiased conclusion about the
matter, and contradictory views on the topic are reported.
Conversely, the laboratory studies show promising antiviral
effects of vitamin C by multiple ways at higher concentra-
tions that are unlikely to be attained at the respiratory tract
epithelium by oral supplementation of vitamin C. Therefore,
combined oral and inhalational routes of vitamin C delivery
will provide higher concentrations of vitamin C at the respi-
ratory epithelium, the very site of influenza virus infection,
and possibly impart anti—-influenza virus immunity irrespec-
tive of infection caused by new or old virus strains. If this
approach works, we propose to name it the Pauling vaccine.
That would be our tribute to Linus Pauling who strongly be-
lieved that vitamin C supplementation could protect mankind
from cold and flu.
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