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Abstract

Vitamin C is an essential micronutrient for humans, with pleiotropic functions related to its
ability to donate electrons. It is a potent antioxidant and a cofactor for a family of biosynthetic
and gene regulatory enzymes. Vitamin C contributes to immune defense by supporting various
cellular functions of both the innate and adaptive immune system. Vitamin C supports epithelial
barrier function against pathogens and promotes the oxidant scavenging activity of the skin,
thereby potentially protecting against environmental oxidative stress. Vitamin C accumulates in
phagocytic cells, such as neutrophils, and can enhance chemotaxis, phagocytosis, generation of
reactive oxygen species, and ultimately microbial killing. It is also needed for apoptosis and
clearance of the spent neutrophils from sites of infection by macrophages, thereby decreasing
necrosis/NETosis and potential tissue damage. The role of vitamin C in lymphocytes is less clear,
but it has been shown to enhance differentiation and proliferation of B- and T-cells, likely due
to its gene regulating effects. Vitamin C deficiency results in impaired immunity and higher
susceptibility to infections. In turn, infections significantly impact on vitamin C levels due to
enhanced inflammation and metabolic requirements. Furthermore, supplementation with
vitamin C appears to be able to both prevent and treat respiratory and systemic infections.
Prophylactic prevention of infection requires dietary vitamin C intakes that provide at least
adequate, if not saturating plasma levels (i.e., 100-200 mg/day), which optimize cell and tissue
levels. In contrast, treatment of established infections requires significantly higher (gram) doses
of the vitamin to compensate for the increased inflammatory response and metabolic demand.

Table 1
Role of vitamin C in immune defense.
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Immune System Function of Vitamin C Refs.

Acts as an
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I'ROS, reactive oxygen species; NET, neutrophil extracellular trap. Note that many of
these studies comprised marginal or deficient vitamin C status at baseline.
Supplementation in situations of adequate vitamin C status may not have comparable
effects.

Overall, vitamin C appears to exert a multitude of beneficial effects on cellular functions of both
the innate and adaptive immune system. Although vitamin C is a potent antioxidant protecting
the body against endogenous and exogenous oxidative challenges, it is likely that its action as a
cofactor for numerous biosynthetic and gene regulatory enzymes plays a key role in its immune-
modulating effects. Vitamin C stimulates neutrophil migration to the site of infection, enhances
phagocytosis and oxidant generation, and microbial killing. At the same time, it protects host
tissue from excessive damage by enhancing neutrophil apoptosis and clearance by
macrophages, and decreasing neutrophil necrosis and NETosis. Thus, it is apparent that vitamin
C is necessary for the immune system to mount and sustain an adequate response against
pathogens, whilst avoiding excessive damage to the host.

Vitamin C appears to be able to both prevent and treat respiratory and systemic infections by
enhancing various immune cell functions. Prophylactic prevention of infection requires dietary
vitamin C intakes that provide at least adequate, if not saturating plasma levels (i.e., 100—200
mg/day), which optimize cell and tissue levels. In contrast, treatment of established infections
requires significantly higher (gram) doses of the vitamin to compensate for the increased
metabolic demand.

Epidemiological studies indicate that hypovitaminosis C is still relatively common in Western
populations, and vitamin C deficiency is the fourth leading nutrient deficiency in the United
States. Reasons include reduced intake combined with limited body stores. Increased needs



occur due to pollution and smoking, fighting infections, and diseases with oxidative and
inflammatory components, e.g., type 2 diabetes, etc. Ensuring adequate intake of vitamin C
through the diet or via supplementation, especially in groups such as the elderly or in individuals
exposed to risk factors for vitamin C insufficiency, is required for proper immune function and
resistance to infections.
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