
john.galbraith@viha.ca

BCSLS Congress 2018







 Review Immune System Basics

 Influence of Vitamins & Minerals

 Sepsis and Vitamin C

 Conclude with Some Lifestyle and Nutritional 
Recommendations



 I am a shareholder in USANA Health Sciences 
maker of nutritional supplements

 My wife is a distributor with USANA Health 
Sciences





PC Calder & S Kew                             
Br J Nutrition 2002

The immune system acts to protect the 

host from infectious agents that exist in 
the environment (bacteria, viruses, 
fungi, parasites) and from other 
noxious insults.



 First line of defense

 Is present prior to exposure to pathogens

 Includes skin and mucous membranes

 Prevents entry or eliminates by:

•Direct destruction; (complement, toxic 
chemicals from phagocytes, toxic proteins 
from NK cells)

•Phagocytosis and subsequent destruction.



 Specific recognition of molecules (antigens) on a 
pathogen which identify it as different from the 
host.

 Recognition by antibodies (produced by B 
lymphocytes) and by T lymphocytes.

 Includes a component of memory (with reinfection 
the response is faster and stronger).



 Each lymphocyte can recognize only one antigen (but once 
recognized stimulates lymphocyte expansion or proliferation).

 B lymphocytes mature into plasma cells (antibody producers) = 
humoral immunity.

 T lymphocytes proliferate and may directly destroy      = cell 

virally infected cells (cytotoxic T lymphocytes)              mediated

or                                                                                 immunity

 Control activity of other cells involved in the response                
(T helper=Th).



Communication within the Immune System by cell to cell 
contact and chemical messengers (cytokines).

Each cytokine can have multiple activities on different cell types.

Cytokines:  TNF - 

IL - 1

IL – 6

T lymphocytes will produce cytokines that will regulate the 
activity of the cells involved.



Ann Nutri Metab 2007:51:301-323



MHC class I and II



Chandra RK 
1991



To assess impact of a nutrient on immune 
function may also do in vitro studies: add the 
nutrient in pure form directly to immune 
cells in culture.

Requires confirmation in controlled dietary 
studies.



Calder 2007





 Protein-energy malnutrition (PEM)

 Most host defense mechanisms are adversely 
affected

 Especially cell-mediated immunity



Immunodeficiency

Infection

Malnutrition







Via retinoic acid plays an important role in the 
regulation of immune function.

Vitamin A deficiency:

 Phagocytosis

 Production of 1L-12 & TNF-

 Th2 anti-inflammatory cytokines (1L-4, 1L-10, 1L-
13)

 Ab production

All reversed with supplementation.

Wintergerst et al 2007



Vitamin A supplementations reduced morbidity and 
mortality in children with acute measles, diarrheal 
diseases, respiratory infections, malaria, and TB.

Semba et al 2004



 Essential in nucleic acid and protein biosynthesis

 Antibodies and cytokines require B6 as a coenzyme in their 
metabolism

 B6 deficiency

↓Lymphocyte maturation, proliferation

↓Ab production

↓T cell activity, NK activity

All corrected by supplementation

 “May require intakes higher than the current recommended 
dietary allowance”  Kwak et al 2002.

Wintergerst et al 2007



Like B6 & B12 plays a crucial role in nucleic acid and protein 
biosynthesis

Folate deficiency:

↓ T lymphocytes

↓ Lymphocyte proliferation

↓ CD8 & T cells

Carcinogenesis

All reversed by supplementation

Wintergerst et al 2007



Involved in nucleic acid synthesis

Vit B 12 deficient patients with pernicious anemia 
or post gastrectomy megaloblastic anemia

↓Lymphocytes esp. CD8+

↓NK cell activity

Reversed by methylcobalamin treatment

(high risk of gastric cancer in pernicious anemia).

Tamura et al 1999



60 healthy adults > 70 yrs.

400 µg folic acid; 120 IU vitamin E & 3.8 µg 
vitamin B12

NK cell cytotoxicity

↓Infections (p=0.02)

Bunout et al, JPEN 2004  



 now considered a hormone

 different cell types (including immune cells) 
in our bodies can produce active vitamin D

 affects aspects of both innate and adaptive 
immunity, including phagocytosis, cytokine 
production, lymphocyte differentiation, and 
antibody production



Vitamin D enhanced bactericidal activity of human macrophages 
against mycobacterium tuberculosis

Rook et al 1986

Crowle et al 1987

Macrophages infected with M.TB up regulate expression of VDR 
& CYP27M (an enzyme that converts vitamin D to its active 
form).  The active vitamin D interacts with VDR and leads to 
induction of cathelicidin (an antimicrobial peptide)

In the state of vitamin D deficiency, the infected macrophage is 
unable to produce sufficient 1, 25 (OH)2 D to up regulate 
production of cathelicidin

Liu et al 2006



 small anti-microbial peptides

 vitamin D enhances cathelicidin production in 
numerous cell types and in macrophages

 activation of toll-like receptors (proteins that 
recognize microbial molecules) cause 
macrophages to ramp up production of 
vitamin D and its receptor (VDR), leading to 
the production of cathelicidin





Three of 4 TB trials with vitamin D therapy 
demonstrated positive outcomes but…major 
limitations with sample size, dosing, 
monitoring of levels etc.

Yamshchikor et al 2009



 In a prospective cohort of 10,044 patients 
undergoing haemodialysis. Those with the 
lowest level of cathelicidin had a two-fold 
increased risk of death from infection within 
the first year of haemodialysis compared to 
those with the highest levels of cathelicidin

 Study also demonstrated a positive 
association between the active form of 
vitamin D (1,25-dihydroxyvitamin D) and 
cathelicidin levels

Gombart et al 2009



Vitamin D may be a contributor in determining 
population susceptibility to seasonal epidemic 
outbreaks as well as the degree of associated 
morbidity and mortality.

Cannell et al 2006

7 human studies of vitamin D and prevention of viral 
respiratory tract infections.

Results mixed but all have major methodologic
limitations.



208 post menopausal women given 800 IU of 
Vitamin D daily or placebo for 2 years followed 
by 2000 IU of Vitamin D daily or placebo for 
12 months.

No significant difference in bone mineral 
density

BUT
Lower rate of URI and influenza in treatment 
arm. (more so with 2000 IU dose)

Aloia & Li-Ng 2007



 The major lipid soluble anti-oxidant in the 
body

 Vitamin E deficiency

Lymphocyte proliferation

NK cell activity

Ab production following vaccination

Phagocytosis by neutrophils



↑ Lymphocyte proliferation

↑ NK cell activity

↑ Ab production

↑ Phagocytosis

In elderly:

Improves overall immune function

 Susceptibility to infections & possibly 
neoplastic diseases

Wintergerst et al 2007



Mice fed diets with 30mg/kg

or for 6 week

500 mg/kg

Then infected with influenza A virus

Mice with high level Vitamin E diets had lower 
lung titres of virus

Hayek et al 1997



Zinc deficiency

WBC in bone marrow
NK cell activity
Lymphocyte proliferation
CD4/CD8

All can be corrected by Zn repletion



Low plasma Zn levels

↑ LRTIs

↑ Diarrhoea

Malnourished children given Zn (2 mg/kg/day)

↓ Diarrhoea 50%

↓ Incidence of respiratory and skin infections

SIGNIFICANT  ↑ growth

Compared to children given (3.5 mg daily)

RTC: Zn supplementation decreases incidence of 
infections in the elderly (age 55-87)

Prasad et al AJCN 2007



▪ Key role in redox regulation and antioxidant 
function

▪ Selenium deficiency decreases immunoglobulin 
titres and impairs aspects of CMI

▪ Supplementation in healthy subjects augments CMI

▪ Supplementation in the elderly restores the age-
related deficit in NK cell and cytotoxic activity 
preventing an increased susceptibility to 
inflammatory and malignant disease.

▪ Selenium reduces mortality in ICU patients

Matthias et al 2007

Wintergerst et al 2007



Exhaust photo courtesy wikimedia



Summary of the sites of action of 
micronutrients on the immune system

Vitamin A Vitamin A Vitamin A

Vitamin C Vitamin B6 Vitamin B6

Vitamin E Vitamin B12 Vitamin B12

Zinc Vitamin C Vitamin D

Vitamin D Vitamin E

Vitamin E Folic acid

Folic acid Zinc

Iron Copper

Zinc Selenium

Copper

Selenium





An important antioxidant

Highly concentrated in leukocytes

Supplementation enhances neutrophil chemo taxis in healthy 
adults

 Lymphocyte proliferation

 Cytokine production in response to

 Immunoglobulin synthesis infection

Plays a significant role in regulation of the inflammatory 
response (NF-kB)

Wintergerst et al 2007



MacWilliam, L 2007



Healthy human 
cells in culture

Damaged cells 
following 
exposure to free 
radicals

Similar cells when  
oxidation defense 
mechanisms are 
included

Influence of Free Radicals and  

Anti-Oxidants on Cells in Culture



Young healthy adults consumed Vitamin C 
deficient diet

↓DTH response to several antigens

↓T cell proliferation

All restored with supplementation

Jacob et al 1991



Topical application of Vitamin C in patients with HSV decreased 
duration of lesions.

Hamuy Eur J Dermatol 1998

Vitamin C levels rapidly fell with onset of infection and return to 
normal following infection

Hume Scot Med J 1973

Vitamin C > 1 gm/day no consistent effect on incidence of 
common colds BUT benefit on duration and severity of 
symptoms

Douglas et al Cochrane database 2007

Ultra-marathon runners (600mg/day) decreased incidence of 
post race URTI

Peters et al  Am J Clin Nutr 1993



 Vit C 1 gm q8h + Vit E 1000 IU q8h + 
Selenium 200 mcg qd for 7 days

 Mortality 28% lower in treatment group

 Significant reduction in both ICU and hospital 
LOS                             Collier et al JPEN 2009

AO treated group had reduced respiratory 
failure and marked decrease in abdominal 
wall complications        Giladi et al Injury 2010

High Dose AO in Critically Ill Trauma Patients



Ascorbic Acid:

• A powerful antioxidant
• Recycles other antioxidants
• Maintains many enzymes
• Binds adrenergic receptors
• Epigenetic effects

http://www.artesanias-minerales.com/vitamin-c/


 Dr Paul Marik, Eastern Virginia Medical School

Norfolk, VA



 15-19 million cases annually

 Mortality Rate about 25% in high income 
countries vs up to 50% in low income 
countries

 Numerous short and long term complications



 Sepsis is defined as life-threatening organ 
dysfunction caused by a dysregulated host 
response to infection

 Organ dysfunction can be identified as an 
acute change in total Sequential (Sepsis-
Related) Organ Failure Assessment (SOFA) 
score of 2 or more points consequent to the 
infection





 Overwhelming inflammation and oxidative 
stress contribute to the high mortality of 
sepsis by causing vasoplegia, capillary 
leakage and organ failure



 Three patients moribound with septic shock
 Gave IV Vitamin C + hydrocortisone (HCT) + 

thiamine (B1)

 Vit C and HCT act synergistically on multiple sites 
in the inflammatory cascade

 HCT increases Vit C cellular uptake
 Vit C restores sens of glucorticoid receptor
 Thiamine reduces risk of renal oxalate 

crytallization

 All 3 had a dramatic recovery



Zibursky JS et al BMJ Case Rep 2014







Oudemans-van Straaten et al Critical Care 2014





Incidentally…



Donnino MW 2016



 Chest 2017; 151(6): 1229-1238

 Compared outcome of septic patients treated 
with IV Vit C + HCT + Thiamine with control 
group treated with standard care in the 
preceeding 7 months.

 Primary Dx of Severe Sepsis or Septic Shock; 
Procalcitonin (PCT) > 2 ng/mL

 47 patients in each group, no significant 
differences in baseline characteristics 













Li Critical Care 2018



N = 27
3 arms:  placebo, 12.5 mg/kg 

IV q 6h vs. 50 mg/kg q6h 1°: safety  2°: ΔSOFA 

http://media.springernature.com/full/springer-static/image/art:10.1186/1479-5876-12-32/MediaObjects/12967_2013_Article_1741_Fig1_HTML.jpg
http://media.springernature.com/full/springer-static/image/art:10.1186/1479-5876-12-32/MediaObjects/12967_2013_Article_1741_Fig2_HTML.jpg


N = 
28

AA 25 mg/kg 
q6



Zabet et al 2016



1. Choose healthy low glycemic foods.
Aim for 3 cups of vegetables and 2cups of 
fruit daily

www.glycemicindex.com



2. Get regular exercise.



3. Get appropriate R&R.



4. Avoid toxins.



5. Take a pharmaceutical grade 
nutritional supplement
“Those who take high quality nutritional 
supplements have a health benefit over those 
who don’t” 



Insufficient vitamin intake is apparently a cause of 
chronic diseases.  Recent evidence has shown that 
suboptimal levels of vitamins, even well above 
those causing deficiency syndromes, are risk 
factors for chronic diseases such as cardiovascular 
disease, cancer and osteoporosis.

A large portion of the general population is 
apparently at increased risk for this reason.

Dr. Robert Fletcher and 

Dr. Kathleen Fairfield JAMA 2002



Any questions?


