
Adjuvant Therapy in Pediatric Patients: 
How To Prevent Upper Respiratory Tract 
Infections with Nutritional Supplements

Linda A. Linday

Introduction 
This chapter will discuss the history of cod liver oil, essential and polyunsaturated 
fatty acids, free radicals, vitamins A and D, our research, and our conclusions.  
In our clinical research, we used liquid cod liver oil of adequate purity and 
acceptable taste, as well as a children’s multivitamin/mineral supplement with 
selenium and other trace metals.  These nutritional substances have effects 
on both inflammation and immunity.  Inflammation is now implicated in the 
pathophysiology of many different disorders, including asthma, coronary artery 
disease, rheumatoid arthritis, inflammatory bowel disease, Alzheimer’s disease, 
obesity, and macular degeneration.1
History of cod liver oil 
Historically, cod liver oil was used to treat rickets in children and “old pains” in 
adults.  It was used by members of fishing communities before being recognized 
as medically valuable by physicians.  In the USA, from the 1920s through the 
1940s, many children received 1-3 teaspoons of cod liver oil per day in orange 
juice; this regimen was begun when infants were only a few months old.  During 
World War II, English nurses gave cod liver oil to children at school.  Currently, 
it is still recommended by the Norwegian Nutrition Council as the optimal source 
of vitamin D, since it also contains long-chain omega-3 fatty acids.  In the United 
Kingdom, contemporary advertising for cod liver oil states that it helps maintain 
the body’s natural resistance to infections such as coughs and colds.  
The World Health Organization has strict limits on the amount of toxic equivalents 
(by weight) that are allowed each day for polychlorinated biphenyls and dioxin.  
Thus, while most marketed cod liver oils are acceptable for adults and children 
over five years of age, we have found only two brands, manufactured in Norway 
to pharmaceutical standards, that are acceptable for infants and young children.
In the USA, pediatricians are concerned that cod liver oil can cause vitamin A 
toxicity.2  However, the highly concentrated formulations of fish liver oils that 
were associated with vitamin A toxicity have not been marketed in the USA for 
many years.  Pediatricians in the USA are also concerned about lipoid aspiration 
pneumonia; but this has not been reported since the pre-antibiotic era, when 
sick young infants were treated with many different oils, which they sometimes 
aspirated.3
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It should be remembered that cod liver oil has omega-3 fatty acids as well as 
vitamins A and D.  Fish oil, which comes from the body of the fish, has omega-3 
fatty acids, but fish oil does not contain vitamins.
Fatty acids
Omega fatty acids are named for the position of the first double bond, counting 
from the methyl end.  Therefore, in an omega-3 (or n-3) fatty acid, the first double 
bond starts at the third carbon from the methyl end; in an omega-6 (or n-6) fatty 
acid, the first double bond starts at the sixth carbon from the methyl end; and in 
an omega-9 fatty acid, the first double bond starts at the ninth carbon from the 
methyl end of the molecule.4, 5  
During human evolution, the ratio of omega-6 to omega-3 fatty acids in the human 
diet was about one.  However, in the current Western diet, the ratio has increased 
to 10:1 or even 20:1.  Omega-6 fatty acids give rise to inflammatory chemicals 
in the body, while omega-3 fatty acids give rise to anti-inflammatory substances.  
Therefore, the current Western diet is an inflammatory diet.  It also high in fat, 
especially “trans” fat and saturated fat; it is also low in vitamins C and E.6  A 
saturated fat has no double bonds and is straight.  In a “trans” fat, the hydrogens 
are on opposite sides of the double bond, which also makes the molecule straight.  
In a “cis” fat, the hydrogens are on the same side of the double bond, making the 
molecule curved.  Saturated fats and trans fats are considered to be unhealthy.4, 5  
A polyunsaturated fatty acid is one with many double bonds.
The human body cannot convert omega-6 fatty acids to omega-3 fatty acids or 
vice versa.  The essential fatty acids (which have 18 carbons) are linoleic acid 
(omega-6) and alpha linolenic acid (omega-3).  Once these are supplied, the body 
can elongate the fatty acids and add additional double bonds.  However, the body 
is not very efficient at producing the long-chain omega-3 fatty acids that are found 
in fish oil and cod liver oil.
Free radicals
A free radical is a highly reactive chemical with an unpaired electron in the outer 
orbit.  Free radicals can damage molecules with double bonds, such as long-chain, 
polyunsaturated fatty acids; they can also damage proteins and DNA.  The body’s 
free radical scavenging enzymes help prevent damage from free radicals.  Some 
of these enzymes contain trace metals as intrinsic components of the enzyme.  
Examples include glutathione peroxidase, which contains selenium; two different 
forms of superoxide dismutase contain either copper or zinc.  A person who is 
deficient in selenium cannot make adequate amounts of glutathione peroxidase.
Some vitamins have anti-oxidant properties.  These include vitamin E and vitamin 
A, which are fat soluble; vitamin C, another anti-oxidant vitamin, is water 
soluble.
Vitamin A
Vitamin A has long been known as the “anti-infective” vitamin.7  Vitamin A is 
essential for maintaining the integrity and function of the epithelium.  In developing 
countries, vitamin A is used to prevent complications of measles.  Severe vitamin 
A deficiency leads to metaplasia, in which the epithelium of the bronchi and 
urinary bladder is transformed into stratified squamous epithelium.  Vitamin 



A is essential for the eye.  Severe deficiency leads to blindness; in developing 
countries, in-hospital death rates for children with vitamin A deficiency blindness 
are 15-25%.  Milder vitamin A deficiency causes night blindness and Bitot spots.
Vitamin D
Vitamin D is known as the “sunshine vitamin,” because the ultraviolet B rays in 
sunshine produce vitamin D in the skin.  Inadequate vitamin D levels are common 
in the USA because of indoor lifestyles and avoidance of the sun to prevent 
certain skin cancers.  However, sun exposure and vitamin D improve bone health, 
mental health, and heart health; they also alleviate certain skin disorders, prevent 
some cancers, and have been linked to a decreased risk of some autoimmune 
disorders.  Circulating 25-hydroxyvitamin D [25(OH)D] is the measure of the 
body’s vitamin D status.  In the kidney, 25(OH)D is hydroxylated again to form 
1,25-dihydroxyvitamin D, the active circulating hormone that is important for 
calcium metabolism and bone and muscle health.  New research has shown that 
many tissues in the body can make their own 1,25-dihydroxyvitamin D for their 
own use; this includes prostate cells, breast cells, colon cells, and immune cells.8
Adult vitamin D research is an active and controversial field.  The level of plasma 
or serum 25(OH)D considered to be acceptable and healthy is higher than it was 
years ago; it is also controversial.  In addition, the level can vary with the assay 
used. Vitamin D deficiency is associated with rickets in growing children and 
osteomalacia in adults.  Neither is usually present with a 25(OH)D level over 10 
ng/mL (25nmol/L).  In adults, as a result of new research on chronic conditions 
and vitamin D, a level less than 20 ng/mL (50 nmol/L) is now considered 
deficient, while levels from 21 through 29 ng/mL (52 to 72 nmol/L) are now 
considered insufficient.
Rickets is associated with pneumonia, both in developing countries and in the 
historical US literature.9  Cod liver oil and sunshine were historically used for 
the treatment of tuberculosis, and there is renewed interest in the relationship of 
vitamin D levels to the severity of tuberculosis.  There is also new interest in the 
relationship of genetic variants of the vitamin D receptor to tuberculosis, asthma, 
and AIDS.  In addition, vitamin D has been linked to steroid-resistant asthma.
Recent reports document that vitamin D is essential for the production of 
endogenous anti-microbial peptides.10-12  In addition, the seasonal decrease of 
25(OH)D levels in winter has been linked to epidemic influenza A,13 which may 
be important in the pathogenesis of acute otitis media during influenza seasons.14 
As reviewed by Holick,8 in vitro studies have demonstrated that when serum 
levels of 25(OH)D fall below 20 ng/mL (50 nmol/L), monocytes and macrophages 
are prevented from initiating the innate immune response to Mycobacterium 
tuberculosis.10

Our research
Our group is interested in the role of nutritional substances influencing the 
immune, inflammatory, and antioxidant systems.  We have had promising results 
with the clinical use of cod liver oil (which contains long-chain omega-3 fatty 
acids as well as vitamins A and D), other vitamins, and trace metals in the 
prevention of upper respiratory tract infections in young children.1, 15-17  In our 
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initial study,15 we reported that young children, most of whom were undergoing 
ambulatory surgery for the placement of tympanostomy tubes, had lower blood 
levels than adults of eicosapentaenoic acid (an anti-inflammatory omega-3 fatty 
acid), vitamin A (the “anti-infective vitamin7”) and selenium (a trace metal that 
is an intrinsic component of glutathione peroxidase, which decreases reactive 
oxygen species).
In a new, small study of plasma 25(OH)D levels in young children undergoing 
placement of tympanostomy tubes,18 half our subjects had 25(OH)D levels less 
than 20 ng/mL (50 nmol/L), now considered deficient in adults, and another 
31% (5/16) had levels from 21 through 29 ng/mL (52 to 72 nmol/L), a range 
now considered insufficient in adults.8  As discussed by Holick, a level of 20 ng/
mL (50 nmol/L) is associated with an inadequate in vitro immune response to 
Mycobacterium tuberculosis.  The levels of vitamin D associated with immunity 
to the common pathogens causing respiratory tract infections in young children 
have not yet been defined.
Conclusions
We believe that cod liver oil, of adequate purity and taste, is clinically acceptable 
and useful, especially when combined with a multivitamin/mineral supplement that 
contains selenium and other trace metals.  These substances are relevant to current 
research on infection, vitamin D, biofilms, inflammation, and docosanoids.
There are few contraindications to the use of these supplements.  In our studies, 
we excluded infants and children with an allergy to fish; a risk of aspiration 
(including a feeding disorder, cleft palate/lip, or seizure disorder); risk of 
overdose of vitamins A & D (particularly those with an unusual diet especially 
high in vitamins A & D); as well as young infants with a history of very low birth 
weight.  Our lower age limit was six months of age.  To give the supplements to 
the youngest children, parents were told to crush the multivitamin/mineral tablet 
and mix it and the cod liver oil in a small amount of food, such as yogurt or 
apple sauce.  In clinical use in the USA, issues that remain are who pays for the 
supplements, who teaches parents how to use them, and where families can get 
them.
We live in a time of increasing bacterial resistance to antibiotics and the emergence 
of new pathogens.  We therefore hope to help stimulate renewed interest in the 
important topic of nutrition and resistance to infection, and believe that further 
research on the relationship of infection to 25(OH)D and other nutritional factors 
is indicated.
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