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Chapter 8
The Right Stuff: Use of ALCAT Testing to Determine Dietary Factors

Affecting Immune Balance, Health, and Longevity
Roger Davis Deutsch

CEO, Cell Sciences Systems (US) & ALCAT Europe

ABSTRACT
The aging processes, described by Denham Harmon in the 1950s, are manifesting at earlier

ages. Metabolic syndrome, characterized by obesity, diabetes, and cardiovascular disease, has sharply
increased in recent years. Many observational studies support the thesis that the deleterious effects
exerted by free radicals, upon lipid membranes, DNA, and protein structures, forms the common
underlying basis of the many diverse degenerative aging disorders.  The inability to tolerate foods and
environmental factors induces chronic activation of the innate immune system and gives rise to
inflammatory processes, which includes excess production of reactive oxygen species and the release of
preformed and newly synthesized mediators of inflammation.  A simple blood test (the ALCAT test) can
be used to identify food and other factors that induce innate immune system activation. This review article
describes the relationships between inflammatory processes, degenerative disorders, and dietary factors.

Keywords: nutrigenomics, metabolic syndrome, innate immunity, specific immunity, allergy, food
Intolerance, food sensitivity

INTRODUCTION
Since the introduction of the free radical theory of aging by Denham Harmon in 19561 numerous

findings have supported the notion that random damage induced by reactive oxygen species (ROS)
exerts deleterious effects on a wide range of cellular and tissue structures  resulting in degeneration and
aging. On the other hand, it has also been demonstrated that certain foods containing sirtuins, such as
resveratrol (found in red wine) can switch on the same genes that are activated during times of calorie
restriction thereby exerting a regenerating effect, or down regulation of the P53 gene.2

Whilst other foods induce hormonal secretions associated with the activation of proinflammatory
genes, such as foods having a high glycemic index that induce insulin secretion.  It is quite possible that
food induced inflammatory bowel promotes sugar cravings as activated immune cells in the gut consume
serotonin, thus possibly creating a deficit of this key neurotransmitter in the brain.3   Yet, other foods exert
anti-inflammatory effects, such as foods high in n-3 fatty acids (EPA, DHA), e.g. oily fish, which induce a
decrease in inflammatory cytokine production from monocytes, notably, IL-1, IL-6, and TNF-alpha.4

Chronic inflammation is the primary cause of free radical generation and the common soil of
most, if not all, of the diseases of aging.  The most significant source of free radicals, as well as
preformed and newly synthesized inflammatory mediators, is the activated innate immune system.
Further, clinical observations suggest a link between genetic differences and how each individual reacts
to food and other environmental exposures as a function of biochemical individuality.  Adverse reactivity
to foods and other environmental substances activates the innate branch of the immune system,
generating release of toxic inflammatory mediators and reactive oxygen and nitrogen species.

Chronic activation of innate immunity appears to underlie and form a common basis for a wide
range of generative diseases associated with the aging; including, diabetes, obesity, cardiovascular
disease, arthritis, dementia, auto-immunity, and others.

In some instances an infectious agent is demonstrable.  However, in many cases no specific
antibody is demonstrable and the inciting environmental factor is presumed to be other than microbial.

Commonly eaten, but constitutionally incompatible foods and additives, as well as other
environmental exposures, seem to be associated with chronic activation of innate immunity and therefore
a major contributor to degenerative processes.
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IMMUNITY
A basic review of salient features of the immune system, for the non-immunologist, is in order.

Many authors have drawn military parallels describing the human immune system as being similar to a
country’s defenses. Like a military organization, the immune system must function under tight regulation.
If it breaks down, the effects may be devastating.  An enemy might attack without resistance; or, the army
might grossly overreact to a harmless situation, dropping bombs or launching missiles on a pack of boy
scouts or a Salvation Army parade.  Simple as it sounds, the military needs to react when it should, and
not react when it shouldn’t.  So too must the immune system.  The damage to the organism resulting from
immune dysfunction could be every bit as calamitous as that to the nation if its military organization failed.

Put differently, the immune system is a double edged sword. Under ideal circumstances it
diligently discriminates between self and non-self; selectively protecting, through the aegis of powerful
biological weaponry against a plethora of pathogenic micro-organisms and; like rooting out enemy
infiltrators, it also guards against abnormal cell proliferation, eliminating malignant cells before they can
multiply and corrupt the population.

Normally, the immune system performs efficiently and unnoticed by the host.  However, in states
of disarray, its effects are anything but unnoticed. Given the complexity of the system, as well as the fact
that molecular similarities sometimes exist between self and foreign proteins, it is little wonder that on
occasion it does fail.  Failure might manifest in different ways.  Over reaction to otherwise innocuous
substances is termed allergy. The self destruction when the immune response is turned against the host,
which is termed auto-immunity, can be devastating, as in multiple sclerosis, rheumatoid arthritis,
myasthenia gravis, systemic lupus, and others.  This would be similar to a military unit mistakenly
attacking their own town folk.

A prominent feature of innate immunity is the phagocytic cells.  The killing mechanisms of
phagocytes are very effective.  They have been compared with infantry soldiers.  In some respects they
are actually more like kamikaze pilots.  Phagocytes will engulf foreign pathogens into vacuoles then,
merging with cytoplasmic granules containing highly toxic preformed proteolytic enzymes, destroy the
pathogen. Like a kamikaze, they are usually destroyed in the process.  In addition to these enzymes an
activated phagocyte will also generate free radicals and other toxic reactive oxygen and nitrogen species.
These can be taken up by nearby cells causing peroxidation of lipids in cell and organelle membranes,
deformation of protein structures and damage to both nuclear and mitochondrial DNA.

It is noteworthy that overloading the macrophage/monocyte system with the need to clear
apoptotic neutrophils (i.e. dead kamikazes) allows some of them to undergo secondary necrosis, whereby
uncleared cell fragments release their nucleosome fragments, which themselves may promote further
inflammation and auto-immunity.5    We often see that a commonly eaten food or food additive, will wipe
out as much as 20% of the live neutrophils, in vitro, as determined by the ALCAT test method.  This could
well describe a model whereby food intolerance induces auto-immunity.

Interaction between the neutrophil and/or macrophage and the invader is facilitated by the cell
surface receptors’ ability to recognize molecular repeat structures on pathogen surfaces. Phagocytes also
possess lectin receptors capable of recognizing mannose molecules on pathogens.   However, many
foods also contain lectin molecules and can easily be mistaken for pathogens, setting off a damaging
response.

In some instances cells are assisted by the complement cascade of serum proteins, to effect
binding of these markers on the pathogen surface, a process termed, opsonization.  This occurs even on
the very first exposure and is characteristic of innate immunity.  Prior exposure is not necessary to initiate
it and repeated exposure does not enhance it.

When bacteria with a polysaccharide capsule present, direct leukocyte contact is inhibited by the
capsule.  The ‘solution’ involves B-lymphocyte production of a specific antibody capable of recognizing a
particular molecular structure, or epitope, associated with the micro-organism in order to facilitate binding.
Phagocytes possess Fc γ receptors to facilitate this.  Endocytosis and the further destructive sequence of
events soon follow.  This is characteristic of adaptive or, specific immunity as the antibody that is specific
to the antigen (antibody generator) requires priming through prior exposure, and mounts a more efficient
response upon re-exposure, as the formed antibodies increase their binding capacity as a result of affinity
maturation.

When a virally infected or a cancerous cell, displaying altered surface markers presents, the
altered cell will be destroyed by the direct killing action of a cytotoxic lymphocyte (CTL) or a natural killer
(NK) cell.



53

If the host is attacked by a large pathogen, such as a parasite, other granulocytic cells (mast cells
and basophils) release pre-formed histamine in a rather explosive fashion to attack the larger foe.  This
process is usually antibody mediated.  Neutrophils may also react in this fashion toward a larger
pathogen (or food macromolecule) in a process called frustrated phagocytosis.

Inappropriate activation, that is, reacting to a harmless substance such as a pollen grain as
though it were a parasite, is termed allergy. Failure of the surveillance and neutralization of cancerous
cells can result in neoplastic growth.  Excessive generation of free radicals and reactive oxygen (and
nitrogen species) and proteolytic enzymes, let’s call this intolerance, results in chronic inflammation,
tissue and DNA damage, and leads to premature aging and possibly cancer.  Inappropriate activation of
CTL, and other defense mechanisms, aimed at self proteins, induces auto-immunity.

These imbalances, as well as simple nutritional strategies to redress them, will be examined in
this review.  As these responses are organism specific and involve cellular and molecular mechanisms, a
practical cellular laboratory technique for determination of offending dietary factors to be avoided, the
ALCAT test can be quite useful.  The ALCAT test is a novel method for assessing cellular response to
antigenic challenge, ex vivo, in whole blood that is exposed to a battery of test substances.  It has
demonstrated not only a beneficial response to individually structured elimination of foods, but is also
unique in that it exhibits a high correlation with double blind oral challenges with foods and food additives.

Allergy
The concept of allergy was fairly well understood when first introduce by von Pirquet, an Austrian

physician, in 1906.  It was intended to denote an altered reaction to a normally innocuous substance.  As
a matter of convention, Allergists later narrowed the definition of allergy to denote only such altered
reactions that exhibit immediate and pronounced symptom onset.
 It has been estimated that approximately 20% of the US population suffers from this form of
allergy, also known as atopy, but this number seems to be growing rapidly.  Reports suggest that as
much as 54% of the population will show a positive skin test to at least one allergen.  This is mainly in
reaction to inhalant allergens, such as pollens, mites, and epidermals; occasionally some foods; peanuts
and crustaceans being the most common, as well as some contactants.   However, “true” food allergy,
also know as classical food allergy; or a Gell and Coombs Type I reaction, rarely occurs, affecting less
than 5% of the general population in the US.

Other reactions to foods and chemicals, reactions termed intolerances or sensitivities, where
symptom onset is delayed and typically less acute in nature, occur considerably more often. Physicians
distinguish between immediate allergic reactions, and adverse or toxic type altered reactions; referring to
the latter as, “intolerance”, “sensitivity” or, “hidden” food allergies. Although both involve abnormal
immune reactivity, the mechanisms underlying each differ from one another.  Broadly speaking, classical
allergy is a function of the specific immune system while, intolerance or sensitivity, primarily involves the
innate branch of the immune system.
 
Classical Allergy is a Function of Specific Immunity
 The hallmark of specific immunity is memory; hence the rationale underlying vaccine
immunizations.  It is specific in that it makes use of pathogen or allergen-specific binding sites on
immunoglobulins (Ig) and lymphocyte receptors in the process of recognition.  Prior exposure to the
activating substance is necessary in order to elicit a response.  Re-exposure induces a response more
rapidly and with greater efficiency, as affinity maturation, better antigen binding, occurs.
 As early as 1920, American allergists Praustnitz and Kustner demonstrated that passive transfer
of allergy may occur by injecting allergic serum into the skin of a non-allergic subject.  In attempting to
discover the factor causing such allergic reactions they injected allergic serum into the subcutaneous
tissue of the arm of a non-allergic.  Subsequent scratch testing at the injection site with specific allergen
induced a characteristic allergic wheal and flare.  Although unknown at the time, the causative serum
factor was referred to as reagin. 
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Immunoglobulin E (IgE)
In 1967 two independent teams of investigators identified reagin as the rarest of the five basic

antibody isotypes, IgE. One team comprising a husband and wife in Colorado named Ishizaka.  The
other, at the Karolinska Institute in Sweden, later developed an immunoassay for quantification of
allergen specific IgE- the RAST, an acronym for Radio Allergo Sorbent Test, a sandwich immunoassay
using a radiolabeled anti-IgE antibody tag, read with a gamma counter.

The role of IgE in the pathogenesis of allergy was later elucidated. An antigen capturing and
presenting cell (usually a macrophage or dendritic cell) takes up the allergen and degrades it.  It binds to
a major histocompatibility complex molecule (MHC molecule) and the MHC/allergen complex then
migrates to the cell surface membrane.  (All somatic, nucleated, human cells express MHC molecules for
recognition of, “self” tissue.)  MHC class II molecules present allergens or pathogen components to CD4+
(Cell Determinate) lymphocytes.  A T-Helper 2 (i.e., lymphocytes that mature in the thymus gland)
lymphocyte, with a conforming receptor will recognize the antigen peptide/MHC complex.  Activation of
the T cell requires not only this interaction, but also a co-stimulatory signal, usually involving a B7
molecule on the APC, and a CD 28 receptor on the T-cell.  The T-cells, once activated proceed to
chemically “instruct” those few B-lymphocytes that also possess surface receptors conforming to the
initiating allergen peptide sequence.  

In this allergic pathway the chemical message from the T cell to the B cell is Interleukin 4 (IL4). 
Activated B-cells mature into plasmacytes, efficient antibody producing factories, and continue churning
out thousands of antibody molecules specific to the initiating allergen peptides.  These cells then clone
themselves as rapidly as their genetic machinery and availability of nutrients will allow. Each new cell is
now also secreting soluble forms of the specific receptor molecule; allergen specific IgE antibodies,
conforming to the peptide structures of the initiating allergen.   The T and B lymphocytes that persist in
the circulation following the resolution of an infection (or, as in this case, allergenic exposure) are termed
memory cells.

T and B cells are notably allergen or pathogen-specific in so far as their recognition mechanisms
are concerned.  Hence, there will be relatively few memory T and B cells that initially recognize the
specific antigen; however, those that do are capable of cloning themselves as rapidly as the cell’s genetic
machinery and nutritional stores will allow upon repeated encounter with the pathogen.  The key here is
that the cells will require the appropriate signals (information) as well as the necessary store of nutrients
to supply the needed building materials, as well as the enzymatic activity required by the synthesizing
processes.

It is this capability of the memory cells to replicate and carry out their individual functions that
underlies the human organism’s ability to counter a subsequent invasion by a particular pathogen much
more rapidly than the 7 to 14 days required to gear up following the initial infection.  Of course, this is a
good thing when it occurs at the appropriate time; but, considering that common allergens, such as pollen
grains, do not have the ability to multiply inside the body and, therefore, do not inherently possess
significant potential for harm, allergy, per se, would have to be regarded as an inappropriate and itself
harmful altered  reaction.  It can even be fatal at times, i.e., anaphylactic shock.  The prevalence of
allergy as well as that of intolerance is increasing and should be taken seriously.

Once in circulation, IgE antibodies bind to surface fc receptors on mast cells in the connective
tissue of the skin and mucosal linings of the respiratory, GI and genital-urinary tract; as well as with
basophils in the circulation.  These cells possess internal pre-formed mediator-containing granules,
including histamine.  When two or more cell-bound IgE antibodies subsequently encounter the specific
allergen, their binding and “cross-linking” induces aggregation of cell membrane receptors, activating
various enzymes and kinases, which in turn activate gene activation factors, such as NFκB, resulting in
the release of these mediators, a process is known as degranulation (Figure 1). Inflammatory processes,
including: increased blood vessel permeability, mucus secretion, irritation of nerve endings, and smooth
muscle constriction – all common traits of “true” allergy, soon follow.   The so-called late phase reaction,
mediated by newly formed lipid mediators, products of arachidonic acid metabolism; leukotrienes, through
the lipoxygenase pathway, and prostaglandins through the cyclo-oxygenase pathway, perpetuates the
reaction and underlie what is referred to as the late phase.

The elucidation of this pathway is defined, and almost always involves IgE; thus, the RAST test
can be quite useful in identifying these allergen triggers.  However, as intolerance to foods or chemicals
does not follow this pathway, RAST is of little benefit in identifying offending intolerogenic foods or
ingested chemicals.  Further, because IgE mediated symptom onset is rapid and dramatic, “true” allergic
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reactions to foods are usually obvious from the history thus obviating the need for testing.   Intolerances
to foods often produce delayed and less dramatic symptoms and are therefore less obvious.

Figure 1.  When two or more cell-bound IgE antibodies encounter the specific allergen,
their binding and “cross-linking” induces a process known as degranulation.

Many “allergic conditions” that involve the immune system do not involve IgE antibodies.
Recently, investigators from the University of Rome found that chronic fatigue patients had significantly
higher levels of eosinophil cationic protein than did controls (18.0 +/- 11.3 micrograms/l vs. 7.3 +/- 2.1
micrograms/l (p≤0.01) yet, this was not related in a significant way to allergen specific IgE levels.6

Dermatologists from Humboldt University in Berlin previously reported that urticaria patients
respond favorably to elimination diets, particularly to elimination of pureed tomato products, and exhibited
recurrence of symptoms upon double blinded oral challenge, independently of the presence of IgE
recptors.7

Dr. Lene Hǿj from Denmark also reported on a study of patients with chronic urticaria (CU), as
well as angioedema (AE), that were tested for reactivity to both foods and airborne allergens using RAST
to determine levels of allergen specific IgE, total IgE, and 100 common foods, using the ALCAT test.  A
test outcome driven elimination diet modification produced a positive outcome in 45 out of 51 of AE.
“High clinical significance also at long-term follow-up was obtained in severe AE and CU by applying
results of ALCAT test, whereas IgE-mediated allergy played a minor role.8

For this reason a lab test that can accurately identify offending foods and other environmental
triggers, regardless of what the underlying mechanism may be, would be an invaluable tool for managing
inflammatory conditions and would also trim health care costs.  The ALCAT test is such a test.
 In addition to the release of pre-formed mediators, particularly histamine, the cells will also
synthesize prostaglandins, through the cyclo-oxygenase pathway, and leukotrienes, through the
lipoxygenase pathway, which augment and prolong the reaction.  Some leukotrienes can exert a
constrictive effect on smooth muscles surrounding the bronchial tube many times more powerfully than
histamine.  The substrates of these pro-inflammatory lipid mediators derive from n6 fats which are
incorporated into the phospholipids membrane, stored in peroxisomes in the cell, or, are present in the
circulation.

At some point along the pathway of both n6 and n3 PUFA metabolism, competition exists for the
same desaturation enzyme (∆ 5 desaturase). The n3 metabolites, in contrast to n6 metabolites, exert an
anti-inflammatory effect. It is believed that during pre-industrial times the ratio of n3:n6 fats in the diet
were in balance; something like a one to one balance ratio.  Today, the standard American diet
emphasizes consumption of the pro-inflammatory n6 substrates, products like corn oil, safflower oil, and
rapeseed oil, also known as Canola oil, with a ratio of perhaps 20:1 Hence, dietary emphasis on fish oil
consumption, to redress that imbalance, even more so than other foods containing n3’s, has been shown,
in several studies, to have some effect on moderating the inflammatory processes.   Consumption of high
amounts of fish oils can significantly alter the cell membrane composition by perhaps as much as 15%,
thus diminishing the available substrate for pro-inflammatory mediator production.
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 Both pre-formed and newly synthesized lipid mediators, as well as other cytokines, including, IL3,
IL5, and granulocyte macrophage-colony stimulating factor, attract inflammatory cells, primarily basophils
and eosinophils, but not neutrophils, to the local site of the reaction.  A chronic state of inflammation and
allergic lesions may ensue.  Although neutrophils are not directly involved in Type I allergy, they do, as
we’ll see, play a central role in intolerance reactions.
 It is noteworthy that this pathway not only depends on the binding of the cell bound IgE antibodies
with specific allergen, but also on a secondary or co-stimulatory signal by the antigen presenting cell.  In
fact, in the absence of this secondary signal the T-cell may undergo apoptosis or become anergic
(unresponsive) to the specific antigen.  Anergy is an important mechanism by which T-cells develop
tolerance to self proteins whilst they are maturing in the thymus.  That is, T cells, while maturing, if
exposed to self proteins, will either become anergic; or, if reactive, apoptotic.  A breakdown of this
mechanism is likely to result in auto-immunity.
 Therefore, claims that an in vitro lab test will detect either allergy, or intolerance, when a specific
condition of the assay calls for the isolation of the lymphocytes in autologous serum (because; by
definition, the antigen presenting cells and the necessary co-stimulatory signal they provide are absent),
should be taken with skepticism.  This is the case with the “ELISA-ACT Test” which neither has a sound
scientific basis nor has  ever been validated by comparing it to the “Gold Standard”, a double blind oral
challenge, because the promoters believe that no such standard exists.9

A useful lymphocyte proliferation assay should either be carried out on whole blood, where the
normal cell to cell interactions are preserved, and growth factors are present; or, the sample should be
enriched with macrophages or monocytes, to perform the role of antigen processing and presentation.
 
Modulation of the Specific Immune Response to Prevent Allergy
 Thus there is clear evidence that IgE triggers allergy.  A therapeutic strategy of injecting
antibodies targeted against the cell binding (fab) portion of the IgE molecules appear to block the
interaction at a critical point and thus prevents mast cell and basophil activation.  In some test subjects,
allergic subjects appear to have achieved tolerance to peanut under experimental conditions.  However,
there can be an untoward side effect of down regulating IgE, notably, compromising parasite defenses.
 As the T-Helper 2 pathway is activated by parasitic infections the resulting explosive release of
histamine is effective when confronting a pathogen of such relatively large size.  Thus, non-specific
blocking of the IgE mechanism may render the organism more susceptible to this form of infection.   
 A more specific therapy has been researched which, theoretically, will block a specific allergen
reaction while leaving the general protective function of the immune system intact.   This approach to
classical allergy therapy lies with redirecting or modulation of this pathway to the non-allergy provoking T
Helper 1 pathway.  
 When challenged with a viral or bacterial antigen instead of a parasite, T Helper 1, as opposed to
TH 2 cell differentiation, is induced and the signals transmitted to B cells, notably, γ interferon (as
opposed to IL 4), induces isotype switching to IgG, rather than the pathogenic IgE isotype.  Instead
of binding to mast cells and basophils and inducing them to release their deadly chemical arsenals, IgG
antibodies, which are about 10,000 times more prevalent than IgE, opsonize the pathogen, enabling
phagocytic binding and  blocking of the pathogenic IgE antibodies.  

This therapeutic effect is achieved by the use of injections of “immunostimulatory sequences”
(ISS) of bacterial or viral nucleotides, covalently bound to the specific antigenic epitope.  The bacterial or
viral nucleotides induce a TH1 rather than the TH2 type response.  Promising clinical results have been
obtained using the specific allergenic epitope of ragweed pollen, Amb a 1, which will activate a TH 1 cell
with a receptor molecule specific to that antigenic epitope.  In this way, the non-allergy provoking TH1
response to the specific allergen is up-regulated, in direct proportion to the subsidence of the allergenic
TH2 pathway.10 
 Hence, the reaction leads to the production of allergen specific IgG antibodies.  In this fashion
non allergy provoking, ragweed allergen specific IgG blocking antibodies are produced rather than the
reaginic allergy provoking IgE antibodies.
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Figure 2. As immunotherapy for atopic allergy progresses allergen specific IgE antibody titers decline
while allergen specific IgG antibodies increase.

The Protective Role of IgG 
Frequent and high exposure to an antigen favors an IgG response, whereas low level and

infrequent allergen exposure induces an IgE response.  Herein lays the rationale underlying classical
immunotherapy vaccines, referred to as “allergy shots”, in use since 1911.  The theory is born out by
studies showing that as immunotherapy treatment for classical allergy progresses, allergen specific IgE
titers decline, while titers of specific IgG increase (Figure 2).  As the IgG increases, symptoms also abate
(Figure 3). IgG is not an allergy provoking antibody; as in the case of viral or bacterial infection, it is
protective.

Figure 3. As allergen specific IgG antibody titers increase, symptoms decline.
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Just as IgG is not allergy provoking, a number of studies have also shown that IgG does not
cause food intolerance related symptoms:

1. In their 1999 paper Keller et al write: “the occurrence of IgG-cow’s milk antibodies is a
physiologic phenomenon without diagnostic significance”. 11

2. Hadjivassiliou et al conclude: “IgG anti-gliadin antibodies have a high sensitivity not only
for patients with celiac disease, but also for those with minimal or no damage…When the
histological criteria of celiac disease are used as the gold standard IgG, anti-gliadin
antibody has low specificity.” 12

3. In their paper entitled “Allergenicity of major cow's milk and peanut proteins determined
by IgE and IgG immunoblotting” Szabó and Eigenmann write: “The presence of IgG
antibodies in non-allergics was related to regular ingestion of food”. 13

4. Jenkins and Vickers reported: “We found no evidence that IgE/IgG4 antibody test…is a
reliable diagnostic tool.” 14

5. Zar, Kumar, and Benson sum up the situation in their paper, Food hypersensitivity and
Irritable bowel Syndrome (IBS): “In fact, several studies have suggested that IgG and
IgG4 production may be a normal immunological response to dietary antigens.  It is
probable that food hypersensitivity is a heterogeneous condition, and that more than one
immunological abnormality may exist.”15 

IgG maintains its protective role with respect to excess food antigens in the circulation by
complexing with them and assisting the monocyte-macrophage system in their elimination; without
inducing pathology.  High IgG titers correlate with exposure, not sensitivity.  Hence, allergen specific IgG
testing is not of accurate in assessing food intolerance.
 Thus, this specific branch of the immune system provides protection against specific foreign
pathogens.  It requires prior exposure to the pathogen in order to mount a targeted and specific
response.  Misidentification of normally non-pathogenic substances, such as pollens, mite feces, drugs,
epidermals, and (occasionally) foods and other factors may induce an altered reaction, or allergy.  Allergic
reaction is very much a function of the specific immune system; it produces distinct symptomology and it
follows a well defined and clearly understood pathway.  Food intolerance, on the other hand, is induced
by multiple pathogenic pathways – some immune and some non-immune, induces chronic and less acute
symptomology, is not IgG related, is both genetically determined yet exposure related; and therefore is far
less well understood and consequently, under-treated. 

Innate Immunity
Despite the lack of supporting scientific evidence many labs promote allergen specific IgG testing

for food intolerance. Confusing as it, the role of IgG in the pathology of food intolerance causes many
clinicians, unsurprisingly, to misconceive that prior exposure to a food is necessary in order to develop
sensitivity to that food, as indeed it would if food intolerance were a function of specific immunity.  For
instance, the late Robert Atkins of low-carbohydrate diet fame once questioned the author as to why all of
his kosher pediatric patients were testing positive to pork on the ALCAT test, when, by definition, none of
these patients had a prior exposure.   A reasonable viewpoint if in fact food intolerance were a function of
specific immunity. However, it is not.  Rather, food intolerance is primarily a function of innate immunity.
 Innate immunity may be activated by various factors, and priming, or previous exposure, is not a
prerequisite.  As Dr. Charles A Janeway, Jr., Professor of Immunobiology at Yale states, “The innate
immune system is born with the ability to recognize certain microbes...(and) can destroy many pathogens
on first encounter.” (How the immune system recognizes invaders, Scientific American, Sept. 1993)  The
innate immune system also has an inborn ability to recognize offending foods.
 The complement system, a major component of innate immunity, is a cascade of serum proteins
first described by the Belgian bacteriologist, Jules Bordet in 1900.  These proteins “complement” the
activity of antibodies to opsonize the membranes of micro-organisms, thereby facilitating phagocytosis. 
Complement proteins are non-specific; they will bind indiscriminately. However, host cells secrete
enzymes that normally inactivate complement; an example of self /non-self discrimination. 
 The complement system also protects from detrimental micro-organisms by attaching to their lipid
membranes and assembling various components of the cascade called the membrane attack complex.
This involves components C5 through C9, unimaginatively named in order of their discovery. They are
capable of puncturing the membrane, thereby causing the inward rush of surrounding fluid and resultant
destruction of the invader.  
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 Some microbes, such as those causing pneumonia or streptococcus infections, wear a
polysaccharide coat in an attempt to block the attachment of the complement proteins.  This is dealt with
in one of two ways: either the tissue macrophages, which have receptors for these sugars, can bind
directly to the bacteria; or, the activated macrophage will release interleukin 6 inducing hepatic production
of mannose binding protein, which will itself bind the bacterium, and then activate the complement
cascade.
 As mentioned, excess antigen is cleared from the circulation by complexing with IgG antibodies. 
Sometimes, a Gell and Coombs Type III immune reaction, also known as immune complex disease, may
occur wherein immune complexes are deposited in tissue or joints and attract inflammatory cells to the
site, as in rheumatoid arthritis and glomerulonephritis. But, these are usually IgM antibodies rather than
IgG.  In examining 1012 renal biopsies from patients with glomerulonephritis through electron microscopy,
Dr. M Haas from the Department of Pathology at Johns Hopkins School of Medicine observed that such
immune complexes were comprised of antibodies of the IgM isotype, and rarely of IgG. However the
predominant component was C3, a key component of the complement cascade.  

These findings are consistent with what researchers found while investigating the various
mechanisms involved in food-induced asthmatic reactions (Figure 4). When the blood of nine asthmatic
patients was analyzed to food reactions as measured by the ALCAT test, and compared to double-
blinded oral challenge, there was a high level of correlation observed.  Other immune parameters were
measured.  High correlation was also seen with activation of the complement cascade.  Significant
changes pre and post in vitro food challenges were also seen in levels of IgM antibodies, but not IgG
antibodies.  IgG antibodies do not appear to play a significant role in food sensitivity and are likely to be
protective in that they block reaginic antibody action and facilitate natural clearance of excess antigen
from the circulation without provoking symptoms.   The cellular reactions (changes in cell size and/or
count following in vitro challenge) seen by the ALCAT test, do appear to be clinically relevant and reflect a
multitude of pathogenic mechanisms, often associated with complement activation.

July 4, 2007 Copyright Cell Science Systems 2005

Multiple Pathogenic Mechanisms
in Food Sensitivity Reactions In-Vitro

1.  Frequency of immunoglobulin 
level change exceeded S.D. 2 
for that food.

2.  Frequency of complement 
activation for that food as 
measured by the height 
difference of the rocket peaks. 

3.  Frequency of 
spectrophotometry reading of 
hemolysis exceeded S.D. 2 for 
that food.

Mark l. Pasula, Ph.D., Research Director, AMTL Corp., Miami, FL
Samy G. Puccio, Research Assistant, AMTL Corp., Miami, FL 

Presented at the 4th International Symposium on Immunological and Clinical Problems of
Food Allergy, Milan, Italy November 5-9, 1989. Published in the Proceedings.

Figure 4. Multiple pathogenic mechanisms in food sensitivity reaction in vitro.
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The most common phagocytic cells of the innate immune system are the neutrophils. These are
the one class of granulocytes that are not involved in the late phase reaction of type I allergy; however,
they usually comprise more than 90-95% of the granulocytes in circulation.  The overall system is an
effective first line of defense in acute infection but chronic activation leads to disease.   Unlike T or B
cells, they have a short half life and are very aggressive.
 As mentioned earlier, neutrophils destroy pathogens in various ways, but predominantly by
generating highly toxic reactive oxygen and nitrogen species, and/or releasing powerful proteolytic
enzymes.  These include, superoxide anion, which will react with the neutrophil mediator,
myeloperoxidase to form hypochlorous acid; peroxynitrate; hydrogen peroxide – which is not a free
radical but is still highly toxic, and others.

Figure 5. When neutrophils become activated they release toxic mediators of inflammation as well as
reactive oxygen and nitrogen species, these are damaging to pathogens but also damaging to host

molecules and tissues.

Inflammation and Oxidative Stress
This is where we see the link between chronic activation of the innate immune system and the

degeneration described in Denham Harmon’s free radical theory of aging.
William R Clark, Professor Emeritus of Immunology (UCLA) describes some of the effects of

neutrophil activation in his book, A Means to an End: The Biological Basis of Aging, Oxford University
Press, 1999: “One of the more common sources of reactive oxygen species in the body as a whole is
from cells that use the destructive power of these molecules as a natural defense against microbial
infection.  Phagocytes (literally, “eaters of cells”) such as macrophages and neutrophils, purposely
generate high levels of oxygen radicals, which they store in tightly sealed intracellular compartments….
Oxygen radicals released in this fashion can be taken up be adjacent cells, and once inside they cause
the same sort of damage as radicals produced internally….in the case of prolonged infections a chronic
inflammatory state may develop, and the repeated engorging and death of phagocytes can cause serious
oxidative damage to nearby healthy cells.  This is also a major source of damage in chronic inflammatory
autoimmune reactions such as rheumatoid arthritis, and can lead to serious tissue loss.  
 The damage done by reactive oxygen molecules needed to operate living cells can be
enormous.  No molecular species is immune.  Oxygen radicals can attack and deform proteins molecules,
disrupting structural complexes and inhibiting important enzymatic functions….Oxygen radicals also
attack the individual nucleotide bases that make up both nuclear and mitochondrial DNA.”

THE FREE RADICAL THEORY OF AGING
In 1956 Denham Harmon proposed the “The free radical theory of aging” in which he postulates

that random deleterious tissue damage results from the generation of reactive oxygen species (ROS) and
nitrogen species (RNS).  Subsequent observational studies have lent support to this theory.  As tissue
deteriorates with age there may be a general increase in the level of ROS and RNS production.  Of note
is that aged rat mitochondria produce more superoxide anion than that of young rats suggesting ‘leakier’
electron transport and the ensuing mitochondrial damage.  It is suspected that other ROS and RNS also
exhibit increased production in other tissue as a function of age.



61

Further evidence of increased free radical activity and aging comes from the observation that
larger animals consume less oxygen per unit of body mass than do smaller animals and exhibit a
correspondingly longer lifespan. Similarly, cold blooded animals are more resistant to oxidative stress
when maintaining a lower body temperature.  Presumably, lower metabolic activity produces fewer free
radicals and other ROS.  Decreasing the flying activity of drosophilae by wing clipping or space restriction
markedly increases survival time. Similarly, Queen Bees, which do not fly, live approximately 50 times
longer than the worker bees that do.

Wolford has presented compelling evidence that caloric intake, which lowers metabolism and free
radical production, is associated with increased lifespan across a range of species, including primates.  

Pearson's syndrome Childhood bone marrow dysfunction (leading to loss of blood cells) and 
pancreatic failure; those who survive often progress to KSS

NARP (neurogenic muscle 
weakness, ataxia and retinitis 

Loss of muscle strength and coordination, accompanied by regional brain 
degeneration and deterioration of the retina

MERRF (myoclonic epilepsy and 
ragged red fibers)

Deterioration of muscle, manifested by weakness and intolerance for 
exercise; muscle often displays ragged red fibers, which are filled with 

MELAS (mitochondrial 
encephalomyopathy, lactic acidosis 

Dysfunction of brain tissue (often causing seizures, transient regional 
paralysis and dementia) combined with mitochondrial myopathy (see 

LHON (Leber's hereditary optic 
neuropathy)

Permanent or temporary blindness stemming from damage to the optic 
nerve

Leigh's syndrome Progressive loss of motor and verbal skills and degeration of the basal 
ganglia; a potentially lethal childhood disease

KSS (Kearns-Sayre syndrome) CPEO combined with such disorders as retinal deterioration, heart 
disease, hearing loss, diabetes and kidney failure

Dystonia Abnormal movements involving muscular rigidity; frequently accompanied 
by degeneration of the basal ganglia of the brain

Diabetes mellitus High blood glucose levels, leading to various complications

CPEO (chronic progressive external 
ophthalmoplegia)

Paralysis of eye muscles and mitochondrial myopathy [see below]

Alzheimer's Disease Progressive loss of cognitive capacity

Mitochondrial DNA Disease

  This table lists only some of the disorders that can be caused by mutations in mitochondrial 
DNA.  Certain of these conditions can also be caused by nuclear mutations or other proceses 
that hinder mitochondrial function.

DISORDER FEATURES

Table 1. Diseases associated with mitochondrial DNA mutations.
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The bulk of aerobic metabolism, and, therefore, oxygen consumption, occurs in the mitochondria.
Hence, higher levels of damage occur to DNA in mitochondria, especially deletions, as compared to
nuclear DNA.  This is indicated by levels of 8-hydroxy-deoxyguanasine, observed in human brain, liver,
and other tissues.  It increases with age and produces a decline in the function of mitochondrion and the
cells they provide energy to.  A number of disorders are associated with mitochondrial damage (see
Table 1).

CHRONIC INFLAMMATION AND DEGENERATIVE DISEASE
Many investigators have documented the role of neutrophil mediated inflammatory processes in a

range of degenerative diseases.  Crocker et al reported that peripheral blood neutrophils of pre-eclamptic
woman are significantly more responsive to the agonists zymosan and fMLP, in terms of free radical
production and the upregulation of other markers of cell activation, than are the cells of women with
normal pregnancies or age-matched controls.16   The authors conclude: “Circulating neutrophils are
neither activated nor primed in vivo, however the release of reactive oxygen species is diminished in
normal pregnancy.  In comparison, an elevation of reactive oxygen generation in preeclampsia may
highlight a role for neutrophils in the oxidative stress and pathology of this disease.”  There are also
anecdotal reports of previously infertile women becoming pregnant after following an ALCAT test directed
diet for a few months.

Rheumatoid arthritis is clearly an inflammatory condition.  Investigators from New Zealand
reported a two to eight fold increase in phagocytic (neutrophils and monocytes) free radical production
versus that of non-rheumatics and healthy controls. Notably, the increased levels of superoxide
production seen in the rheumatic subjects correlated well with TNF-alpha, but there was no correlation
with plasma levels of C-reactive protein and only slight correlation with erythrocyte sedimentation rate
(ESR).17

Recently, investigators from Harvard observed that neutrophils of poorly managed diabetics
released significantly higher levels of free radicals following stimulation than did those of patients whose
blood sugar levels were well managed or normal controls.  They also observed a significant correlation
with blood sugar levels and severity of periodontal disease and postulated that high blood sugar levels
induce priming of neutrophils.18 Inflammation is increasingly being seen to be at the source of a diverse
range of degenerative diseases. The authors conclude that, “Inflammation and oxidative stress are
important factors in the pathogenesis of diabetes and contribute to the pathogenesis of diabetic
conditions.”

Research has shown that when neutrophils adhere to cardiac myocytes the latter incur significant
damage via the NADPH oxidase enzyme system mediated oxidative burst.  Researchers from the
Immunology Research Group at the University of Calgary investigated the role of the adhesion molecule
alpha (4) integrin.  They observed that neutrophils that left the circulation and adhered to cardiac
myocytes quickly induce myocyte shortening by 30-50% and rates of contraction and relaxation by 30%,
within the first ten minutes.  Furthermore: “An increased level of oxidative stress was detected in
myocytes within 5 min of PMN (polymorphonuculear cells) adhesions.”  This effect was blocked by anti-
alpha (4) integrin antibodies and also by extracellular superoxide dismutase (SOD) suggesting
superoxide anion as the effector mechanism.  The authors conclude: “The results also provide
pathological relevance as the emigrated PMN’s have the capacity to injure cardiac myocytes through the
alpha (4) integrin-coupled NADPH oxidase pathway that can be inhibited by extracellular, but not
intracellular SOD.”19

One of the most frightening of age-related diseases (for those who are aware of it) is cognitive
decline.  Proving once again what the legendary Indiana Jones stated to his much younger girlfriend: “It’s
not the years, it’s the mileage!” French researches at the laboratory of Immunology (INSERM)
investigating the role of neutrophil induced oxidative stress in Alzheimer’s and Parkinson’s patients, have
indeed shown that levels of oxidative stress, and not chronological age, are most relevant to these
conditions: “As circulating neutrophils are the most powerful sources of reactive oxygen species, we
measured oxidative stress levels in resting neutrophils from 44 Alzheimer’s and Parkinson’s disease
patients and compared them to 40 healthy counterparts.  Significantly increased oxidative stress levels
were observed in patient’s groups while control groups had very similar levels irrespective of age.” They
conclude, “Our results indicate that oxidative stress levels in circulating neutrophils are of interest for
further mechanistic studies of neurodegenerative diseases and might open the perspective of a
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diagnostic tool.”20   Indeed, the ALCAT test is such a diagnostic tool, as it measures the activation of
circulating neutrophils when exposed to common foods and other environmental factors.

Atherosclerosis is the end point of an inflammatory process occurring within the intima of the
artery mediated by chronic immune system activation.  It occurs when oxidized cholesterol becomes a
factor in the formation of plaque.   As the oxidized cholesterol is consumed by macrophages they convert
to foam cells.  The result is stenosis of the artery, laying the basis for a stroke following a thrombotic
event.

Investigators from Humboldt University in Berlin have measured plasma levels of fragments of the
cell membrane lipid, phosphatidylcholine (PC) in blood plasma by HPLC and found significantly higher
concentrations of PC in elderly coronary heart patients than in young healthy controls.  Elevated
fragmented PC was also seen following the smoking of even one cigarette and also during the
reperfusion period following bypass surgery, which coincided with a surge in circulating neutrophils.
These investigators also observed elevated PC levels in vitamin E deficient rats and concluded that
plasma PC fragment levels increase following various forms of oxidative stress. Of course, fragmented
cell membrane lipids may be metabolized to inflammatory eicosanoids.21

Dr. R Zhang and co-investigators reported in the Journal of the American Medical Association in
November 2001, Association between myeloperoxidase levels and risk of coronary artery disease, a
significant association between both blood and leukocyte levels of the neutrophil produced inflammatory
mediator, myeloperoxidase (MPO) and the presence of coronary artery disease (CAD). They concluded:
“These findings support a potential role for MPO as an inflammatory marker in CAD and may have
implications for atherosclerosis diagnosis and risk assessment.” 22

Another group from Shandong University very recently reported on the significance of MPO in
cardiovascular disease by demonstrating a possible role for this neutrophil produced inflammatory
mediator in the oxidation of low density lipoproteins.  Referring to measurements of MPO and high
sensitivity C-reactive protein in both cardiovascular patients and controls they find, “MPO is a better
marker for inflammation of local plaques.  It may be one of the mechanisms that MPO induces the
transforming from LDL to ox-LDL in plagues vulnerability.”23

 Also, In 2001, Duncan and Schmidt performed a meta analysis of the association of inflammatory
markers of the innate immune system and diabetes, cardiovascular disease, and obesity. Their analysis
revealed  “…evidence to suggest that chronic activation of the innate immune system may underlie the
metabolic syndrome, characterizing the common soil for the causality of type 2 diabetes mellitus and
cardiovascular disease.”  They conclude: “Better understanding of the role of the innate immune system
in these diseases may lead to important advances in the prediction and management of diabetes and
cardiovascular disease.”24

 Similarly, obesity is a complicated and frustrating problem involving neurological and endocrine
as well as immunologic components.  In a study performed at Baylor Medical College, Sports Medicine
and Performance Institute in Houston, reported in The Bariatrician, Spring 1996, entitled, The Short term
efficacy of the ALCAT Test of food sensitivities to facilitate changes in body composition and self-reported
disease symptoms: a randomized controlled study, it was found that overweight subjects following an
eating plan eliminating foods suspected of activating innate immunity, based on laboratory analysis of
whole blood samples, experienced a significant improvement in body composition and scale weight.  
 The effect of immune activating foods was distinct from that of caloric restriction, as a well
matched control group that followed a calorie restricted diet was included in the study.  The report, by
Gilbert Kaats, PhD and co-workers states that “80 percent of the subjects in the experimental group
lowered their body fat during the study compared to 34 percent in the control group.  78 percent of the
experimental group achieved an improvement in their body composition compared to 29 percent in the
control group… and 98 percent of the subjects following the ALCAT plan either lost scale weight or
improved their body composition.”
 Professor Cabo-Soler, Chief of Biochemistry at the University of Valencia reported in 1995 that
iso-caloric food elimination diets, based on ALCAT test results, promoted enhanced weight loss,
comprised more of adipose tissue, rather than muscle mass, as determined by DEXA studies.

One plausible interpretation of these data is that altered immune system reactions to the
preponderance of artificial, genetically novel foods, and other environmental challenges, may overwhelm
Phase I and Phase II detoxification capacity, thus triggering chronic innate immune activation.  This, to a
great extent, may account for the dramatic increase in metabolic syndrome and other chronic
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degenerative disorders seen in industrial societies. The lower nutritional value of commercially produced
agricultural products is likely also a contributory factor.
 
POSSIBLE CAUSES OF FOOD INTOLERANCE

It appears that multiple mechanisms are involved in adverse reactions to foods.  An enzyme
deficiency, such as a lactase deficiency may manifest lactose intolerance. Whilst additives used in
prepared foods have been found to be particularly problematic. Professor Brostoff, from the
Middlesex Hospital Medical School of the University of London explains that azo dyes, used extensively
in prepared foods, will inhibit the activity of phenyl-sulpanotransferase-P, which breaks down cresol-P in
the gut.  If cresol-P is not broken down it may become neurotoxic.   Benjam Feingold warned about food
colorings in the 60’s with respect to hyperactivity in children.  Results of a multi-disciplinary study of
autistic children showed that all of the subjects had at least some reactivity to food colorings, as
determined by our in vitro cellular assay.26 Similarly, many foods contain chemicals, or have chemicals
added to them, which are intolerogenic.   Salicylates, for example, occur in many fruits and vegetables,
and can induce a pharmacologically mediated adverse reaction in susceptible individuals.
 Dietary lectins, which may be resistant to degradation through cooking and digestion, occur in
numerous vegetables, fruits, grains, and some meats.  All mammalian blood and tissue cells have
membrane carbohydrate molecules that bind lectins and may cause reactivity.  Some lectins can even
bind to multiple fc receptors on mast cells, which triggers histamine release similar to that which is seen in
classical allergic reactions.  However, some lectin activity is actually beneficial, in that it may augment the
normal immune response. This, as well as some other lectin activity, is not blood type specific. There is
no convincing scientific evidence that blood type is associated with specific food induced pathologies.   
 Recently, Dr. Lu Shan and co-investigators from multiple departments at Stanford University and
the Institute of Immunology from the Rikshopitalet in Oslo,  reported in a paper entitled, Structural basis
for gluten intolerance in celiac sprue, identifying a 33-mer peptide, rich in proline and glutamine, which
was highly resistant to gastric, pancreatic, and small intestinal brush border membrane proteases.   They
also found that it occurs in all grains that are toxic to celiac sprue patients (wheat, rye, oats, and barley)
but is absent in other grains.  Additionally, the peptide was shown to be a potent stimulator of T cells
(CD+, or helper type) in 14 out of 14 celiac sprue patients.  However, in both in vitro and in vivo
assays the peptide could be broken down by bacteria derived prolyl endopeptidase (PREP), thus
suggesting a possible treatment strategy.25

 Similarly, many naturopathic physicians and others have maintained for years that a gut dysbiosis
or a “leaky gut” whose failure to degrade food components, may be an inciting factor when undigested
proteins traverse the gut prematurely and enter the circulation.
 
Synergism 

This model illustrates an adverse reaction to foods, in this case gliadin fractions occurring in
grains, that involves activation of  specific immunity; the T cells of celiac patients with a specific leukocyte
antigen which then release potent cytokines, attracting inflammatory cells of the innate immune system
which cause damage to local tissue through the release of their toxic mediators.  
 An additional feedback loop from innate immune reactivity to specific immune function is
observed when activation of the innate immune system upregulates the expression of B7 molecules on
antigen presenting cells, which, as seen in classical allergy, for example,  provide the secondary signal
necessary  to turn on T helper cells.  Thus, the co-ordination of the two branches of the immune system is
suggestive of a complex synergistic function and it is often seen that treatment of allergy decreases food
intolerance; and, conversely, the effective management of food intolerance, improves allergic states.

Nonetheless, classical allergy is mediated by the specific branch of the immune system and the
broad category of adverse reactions to foods are mediated, primarily, by the innate branch of the immune
system, secondary to gastrointestinal dysfunction and/or detoxification insufficiency.  Although several
factors can induce histamine release, usually it is IgE. Symptom onset is immediate and it requires a
small dose of allergen to trigger symptoms.  
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Food Intolerance is Multi-Factorial
Multiple pathogenic mechanisms are involved in adverse reactions to foods, some of which are

immunologic; others, toxic or pharmacologic.  Symptoms are typically dose dependent, and symptom
onset is delayed.  Adverse reactions to foods are hard wired in our genes, but susceptibility is dependant
upon many factors; such as the integrity of the natural barrier of the gut wall, the viability of phase I and
phase II detoxification pathways, and the presence or absence of other co-factors.  A combination of
these conditions could push one over their level of tolerance at any given time. It should be borne in mind
that the human lymphocyte possesses all of the enzymes and substrates that are involved in hepatic
detoxification and therefore serves as a back up system, albeit, one that may provoke unwanted
symptoms.
 It is sometimes seen that reactions to apple do not occur unless airborne birch pollen, which
cross reacts with apple, is high.  A food which contains an intolerogenic chemical is tolerated in
moderation; but over consumption of it, or it in combination with other food(s) dependent on the same
detoxification pathway may overwhelm that pathway and produce symptoms when consumed on a more
frequent basis.  Therefore, nutritional status which supports detoxification can exert a significant impact
on food intolerance states, thus meaning that rotational eating plans may be beneficial for food intolerant
patients.
 In exercised induced asthma, increased body temperature serves as a co-factor with antigen to
induce the degranulation of basophils, and histamine release, not occurring at normal body temperature.
 Stress produced cortisol will destroy secretory IgA antibodies in the gut (and at the site of other
mucus membranes as well) allowing for the perfusion of undigested food macromolecules that may
activate the immune system.  Intestinal dysbioses, Type I allergy in the gut, prescribed cortisone, and
other variables may also contribute to a leaky gut.
 Given the complexity of food intolerance it is easy to appreciate the need for a rapid, cost
effective and accurate laboratory test to substitute for the laborious process of elimination and challenge,
which, if properly performed, would take months, and try the patience of even the most patient of patients,
not to mention their health care provider.

Figure 6. The ALCAT diagnostic system.
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Laboratory Testing for Food Intolerance
 We began our development of a reliable test for food intolerance in 1984.  Previously, during the

1930’s, allergists Cooke and Vaughn focused on changes in white blood cell counts following an in vivo
challenge with a battery of foods. Initial successes encouraged others to continue this line of research
utilizing microscopic observations of white cells following antigenic challenge in vitro. These methods
offered some tantalizing results but were crude and results were not reproducible.

Our efforts focused on the utilization of electronic methods of cell measurement and computer
analysis of the results following an ex vivo challenge of whole blood with food  extracts and other
substances suspected of association with non-IgE mediated hypersensitivity (Figure 7).

Analysis of whole blood offers a significant advantage in that it contains all of the immune factors,
cellular elements and serum proteins that might be involved in an adverse reaction of this type,
regardless of the underlying biological mechanism.  Regardless of the various pathways that may
underlie an adverse reaction to a food, the final common pathway will involve some mediator release.
The cellular processes that occur; either swelling (vacuolization) decrease in number (destruction
following de-granulation) or shrinking (probably partial de-granulation) are measurable through the
ALCAT test.

Figure 7. The principle of operation behind the ALCAT test.

It has been demonstrated by Mele et al from the Sacred Heart Catholic University of Rome that
leukocytes which have reacted to ALCAT test positive food extracts in vitro, become incapable of
releasing mediators when subsequently challenged by zymosan, an indication that the positive ALCAT
test is associated with cell activation, and subsequent depletion of mediator stores.28  Hence, a
hypothesis that food intolerance reactions deplete immune resources and renders the subject more prone
to infection, as has been observed, is not unreasonable. The method of measurement is the impedance
or “Coulter” method that is used in routine hematology. It has demonstrated a high degree of correlation
with clinical manifestations as confirmed through a rigorous double blind trial.

Drs. Peter Fell and Jonathon reported an 83.4% correlation with ALCAT test results and double
blind oral challenges with foods.  (45th Annual Congress of the American College of Allergy and
Immunology).   Whilst Hoj et al reported a 96% correlation with ALCAT test results and double blind
placebo controlled oral challenges with food additives.27  (Journal of Allergy and Clinical Immunology, Vol.
97 part 1, Jan., 1996). Hoj et al also reported a random sampling of clinical outcomes across a range of
conditions suggesting the test results are accurate and useful in treating these conditions (Figure 8).
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Figure 8. Results of an outcome study by Hoj et al, of patients following the ALCAT diet plan.

ALCAT Nutritional Assessment (ANA)
Professor Roger Williams, in his 1956 classic book, Biochemical Individuality, wrote: “Nutrition

applied with due concern for genetic variations, which may be large, offers the solution to many baffling
health problems.”

The ALCAT test methodology can be adapted to perform a functional assessment of specific
nutrient deficiencies.  A functional test is superior to an assessment of levels of a specific nutrient in
serum or other physical sample because an individual’s level may fall within a “normal” range, but may be
inadequate for that particular individual due to a number of factors. Some of these factors are genetically
determined while others are phenomenological; such as, impaired absorption, increased requirements
due to stress (i.e. pregnancy, drug use, impaired transport through the blood secondary to inadequate
protein binding molecule function, inadequate cell uptake secondary to cell membrane abnormality,
inadequate supply of co-factors) etc.  Thus, serum tests may indicate normal levels, yet that particular
individual, due to factors unique to them, is deficient.

Lymphocytes are metabolically active cells that are easily obtainable and reflect long term
nutritional status, having an average life of approximately six to nine months. In this regard, measurement
of nutrient impacted Lymphocyte growth and division will depict a more long term status, not one
significantly impacted by vitamins or other supplements consumed just prior to testing.  As such, this
testing approach is analogous to how the measurement of Hemaglobin A1c represents long term (approx.
3 months) blood sugar balance.

Cell division and growth of lymphocytes represents metabolic pathways that are common to all
reproducing cells and also indicates proficiency of immune system function.  The lymphocytes that clone
themselves to combat a specific pathogenic micro-organism, at the time of infection, leave behind a few
examples of their type as memory cells to get a head start on combating the same pathogen on
subsequent exposure.  The success of the secondary immune response will depend on how quickly those
memory cells can proliferate and produce specific antibodies upon re-exposure to the pathogen.  That
rate of proliferation will be limited by the intracellular stores of nutrients needed for new DNA synthesis
and cell growth.  The ALCAT Nutritional Assessment (ANA) is expected to indicate specific deficiencies
that reflect the totality of cells but also those that are critical to the specific immune response.

The advantages of the ANA over other nutritional assays, even a cellular functional assay, is that
testing whole blood preserves the normal cell to cell interactions and presence of the natural growth
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factors involved in cell division, and also eliminates a lot of cumbersome preparation procedures.  It also
allows for ease of measurement, avoids the requirement for radioactive material used in the old fashioned
process of lymphocyte proliferation tests, and promises high accuracy, efficiency and reproducibility.  The
ALCAT method of measurement of lymphocyte proliferation may also be applicable to other uses, such
as determination of vaccine efficacy (i.e. recall antigen induced proliferative response) and the monitoring
of various immune proficiencies.

The assay will run on the current instrument platform with only minor software changes.  Test kits
can also be configured using the current ALCAT test kit cassettes.

CONCLUDING REMARKS
Measurement of immune function and response to dietary and other environmental factors using

cellular laboratory assessment represents a viable and practical approach to optimization of immune
function and normalization of the inflammatory response to the benefit of health and longevity.
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