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A Single Blood Test for Detection of Food Allergy,

Candidiasis, Microflora Imbalance, Intestinal Barrier Dysfunction,

“and Humoral Immunodeficiencies

A, The “New” Lifestyle - A Threat to
Health?

It is increasingly evident that human dis-
eases are most often related o lilestyle, and
should in theory be preventable. The stress
of modern life, our reduced physical activ-
ity, and our consumption of manipulated
and processed foods, and of chemicals in-
cluding pharmaceuricals - all contribute to
our decreasing resistance ro disease. Much
evidence supports the fact thar our genes,
adapred during millions of years to the
lifestyle of our prehistoric ancestors, roler-
ate pootly the dramatic changes in lifestyle
that have acenrred, especially in foad hab-
its during the past 100 years.! Changes in
food habits in Western countries thar no
doubr constituee stresses to the human body
and that may predispose ro inflammarory,
infectious, ulcerative, degenerative, and neo-
plastic diseases include the following: che
consumption of 100 Ibs. refined sugar per
individual per year; the 10-fold increase in
sodium consumption; the fourfold increase
in consumption of saturated far; rhe
doubled consumption of cholesterol; a
much reduced consumptrion of vegetable
fibers, and of minerals such as porassium,
magnesium, calcium, and chromium; and
a considerable reduction in consumption
of omega-3 fats, membrane lipids, vitamins,
and antioxidants, In severe disease, impor-
tant food ingredients, such as arginine,
gluemine, taurine, nucleic acids, vitamins,
and antioxidants, such as glurachione are
often not supplied in large enough quanci-
ties.

Perhaps even mare important than the
decrease in these food ingredients is che
face thar prehistoric food contined sev-
eral thousand times more bacreria, mainly
the so-called prabiatic bacteria, Prehistoric
methods of food preservation were eicher
drying, or, more commonly, storing in
holes dug into the ground, where the food
became naturally fermented. This is how
Stone Age man learned to produce most
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of our sill common fermented foods, such
as beer, wine, green olives, and sauerlraut.
Our modern lifestyle has dramarically re-
duced the availability of foods produced
by natural fermentation. After the early
identificarion of microbes, bacteriz were
regarded mainly as a source of disease, and
unwanied in commercially manafacrared
food. Furthermore, the desire of the food
industry to prolong sheif life promoted
alternative production methods such as the
use of enzymes instead of live bacteria.
Combined with extensive hygiene mea-
sures practiced during delivery and in
childeare, children in Western societies
may have difficulty developing a satisfac-
tory protective indigenous gur flora. It is
not known, but suspected, that this could
be connected to the increasing incidence
ofallergy and infections seen among West-
ern children.™ A series of studies were
published about an ethnic group in New
Guinea with a dramarically different diec
to thar of people in the Western world.
This diet contained no processed foods like
butter, margarine, lard, oils, refined sugar,
or aleohol. Tnstead, the group’s dier was
vich in fiber, water, vitamins, minerals, and
omega-3 fats such as docosahexaenoic acid
(DFLA) and eicosapentaenoic acid {EPA).
Despite the face that abour 80% of the
population smokes and has a heavy con-
sumption of savurated far from coconu,
cerebrocardiovascular diseases are virtually
absent and dhe incidence of diaheres and
cancer s very low.

B. The Gastrointestinal Tract - The
Port of Infectious Diseases

The condition and function of the gas-
vraintestinal (GI) tracr are essential to our
well being. After the respiratory tracr, the
Gl tract constitutes the second largest body
surface area, described to be somewhere
between 25 and 40 m?*, comparable in size
to a rennis court. During a normal life-
time GO tons of food pass through chis ca-

nal, which is important for well being, but
also consticutes an enormous threar to che
integrity of the digestive trace and the
whale body. It is not surprising, rherefore,
thar this organ is often affected by inflam-
matory diseases and cancer. The continu-
ous challenges to the GI surfaces miglit be
why most of the surface cells have a rapid
turnover; most are replaced after three w
four days in man and sometimes earlier in
animals. Furthermare, the surface is pro-
rected by large quanrities of important se-
cretions, from saliva in the oral cavity to
colonic secretion in the large bowel. These
secretions conrain [actors of greas impor-
tance for the lubrication of the mucosa and
for henerions of the GI tract, bue also huan-
dreds of ingredients of importance for in-
traluminal microbial delense. The secre-
tory functions are extremely sensitive o
forcign chemicals. Abour 50% of the 2000
pharmaceutical drugs regisrered in Sweden
have reported Gl side effects, for example,
mouth dryness, nausen, vomicing, diarrhea,
and constipation. It is hoped that future
medicine will be more restriciive in the use
of pharmaceuticals in general, and will use
drugs with as few side effects as possible.*

Stress and Nutritional and Xenobiotic
Influences of the GI Tract

Stress is known to affect the composi-
tion of the intestinal preventive flora, Tn-
[ants fed on arificial infant formulas have,
in conrrast to breastfed ones, 2 very low
depree of colonization with lacrobacilli and
bifidobacteria but high counts in entero-
cocci, coliforms, and closwidia. This nay
relate to excessive hygiene measures dur-
ing delivery in Western countries, which
prevent transfer of anaerobic microflors
From mother to infanc. It is also known
thar cosmonauts en recurn to Farth have
lost their lactobacillus flora, especially L.
planatarun, which is parcly replaced by a
higher intestinal content of PPMs, changes
actributed to stress and poor eating, Also,
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xenobiotics in the diet can affecr the con-
tents of intestinal microflora.

In a recent observation it was proposed
that ulcerative colitis is induced by
xenobiotic metabolites, damaging the co-
lonic epithelial barrier and exposing the
mucosal immune system to luminal con-
tents. It is possible to account for all of
these observations by proposing that ul-
cerative colitis is caused by a toxic mesabo-
lite of a xenobiotic (an exogenous agent,
such as an environmental chemical not
usually present in the body) which is ex-
creted in bile and activated during its pas-
sage through the colen (Figure 1). Inter-
mittent exposure to the parent compound
would be a featuie of the environment,
possibly part of the diet, in areas where
the disease is more comman.

The generic influence could be explained
by inherited differences in the capacity of
the hepatic enzymes responsible for its me-
tabolism, resulting in decreased elimination
of the parent compound by its usual path-
way and increased eransformation into the
reactive metabolite, The most likely candi-
date enzymes are members of the cyto-
chrome P450 superfamily of mixed-func-
tion oxidases, although genetic polymor-
phisms of other enzymes involved in
xenobiotic metabolism have been deseribed.
Induction by snioking or inhibition by es-
trogen of the P450 enzymes involved in al-
ternative merabolic parhways would affect
the proportion of the parent compound
transformed into the toxic metabolite, Re-
active metabolites produced by this system
are commonly coupled to an endogenous
conjugate such as glucuronic acid hefore
excretion into bile.

Bacteria in the gut have enzymes, which
can act on Juminal substrates. In particu-
lar, bacterial B-glucuronidase and
sulphatase are capable of hydrolyzing the
products of hepatic conjugation, 1f the
xenobiotic metabolite were to be slowly
reactivated by intestinal bacteria, fts lumi-
nal concentration would rise with passage
down the colon. Once the concentration
became toxic, the colonic epithelial bar-
rier would be breached, allowing the mu-
cosal immune system ro react to luminal
contents distal to that point, In susceptible
individuals the biliary epithelium could
also be damaged by the toxic merabolite,
allowing presentation of biliary antigens

ro surrounding lymphocytes by cells car-
rying appropriate I-JLA molecules, thereby
initiating an inflammatory response in the
biliary tree.”

Axenobiotic prevalent in countries with
a high incidence of ulcerative colitis is a
substrate for a range of hepatic P450 en-
zymes (a to c}. The fimjority is normally
metabolized by enzyme c but individuals
who inherita defective enzyme ¢ metabo-
lize a greater proportion by alternative
pathways a and b. Enzyme a produces a
reactive metabolite which is conjugated
before excretion into bile. Induction or
inhibition of other enzymes influences the
amount of these metabolites. Bacterial
deconjugation in the colonic lumen re-
leases the reactive merabolite and
proinflammatory cytokines which may
damage the colonic epithelial barrier and
exposes the mucosal immune system to
luminal contents.

C. Assessment of Intestinal Integrity

Imbalance of gut mucosa permeability
is the origin of the intestinal incegricy
problem.

The development of the pastrointesti-
nal tract in mammals is characterized by
the integrated marwration of its many func-
tions. Digestion and absorption of nuri-
ents, the critical facror for survival, depends
on the state of development of the gas-
trointestinal teact. As well as digesting,
absarhing, and eliminating, the gutacts as
a barrier berween the internal and exter-
nal enviroament.®7

Control of macremolecular uptale is
dependent on 2 number of [actors present
either wichin the intestinal lumen or on
the intestinal mucosal surface.® These fac-
tors include both non-immunological and
immunological processes. Nonimmuno-
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Fig 1: Ulcerative colitis induction by xenobiotics,
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Fig 2: Attachment of bacterial cell via specific adhesins (Yshaped structues) to complemen-
tary receptors {down arvows) on the bost cell membrane,

logical facrors (inrestinal flora, secretion,
gastric barrier, perisraltic movement, and
live fileration) help’ control the prolifera-
tion of microorganisms present in the gas-
trointestinal ceacr, aid in decreasing adher-
ence of organisms to the gue surface, and
are important in limiting the available an-
rigen mass that may otherwise overwhelm
local immunological defense mechanisms
and penetrate the mucosal barrier or enter
the systemic circulation.™"

Mucosal immunological factors (secre-
tory IgA, cell meditred immunicy, other
immunaoglobulins), and especially the
common mucosal associated lymphoid tis-
sue {MALT), are present at all epithelial
surfaces that are in contact with the exter-
nal environment. This is largely indepen-
dent of the systemic immune response and
is governed by ancigenic stimuli ar epithe-
lial surfaces. A failure or abnormality in
one of these mechanisms can resulr in
symproms such as anaphylaxis, rhinitis,
and skin rashes which may be classified as
food allergies.”

In normal conditions, factors within the
intestinal [umen of the surface of epithelial
cells and within the lamina propria com-
bine to limir the access of antigens o sys-
temic circulation. Afrer macromolecular
ingestion by the incestinal absorptive cells,
most of the ingesced material is brolen
down by lysosamal enzymes in digestive
vacuoles.* That portion which escapes
breakdown s transported out of the cell by
an exacytic mechanism. Any interference
with ineracelbular capacity to digest macro-
molecules could therefore reswlr in an in-
creased intestinal eransport of molecules.'s
A number of factors can affect the stabiliry

and ability of lysosomes, For example, high
cancentradon of vitamin A, radiation, bac-
terial and fungal endotoxins, and exotox-
ins can increase the abiliry of lysosomes,
causing the ruprure of lysosomal mem-
branes in various cellular systems. On the
other hand corticosteroids scabilize the ly-
sosomal membrane and can incerfere wich
the normal digestive funcrion of these in-
eracellular organelles. Thus, inhibicdon of
lysosomal function could in turn result in
enhanced transport of intestinal antigens,
by decreasing intracellular organelles. In-
hibition of lysosomal function could in
turn resule in enhanced eransport of intes-
tinal antigens by decreasing intracellular

~ breakdown and increasing immune re-

sponse against bacterial antigens.’

The basis for possible immune-mediaced
disease in these cases may be the increased
uptale of incestinal pathogens or macromal-
ecules, which can interact with the circu-
faving antibody and complement a targer
organ to produce a characteristic aucaim-
mune response.””  Furthermore, patients
with selective [gA defliciency have a greatdly
increased incidence of Celiac disense comn-
pared with the normal population. This is
undoubtedly due to an increased uprake of
gluten or its breakdown products,” In a
similar manner, intestinal pathogens or their
byproducts can penetrate the intestinal
mucosa, resulting.n a generalized malab-
sorption.” Therefore, increased or decreased
intake of macromolecules may resulr in
patholagical canditions. '

D. Intestinal Barrier Function Test

interest in the concept of enhanced intes-
tinal permeability and its possible role in
the pathogenesis and pathophysiology of
1 variety of intestinal and extraintestinal
disorders. Bacterfal [lora is greatly influ-
enced by eating habits and by chemical
contamination of the food which plays a
significant role in the integrity of intesti-
nal mucosa.

Mucosal sucfaces in mammals provide
an extensive area for adhesion of a wide
variety of microorganisms. Soon after
birth, the mueosal surfaces of the upper
respiratory tract, the intestinal tracr, and
the lower geniral tract become colonized
by a variety of bacteria and other microor-
ganisms.”® Most of these organisms be-
come established as the indigenous micro-
flora or normal microflora by attachment

- of bacterial cells via specific adhesing ro the

complementary receprors on the host epi-
thelial cell membrane (Figure 2).

During states of good health, all of the
mucosal surfaces contain remarkable bar-
riers against artachment of invading bac-
terial pachogens. But due to the typical
western diet, {chemically contaminated
food, increased dietary carhohydrates, us-
age of broad-specerum antibiotics, corri-
casteroid hormones, and birch concrol
pills), these barriers may brealc down and
pathogenic bacteria may colonize large ar-
eas of the mucosal surfaces. From these
colonized sites, pathogenic bacteria pro-
duce infectious diseases eicher by invad-
ing into deeper tissues or by excreting an-
tigens and/or toxins that damage local and
distant tissues.™* This systemic translo-
cation of enteric bacteria and endoraxins
plays a major role in the development of
abnormal systemic immunity, which may
end with multiple organ failure,

The pathogenesis of bacterial infecrious
diseases arising from mucosal surfaces in-
volves a number of distiner inceractions
berween the host and the bacterial patho-
gen. Virulence factors (for example, fim-
briae} of the hacteria enable the microor-
ganism to attach to and multiply on mu-
cosal surfaces and to evade rthe defense
mechanisms of the host, This observation
could mean that the intestinal tract repre-
sents a porential site for the absorption of
bacterial breakdown products, proteolytic
and hydrolytic enzymes, as well as food

Recently; there has been considerable | antigens that normally exist in the intesei-
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sorbed across the epithelial layer by
transcytosis along ewo funcrional pach-
ways. The main degradative pathway en-
tails lysosomal processing of the protein
to smaller peptide fragments, and is im-
portant in host defense to diminish the
antigen load. More than 90% of the pro-
tein internalized passes in this way. A mi-
ner pathway allows the transport of intact
proteins, which results in ancigen-specific
immune responses. In healeh, paracellular
lealeage of macromolecules is not allowed
because inmctintercellular tight junciions
mainain the macromolecular barrier. Con-
sequently, in health, antigen transfer is well
controlled, and aberrant antigen absorp-
tion does not oceur.

nal lumen.® Therefore, inhibition of mi-
crobial attachments to the epithelial cefl
receptors via competing molecules such as
lectins, polysaccharides, and other nutri-
tional factors is the best scrategy for pre-
vention of mucosal immune dysfunction,

(Figure 3).

Mucosal immunedeficiency is an addi-
tional factor, which may contribure to an
enhanced macromolecular absorption.
Secretory IgA is the predominant immu-
noglobulin present in incestinal secretions.
This class of immunoglobulin acts to pro-
tect the intestinal bacteria, fungi, and vi-
ruses, as well as the antigenic and roxic
macremolecules. It is therefore possible
that, in the absence of secretory IgA, and/
or microflora imbalance, ingested proteins
are absorbed from the gut in increased
amounis,'™* See Figure 4.

Determination of both intcr and de-
graded antigen absorption is important
because they can be affected separarely and
their clinical and immunologic conse-
quences may be different. Antigen han-
dling in the gut is associated with the gen-
eration of oral tolerance. There is evidence
that during the absorption process anti-
geas are subtly altered ineo tolerogenic
form. In the immacure gut, because of
immanere absorptive finctions, antigen
exposure may resule in priming for im-
mune responses instead of oral tolerance.
Increased uptalee of intcr food antigens
in the immarure gut has been explained
by increased binding of antigens to the

Dietary antigens are macromolecules | microvillus membrane. Aberrant and ex-
with a molecular weight in the range of i cessive antigen absorption increases the
10,000 w 70,000 Dalton. They arc ab- | antigen load, which may be harmful to the

Excessive uptake of bacterial, fungal,
viral, and food antigens into the circula-
tion may induce imimune response first in
the form of IgM and thereafter in the form
of IgG and IgA antibodies (Figure 5) which

results in clinical condition.

E. Increased Food Antigens Transfer in
Atopic Eczema

Abnormal intestinal antigen handling is
the root cause of atopic eczena.
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Fig. 3: Specific blockade of bacterial adhererce by an excess of isolated receptar analogue

muaterial {(down arrows).

host. In a like manner, incomplete degra-
dation may result in the generation of new
antigenic epitopes.’

[tis not known whether altered antigen
transfer isa primary or secondary phenom-
enon in atopic eczema, In [ood aliergy, dis-
turbances in intestinal permeability and
antigen transfer occur when an allergen
comes into contact with the intestinal
mucosa. It has previously been shown thac
in acrive cows” milk allergy with predomi-
nantly gaserointestinal symptoms the ab-
sorption of both intact and degraded
horseradish peroxidase (FIRPY is increased
in untreated cases, but after complete
avoidance of cows’ milk, HRP transport
recusns to notimal ¥

These results show thar the intestinal
mucosa is an important organ of defense,
providing a barrier against the antigens
encountered by the enteric roure. The bar-
rier functions may be incompletely devel-
oped in early infancy, which may explain
the peak prevalence of food allergies in this
age group. Inattempts to correlate atopic
eczerna with impaired gut mucosal barrier
funcrions, i is important to measure the
intestinal permeabilicy by a high molecu-
lar weight probe such as HRP rather than
a low molecular weight probe such as che
lactulose-mannico! test. This recommen-
dation is based on findings that low mo-
fecudar weight probes suffers from high
degrees of false positivity.*

E Bacterial and Food Antigens may
Induce Autoimmune Disease

The proposed mechanisms by which
viruses ar bacteria may initiate autoimmu-
nity is through sharing of a common anti-
genic determinant between a virus or other
microorganism and a host cell component,
Such shared epitopes can be thought of as
a three-dimensional conformarion site or
a strerch of amino acids forming o pep-
tide. Thus, an antiviral or bacterial im-
mune response would recognize both rhe
microorganism determinant and the
shared host selfantigen. These cross-react-
ing anttbodies and immune cells generated
by molecular mimicry may in large part
be responsible for the presence of
autoreactive antibodies and cells found in
maay infections in humans -3
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Similarly, epidemiological and ecologi-
cal investigarions suggest that early infant
nutrition, particulary drinking cows” mille,
may induce autoimmunity leading o in-
sulin-dependent diabetes mellirtus
(IDDM). A supporting hypothesis is of
immunological cross-reactivity berween a
fragment of bovine serum albumin and a
B-cell protein of 69,000 M (p69) because
both cellular and humoral immune re-
sponses ¢ bovine serum albumin have
been reported in parients with IDDM
which cross-react with p69.

Human and bovine [J-casein share ap-
proximarely 70% homology and sequence
differences could therefore be responsible
for the generation of an immune response
if millk proteins are introduced within the
first weeks of life when the intestine is per-
meable to proteins, Based on resulis in
NOD mice and evidence thae patients with
IDDM have auteantibodies o f-caseins
at the time of diagnosis, T-cell reactivity
to [-casein was measured.

The discovery of the proliferative re-
sponse to B-casein reinforces the concept
of this prorein being involved in causing
the disease as indicated by the recent re-
port of autoantibodlies to [J-casein in these
patients. This finding is specific for patients
with IDDM because no lymphocyte pro-
liferation 1o P-casein was observed with
cells from patients affected by autoimmune
thyroid disease. A proliferacive respunse o
P-casein in patients with IDDM diagnosed
in childhood and as young adults suggests
that this response has pachogenic relevance
regardless of the age of onset of the dis-
ease. This data together with evidence de-
rived from experimental studies in the
NOD mice, and the observation that a
high percentage of IDDM parients have
antibody to f-casein, indicate that fJ-casein

is @ mill protein likely related o IDDM.H

It was concluded that the associarion
berween IDDM and early consumption of
cows’ milk may be explained by the pen-
eration of a specific immune response to
BB-casein. Exposure to cows' milk triggers
a cellular and humoral anti-B-casein im-
mune response which may cross-react with
a B-cell antigen. It is of interest rhar se-
quence homologies exist hecween [3-casein
and several §-cell molecules "

For this reason, measurement of circu-
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facing IgM antibodies against specific an-
tigens of intestinal bacterial and fungal
flora is of considerable importance in the
pathogenesis of immunologically mediaced
diseases, including food allergies and au-
tolmmunities,***

This is the basis for a newly developed
test called Intestinal Barrier Function
(IBF). This test was developed because, in
our experience, microbial flora imbalance
cannot be fully understood in its diagnos-
tic and therapeutic implications withour
coordination of allkcomponents of the in-

testinal flora, including the dietary pro- :

teins.™ 4 IBF utilizes a highly sensitive

and accurate ELISA rest method chat mep- |

sures the serum IgG, IgM, and IgA spe-
cific antibody titers to the purified anti-
gens from five different dierary proteins;
three aerobic and two anaerobic microbes,

!
i
i
i
i
i
1
H
i
i

including Candida albicans, Candida
tropicalis, and Candida cruzei )"

Such quanritative and comparative test
results may allow the determinacion of
primary clinical conditions such as:

* Food Allergy

* [nrestinal Imbalance

* Gur Barrier Dysfunction
* Bacterial Translocation

* Immunadeficiencies

*» Candidiasis

= Autoimmunities

The Inrestinal Barrier Funcrion test is
recommencded for patients whos

* have candidiasis, which appears to be
resistant to standard therapy
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* are suspected of suffering from distur-
bances of intestinal permeability and ab-
sorption

* complain of food intolerance (including
‘food allergy’)

* complain of chemical hypersensitivicy

* present diagnostic problems with mul-
tiple symptom complaines {including
Chronic Fatigue Syndrome)

» suller from abnormal cell count and finic-
tion (including auto-immune disenses)

* may develop post-operative sepsis due to
bacrerial translocacion
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