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Treating Irritable Bowel Syndrome with a Food
Elimination Diet Followed by Food Challenge and
Probiotics
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Objective: In Irritable Bowel Syndrome, the gut-associated immune system may be up-regulated resulting
in immune complex production, low-grade inflammation, loss of Class I bacteria, and translocation of inflam-
matory mediators and macromolecules outside of the GI lumen. Since food intolerance may be one of the reasons
for this upregulation, our goal was to investigate the role of food intolerance in IBS patients.

Methods: In this open label pilot study, we enrolled 20 patients with IBS by Rome II criteria (15 women,
ages 24–81) who had failed standard medical therapies in a tertiary care GI clinic. Baseline serum IgE and IgG
food and mold panels, and comprehensive stool analysis (CSA) were performed. Breath-hydrogen testing and
IBS Quality-of-Life (QOL) questionnaires were obtained. Patients underwent food elimination diets based on the
results of food and mold panels followed by controlled food challenge. Probiotics were also introduced. Repeat
testing was performed at 6-months. We followed up with this cohort at 1 year after trial completion to assess the
reported intervention and for placebo effect.

Results: Baseline abnormalities were identified on serum IgG food and mold panels in 100% of the study
subjects with significant improvement after food elimination and rotation diet (p � 0.05). Significant improve-
ments were seen in stool frequency (p � 0.05), pain (p � 0.05), and IBS-QOL scores (p � 0.0001). Imbalances
of beneficial flora and dysbiotic flora were identified in 100% of subjects by CSA. There was a trend to
improvement of beneficial flora after treatment but no change in dysbiotic flora. The 1-year follow up
demonstrated significant continued adherence to the food rotation diet (4.00 � 1.45), minimal symptomatic
problems with IBS (4.00 � 1.17), and perception of control over IBS (4.15 � 1.23). The continued use of
probiotics was considered less helpful (3.40 � 1.60).

Conclusion: These data demonstrate that identifying and appropriately addressing food sensitivity in IBS
patients not previously responding to standard therapy results in a sustained clinical response and impacts on
overall well being and quality of life in this challenging entity.

INTRODUCTION

Irritable Bowel Syndrome is the most common functional
gastrointestinal disorder with a reported prevalence in the gen-
eral population between 12%–22% [1–4]. In fact, IBS is the
most common diagnosis made by gastroenterologists in the
United States, accounting for 12% of visits to primary care
providers [2]. IBS is a diagnosis of exclusion developed by
a consensus definition and criteria known as the Rome II
Criteria [5].

IBS is a disorder that is poorly understood with high direct

and indirect associated medical costs [6,7]. Successful thera-
peutic options have been difficult to develop because of the
lack of pharmacological targets and wide range of symptom-
atology [3,8,9]. As a result, an attempt is made to suppress
symptoms with anti-cholinergic, anti-spasmodic, anti-diarrheal,
and serotonergic agents with variable success as symptoms are
not completely eliminated.

The gut is the largest lymphoid organ in the body [10]. In
IBS, the gut-associated immune system is up regulated as
evidenced by increased inflammatory cytokines such as inter-
leukin 1, 6, and 10 [3,11–13]. The etiology of this altered
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immunity is unclear but may be related to food hypersensitivity
and/or altered GI microbial environment combined with altered
enteric nervous system sensation. It is known that there is
abnormal fermentation in IBS [14] and this leads to immune
up-regulation [15]. It is also known that there is change in
symbiotic, commensal, and dysbiotic microbial gut colonies in
IBS [16–20]. It has been reported that types of microflora
colonizing the gut play a role in regulating immunity [21]. In
addition, upregulated GI associated immune tissue is known to
stimulate discharge of enterochromaffin cells and other cells,
which release serotonin and/or histamine resulting in GI symp-
toms [22–29]. Inflammation can result in opening of tight
junctions between enterocytes with translocation of large pro-
teins across the GI lumen. These proteins act as antigens
systemically and antibody production results [21,22,30].

It is our hypothesis that correcting the luminal micro-envi-
ronment will lead to improvements in IBS symptoms. This may
be accomplished by a two-pronged approach. First, food and
mold hypersensitivity [14,18,22,30–33] contributes to the al-
tered inflammatory environment in the GI track and serum IgE
and IgG food and mold panels can guide a food withdrawal
diet, resulting in improved symptom complex [15,32–36]. If the
results of the IgE and IgG food and mold panels are significant,
subsequent systematic food challenges should result in IBS
symptom recurrence. Secondly, altered microbial environments
that are related in IBS may be corrected by probiotic adminis-
tration [17,20,37–43].

METHODS

Study Design

The reported prospective outcome study with multifactorial
intervention enrolled a cohort of diarrhea dominant irritable
bowel syndrome patients from a tertiary care gastroenterology
clinic. Prerequisite for entering into the study included a diag-
nosis of IBS by Rome II criteria and evaluation by gastroen-
terologists at the University of Kansas Medical Center. The
following laboratory tests were required to be within normal
range: total blood count, erythrocyte sedimentation rate, bio-
chemistry screen, routine stool evaluation including culture,
examination for occult blood, ova, and parasites, and a recent
normal sigmoidoscopy or colonoscopy within 2 years of en-
rollment. Persons were excluded if organic intestinal disease
was present. Subjects were also excluded if there had been
recent antibiotic use or recent or concurrent enrollment into an
IBS study.

Twenty-five subjects were screened between December
2001 and October 2002 and 20 were enrolled; of those enrolled,
there were 5 men and 15 women consistent with national
statistics [2,3]. See Table 1. Three patients declined to partic-
ipate (refusal to obtain colonoscopy/sigmoidoscopy, or refusal
to adhere to dietary requirements); one was excluded based on

definable organic pathology in the gastrointestinal tract (por-
phyria), and 1 did not fulfill the strict Rome II criteria. One of
the study subjects withdrew from the study after 2 months
stating refusal to adhere to dietary requirements. Data was
analyzed on intent to treat basis.

Baseline requirements included a visit with the gastroenter-
ologist, comprehensive IBS symptom and quality of life ques-
tionnaires (University of North Carolina School of Medicine—
Chapel Hill GI Psychosocial Research Group), and hydrogen
breath testing to assess for small bowel bacterial overgrowth.
Subjects had 7 visits, including the baseline visit and 6 monthly
intervention visits; after completion of the study, a follow-up
visit with a gastroenterologist was required. At baseline, the
serum IgE and IgG food and mold antigen panels (Allos Ref-
erence Laboratory—Hitachi Chemical Diagnostics Inc., Moun-
tain View, CA) and stool collection for comprehensive diges-
tive stool analysis were obtained (Great Plains Laboratory,
Overland Park, KS).

Study subjects each received a tailored food withdrawal diet
based on the results of the serum IgE and IgG food and mold
antigen panels. The food and mold withdrawal diet was fol-
lowed for 21–28 days with subsequent individual food chal-
lenges performed over several months. Food and symptom
diaries were kept during the challenge phase and reviewed by
the investigators. If a food was tolerated during the challenge
phase, the food was reintroduced back into the diet with in-
structions to adhere to a rotation diet. If IBS symptoms returned
with food challenge, the food was eliminated from the diet for
6 months with instructions to rechallenge at a later date. Study
subjects were given probiotics (Vital 10 powder, 1⁄4 teaspoon
2X/day, Klaire Labs, Solana Beach, CA) beginning at month 2
after the food and mold elimination diet period. The probiotics
were taken daily from months 2 through 6 followed by a 1
month washout period.

At one year after trial completion, a follow up questionnaire
to assess gastrointestinal status was obtained; this was to eval-
uate for the role of placebo effect in this intervention, which is
known to be quite high in IBS [29].

The protocol was approved by the Investigational Review
Board of the University of Kansas Medical Center. All partic-
ipants provided written informed consent.

Breath Hydrogen and Methane Testing

The importance of breath testing is acknowledged [44]. All
subjects presented to the GI Motility and Functional Bowel

Table 1. Summary of Demographic Data

Male Female

Number Enrolled 5 15
Age range (mean) 43 yrs–77 yrs (57) 24 yrs–80 yrs (49)
Duration of IBS Symptoms 3 yrs–50 yrs (22) 3 yrs–60 yrs (23)
Results of Breath Hydrogen

at Baseline 2 positive 2 positive
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Center at the University of Kansas Medical Center for the
hydrogen and methane breath test after an 8-hour fast. Subjects
ingested 30 cc of glucose syrup after a sample of their breath
was collected at baseline. Further breath samples were obtained
every 15 minutes for 3 hours. All breath samples were end-
expiratory and analyzed immediately by model DP Microlyzer-
chromatograph (Quintron Instrument Company, Milwaukee,
WI). The concentration of breath hydrogen and methane was
measured in parts per million (ppm). The measurements were
plotted graphically and analyzed. The diagnosis of small intes-
tine bacterial overgrowth was based on the following criteria: A
peak within 90 minutes of hydrogen or methane concentration
of � 20 ppm, or a baseline level of hydrogen or methane of �

10 ppm, which subsequently continued to increase after glucose
challenge.

Comprehensive Digestive Stool Analysis

Each study subject collected stool samples for a compre-
hensive stool analysis (test kits provided by Great Plains Lab-
oratory, Overland Park, Kansas and conducted by Doctor’s
Data, West Chicago, Illinois) on 2 consecutive days at baseline
and again at the end of the intervention for comparison. Bac-
teriology, aerobic evaluated by BAP, Mac, CNA, and HEK
plates to identify Salmonella, Shigella, yersinia, vibrio, and
Aeromonas plus any other pathogenic bacteria. GN broth is
used to isolate pathogens in smaller quantities and API for an
identification system; results are reported in organism type and
level from 0, 1�, 2�, 3�, 4� with 0 representing no colonies
and 4 the highest count. Bifidobacter is cultured on anaerobic
culture media (modified CNA plates from Oxyrace create an-
aerobic environment); results reported in organism and level 0,
1�, 2�, 3�, 4�. Enterohemorrhagic E. Coli, Giardia, E.
Histolytica, and Cryptosporidium are evaluated by EIA kit-
ProSpect from Alexon Trend by Remel with results reported as
positive or negative. Campylobacter is identified by EIA Kit-
ProSpect from Alexon Trend by Remel and cultured with
microphilic environment pouch on campy plates with results
positive or negative. Parasitology identification Trichrome
Stain, and concentrate are evaluated by microscopy and iden-
tified parasites reported. Yeast culture is expressed as definitive
identification. Disc susceptibilities for yeast and bacteria are
done by Kirby-Bauer and reported as sensitive or resistant.
Cholesterol in the stool is identified by colormetric chemistry
analyzer (Olympus AU600—Kit reagents used are from DCL);
results are given in mg/dL. Chymotrypsin amount in the stool
is determined by colormetric chemistry analyzer (see above);
results are given in IU/g. Fecal Lactoferrin and Lysozyme are
evaluated by Latex Agglutination with results positive or
negative. Fecal secretory IgA is measured by EIA Kit from
ALPCO; results expressed in ng/mL. Meat fibers, red and white
blood cells are counted by direct microscopy and reported as
none, few, moderate, or many. Occult blood is evaluated by
guiac—Hemoccult and results reported as positive or negative.

The pH of the stool is measured by a pH meter and reported as
a number from 0–14. Short Chain Fatty Acids in the stool to
include acetate, propionate, butyrate, and valerate are measured
by Gas Chromatography—Varian GC/MS and Acetate: ex-
pressed as percent of total of the total N-Butyrate expressed as
�g/g. Steatocrit is measured by capillary microcentrifugation
and reported in ng/mL. Triglycerides in the stool are measured
by colormetric chemistry analyzer and reported in mg/dl.
NEFA (Non-Estrified Fatty Acids) are identified by colormet-
ric chemistry analyzer (off-label use of Wako kit for serum).
Test results were reported within 4 weeks and collected at
baseline and again at completion of the intervention.

Serum IgE and IgG Panels

Venous blood was collected in a 10 mL serum separator
tube. Blood was allowed to stand in the serum separator tube
for 20 minutes. The samples were centrifuged at 3,000. Sam-
ples were immediately placed cold packs and sent to the Allos
Reference Laboratory (Hitachi Chemical Diagnostics, Inc.,
Mountain View, California). The test was performed at base-
line and again at the end of the 6-month intervention, but only
the IgG was repeated at the completion of the trial since it was
assumed that the results of the IgE would not change in the time
period.

For analysis, the serum was drawn into a sealed test cham-
ber containing 36 threads coated with antigens specific for food
and mold. (The test chamber contains a negative control and a
positive control with IgG, for the IgG system, or IgE, for the
IgE system, covalently bound). The test chamber with the
serum was incubated at room temperature for 18–24 hours; the
serum was drained from the holding chamber.

The test chamber was washed with wash buffer, drained,
and filled with antibody reagent, and incubated at room tem-
perature for 4 hours. After draining and washing, the photore-
agent mix was drawn into the test chamber and incubated for 10
minutes. After 10-minute incubation, photoluminescence was
measured and reported in luminescence units. Results are re-
ported using a classification system based on relative light unit
system. The luminescence units were reported as class values
and assigned a numerical rating from 0–4 based on the amount
of light admitted by the individual threads in the test chamber.
Class values of one or greater represents progressively increas-
ing concentrations of allergen specific antibodies. Class zero
represents an absence or nondetectable levels of allergen spe-
cific antibodies.

The sensitivity detection limit of the assay is ten lumines-
cence units. There is less than 1% cross reactivity with human
serum immunoglobulins IgA, IgM, IgG, or IgD at normal
physiologic levels. On average, concordance (calculated as
efficiency) between CLA allergen and alternative in-vitro assay
is approximately 95%; the range of concordance is 86%–100%.
There are no standardized reference allergens available for
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comparisons between methods, or for the great majority of
clinical relevant allergens.

Probiotic Supplement

Replacement of beneficial microflora was by probiotic sup-
plementation (Vital-10, Klaire Labs, Solana Beach, CA 92075).
The product contained Lactobacillus acidophilus, Bifidobacte-
rium baifidum, L. rhamnosus, L plantarum, B. infantis, L.
salivarius, L bulgaricus, L casei, L brevis, and Streptococcus
thermophilus. Each dose gave a total of 10� billion colony
forming units and was taken twice each day with meals to assist
in adherence to the gut wall.

Outcome Variable: Irritable Bowel Quality of Life
Outcome Instrument

Permission was obtained to use the IBS specific symptom
diary and QOL instrument (University of North Carolina
School of Medicine—Chapel Hill GI Psychosocial Research
Group). IBS-QOL is a validated survey instrument [45,46]. The
original version of the IBS-QOL contains 34 question items
that ask about the patient’s feelings and response is measured
on a 5-point Likert-scale where 1 � not at all, 2 � slightly, 3 �

moderately, 4 � quite a lot, 5 � a great deal/extremely. All
items are summed-scored to calculate total scores (overall
score). Subscales are collected for dysphoria, interference with
activity, body image, health worry, food avoidance, social
reaction, sexual, and relationship. The IBS-QOL was obtained
in all study subjects as a baseline survey and at completion of
this study.

Predictor Variables

A record of objective clinical findings of change in stool
frequency and pain and subjective quality of life were obtained
at baseline and at completion of the study. In addition, the
changes in IgG food and mold scores from baseline to com-
pletion were measured after the treatment intervention. Finally,
stool microflora counts were assessed at baseline and after
probiotic use by the comprehensive stool analysis.

1-Year Follow Up Questionnaire

To evaluate for the role of the placebo effect in this inter-
vention, a follow-up questionnaire was administered at 1-year
post intervention. There had been no significant contact with
the study subjects by the study team in the interval. All twenty
patients were contacted and completed the questions. Four
questions were asked to evaluate current IBS symptoms, ad-
herence to a rotation diet, use of probiotics, and attitude about
control over IBS symptoms. The questions were based on a
5-point Likert-scale ranging from 1 � strongly disagree and
5 � strongly agree.

Statistical Analysis

The goal of this study was to examine the contribution of
serum IgG food and mold antigen levels for tailoring food and
mold withdrawal/rotation diets and its impact on IBS symp-
toms and QOL. In addition, it was necessary to assess the
importance of stool microflora colonies and the impact of
probiotic products on IBS symptoms and QOL scores. We first
summarized all measurements with their means and standard
deviations. Wilcoxon’s Signed Rank Test was applied to de-
termine if there is a significant change in each measure from
baseline to completion.

RESULTS

Patient Characteristics

Of the 20 patients enrolled in the study, 5 were male and 15
were female. The age range for the men was 43–77 (57) years
and for the women 24–80 (49) years. The duration of IBS
symptoms for the men was 3–50 (22) years and for the women
was 3–60 (23) years. There were 2 positive breath hydrogen
tests at baseline in each group of men and women, which
correlated with abnormalities on comprehensive digestive stool
analysis. See Table 1.

Pain and Stool Frequency

In this prospective study in a cohort of diarrhea dominant
IBS subjects, systematic food withdrawal guided by the results
of the IgG and IgE food and mold panels resulted in significant
improvement in symptoms including stool frequency and se-
verity of pain. At baseline reported stool frequency was 4.29
(2.49) stools per day and at completion were 3.43 (� 1.22)
stools per day (P � .05). Pain diary scores based on a pain scale
from 1 (none) to 5 (most severe) resulted in a significant
improvement from baseline of 3.65 (� 1.12) to completion of
2.71 (� 1.38) (P � .05). See Table 2.

IBS QOL

Response was measured on a 5-point Likert-scale where
1 � not at all to 5 � a great deal/extremely with all items
summed-scored to calculate total overall score from baseline to
completion. In final data analysis, the five responses are trans-
formed in order to obtain a 100-point overall QOL score and
eight 100-point subscales. After conversion, higher scores de-
note a higher quality of life and lesser degree of IBS symptoms.
This cohort demonstrated a significant improvement in overall
QOL scores [46.51 (� 21.08) to 67.22 (� 20.92); P � .001].
Subscales collected at baseline and completion for dysphoria
[37.66 (� 23.64) to 66.28 (� 24.58); P � .001], interference with
activity [40.54 (� 21.81) to 65.23 (� 24.60); P � .001], body
image [59.69 (� 23.52) to 76.32 (� 18.47); P � .001], health
worry [58.33 (� 24.63) to 77.63 (� 20.42); P � .002], food
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avoidance [30.42 (� 26.80) to 38.16 (� 25.36); P � .36], social
reaction [48.13 (� 32.64) to 69.08 (� 24.07); P � .002], sexual
[73.13 (� 27.89) to 79.61 (� 29.82); P � .10], and relationships
[55.00 (� 32.83) to 70.18 (� 25.36); P � .001]. See Table 2.

Serum IgG Food and Mold Antigens

Baseline serum IgG food reactions were measured in lumi-
nescence units (LU) with the range from 0–11 � negative,
12–26 � equivocal, 27–65 � low positive, 66–142 � positive,
and 143 � 242 � high positive. For the purpose of the food and
mold elimination diet, only reactions that were positive to high
positive were considered. At baseline, there were 10.05 (�
10.08) positive IgG food reactions identified per patient and at
completion after food elimination, 6.47 (� 8.85) P � 0.01. At
baseline, there were 0.10 (� 0.31) high positive IgG food
reactions and at completion 0.71 (� 2.26), which did not show
a significant change. At baseline, there were 3.30 (� 1.26)
positive IgG mold reactions identified and after completion a
reduction to 2.63 (� 1.42) P � 0.05. At baseline there were
1.35 (� 1.69) high positive IgG mold reactions and at comple-
tion 1.79, which was not significant.

The most frequent positive serologic IgG antigen-antibody
complexes found on the food and mold tests were: 4 or more
molds, 14 out of 20 patients (70%); baker’s yeast, 17 out of 20
(85%); onion mix, 13 out of 20 (65%); pork, 12 out of 20
(60%); peanut 12 out of 20 (60%); corn, 11 out of 20 (55%);
wheat, 10 out of 20 (50%); soybean, 10 (50%); carrot, 9 out of
20 (45%); cheddar cheese, 8 out of 20 (40%); egg white, 8 out
of 20 (40%). See Table 3. Only 5 out of 20 reacted by IgG
antibody production to dairy; however the majority of patients
reported eliminating dairy prior to trial enrollment presumably
clearing antigen-antibody complexes prior to testing.

Microflora Colony Counts

In the comprehensive digestive stool analysis, colony counts
of microflora are expressed as a range of 0 to 4� colony counts
with 0 being no colonies identified and 4� as the maximal
colony count. At baseline prior to probiotic intervention, the
study subjects were found to have a trend to improvement in
Class 1 beneficial microflora at 2.07 (� 1.54) colony counts
and after probiotic supplementation, beneficial colony counts
rose to 2.67 (� 1.30). Counts in dysbiotic microflora at base-
line were found to be (1.58 (� 0.84) and found not to clear with
probiotic replacement from 1.58 (� 0.84) to 1.47 (� 0.91).

1-Year Follow-up Questionnaire after Trial Completion

One-year follow-up questionnaire had 4 questions with re-
sponses based on a 5-point Likert-scale ranging from 1 �

Table 3. Most Frequent Positive Serologic IgG Antigen-
Antibody Food and Mold Tests

4 or more molds 14 70%
Baker’s yeast 17 85%
Onion mix 13 65%
Pork 12 60%
Peanut 12 60%
Corn 11 55%
Wheat 10 50%
Soybean 10 50%
Carrot 9 45%
Cheddar Cheese 8 40%
Egg White 8 40%
Milk (dairy)* 5* 25%*

* Dairy is often considered to be one of the foods that should be eliminated.

However, this cohort did not show a high prevalence of IgG Ag-Ab complexes.

It may be that many of these subjects had already eliminated dairy and cleared

dairy specific IgG Ag-Ab complexes.

Table 2. Results

Baseline Mean (Std) Completion Mean (Std) Signed Rank P-Value

# of Stools/day 4.29 (2.49) 3.43 (1.22) �0.05
Pain Scale 1 (none)–5 (most severe) 3.65 (1.12) 2.71 (1.38) �0.05
IgG Food Positive # 10.05 (10.08) 6.47 (8.85) �0.01
IgG Food High Positive # 0.10 (0.31) 0.71 (2.26) 0.500
IgG Mold Positive # 3.30 (1.26) 2.63 (1.42) �0.05
IgG Mold High Positive # 1.35 (1.69) 1.79 (1.87) 0.069
IBS-QOL

Dysphoria 37.66 (23.64) 66.28 (24.58) �0.001*
Interference w/Activity 40.54 (21.81) 65.23 (24.60) �0.001*
Body Image 59.69 (23.52) 76.32 (18.47) �0.001*
Health Worry 58.33 (24.63) 77.63 (20.42) 0.002*
Food Avoidance 30.42 (26.80) 38.16 (25.36) 0.362
Social Reaction 48.13 (32.64) 69.08 (24.07) 0.002*
Sexual 73.13 (27.89) 79.61 (29.82) 0.100
Relationships 55.00 (32.83) 70.18 (25.36) �0.001*
Overall 46.51 (21.08) 67.22 (20.92) �0.001*

Beneficial Bacteria (Class I) 2.07 (1.54) 2.67 (1.30) 0.250
Dysbiotosis/Parasitology 1.58 (0.84) 1.47 (0.91) 0.620

* Significant at the 0.0025 level.
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strongly disagree and 5 � strongly agree. All 20 study subjects
responded. The questions included adherence to the food rota-
tion diet (4.00 � 1.45), minimal symptomatic problems with
IBS (4.00 � 1.17), and perception of control over IBS (4.15 �

1.23). The ongoing use of probiotics at 1-year was found to be
less helpful (3.40 � 1.60).

DISCUSSION

The reported multifactorial intervention resulted in signifi-
cant improvements in irritable bowel symptom complex and
QOL in this cohort of IBS diarrhea dominant patients. The
patients enrolled in this study were on whole a difficult group
of patients to manage having found their way to the tertiary
care gastroenterology clinic. They were not felt to be ade-
quately improved by extensive use of standard medical therapy
and care given by a single gastroenterologist with expertise in
this area (RM). Identifying and appropriately addressing food
hypersensitivity and abnormal bowel microenvironment in IBS
patients not previously responding to standard therapy resulted
in a significant clinical response. This improvement was found
to be sustained at 1 year post-intervention during which time
there was no significant contact with the investigators; the
1-year follow-up was done to evaluate the role of the placebo
effect as a major factor in the improvement. The improvement
was found to be both objective with reduction in pain and
diarrhea as well as subjective with increased quality of life. The
majority of study subjects continued to adhere to the rotation
food diet at 1 year post intervention and felt they had reduced
symptoms and increased control over their IBS.

The gastrointestinal tract is the largest immune organ and
responsible for vigilance and surveillance of ingested materials.
Up-regulation of gut immunity, resulting in increases in inflam-
matory cytokines and other inflammatory mediators, is associ-
ated with IBS [3,10–13]. To date, it is unclear specifically what
causes the immune stimulation in IBS and since IBS is a
complex chronic disorder, there may be several contributing
factors that lead to the change in immunity. Abnormalities in
microbial biomass with decrease in Class 1 symbiotic micro-
flora and increase in dysbiotic flora will cause changes in the
patterns of immunity as do food and mold related hypersensi-
tivity that results in increased immune complex formation.

Immunoglobulin G (IgG) may be a helpful marker of im-
mune response for food hypersensitivity and delayed food
reactions [33]. In a blinded trial, Atkinson and colleagues
reported a benefit in IBS symptoms when evaluating IgG food
withdrawal diets when compared to sham diets. The circulating
elevated IgG may or may not be the cause of the symptoms but
its ability to form immune complexes with antigens and to
activate complement certainly fulfills the condition for immu-
nopathologically-mediated inflammation [47]. Activation of
immune reactions by non-IgE immune complexes that result

from delayed hypersensitivity may explain many of the ob-
served reactions to food such as asthma, migraines, headaches,
arthritis, gastrointestinal dysfunction, etc [48]. By focusing
solely on IgE mediated reactions and excluding other elements
of the immune response, important etiologies of patients’
symptoms are overlooked.

The parallel assays of specific IgG and IgE antibodies to
food and mold provide an approach to determining offending
foods in the clinical situation. After antibodies to specific foods
are detected, the patient is placed on a food elimination diet for
two to four weeks, after which foods that do not mediate IgE
reactions are systematically returned to the diet one at a time
[33,48–50]. Patients with true food hypersensitivities should
have clear reactions with food challenges, but these reactions
may not occur until hours or days post ingestion. Detailed food
diaries are necessary during the challenge phase to assess for
delayed hypersensitivity reactions. Open food challenges are
usually accurate and sensitive for testing non-IgE mediated
food reactions in clinical practice and placebo effect is gener-
ally not a problem [48].

It should be noted that IgG food testing has not been
considered a particularly useful test by the general medical
community [47,53–55]. It is believed that IgG is formed uni-
versally after the ingestion of food; IgG is generally considered
to be a protective antigen and as a result the test is thought to
be non-specific. This conclusion is now being challenged and
re-evaluated [47]. IgG by itself may or may not be the mediator
of the symptoms, but it’s presence in measurable quantities may
serve as an indicator that a protective antibody is necessary.

The rationale for adding IgG testing is based on the findings
that certain subclasses of IgG or non-IgE associated reactions
have been associated with in vitro degranulation of basophils
and mast cells, the activation of complement cascade, and the
observation that high circulating serum concentrations of some
IgG have been measured in certain atopic individuals
[47,48,56]. Based on the results of the IgE and IgG mold
panels, an appropriate food elimination diet may be imple-
mented. It has been shown that decreased lymphocyte prolif-
eration responses, improved clinical outcomes, and decreased
release of inflammatory mediators followed the tailored food
elimination diet [36,48,49].

Food elimination diets and food challenges are extremely
time consuming for the patient and practitioner and the elimi-
nation/challenge diet requires a high degree of patient motiva-
tion and compliance [33,35,48]. Although the serum IgE and
IgG testing may help guide the food elimination diet initially,
the oral food challenge remains the only modality to identify a
true clinical reaction [48,51,52]. After the food challenge phase
is complete and the offending foods are identified, these foods
may be added back into the diet on a rotation basis of not more
than 3 to 4 days between ingestion. That is, no food may be
eaten repeatedly on successive days because antigen—antibody
complexes may again accumulate, which result in recurrent
symptoms of IBS or food intolerance. In a rotation diet for
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example, wheat (gliadin or gluten antigen) sensitive patient
may eat wheat containing foods once every 3 to 4 days with no
wheat products consumed in between those days. Some patients
find that if their initial reaction after challenge is severe, certain
food groups may never be tolerated again in the diet without
provoking symptoms. In any event, teaching patients to eval-
uate symptoms, correlate symptoms with food diaries, and manage
specific food withdrawal and rotation diets gives them some
measure of control over their functional bowel complaints.

Caveats regarding IgG food testing include a lack of intra-
laboratory reproducibility, skepticism concerning the role of
IgG food related antibodies in the pathophysiology of adverse
reactions to food, the possibility that many adverse reactions to
foods are pharmacologically or contaminant mediated and not
detectable through immunological assays, and the possibility
that digestion alters the protein make up and therefore its
allergenicity. Another valid concern is it is not known what
percentage of the population free of bowel symptoms has
elevated IgG food-related antibodies.

Recently, O’Mahony and colleagues (2005) demonstrated
improvements in IBS symptoms in a blinded trial with the
addition of Bifidobacterium infantis 35624 in the diet with
normalization of the ratio of anti-inflammatory to proinflam-
matory cytokines. These investigators did not find a similar
effect when Lactobacillus salivarius UCC4331 was added. In
other clinical trials, Lactobacillus plantarum 299v and DSM
9843 strains were shown to reduce abdominal pain, bloating,
flatulence, and constipation [17,57]. It was also observed that
Saccharomyces boulardii decreased only functional diarrhea in
irritable bowel syndrome but was not effective in alleviating
other symptoms of the syndrome [58]. In this trial, the reported
improvements by probiotics on symptoms may be related to
specific physiological effects of altered cytokine production,
microflora cross-talk, or other direct effects and should be
considered in an expanded evaluation. It was beyond the scope
of this study to test for the direct effects of probiotics on the
gastrointestinal tract.

At baseline, the cohort of patients in this study demonstrated
decreased Class 1 beneficial microflora with decreased colo-
nies of Lactobacillus sp., bifidobacteria sp., and beneficial
E-Coli. In addition, there were increased dysbiotic microflora
colonies and fungal species in a subset of patients with positive
breath testing. Of note, there was a trend to improvement in the
Class 1 microflora with probiotic supplementation over the
course of the trial but this was not significant. This may be related
to underestimating the amount of probiotic supplement necessary,
type of flora necessary, or the duration of time needed to effect
such a change [20,37,40]. It would be useful in the future to
evaluate the dose response of various preparations with various
colony counts and correlate this with the changes in colony counts
on follow up stool testing and changes in gut immunity.

Although there was not a significant improvement in ben-
eficial colony counts in this study, patients reported symptom
relief when using probiotics. However at the 1-year follow up,

the study subjects were only sporadically continuing to use
probiotic supplements. As stated, more aggressive replacement
may be warranted or investigation into the direct effects of
probiotics on immunity would be helpful.

Interestingly, probiotics alone were not sufficient to eradi-
cate dysbiotic flora or produce normalization in follow-up
breath-hydrogen testing in the patients that had positive breath-
hydrogen tests at baseline. After the trial was complete and not
at baseline, antibiotics, with documented sensitivities to the
abnormal flora, were given to eradicate the dysbiosis in this
group of patients. It should be noted in this subset of patients,
the majority of IBS symptoms improved prior to dysbiotic flora
eradication. Since the sample size was small, this cannot be
commented on further but should guide further investigation
when enrolling subjects who have positive breath-hydrogen
tests and dysbiotic flora found on stool testing.

The patients enrolled in this trial demonstrated significant
improvements in quality of life (QOL) assessment. Ultimately,
improving QOL for the functional bowel patient is the most
important benefit. QOL is a term that has been used to denote
outcomes as experienced by the patient and there has been
growing interest in the use of health-related quality of life
measures in gastrointestinal disorders. QOL measures in clin-
ically ill individuals encompasses multiple domains or areas of
well-being (including, at a minimum, physical, psychological
and social functioning, as well as symptoms) and the perspec-
tive of the patient is critical in any measurement of QOL. Func-
tional bowel disorders have been studied pre- and post-treatment
with health status outcome measures [45,46,59–61]. The validity
of using the outcome instruments has been documented and has
been a useful tool for following the therapeutic benefits of treat-
ment in clinical practice and in controlled trials. While patient
perspectives are important in any health condition, they become
particularly so in diseases that are chronic such as IBS.

The reported trial is small and the food challenges were
open and not blinded, although some believe that reactions
related to IgG delayed hypersensitivity and tracked over 72
hours after the food challenge can safely be attributed to that
specific food [48], however a repeat larger trial with blinding is
warranted. In addition, the sensitivity and specificity of IgG
food testing needs to be evaluated and labs need quality con-
trols instituted to assure reproducibility. Further trials with
blinded food challenges may be necessary to overcome the bias
against IgG food hypersensitivity testing. In addition, compar-
ison to normal controls would be helpful to assess the signifi-
cance of the IgG food related immune complexes. Furthermore,
IgG is only a subsection of the immunity and represents only a
small percentage of food hypersensitivity and there may be
other causes of food hypersensitivity or increased inflammation
in the GI tract besides the antigen/antibody complex formation.
What may be even more helpful in further studies would be a
more direct assessment of the bowel milieu after food challenge
for changes in inflammatory cytokines and other immune mes-
sengers like histamine. This of course, by necessity, would
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need to include assessment of neurotransmitter production in
the gut such as serotonin excretion by the enterochromaffin
cells. Other important questions to be answered would be the
role of microflora cross-talk and the interaction of microflora
populations on bowel immune messages.

As a result of the high numbers of the population affected
by IBS, if simple solutions such as food elimination and rota-
tion diets and maximizing bowel flora could result in signifi-
cant improvements then potential savings to the health care
system could result. IgG food testing would need to be vali-
dated with intra-lab reproducibility and then the extended
healthcare team could manage the follow up diet manipulation
and recommendations. This could reduce the time and expense
of physician involvement and the use of expensive pharmaco-
logic interventions. It is recommended that repeat evaluations
include cost analysis studies.

The complex role of abnormal bowel flora coupled with the
presence of food hypersensitivities on symptom production has
been noted in a previous clinical trial of IBS [18]. Since both
microflora and ingested materials display a direct effect on
immunity, it is not surprising that both would play a compli-
cated intertwined role in the production of symptoms in IBS. It
is difficult to determine at the present time if the food intoler-
ance precedes the altered gut microbial environment or if the
reverse is true. However, it may be neither but rather both
abnormalities contributing to the outcome of increased inflam-
mation and up-regulation of the immune system, altered enteric
neurotransmitter output, and abnormal fermentation, which all
results in gas, pain, bloating, and diarrhea. Irritable bowel
syndrome is a complex chronic disorder necessitating complex
interventions.

ACKNOWLEDGMENTS

This research was funded by BioCommunications Research
Institute, Wichita, Kansas. Product was supplied by Klaire
Labs, Solana Beach, California. Laboratory testing was pro-
vided by Great Plains Lab, Overland Park, Kansas, and Allos
Reference Laboratory, Mountain View, California. This re-
search project was designed, conducted, and analyzed without
input from either the BioCommunications Research Institute or
the suppliers of product and tests.

REFERENCES

1. Mertz HR: Irritable bowel syndrome. N Engl J Med 349:2136–
2146, 2003.

2. Horwitz BJ, Fisher RS: The irritable bowel syndrome. N Engl
J Med 344:1846–1850, 2001.

3. Maxwell PR, Mendall MA, Kumar D: Irritable bowel syndrome.
Lancet 350:1691–1695, 1997.

4. Everhart JE, Renault PF: Irritable Bowel Syndrome in office-based

practice in the United States. Gastroenterology 100:998–1005, 1991.

5. Drossman DA, Corazziari E, Talley NJ, Thompson WG, White-

head WE (eds) “Rome II. The Functional Gastrointestinal Disor-

ders,” 2nd ed. Lawrence, KS: Allen Press Inc, 2000.

6. Talley NJ, Gabriel SE, Harmsen WS, Zinsmeister AR, Evans RW:

Alimentary Tract: medical costs in community subjects with irri-

table bowel syndrome. Gastroenterology 109:1736–1741, 1995.

7. Levy RL, Von Korff M, Whitehead WE, Stang P, Saunders K,

Jhingran P, Barghout V, Feld AD: Costs of care for irritable bowel

syndrome patients in a health maintenance organization. Am J

Gastroenterol 96:3122–3129, 2001.

8. Dunphy RC, Verne GN: Drug treatment options for irritable bowel

syndrome—managing for success. Drugs Aging 18:201–211, 2001.

9. Villanueva A, Dominguez-Munoz JE, Mearin F: Update in the

therapeutic management of irritable bowel syndrome. Dig Dis

19:244–250, 2001.

10. Mayer L: Mucosal immunity and gastrointestinal antigen process-

ing. J Pediatr Gastroenterol Nutr 30:S4–S12, 2000.

11. Collins SM: A case for an immunological basis for irritable bowel

syndrome. Gastroenterology 122:2078–2080, 2002.

12. Chadwick VS, Chen W, Shu D, Paulus B, Bethwaite P, Tie A,

Wilson I: Activation of the mucosal immune system in irritable

bowel syndrome. Gastroenterology 122:1778–1783, 2002.

13. Gonsalkorale WM, Perrey C, Pravica V, Whorwell PJ, Hutchinson

IV: Interleukin 10 genotypes in irritable bowel syndrome: evidence

for an inflammatory component? Gut. 52:91–93, 2003.

14. King TS, Elia M, Hunter JO: Abnormal colonic fermentation in

irritable bowel syndrome. Lancet 352:1187–1189, 1998.

15. Ciprandi G, Canonica GW: Incidence of digestive diseases in

patients with adverse reactions to foods. Ann Allergy 61:334–336,

1998.

16. De Simone C, Famularo G, Salvadori BB, Moretti S, Marcellini S,

Trinchieri V, Santini G: Treatment of irritable bowel syndrome

(IBS) with the newer probiotic vs #3: a multicenter trial. Am J Clin

Nutr 73(Suppl):491S, 2001.

17. Nobaek S, Johansson ML, Molin G, Ahrne S, Jeppsson B: Alter-

ation of intestinal microflora is associated with reduction in ab-

dominal bloating and pain in patients with irritable bowel syn-

drome. Am J Gastroenterol 95:1231–1238, 2000.

18. Petitpierre M, Gumowski P, Girard JP: Irritable bowel syndrome

and hypersensitivity to food. Ann Allergy 54:538–540, 1985.

19. Balsari A, Ceccarelli A, Dubini F, Fesce E, Poli G: The fecal

microbial population in the irritable bowel syndrome. Microbio-

logica 5:185–194, 1982.

20. O’Mahony L, McCarthy J, Kelly P, Hurley G, Luo F, Chen K,

O’Sullivan GC, Kiely B, Collins JK, Shanahan F, Quigley EM:

Lactobacillus and Bifidobacterium in irritable bowel syndrome:

symptom responses and relationship to cytokine profiles. Gastro-

enterology 128:783–785, 2005.

21. Walker WA: Role of nutrients and bacterial colonization in the

development of intestinal host defense. J Pediatr Gastroenterol

Nutr 30:S2–S7, 2000.

22. Crowe SE, Perdue MH: Gastrointestinal food hypersensitivity.

Basic mechanisms of pathophysiology. Gastroenterol Nutr 103:

1075–1095, 1992.

23. Crowell MD: The role of serotonin in the pathophysiology of

Treating Irritable Bowel Syndrome

JOURNAL OF THE AMERICAN COLLEGE OF NUTRITION 521



irritable bowel syndrome. Am J Managed Care 7:S252–S260,
2001.

24. Gershon MD: Review Article: Roles played by 5-hydroxytrypta-
mine in the physiology of the bowel. Aliment Pharmacol Ther
13(Suppl):15–30, 1999.

25. Joneja JMV, Carmona-Silva C: Outcome of a histamine-restricted diet
based on chart audit. J Nutritional Environ Med 11:249–262, 2001.

26. Gui XY: Mast cells: A possible link between psychological stress,
enteric infection, food allergy, and gut hypersensitivity in the irritable
bowel syndrome. J Gastroenterol Hepatol 13:980–989, 1998.

27. Houghton LA, Atkinson W, Whitaker RP, Whorwell PJ, Rimmer
MJ: Increased platelet depleted plasma 5-hydroxytryptamine con-
centration following meal ingestion in symptomatic female sub-
jects with diarrhoea predominant irritable bowel syndrome. Gut
52:663–670, 2003.

28. Miwa J, Echizen H, Matsuedo K, Umeda N: Patients with consti-
pation-predominant irritable bowel syndrome (IBS) may have el-
evated serotonin concentrations in colonic mucosa as compared to
diarrhea-predominant patients and subjects with normal bowel
habits. Digestion 63:188–194, 2001.

29. Talley NJ: Serotoninergic neuroenteric modulators. Lancet 358:
2061–2068, 2001.

30. Barau E, Dupont C: Modifications of intestinal permeability during
food provocation procedures in pediatric irritable bowel syndrome.
J Ped Gastroenterol 11:72–77, 1990.

31. Fell PJ, Soulsby S, Brostoff J: Cellular responses to food in
irritable bowel syndrome—an investigation of the ALCAT test. J
Nutr Med 2:143–149, 1991.

32. Dixon HS: Treatment of delayed food allergy based on specific
immunoglobulin G RAST testing. Otolaryngology-Head and Neck
Surgery 123(1-Part 1):48–54, 2000.

33. Atkinson W, Sheldon TA, Shaath N, Whorwell PJ: Food elimina-
tion based on IgG antibodies in irritable bowel syndrome: a ran-
domised controlled trial. Gut 53:1459–1464, 2004.

34. Parker TJ, Naylor SJ, Riordan AM, Hunter JO: Management of
patients with food intolerance in irritable bowel syndrome: the
development and use of an exclusion diet. J Hum Nutr Diet
8:159–166, 1995.

35. Nanda R, James R, Smith H, Dudley CRK, Jewell DP: Food intoler-
ance and the irritable bowel syndrome. Gut 30:1099–1104, 1989.

36. Sampson HA, Burks AW: Mechanisms of food allergy. Annual
Rev Nutr 16:161–177, 1996.

37. Bourlioux P, Koletzko B, Guarner F, Braesco V: The intestine and
its microflora are partners for the protection of the host: Report on
the Danone Symposium “The Intelligent Intestine,” held in Paris,
June 14, 2002. Am J Clin Nutr 78:675–683, 2003.

38. Halpern GM, Prindiville T, Blankenburg M, Hsia T, Gershwin
ME: Treatment of irritable bowel syndrome with lacteol fort: a
randomized, double-blind, cross-over trial. Am J Gastroenterol
91:1579–1585, 1996.

39. Hamilton-Miller JMT: Probiotics in the management of irritable
bowel syndrome: a review of clinical trials. Microbial Ecology
Health Dis 13:212–216, 2001.

40. Mai V, Morris G: Colonic bacterial flora: Changing understand-
ings in the molecular age. J Nutr 134:459–464, 2004.

41. Majamaa H, Isolauri E: Probiotics: a novel approach in the
management of food allergy. J Allergy Clin Immunol 99:179–
185, 1997.

42. Niedzielin K, Kordecki H, Kosik R: New possibility in the treat-
ment of irritable bowel syndrome: probiotics as a modification of
the microflora of the colon. Gastroenterology 114:A402, 1998.

43. Pearce L, Bampton PA, Borody TJ, Shortis NP: Modification of
the colonic microflora using probiotics: The way forward? Gut
41:A63, 1997.

44. Lin HC: Small intestinal bacterial overgrowth: A framework for
understanding the irritable bowel syndrome. JAMA 292:852–858,
2004.

45. Patrick DL, Drossman DA, Frederick IO, DiCesare J, Puder KL:
Quality of life in persons with irritable bowel syndrome: development
and validation of a new measure. Dig Dis Sci 43:400–411, 1998.

46. Drossman DA, Creed FH, Fava GA, Olden KW, Patrick DL, Toner
BB, Whitehead WE: Psychosocial aspects of the functional gas-
trointestinal disorders. Gastroenterol Int 8:47–90, 1995.

47. King HC: Exploring the maze of adverse reactions to foods. Ear
Nose Throat J 73:237–241, 1994.

48. Gordon BR: Approaches to testing for food and chemical sensi-
tivities. Otolryngol Clin N Am 36:917–940, 2003.

49. Baker SM, McDonnell M, Truss CV: Double Blind Placebo Diet
Controlled Crossover Study of IgG Food ELISA. Presented at
American Academy of Environmental Medicine Advanced Semi-
nar, Virginia Beach, VA. October 1994.

50. Sampson HA: Food allergy. Part 2: Diagnosis and management. J
Allergy Clin Immunol 103:981–989, 1999.

51. Sicherer SH: Clinical implications of cross-reactive food allergens.
J Allergy Clin Immunol 108:881–890, 2001.

52. Sicherer SH: Food allergy: When and how to perform oral food
challenges. Pediatr Allergy Immunol 10:226–234, 1999.

53. American Gastroenterological Association Medical Position State-
ment: Guidelines for the evaluation of food allergies. Gastroenter-
ology 120:1023–1025, 2001.

54. Casimer GJ, Duchateau J, Gossart B, Cuvelier P, Vandaele F, Vis
HL: Atopic dermatitis: role of food and house dust mite allergens.
Pediatrics 92:252–256, 1993.

55. Sampson HA, Sicherer SH, Birnbaum AH: AGA technical review
on the evaluation of food allergy in gastrointestinal disorders.
Gastroenterology 120:1026–1040, 2001.

56. Miller SB: IgG Food Allergy Testing by ELISA/EIA—what do
they really tell us? Townsend Letter for Doctors & Patients [Jan-
uary] 62–65, 1998.

57. Vanderhoof JA, Young RJ: Use of probiotics in childhood gastroin-
testinal disorders. J Pediatr Gastroenterol Nutr 27:323–332, 1998.

58. Marteau PR, de Vrese M, Cellier CJ, Schrezenmeir J: Protection
from gastrointestinal diseases with the use of probiotics. Am J Clin
Nutr 73(Suppl):430S–436S, 2001.

59. Wong E, Guyatt GH, Cook DJ, Griffith LE, Irvine EJ: Develop-
ment of a questionnaire to measure quality of life in patients with
irritable bowel syndrome. Eur J Surg Suppl 583:50–56, 1998.

60. Schmulson M, Lee OY, Chang L, Naliboff B, Mayer EA. Symptom
differences in moderate to severe IBS patients based on predominant
bowel habit. Am J Gastroenterol 94:2929–2935, 1999.

61. Sperber AD, Carmel S, Atzmon Y: Use of the Functional Bowel
Disorder Severity Index (FBDSI) in a study of patients with the
irritable bowel syndrome and fibromyalgia. Am J Gastroenterol
95:995–998, 2000.

Received February 2, 2005; revision accepted July 13, 2006.

Treating Irritable Bowel Syndrome

522 VOL. 25, NO. 6


