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Abstract

Background & Aims—Serologic tests are frequently used in celiac disease diagnosis. Gliadin
antibodies generally lack the accuracy required for proper diagnosis. We evaluated the value of
deamidated gliadin antibody measurements in the diagnosis and follow-up of celiac disease and
compared their potential usefulness with that of gliadin and tissue-transglutaminase antibodies.

Methods—We tested deamidated gliadin, gliadin, and tissue-transglutaminase-IgA and -1gG in
216 biopsy-selected subjects including 92 biopsy-proven untreated celiac patients (46% with total
villous atrophy and 54% with partial villous atrophy) and 124 biopsy-proven non-celiac controls.
Fifty-nine of celiac patients were also tested after treatment with gluten-free diet. Antibodies were
measured by commercial enzyme-linked immunosorbent assays. Deamidated gliadin-1IgA+G was
detected using a conjugate reactive to both isotypes which gives a positive if either isotype is
present.

Results—The sensitivity, specificity, and accuracy of deamidated gliadin-1gA (74%, 95%, and
86%), deamidated gliadin-1gG (65%, 98%, and 84%) and deamidated gliadin-IgA+G (75%, 94%,
and 86%) were superior to gliadin-1gA (63%, 90%, and 79%) (~ < 0.05) and gliadin-1gG (42%,
90%, and 69%) (P < 0.01) and were similar to tissue-transglutaminase-IgA (78%, 98%, and 90%)
before treatment. The sensitivity of IgA isotype for all tests was significantly greater in celiac
patients with total villous atrophy compared to those with partial villous atrophy (P < 0.05). The
proportion of positive test results for all tests decreased significantly after treatment (£ < 0.0001).

Conclusions—Deamidated gliadin antibody is a better diagnostic test for celiac disease than the
conventional gliadin antibody testing; although histopathology remains the gold standard test for
diagnosis of celiac patients.

Introduction

Celiac disease (CD) is a gluten-sensitive enteropathy with an estimated prevalence of 1%.
1,2 The early diagnosis of CD and treatment with gluten-free diet (GFD) prevents the risk of
developing malnutrition complications (e.g. anemia and osteoporosis), autoimmune
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disorders, and malignancies.3,4 The gold standard for diagnosis of CD is histopathologic
analysis of small intestinal biopsy, wherein the presence of enteropathy can be detected.

Serologic detection of antibodies and autoantibodies is frequently used as a diagnostic aid to
detect those likely to have celiac disease and to avoid unnecessary intestinal biopsy in
suspected celiac patients. Endomysial antibody (EMA), tissue transglutaminase antibody
(TTG), and gliadin antibody (AGA) are commonly used serologic tests for the diagnosis and
follow-up of CD patients in the clinical settings. Among these, EMA is considered to be a
highly sensitive and specific test for the diagnosis of CD,5 but is not easily applied for
screening and follow-up of CD patients because of its limitations (expensive, qualitative,
and subjective). AGA and TTG avoid these limitations of EMA; however the poor
sensitivity and specificity of AGA (52%-100% and 71%-100% for IgA, 57%-100% and
47%-94% for 1gG) have limited its use in clinical practice.6 Thus, TTG-IgA has been
recommended as the first step in celiac screening because it is less costly than EMA and its
sensitivity is thought to be better than AGA.7-9

Recent studies have shown that deamidation of gliadin increases binding of AGA to the
gliadin in the sera of CD patients, but not controls.10-12 Based on these findings an
enzyme-linked immunosorbent assay (ELISA) was developed which detects antibodies
against synthetic deamidated gliadin peptides (AGA 1) in the sera of CD patients.

The main aim of this study was to determine the sensitivity, specificity, and accuracy of
AGA I for the diagnosis of CD in subjects who were selected based on histopathologic
results of small intestinal biopsy and to compare the diagnostic accuracy of this new assay
with that of AGA and TTG in the same population of patients. We also aimed to explore the
serologic response to gluten exclusion for each antibody in a subgroup of celiac patients
who were followed after treatment with GFD.

Methods and Materials

Study design

Subjects

Serum samples were collected from patients referred to the division of Gastroenterology and
Hepatology at the Mayo Clinic, Rochester, MN, for the assessment of gastrointestinal
symptoms, unexplained weight loss/anemia, or to rule out CD. All patients underwent small
intestinal biopsy between January 1999 and December 2006. All serum samples were stored
at or below —20°C. The study was approved by the Institutional Review Boards of Mayo
Clinic, Rochester, MN.

Patients—Subjects whose serum samples were collected within 6 months before and 3
months after the date of CD diagnosis (made by histopathology) were included in the study
(N=116). Diagnosis of CD was based on presence of villous atrophy (enteropathy type Illa
or greater based on currently accepted diagnostic criteria).9,13 Patients with Marsh 0, I, and
I1, as well as patients who had started a GFD for more than 2 weeks prior to the serum
sample collection, were excluded (all patients were completely untreated except one who
was on GFD for only 2 weeks before serum sample collection).14,15 The remaining patients
comprised the biopsy-proven CD group. Based on these criteria 92 untreated CD patients
were identified. Fifty-nine of these 92 patients had a second serum sample after treatment
with GFD.

Controls—Controls were identified as subjects who had a saved serum sample and had
undergone small intestinal biopsy but did not have any degree of enteropathy in
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histopathological examination. To select potential controls randomly from these subjects a
frequency matching was performed for age and gender and 135 controls were included.
Patients with enteropathy greater than Marsh 0 or high clinical suspicion of CD despite
normal biopsy, and patients who did not authorize research use of their information were
excluded. Based on these criteria 124 subjects were categorized into biopsy-proven non-
celiac controls.

Serum samples were kept at or below —20°C until the time of the assays. All antibodies were
measured by ELISA methods. Samples were tested in accordance with each manufacturer’s
specifications. Each run was checked against stated quality control requirements.

Table 1 summarizes the tests characteristics. AGAII-IgA and AGAII-1gG were measured by
ELISA using kits provided for in vitro diagnostic use (QUANTA Lite Gliadin-IgA Il and
Gliadin-1gG 1I, INOVA Diagnostics Inc., San Diego, CA). AGA 1I-IgA+G was measured by
ELISA using a kit provided for research use only (QUANTA Lite Celiac DGP Screen,
INOVA Diagnostics Inc., San Diego, CA). AGA-IgA and AGA-1gG were measured by
ELISA using kits provided for in vitro diagnostic use (Scanlisa Anti-Gliadin-IgA Antibody
and Anti-Gliadin-IgG Antibody, Scimedx Corporation, Denville, NJ). TTG-IgA and TTG-
1gG were measured by ELISA using a kit for /n vitro diagnostic use (BINDAZYME human
IgA and IgG Anti-Tissue Transglutaminase EIA Kit, The Binding Site, Ltd., Birmingham,
UK).

To test for AGA Il antibodies, a combination of deamidated gliadin peptides was used as
antigen in coated plates. Serum samples were pre-diluted, added into separate wells, and
incubated for 30 minutes. After washing away the unbound sera, horseradish peroxidase-
labeled goat anti-human IgA or IgG conjugate was added to each well. In order to detect the
AGA l1-1IgA+G, enzyme-labeled conjugate was used that reacts with both IgA and IgG
isotype. After the second incubation, the unbound enzyme-labeled anti-human antibody was
washed away and tetramethylbenzidine was added to each well. By measuring the intensity
of the color that developed, serum concentration of antibodies was determined. Intra-assay
variability was determined by running five replicates of each specimen within a single run.
Inter-assay variability was determined by running a single replicate of each specimen in five
separate runs over the course of several days. Variability was expressed as a coefficient of
variance (CV).

Histopathology

Statistics

Subjects underwent upper endoscopy and small intestinal biopsy as part of their clinical
workup. The duodenal biopsy specimens were reviewed by expert pathologists. Patients who
did not have any evidence of enteropathy (Marsh 0) comprised the control group. Patients
with increased number of intraepithelial lymphocytes, crypt hyperplasia, inflammation, and
some degrees of villous atrophy comprised the celiac group.

Statistical analysis was conducted using JMP ™ version 6.0.0 software and FREQ
procedure, SAS version 8 (SAS Institute Inc.; Cary, NC). The student’s T test assuming
equal variances and chi square test were employed to compare continuous (age) and binary
(gender, under-18 years of age indicator) variables between celiac and control group,
respectively. The sensitivity, specificity, and accuracy with 95% confidence interval were
calculated for each test using conventional formulas. Our primary aim was to compare the
accuracy of AGA I1-1gA and -1gG with that of AGA-IgA and -1gG, respectively. Ina
separate analysis we compared sensitivity and specificity of each AGA Il antibody isotype
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with those of the same AGA and TTG isotypes. We also compared AGA I1-1gA+G with IgA
and 1gG AGA and TTG. The significance of difference in sensitivity, specificity and
accuracy between serologic tests was tested using McNemar’s or McNemar’s exact test (as
appropriate). The agreement between the tests was measured using Kappa statistics. Good
agreement and excellent agreement were defined as a Kappa coefficient=0.6 and =0.8,
respectively. To define the optimum sensitivity, specificity, and cut-off value for AGA 1,
receiver-operating characteristic (ROC) analysis was performed. The chi square test was
used to compare the proportion of positive test results between celiac patients with PVA
versus those with TVA. McNemar’s test or its exact version was also employed to detect the
significance of the difference in the proportion of positive test results before and after
treatment with GFD and to compare the sensitivity of AGA 11-IgA and TTG-1gA in gluten-
free treated CD patients. Statistical significance was inferred at Pvalues <0.05 for all
comparisons.

Subjects characteristics

We evaluated serum antibodies from 92 biopsy-proven celiac patients and 124 biopsy-
proven non-celiac controls. Patients and controls were similar regarding age and gender. Of
92 celiac patients 50 had partial villous atrophy, 4 had subtotal villous atrophy and 38 had
total villous atrophy. For simplicity, patients with mild or partial degree of villous atrophy
were categorized into a partial villous atrophy group (PVA) (54%) and patients with subtotal
or total villous atrophy were categorized into a total villous atrophy group (TVA) (46%).
The demographic characteristics of subjects are shown in table 2.

Diagnostic values of AGA Il

The sensitivity, specificity, and accuracy of the new antibody assays (AGA I1) were
determined using the manufacturer’s cutoff value for definition of positive and negative
results. Intra-assay variability CVs were 6.6%-14.7% for AGA 1I-IgA and 2.2%-11.3% for
AGA 1I-1gG. Inter-assay variability CVs were 11.0%-18.1% for AGA 1l-IgA and for 2.2%—
6.5% for AGA I1-1gG. The sensitivity, specificity and accuracy were, respectively, 74%,
95% and 86% for AGA I1-1gA, 65%, 98% and 84% for AGA 1l-1gG, and 75%, 94% and
869% for AGA I1-1gA+G.

Comparison of AGA Il with AGA and TTG

The diagnostic values AGA Il were compared to those of AGA and TTG. The sensitivity,
specificity, and accuracy with 95% confidence interval for each analyte are shown in table 3.
AGA l1-1gA was significantly more sensitive and more accurate than AGA-IgA (P< 0.05
and P < 0.01, respectively). The sensitivity and accuracy of AGA II-1gA was not
significantly different from TTG-IgA (£ = 0.344). AGA IlI-IgA was similar to AGA-IgA and
TTG-IgA in specificity. AGA I1-1gA had excellent agreement with TTG-IgA (kappa = 0.85).

The sensitivity and the accuracy of AGA I1-1gG were significantly greater than those of
AGA-IgG and TTG-1gG (P < 0.0001). The specificity of AGA I1-1gG was significantly
higher than AGA-IgG (P< 0.01) and AGA-IgA (P=0.01) and was similar to TTG-IgG (P=
0.625). AGA 11-1gG had good agreement with both AGAII-IgA and TTG-IgA (kappa =
0.76). AGA lI-IgA+G was very similar to AGA 1l-IgA in terms of sensitivity, specificity,
and accuracy. AGA I1-1IgA+G also had excellent agreement with TTG-IgA (kappa = 0.84),
AGA II-IgA (kappa= 0.86) and AGA 11-1gG (kappa = 0.83), as expected. The AGA-IgA
had good agreement with TTG-1gA, AGA II-1gA, and AGA II-IgA+G.
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Diagnostic values of AGA Il by ROC curve

The ROC curve analysis of the data determined the optimal cutoff value for each test at
which the greatest sum of sensitivity and specificity was achieved. Figure 1 shows the ROC
curve for AGA lI-1gA, -IgG, and -1IgA+G. The optimal cutoff values in our sample were
lower than the manufacturer’s cutoff value for all tests. Table 4 illustrates the area under the
ROC curve (AUC) as well as the sensitivity, specificity, and accuracy for all tests calculated
based on optimal cutoff values. Using the new cutoff values, the sensitivity increased
significantly for AGA 11-1gA, AGA 11-1gG and AGA 1I-IgA+G but at the expense of
decreased specificity. The accuracy remained the same for AGA I1-1gA (86%) and increased
for AGA 11-1gG (89%) and AGA 11-1gA+G (88%), although the differences were not
statistically significant.

Comparison of sensitivity in PVA and TVA group

In order to assess whether the sensitivity of serologic tests would differ by the severity of
mucosal damage, we stratified CD patients into two groups based on the degree of villous
atrophy in histopathology (Figure 2). All of the tests that incorporated the IgA isotype (AGA
I1-1IgA, AGA lI-IgA+G, TTG-IgA, and AGA-IgA) were significantly more sensitive among
patients with TVA as compared to those with PVA (P < 0.05 for AGA 1lI-IgA and AGA II-
IgA+G and P< 0.01 for TTG-IgA and AGA-IgA).

TTG-IgA negative patients

After the serologic tests were performed, 20 TTG-IgA negative CD patients were identified
(Table 5). Since the diagnosis of CD in our sample was only based on histopathology, we
reevaluated TTG-IgA negative CD patients to provide more evidence for their CD diagnosis.
In order to make sure that there was no error in the method of testing, we repeated TTG-IgA
in these individuals. The sensitivity was the same with repeated measurements. Ten of these
TTG-1gA negative patients were positive for other serologic tests. These included one
patient with IgA deficiency that had a positive serology for IgG isotype of all serologic tests.
Three patients who were negative for all the tests had had a positive EMA performed on the
same sample in their medical record. Five of the remaining patients had clinical and/or
histopathologic responses to GFD and the other two patients who had been lost to follow-up
had a celiac predisposing HLA.

Effect of treatment with gluten-free diet on serologic tests

Fifty-nine celiac patients had paired serum samples before and after treatment with GFD.
The median (range) time of treatment was 11 (3—43) months. The percentage of positive
results dropped significantly after gluten exclusion for all tests (< 0.01 for TTG-1gG and P
< 0.0001 for all other tests) (Figure 3). In CD patients who were treated with GFD for 3 to 6
months (N=17), the sensitivity of AGA 1I-IgA was 47%, whereas only 18% of these patients
were positive for TTG-1gA (P=0.06). In patients with treatment length of greater than 6
months (N=42) the proportion of positive test results was 29% for AGA 11-1gA and 14% for
TTG-1gA (P=0.14).

Discussion

The present study reports the diagnostic accuracy of a new deamidated gliadin antibody
assay in a population of mainly adult patients who were selected only on the basis of
histopathology. This represents a major difference from previous studies, wherein a positive
serologic test was the inclusion criterion for patient recruitment.16,17 Our results
demonstrating the superiority of AGA Il over AGA were consistent with previous studies,
16-18 however the sensitivity of AGA 1l antibodies in our study was not as high as
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previously reported. Initial reports suggested that the sensitivity of AGA I1-1gA was greater
than 90%, whereas a significantly lower sensitivity was found in this study.16,17,19 There
may be several reasons for this discrepancy. First, a positive TTG and/or EMA were not the
inclusion criteria for recruiting patients in our study. When we evaluated the results of AGA
I1-1gA among TTG-IgA positive CD patients, the sensitivity of AGA 1I-IgA improved to
90% in this group which is close to the prior reports (analysis not shown). A second likely
reason relates to the difference in severity of disease between patient populations. In our
sample, 54% of patients had mild degree of mucosal damage, while in a study that reported
a sensitivity of 95% for AGA 1I-1gA, only 4% of patients had partial villous atrophy.17

Our results clearly showed that ELISA-based deamidated gliadin antibody assay is a more
accurate diagnostic test for CD than conventional gliadin antibody testing. Based on present
findings, the diagnostic values of AGA 11-IgA were better than AGA-IgA and comparable to
TTG-1gA which is the primary recommended serologic test in CD diagnosis.8,9 These
findings were consistent with previous studies that have reported an at least similar accuracy
for AGA 11-1gA as compared to TTG-IgA.17,18,20 AGA 11-1gG was superior to both AGA-
IgG and TTG-1gG. Although based on manufacturer’s cutoff value the sensitivity of AGA
I1-19G was lower than the IgA isotype, the ROC curve analysis of our data showed that the
two tests were almost identical. Several other studies have also confirmed these findings.
11,17,19 The assessment of the diagnostic values for the combination test (AGA 1l-IgA+G)
demonstrated that this test did not improve over the sensitivity, specificity, or accuracy of
AGA ll-IgA.

In the present study, the overall sensitivity of TTG-IgA was also lower than previously
reported values,5,21-23 however these results were consistent with those few studies that
reported less than completely satisfactory sensitivity of TTG-IgA in the clinical settings.24—
26 All of our TTG negative CD patients had either another positive serology test, a positive
response to GFD, or a predisposing HLA for CD which confirmed their histologic findings
of CD. We found that the sensitivity of TTG-IgA as well as AGA 1I-1gA, AGA II-1IgA+G
and AGA-IgA was significantly greater in patients with total villous atrophy as compared to
those with partial villous atrophy. These findings confirmed that the degree of tissue injury
was an important determinant of seropositivity.14,25,27-29

Our results demonstrated a significant reduction in the proportion of positive test results for
all tests after treatment with GFD. However, there was a more rapid and more significant
drop in the percentage of positive TTG-IgA in treated CD patients compared to AGA 1I-1gA.
Almost half of patients who were treated with GFD for less than 6 months were still positive
for AGA l1-1gA. The less significant decrease in percentage of positive AGA 1l-IgA after
short term treatment may suggest a use for AGA 11-IgA in detection of CD patients who
have already started the GFD before presenting for CD diagnosis; of course a negative test
does not rule out CD in this circumstance. Nonetheless, the dynamics of antibody levels in
response to GFD may differ in children.30 Several studies have reported that normalization
of TTG-IgA is not a good indicator of intestinal recovery after treatment with GFD31,32 and
one study has suggested that AGA 1l-IgA performs better than TTG-IgA in predicting
villous atrophy despite treatment with GFD.18 Since many of our CD patients did not have a
second intestinal biopsy after treatment, we were not able to analyze the correlation between
AGA 1l-1gA and degree of recovery after treatment. The degree of adherence to the diet is
another important factor in the rate of seroconversion after treatment. In our study both
AGAII-IgA and TTG-1gA were measured in the same serum samples and therefore the
degree of compliance was the same for both tests. Further studies on relative responsiveness
of AGA Il and TTG levels to treatment are needed.
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Strengths of the present study are biopsy-based selection of individuals and inclusion of
large number of patients with both mild and severe degree of intestinal damage, representing
a wide spectrum of disease. In addition, by providing the statistical comparison of diagnostic
values of the new antibody assay with both IgA and IgG isotypes of the currently used
serologic tests and evaluation of the newer IgA+G AGA 1, the present study has extended
the previous knowledge about this new antibody assay. However, like other studies, our
study also has a few limitations. Although the inclusion of subjects was based on
histopathology, we can not totally exclude the possibility of previous serologic testing
performed by outside physicians to identify whom to refer for biopsy. However, given that
the serology and biopsy are typically ordered at the same time in patients suspected for CD
at our center, we expect probably only a few patients were biopsied on the basis of their
serology results. Also, since the study was retrospective and many patients did not have
uniform information regarding the degree of adherence to the diet in their medical record,
we were not able to assess the correlation between seronegativity after treatment and the
degree of compliance to the GFD.

In conclusion, ELISA-based deamidated gliadin antibody assay is a more useful test in CD
diagnosis than the native gliadin antibody assay and therefore should replace conventional
gliadin antibody testing. Based on our results AGA 1l seems to be equivalent to, but not
better than TTG-IgA; however, it may have additive benefits in celiac screening as the
combination of the two tests can increase the sensitivity without really lowering the
specificity.18 AGA Il test may also be beneficial in circumstances when the TTG results are
indeterminate. The other application of the new antibody assay is perhaps in screening and
monitoring CD among particularly young children as it seems to appear before TTG and
resolve faster in the context of gluten withdrawal in this group.30 It is necessary to study the
value of this new antibody assay for detection of CD in high risk populations such as, family
members of celiac patients, patients with type | diabetes, or patients with gluten sensitive
ataxia and to evaluate its potential usefulness in prediction of latent CD. Nonetheless, our
data suggest that neither TTG-IgA nor AGA 1I-1gA is reliable enough to substitute for small
intestinal biopsy when confirming CD. Using these antibody assays as the only diagnostic
test for CD may lead to missing a substantial number of CD patients, particularly those with
lesser degree of histologic damage. Therefore, small intestinal biopsy should be considered
when there is a high suspicion for CD despite a negative serology. Further improvement in
serologic testing will be needed to maximize the accuracy of CD diagnosis.
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Abbreviations

AGA gliadin antibody

AGAI deamidated gliadin antibody

AUC area under the curve

CD celiac disease

cv coefficient of variance

ELISA enzyme linked immunosorbent assay
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EMA endomysial antibody
Ig immunoglobulin
GCD gluten containing diet
GFD gluten free diet
HLA human leukocyte antigen
NF no follow-up
PVA partial villous atrophy
ROC receiver-operating characteristic
SD standard deviation
TTG tissue transglutaminase antibody
TVA total villous atrophy
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Figure 1.

Receiver operating characteristic curves for AGA lI-IgA, -1gG, and -IgA + G based on 92
celiac patients and 124 controls. True-positive (Y axis) and false-positive (X axis) rates are
plotted together using each point as indicated on the semiquantitative scale as the cut point.
There was no significant difference between the ROC curves for all three AGA I
antibodies.
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Figure 2. Difference in sensitivity by degree of villous atrophy

Percentage of positive results for each test in biopsy-proven untreated celiac patients with
TVA (N =42) vs. PVA (N =50). *F<0.05, **/<0.01 (Pvalues are obtained by chi square
test).
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Figure 3. Decrease in Sensitivity after Treatment with GFD

TTG IgA TTG IgG

Percent of positive results for each test in 59 biopsy-proven celiac patients before and after
treatment for median (range) of 11 (3 to 43) months; */<0.05, **A<0.0001 for comparison
of sensitivity before and after treatment with GFD (P values are obtained by McNemar’s

exact test).
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Table 1

Tests characteristics

Test Manufacturer Cutoff

1gA I9G  IgA+G

AGA Il INOVA Diagnostics 20U 20U 20U
AGA SCIMEDX 30 EU 30 EU -
TTG The Binding Site 4U/mL 6 U/mL -
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Table 2

Demographic characteristics of subjects

Biopsy-proven celiac patients (n = 92)  Biopsy-proven non-celiac controls (n = 124)

Mean £ SD or N (%) Mean £ SD or N (%) P value
Age (y), Mean + SD 46.7 +18.7 43.7+20.0 0.279
Children (<18y), n (%) 8(9) 13 (10) 0.661
Female, n (%) 65 (71) 90 (73) 0.756
PVA, n (%) 50 (54) - -
TVA, n (%) 42 (46) - -

Clin Gastroenterol Hepatol. Author manuscript; available in PMC 2009 April 01.

Page 15



Page 16

Rashtak et al.

‘(ereridoadde se 1581 10€X3 S, JeWaNIIA 10 S JeWwaNIIN Agq paureiqo ale sanfend) 96 911 pue 961 VOV 'SA T000°0 > d

1

‘961 VOV 'SAT0°0 vawN

‘Wb YOV 'SAT00 >d
*

x

‘W0l VOV 'SA GO0 >d
*

(e-19)89 (€6-98) 06  (5/-€9)69 (¥8-€L) 6L
(66-26) 26  (00T-¥6) 86 (#6-€8) 06  (¥6-¥8) 06

(8e-02) 8z  (58-89) 8.  (es-¢€) ey  (2/-€9) €9

(06-18) /., 98  (68-62) ;8  (06-T8),,98 (19 9456) (96) AorANZOY

(6-68)ve  (00T-76),,86  (85-06)S6 (1D %S6) (%) Aonroads
(¢8-69) ;5L (72-69) ;499 (@8V9),. VL (1D 9656) (96) ANARISUSS

96] Vb 96] VoI

O+v0b| 96] V0|

AN VOV

11 VOV

€9lgel

NIH-PA Author Manuscript

NIH-PA Author Manuscript

sanjeA ansoubelp ay) Jo uostedwo)

NIH-PA Author Manuscript

Clin Gastroenterol Hepatol. Author manuscript; available in PMC 2009 April 01.



Page 17

Rashtak et al.

NIH-PA Author Manuscript

T,0 T60 8.0 ¢80 ¥60 S60 €60 ony
L 26 S 18 88 68 98 (%) Aoeanooy
06 8 ¢, 68 68 6 88 (%) Anoyoads
o v8 8L TL 98 98 18 (%) AuAnisuss
8z 9T €0T 9¥%¢ 96 L'e vl 401N 00
9 v 0g 0¢ 0T 0z 0z  H0InD Jaimoeynueiy
ofl  vbI 961 vbI 9+vbl 96 Vb
911 VOV 11VOV

anINd DOY Ag papiaoid Aoeinaoe pue Alo1419ads ‘AlIANISUSS pue sanfeA JJoind rewndo

v alqel

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Clin Gastroenterol Hepatol. Author manuscript; available in PMC 2009 April 01.



Page 18

Rashtak et al.

NIH-PA Author Manuscript

dn-moj|o4 ON ‘4N

4N + 4N 4N - - - - - 0z
4aN + + - - - - - - 61
- - + + - - - - - 81
- - + + 4N - - - - L1
+ aN 4N + F + + + - 91
4N + 4N 4N - - - - - Gt
4N aN - + AN + + + - 1
- 4N + + - - - - - €1
4N + 4N AN AN - - - - 4!
4N 4N + - - - - - - 1
4N + + + - - - + + 0t
- + + + - - + + + 6
- - 4N + - - - - - 8
- 4N + + - - - - - L
4N aN + + - - - - - 9
- + + F - - - - + o
4N aN + + + - - - - 4
- 4N + + + - - - - €
- aN 4N + + - + - - [
4N 4N 4N + + - - - - T
ABoOjoISIH  [ed1uljd 96| o+vbl  9b Vb
Aousroyep w61 80A/ZOAVIH  ddDoresuodsey  WINT  OLL 11 VOV #1uaned

NIH-PA Author Manuscript

G 9lgel

swuaired @9 annebau wH| 911 Jo sonsLsdeRy)

NIH-PA Author Manuscript

Clin Gastroenterol Hepatol. Author manuscript; available in PMC 2009 April 01.



