Original Article

Global Pediatric Health
Volume 7: |-7

Role of Lactulose Rhamnose Permeability oo 20

Article reuse guidelines:

Test in Assessing Small Bowel Mucosal  ssrcomioumaispermissions

DOI: 10.1177/2333794X20969278

H H H H H journals.sagepub.com/home/gph
Damage in Children with Celiac Disease Sence

Muhammad Rehan Khan, MD'” William A. Faubion, MD?,
Roy Dyer, PhDZ, Ravinder Singh, PhD?, Joseph J. Larson, MSZ2,
and Imad Absah, MD?

Abstract

Increased gut permeability has been suggested in patients with celiac disease (CD). We aimed to compare gut
permeability in children using the lactulose/rhamnose permeability test. We prospectively recruited 55 children into
3 groups; 27 in group | (children with newly diagnosed celiac disease, 12 in group 2 (siblings of children with celiac
disease) and 16 in group 3 (control group). The median age of participants was | | years 2months in group |, 9years
5months in group 2 and 10years 3 months in group 3. Standardized median delta rhamnose was lower in CD group
as compared to control group (147.5 vs 3153.1, P=0.040). The low median rhamnose absorption in children with
celiac disease as compared to other groups suggests that this test can differentiate between damaged and healthy
mucosa, hence can it potentially can be used as a noninvasive test of mucosal healing in children with celiac disease.
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Introduction high prevalence of CD in first degree relatives of patients
with CD may also explain the genetic predisposition. '

The variability in gut permeability to luminal anti-
gens, like gluten in CD, may explain why only subsets
of people with genetic predisposition go on to develop
autoimmune disease.?” The intestinal mucosal surface
represents a large interface surface with the environment
and functions as the first barrier of defense against
pathogens and antigen triggers. Healthy individual are
presumed to have normal gut barrier function that can be
compromised in the settings of illness or damage.
Patients with active CD have small bowel damage as a
result of their autoimmune dysregulation.?!??

The prevalence of autoimmune disorders including celiac
disease (CD) seems to be increasing globally.!** Interplay
of genetic predisposition and environmental triggers are
thought to be the main reasons for the increased preva-
lence. CD is distinct among the immune-mediated disor-
ders since both the genetic predisposition (carrying HLA
DQ2 or DQS8 genotype) and the environmental trigger
(consuming gluten containing grains) are known.>’ On
the other hand, it is not clear why gluten triggers the auto-
immune response that results in small bowel damage in
some individual who carry the permissive HLA genotype
for CD. Initial studies suggested that factors like early
childhood infections, breast feeding and a delayed gluten
exposure can increase the risk of CD.%!19 However, these 'University of lllinois College of Medicine at Peoria; Children’s
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It is known that small bowel damage in children with
CD results in increased gut permeability and the goal of
treatment with gluten free diet (GFD) is to achieve
mucosal healing.?® As there is no reliable noninvasive
test available, many providers still rely on repeat endos-
copy and small bowel biopsy (SBB) to assess for muco-
sal healing. On the other hand, the current ESPGHAN
diagnostic guidelines suggest that CD diagnosis can be
done without SBB.?* For that reason, a good noninva-
sive test that can assess permeability and mucosal dam-
age in the presence of villous atrophy in CD and thus
can differentiate from healthy and/or healed mucosa is
of pivotal importance. Various noninvasive tests to
assess gut permeability have been used in children. We
believe that lactulose/thamnose (L/R) permeability test
is more promising as it lacks the limitations of tradi-
tional lactulose/mannitol (L/M) test (predominantly the
“contamination” of the test by background intake of
mannitol that is present in many foods, medications and
skin products) and the results of this test have been
recently validated by Faubion et al in their study to
detect enteric dysfunction in children less than 5 years of
age with poor hygiene and sanitary conditions.”> The
children with CD are known to have small bowel dam-
age leading to increased permeability while the controls
and siblings do not have such mucosal damage. So if we
can develop a noninvasive test to detect a permeability
difference between these groups using the L/R permea-
bility test, this can help differentiate mucosal damage in
children with CD from controls. We carried out this
cross-sectional study using the L/R permeability test
with the aim to compare the difference in permeability
among children with confirmed CD with villous atro-
phy, high risk group (siblings of children with CD) and
controls and to see whether L/R test can be used as a
reliable noninvasive test to identify increased permea-
bility in the presence of small bowel damage.

Material and Methods

We prospectively recruited 3 groups of study partici-
pants including children with CD (group 1), siblings of
children with CD (group 2) and a control group of chil-
dren age matched to the CD cases (group 3). In group
1, we recruited the patients who presented with clinical
signs and symptoms suggestive of CD and met the
diagnostic criteria for CD based on NASPGHAN
guidelines.”® Asymptomatic siblings of patients diag-
nosed with CD were subsequently tested for genotype.
The siblings who were found to have positive permis-
sive genotype were recruited in group 2. On the other
hand, the siblings of CD patients who tested negative for
the permissive genotype were offered to be part of the

control group (group 3). Although asymptomatic, the
subjects in both the sibling group and the control group
were also screened for CD using serological markers
before recruitment into respective groups (because of
the high prevalence of CD in general population and the
fact that some subjects can be asymptomatic in the early
phase of CD). The subjects in these groups with positive
celiac serology were excluded from the study and man-
aged as clinically indicated. Subjects with any coexist-
ing inflammatory condition that can alter the gut barrier
function (like autoimmune enteropathy, inflammatory
bowel disease, infectious gastroenteritis or other enter-
opathies) were excluded from the study. Informed con-
sent/assent was obtained from patients/families. This
study was approved by Mayo Clinic IRB (15-006018).

We performed lactulose/rhamnose gut permeability
test on the participants in all 3 groups. All participants
ingested monosaccharide (L-rhamnose 200mg) and
disaccharide (lactulose 1000mg) in 10ml of sterile
water. The test was done early morning in fasting state.
Urine samples were collected pre-dose and then 60 to
90 minutes post-ingestion to reflect small bowel perme-
ability. Urine volume over the collection period was
measured and an aliquot was analyzed by HPLC meth-
ods at the Immunochemistry Core Laboratory at Mayo
Clinic. The rhamnose test had a lower detection limit of
0.4ug /mL while lactulose had a lower detection limit of
0.3ug/mL. Any values below these thresholds were set
to the threshold. Pre, post, and delta lactulose and rham-
nose concentrations were calculated for each subject. A
pre, post, and delta measurement was also calculated for
the lactulose-to-rhamnose ratio (LRR). In order to stan-
dardize the concentration values in urine, these values
were calculated by multiplying with the urine volume to
get mass of excreted sugar (i.¢., ug), and then calculating
the ratio by dividing the masses of sugars excreted dur-
ing the standardized collection period.

Median (IQR) and counts (%) were used to summarize
demographic and permeability results within each group.
Because relatives of CD cases were recruited to the sib-
ling and control groups, there exists an underlying corre-
lation of the data across the groups. Due to this correlation
and to the skewness of permeability results, associations
between study groups and log-transformed permeability
results were assessed using logistic regression using gen-
eralized estimating equations (GEE). CD cases and sib-
lings were compared to controls in separate models. Study
group assignment (CD case or sibling group) was the
dependent variable in all GEE models. The control group
and the sibling group were reference levels in separate
models predicting CD case status. The control group was
the reference level in models predicting sibling group sta-
tus. The log-transformed permeability results were treated
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Table |. Patient Characteristics and Sugar Data among 3 Groups.

Sugar Controls N=16 Siblings of CD N=12 CD cases N=27
Age (years), Median (QI, Q3) 10.3 (8.2, 15.0) 9.4 (79, 11.7) 1.2 (8.75, 13.7)
Female Sex, N (%) 6 (37.5%) 4 (33.3%) 17 (63.0%)

Pre-Urine Volume (mL), Median (QI, Q3)
Post-Urine Volume (mL), Median (QI, Q3)
Pre-Rhamnose (ug), Median (Q1, Q3)
Post-Rhamnose (pg), Median (QI, Q3)
Delta Rhamnose (ug), Median (Ql, Q3)
Pre-Lactulose (pg), Median (Q1, Q3)
Post-Lactulose (ug), Median (Q1, Q3)
Delta Lactulose (pg), Median (QI, Q3)

Pre-LRR, Median (Ql, Q3) 0.3 (0.2,0.8)
Post-LRR, Median (QI, Q3) 0.1 (0.1,0.2)
Delta-LRR, Median (Ql, Q3) 0.1 (0.1, 0.1)

69.5 (62.0, 443.0)
65.0 (40.0, 258.1)
192.1 (98.6, 299.7)
5846.4 (2739.0, 7085.0)
3153.1 (1511.6, 6354.2)
54.3 (19.5, 132.9)
522.9 (326.4, 694.6)
405.0 (2232, 551.8)

93.7 (64.2, 161.2)
131.0 (48.9, 274.9)
114.7 (37.5, 271.4)

6895.0 (3824.1, 8025.2)

6622.9 (3525.5, 7996.0)

29.9 (19.3, 59.6)
524.6 (365.4, 617.8)
4445 (291.5, 580.8)

80.0 (70.0, 150.0)
50.0 (25.0, 75.0)
60.0 (28.8, 120.0)

327.5 (33.0, 3234.4)

147.5 (=27.0, 3122.0)
29.9 (21.6, 45.0)

506.0 (200.0, 989.9)

446.0 (125.5, 976.0)

0.3 (0.2, 0.8) 0.8 (0.5, 0.8)
0.1 (0.1, 01) 0.7 (0.2, 6.6)
0.1 (0.1,0.1) 02 (0.1, 4.1)

Abbreviations: CD, celiac disease; LRR, lactulose-rhamnose ratio.

as the independent variables with an indicator for male
sex included as an adjustment variable in all models.
Analyzes were performed using SAS v9.4M5 (Cary, NC).

Results

A total of 55 participants were prospectively recruited
into 3 groups. Out of these, 27 recently diagnosed chil-
dren (within 8 weeks of diagnosis) were recruited in the
CD group who met the diagnostic criteria for CD; 12
subjects were included in the siblings of children with
CD group who had positive permissive gene for CD but
negative celiac screening and 16 subjects were included
in the control group who had negative serology. The
median age of participants was 11years 2months in
group 1, 9years Smonths in group 2 and 10years
3 months in group 3 (Table 1). The male to female ratio
was 1:2 in CD cases but 2:1 in the other groups (Table
1). In the control group, 7/16 (43.8%) were found to
carry the CD permissive gene (DQ2 and/or DQ8) while
1/16 (6.2%) had equivocal HLA type. The others 8/16
(50%) tested negative for CD permissive gene. The
median volume of urine collected pre sugar administra-
tion was 80.0ml in CD group, 93.7ml in CD siblings
group and 69.5ml in control group. In post sugar dose,
the median urine volume was 50.0ml in CD group,
131.0ml in the sibling group and 65.0ml in the control
group (Table 1).

The CD group had the lowest pre- (60.0pg), post-
(327.5pug), and delta (147.5png) median standardized
rhamnose values compared to the sibling and control
groups (Table 1). The control group had the highest
median standardized pre-lactulose value (54.3 ng) com-
pared to CD cases and siblings (29.9 ug in both groups).
The post- and delta-median standardized lactulose

values were similar across all 3 groups (Table 1). Due to
the lower rhamnose value in the CD group, this group
had a higher median delta lactulose/rhamnose ratio
(LRR) value when compared to controls (0.2 vs 0.1) and
the sibling group (0.2 vs 0.1).

Logistic regression using generalized estimating
equations (GEE) were used to assess whether the sugars
were associated with CD group status. The results of
these model fits are shown in Table 2. A lower pre-rham-
nose (OR=0.47, P=.034), post-thamnose (OR=.32,
P=.011), delta rhamnose (OR=.51, P=.040) while
larger post-LRR (OR=5.56, P=.003) and delta-LRR
(OR=4.62, P=.016) were statistically significantly
associated with the CD group when compared against
the controls. Only post-LRR (OR=126.41, P=.004) and
delta-LRR (OR=71.72, P=.003) were statistically sig-
nificantly associated with the CD group compared to the
siblings. No permeability measures were found to be
statistically significant associated with the siblings when
compared against the controls. No differences were
observed when further stratifying by CD permission
gene status in either group, suggesting that only villous
atrophy in the children with CD resulted in abnormal
rhamnose absorption as shown by the lower level of
rhamnose detected in the post-study urine sample.

Discussion

Mucosal injury in CD is associated with increased gut
permeability and many non-invasive tests to evaluate
intestinal barrier function in children by measuring uri-
nary excretion of different sugars have been used. Other
noninvasive methods like measurement of plasma intes-
tinal-fatty acid binding protein have also been studied.?’
The conventional lactulose and mannitol test to assess
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Table 2. Results from Logistic Regression Models Using Generalized Estimating Equations (GEE).

Predicting CD case

Predicting CD case versus

Predicting sibling of

versus control siblings of CD CD versus control
P- P- P-
Predictor’ OR (95% Cl)  value QIC OR (95% CI) value QIC OR (95% CI)  value QIC

Pre-Rhamnose  0.47 (0.23,0.94) .034 47.5497
Post-Rhamnose  0.32 (0.13,0.77) .011 42.5406
Delta Rhamnose 0.51 (0.27,0.97) .040 40.5775

Pre-Lactulose 0.60 (0.27, 1.30) .194 54.6145
Post-Lactulose ~ 0.97 (0.50, 1.85) .918 58.9741
Delta Lactulose 1.09 (0.60, 1.98) .783 53.0134
Pre-LRR 1.62 (0.92,2.84) .092 57.4045
Post-LRR

Delta-LRR 4.62 (1.33, 16.05) .016 37.8503

0.73 (040, 131) 289 47.5360 048 (0.18, 1.24) .127 382412
0.13(0.01,124) 076 33.6368 3.00 (0.60, 14.99) .I181 42.2691
0.16 (0.02, 152) .11
0.88 (045, 1.75) .72
0.96 (049, 1.89) 905
0.94 (0.51,1.76) 853 47.8575 2.14 (040, |1.44) 374 39.6058
139 (0.67,2.90) 382 51.7015
5.56 (1.79, 17.30) .003 39.2982 126.41 (4.81,3320.89) .004 23.1750 0.23 (0.05, 1.08) .063 42.1659
71.72 (431, 1194.03) .003 23.2956 0.31 (0.05, 1.77) .186 42.3924

32.7561 4.68(0.97,22.61) .055 36.0702
48.1849 0.57 (0.23, 1.41) .228 39.9885
51.4581 1.33 (0.18,9.76) .777 442914

125 (0.65,2.41) 502 45.0847

Abbreviations: CD, celiac disease; LRR, lactulose-rhamnose ratio; OR, odds ratio; QIC, quasilikelihood under the independence model

criterion statistic.
'Predictors were log-transformed in all models.
The significant P-values are highlighted in bold.

small bowel disease including CD was first described in
1982 by Pearson et al in an attempt to develop a non-
invasive test.”® Despite being studied widely, the lactu-
lose/mannitol (L/M) test has certain limitations. A recent
systemic review by Deno et al. concluded that although
L/M test is safe, it can’t be used as a stand-alone test for
diagnostic or screening purposes because of limitations
like heterogeneity in enzymatic methods used, timing of
urine collection and lack of normal values for high risk
children.”” Baseline mannitol levels can be affected by
non-food items as well which is another disadvantage of
L/M test.’® The monosaccharide L-rhamnose is similar
to mannitol in terms of molecular weight and volume;
however it has several advantages over the conventional
L/M test including decreased sugar administration,
decreased time of urine collection and decreased risk of
environmental contamination as it is not commonly used
in food materials. Mayo clinic investigators compared
the results of healthy and sick infants’ permeability
using this test in their ongoing work on environmental
enteropathy and were able to validate results. It was
found that this test is safe, well tolerated and more accu-
rate than the -conventional lactulose/mannitol test.

Our study showed that permeability to rhamnose is
decreased and lactulose is unchanged when comparing
CD cases to controls. The delta lactulose/rhamnose
(LRR) value was higher in CD group when compared to
controls (P=0.016) and siblings (P=0.003), indicating
that L/R test can detect altered gut permeability that
results from mucosal damage (Figure 1). Similar results
were first described by Stenhammer et al in 1988 when
they found increased gut permeability in patients with
CD as compared to various GI disorders.>! Recently,

Faubion et al. also used L/R test in malnourished chil-
dren with enteric dysfunction and demonstrated increased
gut permeability to lactulose leading to high lactulose
rhamnose ratio (LRR) in these children as compared to
healthy controls.”> The difference in permeability
between the groups is driven mainly by differences in
rhamnose absorption rather than lactulose. The precise
physiological reason for this difference is not known, but
can be a result of the mucosal damage associated with
CD that results in loss of absorptive surface in the celiac
group, whereas the lamina is largely intact and able to
excrete lactulose. Sex difference can also have an impact
over the gut permeability. Edogawa et al have demon-
strated that women have lower permeability as compared
to men.’? So it is reasonable to expect that rhamnose
would behave the same way. This may partly explain
why the CD group in our study, which has a female to
male ratio of 2:1, shows lower uptake of rhamnose than
control group in which female to male ratio is 1:2.

Previous studies have shown that carrying the CD per-
missive genotype (HLA DQ2/DQ8) may also be associ-
ated with increased gut permeability, even in the absence
of CD. Vazquez et al. showed that patients with IBS-D
who carried the HLA DQ2/DQ8 genotype had signifi-
cantly high small bowel permeability as compared to
healthy controls.>* Our study did not show any difference
in permeability between children carrying the permissive
gene for celiac disease (HLA DQ2/DQS) and healthy
controls. Increased permeability to thamnose was seen
only in children with CD, suggesting that that L/R test can
identify mucosal damage in children with CD.

Recently, there is a move toward no biopsy diagnosis
of CD relying on the highly sensitive serologic markers.
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The ESPGHAN guidelines recommend that small bowel
biopsy (SBB) for the diagnosis of CD can be skipped in
children with highly positive (>10 upper limit normal)
anti tissue transglutaminase antibodies.?*** Some stud-
ies have shown that combined use of CD serological
markers including anti-tissue transglutaminase immu-
noglobulin A and anti-deamidated gliadin peptide 1gG
antibodies can be used as marker of mucosal recovery.*>
There is no reliable diagnostic test available to assess
compliance with gluten free diet in patients with CD
although utility of detection of gluten immunogenic
peptides in feces and urine is being studied and seems
promising.3® However, currently there is no reliable non-
invasive test to confirm the presence of mucosal damage
(villous atrophy) in children with CD. There is no cor-
relation between tissue transglutaminase (TTG) titers,
symptoms resolution or mucosal healing.’’ Hence a
noninvasive test that can confirm the presence of muco-
sal damage can be used not only to confirm the diagno-
sis but also to assess mucosal healing in response to
GFD. Our study using L/R test showed that gut perme-
ability is significantly altered in newly diagnosed chil-
dren with CD as compared to controls. Our study did not
show any significant permeability changes either in high
risk group like siblings of CD or controls, differentiating
between damaged and normal small bowel mucosa. The
main limitation of our study was its small sample size
and lack of power calculation for sample size. The other
limitation is sex disparity between groups.

In conclusion, the lactulose rhamnose ratio did not
show significant difference between siblings and con-
trols regardless of HLA typing. However, the loss of
absorptive surface due to mucosal damage in children
with newly diagnosed CD resulted in low rhamnose
absorption when compared to the high risk siblings and
controls group in this cohort. L/R test is not specific for
CD; however our study suggests that this test can be
potentially employed as a noninvasive tests for CD diag-
nosis in patients who have suggestive signs/symptoms
and highly positive serology potential. Also, the role of
L/R test could be ancillary, when coupled with serology,
dietary interview and other innovative non-invasive
modalities such as urinary/fecal gluten immunogenic
peptides (GIPs) to assess mucosal healing. Prospective
studies with larger sample size are needed to validate
these findings and assess the potential role of L/R test as
a noninvasive tool to assess mucosal damage. In future,
this test can also be potentially employed as a noninva-
sive confirmatory test of mucosal healing in children
with CD.
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