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Abstract

A large number of studies investigating various biomarkers for allergy have been published over the past decades. To this
date, no single or specific biomarker for allergy has been identified. Therefore, we examined markers of inflammation and
immunoglobulins in children with allergic symptoms, among which children with GI allergy, in an attempt to find new
and indicative markers for GI allergy. In the present study, total serum levels of immunoglobulin (Ig)D, CM-IgE, Ig-free
light chain (Ig-fLC) kappa and lambda, thymic stromal lymphopoietin (TSLP), thymus and activation-regulated
chemokine (TARC/CCL17) and galectin-9 were analyzed on 117 atopic infants and children, divided into different allergic
manifestations: asthma (n=7), atopic dermatitis (n=56), eosinophilic esophagitis (n=20) and gastrointestinal (GI) allergy
(n=34). Elevated levels of serum IgD, without the presence of IgE, was found in children with GI allergy. Serum IgD did
not correlate with other laboratory parameters of atopy such as serum cow’s milk-1gE, Ig-fL.C, TSLP, TARC and galectin-9.
In conclusion, serum IgD is elevated in children with GI allergy, in the absence of IgE, and can be considered as a new

indicative marker for GI allergy, however, its exact role in the pathogenesis of atopy awaits further studies.
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Introduction

Immunoglobulins D (IgD) represent approximately
0.2% of human circulating immunoglobulins. Term
neonates have significantly lower serum IgD
concentrations than children above 1 year of age,
indicating that levels of IgD are maturing during the first
year of life [1]. While the function of IgM, IgG, IgA and IgE
is relatively well known, the function of IgD has remained
elusive so far. IgD is co-expressed with IgM on the surface
of most mature B cells before antigenic stimulation and
functions as a transmembrane antigen receptor. A non-
canonical form of class switching from IgM to IgD occurs
in the human upper respiratory mucosa to generate IgD-
secreting B cells that bind respiratory bacteria and their
products. In addition to enhancing mucosal immunity, IgD
class-switched B cells enter the circulation to ‘arm’
basophils and other innate immune cells with secreted
IgD. Although the nature of the IgD receptor is still
unknown, cross-linking of IgD on basophils stimulates
release of immunoactivating, proinflammatory and
antimicrobial mediators and might therefore play a role in
allergic diseases [2]. In a study by Peng et al., the means of
both total serum IgE and IgD were significantly higher in
atopic patients when compared to healthy controls, with
no difference for serum IgD level with age, gender or
asthmatic status. Total serum IgD was not significantly
correlated with total serum IgE, indicating the absence of
a link in the immunoregulatory control of the two
isotypes [3]. In atopic infants and children, a significantly
higher serum IgD level was seen in asthmatic children and
in infants with atopic dermatitis (AD) as compared to a
control group with no difference between asthma and AD
or co-expressed atopic conditions, but values significantly
higher in severe asthma and lower in mild asthma. Again,
serum IgD did not show a correlation with serum IgE [4].
In another study, serum IgD and IgE levels were
compared with the clinical status of children with atopic
asthma and of a control group. At baseline, IgD levels
were significantly higher in the atopic asthma group
compared to the control group, and normalized during
the next 18 months during asthma treatment [5]. Two
very recent publications show a role for IgD in
rhinosinusitis [6,7] and suggest that IgD might contribute
to enhance mucosal immunity, inflammation, or respond
to bacterial infections.

The purpose of the study was to take advantage of a
well characterized cohort of children in a reference center
for food allergy, already used for analyzing children with
eosinophilic esophagitis (EoE) to evaluate the potential
usefulness of measuring IgD in the different conditions
related to food allergy [8].

Knipping K, et al. Serum IgD Levels in Allergic Children with Gastrointestinal

Manifestations. Pediatr Neonat biol 2018, 3(1): 000116.

Materials and Methods

Ethics Statement

This retrospective convenience cohort study was
performed in children with EoE referred to the paediatric
gastroenterology department of the Hospital Necker-
Enfants malades and, before that, the Hospital Saint
Vincent de Paul, Paris, France. The study moved hospitals
when the researcher took up a new paediatric position.
Participants were recruited from the ARSENE cohort, a
collection of blood and biopsy samples registered within
the French Ministry of Health (number DC-2009-955),
and all data were anonymized, all according the World
Medical Association Declaration of Helsinki regarding
ethical conduct of research involving human subjects.
According to French law, organisations keeping routinely
collected paediatric material need to obtain a declaration
from the French Ministry of Health and written, informed
consent from all parents and all children aged 11 years
and older. This means that no ethic committee approval
was needed for this study.

Study Population

The study was carried out in a population of children
consecutively followed up for food allergy in the
paediatric gastroenterology department of the Hospital
Saint Vincent de Paul, Paris, France from 17 June 2009 to
3 February 2010 and in the pediatric gastroenterology
department of the Hospital Necker-Enfants malades,
Paris, France, from 4 February 2010 to 1 September 2010.
Samples were obtained as part of the routine procedure
for assessing the nutritional status and delineating
elimination diet. A written informed consent was
obtained from all parents as well as from children of 11
years or older. Children were labelled according their
clinical presentation; asthma (n=7), AD (n=56), EoE
(n=20) and gastrointestinal (GI) allergy (n=34). Asthma
was considered if patients had bronchospasm on
spirometry, AD was considered according to criteria
proposed by Hanifin and Rajka [9], EoE was considered in
patients when upper endoscopy showed, according to
updated international recommendations [10], mucosal
eosinophilic infiltration 215 eosinophils/ HPF in at least 2
biopsy samples of the lower oesophagus. Gastric and
duodenal biopsies were always taken to rule out
eosinophilic gastroenteritis. Gastrointestinal allergy was
diagnosed according recommendation of the 2010 Expert
Panel Guidelines, including medical history and physical
examination, elimination diets, skin prick test, specific IgE
measurements, and oral food challenges [11]. For the
diagnosis of cow’s milk allergy, the ESPGHAN GI
committee practical guidelines were followed [12].
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Measurement of Serum Immunoglobulins IgD
and IgE

Total serum IgD levels were measured using the
commercial Human IgD ELISA Quantitation Set (Bethyl
Laboratories, USA) according to the manufacturer’s
protocol. Atopic levels of total IgD is 20.3 ug/ml [3] and all
levels above were considered elevated. Measurement of
food specific IgE in serum was done using the Phadia
CapRast® (Uppsala, Sweden). Specific IgE values = 0.35
kU/L was considered elevated [13]. Cow’s milk (CM)-IgE
could be measured in the majority of the allergic children
as compared to other food specific-IgEs (egg, peanut, soy,
wheat, tree nuts) and was therefore chosen as the
representative of food-specific IgE.

Measurement of Serum Immunoglobulin Free
Light Chain (Ig-fLC)

Total kappa and lambda Ig-fLC serum concentrations
were determined using an ELISA adapted from Abe et al.
[14]. In short, plates were coated o/n with goat-anti
mouse IgG (4 pg/ml), blocked for 1 hour and
subsequently incubated with mouse-anti human kappa or
lambda Ig-fLC (1 pg/ml; Fk-C8 or FA-G9; both obtained
from Dr. A. Solomon, Tennessee, USA) for 1 hour. After
incubation with different dilutions of serum samples and
standards for 1 hour, plates were incubated with HRP-
labelled goat F(ab”)2-anti human kappa or lambda Ig-fLC
(1:20,000) for 1 hour. Finally, TMB substrate was added
and the enzymatic reaction was stopped by adding 0.9 M
H2S04. Between incubation steps, wells were washed
three times with PBS-T (0.1% tween-20). Per sample, at
least three data points were used to calculate the
concentration. Reference levels of Ig-fL.C were obtained in
a cohort of 250 children with different allergic
manifestations, mean kappa Ig-fLC level was 13.8 pg/ml
(SD 8.0) and mean lambda Ig-fLC level was 14.8 pug/ml
(SD 7.0). Ig-fLC concentrations above average + SD (for
both kappa and lambda Ig-fLC 21.8 pg/ml) were
considered elevated.

Measurement of Serum Thymic Stromal
Lymphopoietin (TSLP), Thymus and Activation-
Regulated Chemokine (TARC/CCL17) and

Galectin-9
The  human  TSLP  ELISA  Ready-SET-Go!®
(eBiosciences) was performed according to the

manufacturer’s protocol and any measured level of TSLP
was considered elevated. TARC was measured using an
in-house ELISA as previously described [8]. TARC levels
were calculated based on the standard curve for each
assay plate and compared to cut-off values described in
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children diagnosed with atopic dermatitis: 1431 pg/ml
for birth to 1 year-of-age, 803 pg/ml for 2-5 years and
510 pg/ml for 6 years and over [15]. Galectin-9 was
measured using an in-house ELISA as previously
described [16] with some minor adjustments. In short,
high-binding EIA/RIA 96-well plate (Costar) were coated
with polyclonal anti-human galectin-9 antibodies (R&D
Systems) in PBS overnight at 4°C. Plates were blocked 1
hour with PBS/1% BSA. Samples (serial dilution series
starting 1:4) and standard curve (recombinant human
galectin-9; 39 - 40,000 pg/ml) were added for 2 hours
and then incubated 1 hour with biotinylated anti-human
galectin-9 antibodies (R&D Systems) in PBS/1% BSA.
Plates were incubated 1 hour with poly-HRP-streptavidin
(Sanquin) followed by incubation with the substrate
tetramethylbenzidine (TMB; Perbio Science). The reaction
was stopped with 2 M H2S04 and optical density (OD)
was measured at 450 nm. Galectin-9 levels were
calculated based on the standard curve for each assay
plate. In order to obtain reference values for galectin-9,
we analysed serum levels of galectin-9 of 250 children
visiting the paediatric gastroenterology department with
different allergic manifestations - skin, gastrointestinal,
respiratory and EoE - and levels above average + SD (36.6
pg/ml) were considered elevated.

Statistical Analysis

All analyses were performed using the statistical
software package SPSS 15.0. Normal distribution was
tested using the Shapiro-Wilk test and variances using the
Levene’s test. When the data were normally distributed
and the variances were equal, a two-tailed two-sample t-
test was used to compare groups. When the data were not
normally distributed, a two-tailed Mann-Whitney test was
used to compare groups and a Satterthwaite correction
was done for differences in group size. Comparison of
percentages was done by using a two-tailed Pearson Chi-
Square test. Values of P less than 0.05 were considered
significant.

Results

Serum Immunoglobulins IgD, CM-IgE and Ig-fLC

Our data showed that elevated levels of IgD were
present during all allergic manifestation (Figure 1),
mostly accompanied with similar elevated levels of CM-
IgE, however in GI allergy only IgD seems to play a role.
When comparing IgD and IgE levels per patient, there was
no correlation between IgD and IgE (data not shown).
Elevated levels of both kappa- and lambda Ig-fL.C were not
very common during allergic manifestations and absolute
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levels did not show differences between groups (data not
shown).

IgD absolute levels seemed to be the highest in GI
allergy, followed by AD and EoE, and lowest levels were
found in asthmatic children (Figure 2), although there

were no statistical differences between the groups. CM-
IgE absolute levels were high in AD and asthma, and
moderate in EoE, however all groups were significantly
different (both t-test and ANOVA) from GI allergy where
virtually no IgE could be detected (Figure 3).
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Figure 1: Percentage of children with elevated serum levels of IgD, cow’s milk-IgE (CM-IgE), kappa immunoglobulin
free light chains (k Ig-fLC) and lambda-immunoglobulin free light chains (A Ig-fLC) according to reference values in
gastrointestinal allergy (GI), atopic dermatitis (AD), eosinophilic esophagitis (EoE) and asthma.
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Figure 2: Serum levels of IgD (pug/ml) in gastrointestinal allergy (GI), atopic dermatitis (AD), eosinophilic esophagitis
(EoE) and asthma. Data is represented as individual data points and the mean value (black line).
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Figure 3: Serum levels of cow’s milk-Ig (CM-IgE; kU/L) in gastrointestinal allergy (GI), atopic dermatitis (AD),
eosinophilic esophagitis (EoE) and asthma. Data is represented as individual data points and the mean value (black

line). P-value by two-tailed two-sample t-test.

Serum TSLP, TARC and Galectin-9

In the same cohort, also other markers were measured
in an attempt to identify specific markers for food allergy,
among which the cytokine TSLP [17-19], the chemokine
TARC [20,21] and the [-galactoside-binding protein
galectin-9 [16,22] for their known role in allergic
diseases. Studying the elevated levels of these markers
together with IgD, CM-IgE and Ig-fLCs in children with GI
allergy, none of the markers seemed to play an important

role in GI allergy, except for IgD which was elevated in
50% of the children suffering from GI allergy (Figure 4).

Absolute levels of the markers showed no differences
in the case of TSLP or galectin-9 (data not shown), and
our data confirmed the known role of TARC in AD [15, 20,
21, 23-26], with levels significantly higher in the AD group
when compared to GI allergy, EoE and asthma groups
(Figure 5).
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Figure 4: Percentage of children with elevated serum levels of cow’s milk-IgE (CM-IgE), kappa immunoglobulin free
light chains (k Ig-fLC), lambda-immunoglobulin free light chains (A Ig-fLC), thymus and activation-regulated
chemokine (TARC), thymic stromal lymphopoietin (TSLP), galectin-9 and IgD according to reference values in

gastrointestinal allergy.
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Figure 5: Serum levels of thymus and activation-regulated chemokine (TARC; pg/ml) in gastrointestinal allergy (GI),
atopic dermatitis (AD), eosinophilic esophagitis (EoE) and asthma. Data is represented as individual data points and
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Discussion

This study is the first to show that elevated serum IgD,
in absence of IgE, might be considered in research for
markers of GI allergy. The role of serum IgD in disease is
still unclear. Increased serum IgD levels are found in
patients with various types of immunodeficiency diseases,
in severe recurrent infections of the respiratory tract, and
in single patients with a variety of clinical syndromes or
abnormalities [27]. Some studies showed IgD antibody
specificity to nuclear antigens in patients with
autoimmune disease [28], to insulin in diabetics and to
benzylpenicilloyl epitope in some patients with penicillin
allergy [29,30].

During immune responses, human B cells go through
an isotypic switch, influenced by different cytokines, from
IgM-IgD to IgG1-4, IgA1-2 or IgE [31,32]. While IgM is first
expressed by pre-B cells, IgD emerges later during B cell
ontogeny, being mostly expressed at the transitional and
mature B cell stage. In humans, a small subset of B cells
express IgD but not IgM. These IgM-IgD+ B cells are found
in the circulation as well as in tonsils, nasal cavities,
lachrymal glands and salivary glands, but are rarely
detected in non-respiratory mucosal areas. The specific
topography of IgM-IgD+ B cells may result from the
expression of tissue homing receptors that do not favor
colonization of extra-respiratory mucosal sites such as the
intestine. In addition to enhancing mucosal immunity, IgD
class-switched B cells enter the circulation to ‘arm’
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basophils and other innate immune cells with secreted
IgD. Although the nature of the IgD receptor remains
elusive, cross-linking of IgD on basophils stimulates
release of immune activating mediators such as
interleukin (IL)-14, IL4, IL-8, IL-13, tumor necrosis factor-
a, interferon y-induced protein 10, and B-cell activating
factor [2].

Disorders involving the gastrointestinal tract constitute
one of the main causes of pediatric consultations, and a
subset of these disorders has been attributed to
immunologic reactions to foods. In contrast to IgE-
mediated reactions, non-IgE- mediated gastrointestinal
food allergic disorders are characterized by subacute
and/or chronic symptoms and are likely under-diagnosed.
GI allergy occurs in a different epithelium (absorptive,
columnar, as opposed to squamous in skin and
esophagus), in a environment where food allergens have
already been digested, as opposed to any other organ
involved in allergy. This might explain that classical
markers used for allergy are not expressed in GI allergy
and therefore there is a need for discovery of other
diagnostic markers [33].

The significance of elevated levels of IgD in allergic
subjects remains elusive. Elevated IgD levels are mostly
not correlated with elevated IgE, as we also observe in
our GI allergy group. This indicates that
immunoregulatory controls of the basal levels of the two
isotypes are not linked. Thus, an increase in serum IgD is
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probably not a consequence of the presence of IgE but
rather represent an additional qualitative difference in
the immunological make-up of atopic patients. In children
with atopic asthma IgD levels decreased with time, whilst
IgE increased. In genetically predisposed patients, the
increase in IgD during the initial process of allergic
sensitization might represent a non-specific response or
an attempt of the organism to block asthma, favoring
therefore immunologic tolerance [34].

Conclusion

In conclusion, serum IgD is elevated in children with GI
allergy in the absence of IgE, and does not show a
correlation with other laboratory parameters of atopy
such as serum cow’s milk-1gE, Ig-fLC, TSLP, TARC and
galectin-9. Therefore, it might be considered as a new
indicative marker for GI allergy; however, its exact role in
the pathogenesis of atopy awaits further studies.
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