
Research paper

Maternal transfer of IgE and subsequent development of IgE responses
in the horse (Equus callabus)

Eliane Marti a, Felix Ehrensperger c, Dominik Burger d, Jennifer Ousey e,
Michael J. Day b, A. Douglas Wilson b,*
a Division of Clinical Research, Department of Clinical Veterinary Medicine, Bremgartenstr. 109a, P.O. Box, 3001-Berne, Switzerland
b Division of Veterinary Pathology, Infection and Immunity, University of Bristol, School of Clinical Veterinary Science, Langford House, Langford BS40 5DU, UK
c Institute of Veterinary Pathology, Immunopathology Group, Vetsuisse Faculty, University of Zürich, Winterthurerstrasse 268, CH-8057 Zürich, Switzerland
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A B S T R A C T

Immunoglobulin E (IgE) mediates the immune response to parasites, but can also cause

allergies. In humans maternal IgE is not transferred to cord blood and high levels of cord

blood IgE are associated with subsequent allergy. In horses, both maternal IgG and IgE are

transferred via colostrum; the IgE levels in the mare’s serum, the colostrum and the foal’s

serum are correlated but the consequences of IgE transfer to foals are not known. By about

6 weeks of age the levels of IgE in foal serum have dropped to a nadir, at 6 months of age

the level of IgE has risen only very slightly and is no longer correlated with the levels seen

at birth, IgE+ B-cells could be detected in lymphoid follicles of some foals at this age.

Surprisingly, the levels of total IgE detected in a foals serum at 6 months of age are

significantly correlated with the level in its serum at 1, 2 and even 3 years of age suggesting

that by 6 months of age the foals are synthesizing IgE and that a pattern of relatively higher

or lower total serum IgE has been established. The neonatal intestinal mucosa contained

connective tissue mast cells which stained for bound IgE in foals up to 9 weeks of age but

not mucosal mast cells, thereafter, the intestinal mast cells were IgE negative until 6

months of age. IgE antibodies to Culicoides nubeculosus salivary antigens were detected in

Swiss born foals from imported Icelandic mares allergic to Culicoides spp. yet the foals

showed no signs of skin sensitization and such second generation foals are known not to

have an increased risk of developing allergy to Culicoides. Overall this evidence suggests

there is a minimal effector role of maternal IgE also that maternal IgE has waned prior to

the onset of IgE synthesis in foals and does not support maternal priming of IgE responses

in foals. Furthermore the total levels of IgE in any given foal are seen to be relatively high or

low from soon after the onset of IgE synthesis, and most likely they are determined by

genetic factors.

� 2008 Elsevier B.V. All rights reserved.
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1. Introduction

Although immunoglobulin E (IgE) is the least abundant
serum immunoglobulin, it is arguably the most potent as a
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mediator of acute inflammatory reactions to foreign
antigens. IgE antibody responses have a central role both
in allergies and in protection against helminth parasites
(Reddy and Fried, 2008). In horses, IgE has been shown to
be important in the pathogenesis of allergy to insect bites
(Hellberg et al., 2006; Langner et al., 2008) and to a lesser
extent may play a role in recurrent airway obstruction
(Kunzle et al., 2007). Both IgE and IgG appeared early in
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mammalian evolution and are also present in marsupials
and monotremes such as the duck-billed platypus
(Vernersson et al., 2002). IgE heavy chain contains four
immunoglobulin domains compared to three domains of
IgG, and this structure is thought to have first evolved by
gene duplication from ancestral four domain immunoglo-
bulin IgY found in reptiles and birds with the subsequent
loss of one immunoglobulin domain by IgG (Warr et al.,
1995). Through time the number and function of IgG
molecules has diversified in different species with
marsupials and monotremes typically having two IgG
isotypes (Vernersson et al., 2002), while humans, rats and
mice have four IgG genes (Bruggemann, 1988; Flanagan
and Rabbitts, 1982; Knight et al., 1985; Shimizu et al.,
1982), swine have five IgG isotypes (Butler and Brown,
1994), horses have seven (Wagner et al., 2004) cattle have
three (Zhao et al., 2003) and rabbits only have one (Knight
et al., 1985). In contrast, the structure and single copy
number of the IgE gene has remained conserved through-
out evolution in all of the species studied so far (Clarke and
Beh, 1993; Knight and Becker, 1987; Navarro et al., 1995;
Vernersson et al., 2004; Zhao et al., 2003).

The potency of IgE is due to its ability to bind high
affinity Fce receptors on the surface of mast cells and
basophils then mediate the release of histamine, pros-
taglandins, leukotrienes, proteases and several cytokines
in response to antigen binding (Gould et al., 2003;
Kawakami and Galli, 2002). These cytokines and pro-
inflammatory products can promote B-cells IgE synthesis
(Pawankar et al., 1997) and enhance T-helper 2 responses
either directly or through altering dendritic cell function
(Caron et al., 2001; Mekori and Metcalfe, 1999). Also IgE
bound to Fce on monocytes and dendritic cells enables
them to efficiently take up and present low concentrations
of soluble antigens including excretory/secretory anti-
gens produced by helminth parasites (Baeza et al., 2004;
Bakker et al., 2004; Getahun and Heyman, 2004). Once an
IgE response is established, the combined effects of
enhanced antigen presentation and release of mast cell
cytokines form a positive feed back mechanism which
maintains the response. Maintenance of an effective anti-
parasite response may underlie the co-evolution of the
conserved IgE and mast cell interaction but this also
carries the risk of developing allergic disease which has a
high and increasing incidence in affluent societies. One
reason put forward to explain this is the ‘‘hygiene
hypothesis’’ which proposes a lack of exposure to bacterial
antigens, that would otherwise lead to a more T-helper1
dominated response, combined with low levels of parasite
specific IgE, reduce the threshold at which IgE responses
to environmental antigens can sensitize mast cells (Smits
et al., 2005).

Another conserved feature of the immune system is the
passive transfer of antibodies from mothers to their
offspring (Grindstaff et al., 2003). Maternal antibody
transfer occurs through the yolk in the eggs of birds,
reptiles and fish (Hassl, 2005; Swain et al., 2006; West
et al., 2004), while in mammals antibodies are transferred
either across the placenta prenatally or are secreted in
colostrum and absorbed intact from the neonate’s
intestine (Grindstaff et al., 2003). For human infants the
transfer of immunoglobulin to cord blood is limited to IgG
which crosses the placenta by neonatal Fc receptor
specific transcytosis (Avrech et al., 1994; Leach et al.,
1996). In contrast, for ruminants and horses both
maternal IgG (Mayer et al., 2002, 2005; Wilson et al.,
2001) and maternal IgE (Pfeffer et al., 2005; Thatcher and
Gershwin, 1989; Wagner et al., 2006) are secreted at high
concentrations into the colostrum then absorbed intact
from the intestine during the first 24 h of life. The function
of maternal IgE transfer and its effects on the developing
neonatal immune system and why maternal transfer of
IgE only occurs in some species is not known. To further
address this issue, in the present study we have examined
some aspects of mast cell development and IgE immune
responses in foals.

2. Materials and methods

2.1. Subjects and blood sampling

Blood and colostrum samples were collected at foaling
from a cohort of 40 Swiss warmblood mares at the Swiss
national stud during the 1993 and 1994 foaling seasons.
Subsequently, the foals were bled at 6 months, then at 1, 2
and 3 years of age. Foals born the same year were kept
together in a group on the stud farm during the whole
sampling period, they grazed the same pastures and
received the same supplementary hay and feed. The foals
were de-wormed on a regular basis (3–4� per year) and
were vaccinated against influenza and tetanus. Blood
samples from a separate group of 16 UK foals were
collected at 6 weeks of age, at 5 months of age (prior to
weaning) and then post-weaning at 9 months of age. This
group were part of a separate study on diet and
development, the details of which have been described
elsewhere (Wilson et al., 2007). Samples of pre-suck serum
were collected from six foals at the Equine Fertility Unit,
Newmarket. All samples were allowed to clot and
separated serum was stored at �20 8C until assayed.

2.2. Total IgE ELISA

Total serum IgE concentration was measured by anti-
body capture ELISA using our own monoclonal antibodies
(Wilson et al., 2006). Briefly, 96-well polystyrene plates
were coated overnight with monoclonal anti-equine IgE
(1C12). Plates were washed in PBS–0.05% tween and blocked
by incubation for 1 h with 1% BSA in PBS–tween. Each plate
had a duplicate standard curve of doubling-dilutions of
purified equine IgE from 100 to 3.125 ng/ml, duplicate wells
containing no IgE and conjugate blanks. Four tripling
dilutions of each sample from 1:30 to 1:810 were placed
into test wells, the plates were incubated at room
temperature for 2 h, washed and a second biotinylated
anti-IgE monoclonal antibody (3H10) was added. Following
a 1-h incubation and wash, the plates were incubated with
Extravidin alkaline phosphatase conjugate (www.sigmaal-
drich.com). After a final wash, colour was developed with p-
nitrophenyl phosphate substrate and the plates were read
by spectrophotometer. The data were analysed using
Genesis software (Labsystems Multiskan EX). The IgE

http://www.sigmaaldrich.com/
http://www.sigmaaldrich.com/


E. Marti et al. / Veterinary Immunology and Immunopathology 127 (2009) 203–211 205
concentration was calculated from an average of the test
sample dilutions that fell within the standard curve.

2.3. Immunohistochemistry

Blocks of formalin-fixed intestinal tissue from a total of
25 foals of varying ages were retrieved from the archives of
the Institute of Veterinary Pathology, Vetsuisse Faculty,
University of Zürich, and the Division of Veterinary
Pathology, Infection and Immunity, School of Clinical
Veterinary Science, University of Bristol. H and E stained
sections were examined those in which the tissues
appeared autolysed or unhealthy were excluded, replicate
sections were stained with toluidine blue to detect tissue
mast cells (du Toit et al., 2007). For immunohistochemical
detection of IgE, the sections were de-waxed in Histoclear
(www.rlamb.net), re-hydrated through graded alcohols
and water. Dual Endogenous Enzyme block (DAKO) was
applied to inactivate tissue and intestinal alkaline phos-
phatase. The sections were then incubated with 1 mg/ml
trypsin-250 (Difco) in 1 mg/ml calcium chloride buffer pH
7.8 for 30 min at 37 8C. Slides were then washed and
blocked with PBS–2%BSA and incubated with monoclonal
anti-horse IgE clone number 7.A2 (Wilson et al., 2006) for
1 h followed by donkey anti-mouse biotin conjugate
(www.jacksonimmuno.com) and streptavidin-alkaline
phosphatase complexes (www.dakocytomation.com). Col-
our was developed with Fast Red RC, NaptholAS-MX
substrate. Sections were counterstained with 10% Mayer’s
haematoxylin. Images were captured using a Leica DMLS
microscope with a DC300 camera and IM50 image
management software.

2.4. Immunoblotting

Separate samples of serum and colostrum were
collected from three mares with insect bite hypersensi-
tivity (IBH) together with a sample of foal serum. Allergen-
specific IgE was detected in Western blots of salivary
protein extracts from Culicoides spp. as previously
described (Hellberg et al., 2006). Briefly, Culicoides salivary
proteins were separated in SDS page gels and transferred to
PVDF membranes. The membranes were incubated over-
night with a 1:6 dilution of serum or colostrum, bound IgE
was detected using monoclonal anti-equine IgE (1C12) and
a horse radish peroxidase conjugated goat anti-mouse–IgG
antibody (Sigma). The blots were developed with ECL
Table 1

Correlation matrix of total IgE in mares and foals.

Colostrum Mare serum Foal serum

Colostrum 1.000 0.335 0.486
Mare serum P = .0340 1.000 0.414
Foal serum P = .0015 P = .0083 1.000

Six months NS NS NS

One year NS NS NS

Two years NS NS NS

Three years NS NS NS

Table showing the results of a correlation matrix between total IgE in colostrum,

different ages. Values for r are plotted on the top right half of the table, those that

plotted in the lower left. NS: not significant.
Western blotting detection reagent (www.gelifesciences.-
com).

2.5. Statistical analysis

Data was analysed using SPSS statistical package. The
IgE data were not normally distributed therefore they were
log transformed prior to analysis. Mean IgE level in mare
serum and colostrum were compared using a paired t-test.

The serum IgE levels in the first group of 40 Swiss foals
was compared using a repeated measures analysis of
variance. Between group differences were assessed using
the least significant difference. The second group of only 16
foals was analysed using the nonparametric test, Fried-
man’s two-way ANOVA.

Associations between variables were analysed by
multiple correlation using Pearson product–moment
correlation coefficient r for each pair of serum (or
colostrum) values, the combination of all the possible
comparisons used to generate a correlation matrix.

3. Results

3.1. Total IgE ELISA

The mean IgE concentration in colostrum samples from
40 mares was 76,065 ng/ml with a standard deviation
of � 56,172 ng/ml and was significantly higher than that of
mare serum (mean � S.D., 43,008 � 28,502 ng/ml,
p = 0.0002, paired t-test). None of the serum samples taken
from six foals prior to sucking had an IgE concentration above
the level of the lowest detectable standard of 3 ng/ml (data
not shown). In comparison at 24 h post-partum the foals from
the 40 mares had absorbed substantial amounts of IgE
(mean � S.D., 10,853 � 8071 ng/ml).

The total IgE concentration in the mares serum and
colostrum were significantly correlated r = 0.334 P = 0.034.
Similarly total IgE concentration in the foals’ serum was
highly significantly correlated with that found in the either
the mare’s serum r = 0.414 P = 0.0083 or colostrum
r = 0.486 P = 0.0015 (Table 1). However, there was no
correlation between the level of IgE in foal serum at 24 h of
age and that found at 6 months of age r = 0.128 P > 0.05
indicating that any contribution of maternal IgE to the total
serum IgE had waned by this age (Table 1). In contrast, the
concentration of IgE in foal serum at 6 months of age was
highly significantly correlated with that at 1-year old
Six months One year Two years Three years

�.023 �.229 �.136 �.131

.012 �.091 �.073 �.029

.128 �.121 �.097 �.070

1.000 0.574 0.540 0.374
P < .0001 1.000 0.709 0.531
P = .0003 P < .0001 1.000 0.723
P = .0202 P = 0.005 P < .0001 1.000

mare’s serum, foal’s serum and the serum samples taken from the foals at

are significantly different from 0 are in bold. The significance values (P) are
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Fig. 2. Dot plot showing the total IgE concentration in foals’ serum at 6

weeks, 6 months and 9 months of age. Line equals median value.

Friedman’s two-way analysis of variance confirmed there were

significant differences between the groups P = 0.047.
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(r = 0.574; P < 0.0001), at 2 years old (r = 0.540; P = 0.0003)
and significantly correlated with the total serum IgE at 3
years old (r = 0.374; P = 0.0202). These observations are
consistent with the levels at 6 months of age being due to
newly synthesised IgE, not residual IgE transferred from
the mother.

The data from the foals at 6 months, 1, 2 and 3 years
of age was further analysed by repeated measures
analysis of variance. There were highly significant
differences between the mean total IgE at these time
points, total IgE also showed a highly significant linear
relationship with time. Multiple pairwise comparisons
were made using the least significant difference. Total
IgE at 1 year of age was significantly higher than at 6
months of age, similarly the mean serum IgE was
significantly higher at 2 years compared to 1 year
(P < 0.01) and at 3 years compared to 2 years (P < 0.01)
by which time it had reached a mean of 12,802 � S.D.
8371 ng/ml but remained significantly less than the adult
level found in the mares (mean � S.D., 76,065 � 56,172 ng/
ml; P = 0.001) (Fig. 1).

To examine changes in IgE concentration during the
first year of life in more detail, IgE was assayed in a
separate group of foals sampled at 6 weeks of age, 6
months of age and 9 months of age (Fig. 2). We were unable
to sample these foals at birth to confirm IgE transfer but all
the foals were known to have sucked in the first 24 h of life.
Assuming that the foals started with serum IgE levels
comparable to those in the other group, by 6 weeks of age
the level of IgE in most of these foals had fallen to below
500 ng/ml. IgE levels rose in 10 of these foals by 6 months
of age but fell in the remaining six so there was no overall
significant change in mean total IgE between these time
points. Total serum IgE in 13 of the 16 foals rose between 6
and 9 months of age, contributing to a significant overall
increase to an average of 318 ng/ml (Friedman’s two-way
analysis of variance by rank P = 0.047) indicating that
synthesis of IgE was occurring in foals between 6 and 9
months of age (Fig. 2).
Fig. 1. Box plot of log total IgE in mare serum (M), colostrum (Col), day old

foal serum (F), and foal serum at 6 months, 1 year, 2 years and 3 years of

age. Box = 25–75th percentile, waist = median � 95% CI, bars = 10–90th

percentile. Repeated measures analysis of variance showed statistically

significant differences between the values of total serum IgE in the foals at 6

months 1, 2 and 3 years of age as indicated on the graph.
3.2. Immunohistochemistry

To examine the extent to which neonatally transferred
IgE may be bound by mast cells we examined sections of
intestinal tissue by immunohistochemistry. Connective
tissue mast cells were detected in the intestinal sub-
mucosa of neonatal foals by toluidine blue staining
(Fig. 3a). Similar numbers of IgE+ cells were detected in
the sub-mucosal tissue of 24 h old foals that had received
colostrum (Fig. 3b), no sub-epithelial IgE positive cells
indicative of the presence of mucosal mast cells were
detected in the villi of foals at this age (Fig. 3c). Very strong
and extensive labelling was seen in the centre of nascent
lymphoid follicles in the intestine of one neonatal foal
(Fig. 3d) this was not observed in any other foals of 2 and 3
days of age and may represent a transient localisation of
the absorbed IgE in lymphoid cells. At 2 weeks of age, IgE+

connective tissue mast cells were still detected (Fig. 3e) but
again no mucosal mast cells were found (not shown). By 9
weeks of age the intensity of labelling had reduced (Fig. 3f)
and by 22 weeks of age the mast cells in the lamina propria
were no longer IgE+ even though they could still be
detected by toluidine blue staining (data not shown).

In marked contrast, at 6 months of age we found strong
IgE labelling of lymphoid follicles in the intestine and of the
mesenteric lymph node (Fig. 3g), providing evidence of
active B-cell synthesis of IgE. This was associated with the
presence of numerous IgE+ connective tissue mast cells in
the sub-mucosa (Fig. 3h) and IgE+ cells lying below the
villus epithelium consistent with the expected location of
mucosal mast cells (Fig. 3i). By 9 months of age the
intestine had the same pattern of extensive mucosal and
connective tissue mast cell populations seen in sections
from adult intestine (Fig. 3j and k).

3.3. Immunoblotting

To determine whether transfer of antigen specific IgE
had occurred, three sets of matched mare serum,
colostrum and foal serum were collected from families
where the mare showed symptoms of hypersensitivity to
the bites of Culicoides spp. IgE antibodies specific for the
salivary proteins of Culicoides spp. were detected in the



Fig. 3. (a) Sub-mucosal connective tissue mast cells (arrows) in neonatal foals stained with toluidine blue (40�) inset shows enlargement of mast cell. (b) IgE

positive cells (arrow) in the sub-mucosa of colostrum fed 24 h old foal (20�). (c) Absence of IgE labelling in the intestinal villi of a 24-h old colostrum fed foal

(20�). (d) IgE accumulation within a developing intestinal lymphoid follicle of a colostrum fed foal at 24 h of age (10�). (e) and (f) Reduced intensity of IgE

labelling of connective tissue mast cells (arrows) in foals between 2 and 9 weeks of age (40�). (g) Mesenteric lymph node in a 6-month old foal showing IgE

positive follicles in the medulla indicative of de-novo IgE synthesis (10�). (h) IgE positive mast cells in the lamina-propria of a 6-month-old foal (40�). (i) IgE

positive mucosal mast cells (arrow) in the intestinal villi of a 6-month-old foal (40�). (j) Intestinal villi of adult stained for IgE (10�). (k) Lamina propria and

sub-mucosal IgE positive cells adult intestine (10�). (l) Negative control staining of adult intestinal villi with isotype control antibody (10�).
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mare serum, in colostrum and in the serum of the foals
from all three allergic groups. Unexpectedly we also
detected IgE antibodies to Culicoides salivary proteins in
the colostrum from normal non-sensitised mares although
there were only faint traces of IgE antibody found in the
serum of either of the normal mares or their foals (Fig. 4).

4. Discussion

The serum samples in this study were stored for several
years at �20 8C before being assayed. IgE has a reputation
for instability compared to other immunoglobulin isotypes
(Lehrer, 1977) based on the observation that the passive
sensitisation of mast cells by intradermal injection of IgE is
abolished by heating to 56 8C. This instability relates to the
biological activity of IgE which is dependant on its binding
the Fce receptor on mast cells. The monoclonal antibodies
used in our assay measures the presence of two epitopes
on the IgE molecule; we have shown that these epitopes
are not abolished by heating to 56 8C which had no effect
on the titre of IgE antibodies in our ELISA (unpublished
observation). Further evidence of the stability of IgE in
storage comes from out comparison of the original IgE
standard used in our ELISA (prepared several years ago and
stored at �20 8C) with a freshly prepared standard which
shows an identical titre of IgE in the ELISA.



Fig. 4. IgE antibodies reacting with Western blot of salivary proteins from

Culicoides nubeculosus. M: mare serum, C: colostrum, F: foal serum.

Samples 1–3 were taken from mares with clinical allergy to Culicoides

spp., and show clear transfer of IgE antibodies to Culicoides proteins from

mother to foal. Samples 4 and 5 were from healthy mares, IgE antibodies

to Culicoides proteins are barely detectable in the serum of both mares and

foals. Surprisingly IgE antibodies to Culicoides were also detectable in the

colostrum of the healthy mares which may reflect the higher

concentrations of IgE found in mares colostrum.
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Transfer of maternal IgG or IgY to offspring is a
universal characteristic of the vertebrate immune system.
This is an important adaptive immunological mechanism
and failure of adequate transfer is associated with high
neonatal mortality in many species including horses
(Grindstaff et al., 2003; McGuire et al., 1977). Placental
transfer of IgG in humans and absorption of IgG from the
neonatal intestine of rats occurs by Fc receptor-mediated
transcytosis and is limited to some IgG isotypes (Avrech
et al., 1994; Leach et al., 1996; Yoshida et al., 2006). In
ruminants, and pigs macromolecules are taken up from the
neonatal intestine by a route that has characteristics of
both IgG receptor specific mechanisms and non-specific
endocytosis of macromolecules (Staley and Bush, 1985;
Westrom et al., 1985). In horses maternal transfer is also
via colostrum and most IgG isotypes are known to be
transferred (Wilson et al., 2001) with IgG2b having the
highest concentration in neonates (Holznagel et al., 2003).
The reported half-life of transferred IgG in foals was
between 4 and 5 weeks depending on the isotype where
again IgG2b showed the slowest rate of decline (Holznagel
et al., 2003). Maternal IgG was still detectable in foals of 6
months of age (Wilson et al., 2001) by comparison IgE in
foals had all but disappeared by 6 weeks (Fig. 2) suggesting
that it has a shorter half life. These figures for foals up to 6
weeks of age agree with the results reported in a similar
study (Wagner et al., 2006), in which serum IgE was found
to be below the limit of detection between 4 and 9 months
old. In contrast our results for total serum IgE in either the
foals between 6 months and 1 year of age (Fig. 1) or
between 6 weeks and 9 months of age (Fig. 2) indicated
that there was IgE synthesis by 6 months of age, the results
of immunohistology confirmed IgE positive B-cell follicles
in the lymph nodes of a 6-month-old foal. Furthermore,
although there was no correlation between total serum IgE
in neonates and 6-month-old foals, the levels of total IgE
foals at 6 months were correlated with those in the same
individual at 1, 2 and even 3 years of age. These
observations support the conclusion that synthesis of
IgE has commenced at 6 months of age, by which time it is
established whether foals will have relatively high or low
IgE as adults. As these foals were all maintained in groups
throughout the study, this observation together with the
lack of any correlation between maternally transferred IgE
and total IgE in at later ages indicates the possibility of
genetic influences on IgE synthesis in horses as has been
reported for humans (Kabesch et al., 2006; Pinto et al.,
2007).

Maternal IgE is only transferred in some species such as
horses and ruminants, raising the questions of how this
molecule is transferred and whether this transfer has
functional significance. The mechanism by which IgE is
absorbed from the neonatal foal’s intestine is not known. It
is possible that IgE is absorbed as a bystander antigen
associated with the enhanced endocytosis triggered by IgG
in the colostrum (Westrom et al., 1985). Alternatively,
CD23-mediated transcytosis of IgE complexes is known to
occur in the intestine of rodents and humans (Li et al.,
2006; Yu et al., 2001) and this would provide a potential
specific mechanism for absorption of IgE from the intestine
of neonatal foals and ruminants. It is also unclear how the
IgE first moves from the maternal blood into the colostrum.
The central consideration is whether or not IgE is actively
transported and therefore significant, or whether IgE has
simply arrived by a passive mechanism such as diffusion
through the epithelial lining of the mammary gland and
non-specific endocytosis in the intestine; in which case its
presence may be coincidental and of no biological
importance. The higher concentration of both IgG and
IgE in equine colostrum compared to serum, suggests that
these molecules may be actively transported. In cows and
sheep there is a selective bias for IgG1 transport into
colostrum by FcRn receptors in the mammary gland
epithelium (Mayer et al., 2005; Mayer et al., 2002), and
FcRn has also been identified in the mammary gland of pigs
at parturition (Schnulle and Hurley, 2003). If as the high
levels of colostral IgE suggest, a similar active mechanism
has evolved to transport IgE in horses and ruminants this
would imply that it confers an advantage on their
offspring.

In horses the most obvious advantage of maternal IgE
transferred to foals would be protection from helminth
parasites such as Strongyloides westeri which is transferred
to suckling foals in milk and Parascaris equorum whose
sticky eggs are also readily picked up by suckling foals
(Russell, 1948). IgE positive mast cells were detected in the
intestine up to 9 weeks of age which is longer than IgE
positive circulating leukocytes (basophils) that were
reported to be strongly IgE positive at 5 days of age after
which the numbers dropped rapidly to become undetect-
able by 6 weeks (Wagner et al., 2006). However, in the foal
intestine, mast cells were limited to connective tissue
types present in low numbers with no mucosal mast cells
detected until 6 months of age, raising doubts as to
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whether the neonatal intestine has a fully effective an anti-
parasitic response. Maternal IgE could arguably provide an
advantage to the offspring by stimulating the maturation
and development of mast cells (Kawakami and Galli, 2002)
but this goes against the prevailing evidence showing only
transient IgE binding by mast cells with no clear increase in
either numbers or intensity of IgE staining cells in the 6
weeks after birth. Mast cells of the intestine can be divided
into connective tissue and mucosal populations based on
location and differences in their granule content. Toluidine
blue is used in all species including horses as a mast cell
stain for connective tissue mast cells but does not stain
mucosal mast cells which are defined by differences in
their sulphated glycosaminoglycan granule content and
proteolytic enzyme activities (du Toit et al., 2007). Mast
cell numbers and their differentiation into subtypes is
governed by the local cytokine microenvironment (Kawa-
kami and Galli, 2002) and the absence of IgE positive cells
in the intestinal villi of foals less than 6 months of age may
reflect the overall immaturity of the mucosal immune
system at this age.

It was not possible to test for the transfer of parasite
specific IgE but antigen-specific IgE transfer was detected
in the serum of foals born to mares with allergy to
Culicoides spp. Such foals show no clinical evidence of skin
irritation even though they are exposed to insect bites in
the first few weeks of life, again raising doubts as to
whether maternal IgE can efficiently sensitise mast cells in
foals. Further studies are required in order to determine
whether this lack of response reflects an absence of mast
cells in the skin of foals, or a failure of IgE sensitization of
these cells which may occur if the wide range of antigen
specificities in equine IgE results in too low a density of
antibodies for any one specificity that may be required to
efficiently trigger mast cell de-granulation.

Other indirect benefits of maternal IgE transfer would
be conferred if these molecules were able to prime an anti-
parasite immune response. This could be mediated by the
release of cytokines such as IL-4 from mast cells in
response to antigen challenge or through IgE bound to
antigen presenting cells, thus increasing their efficiency of
soluble antigen uptake. Although peripheral blood mono-
cytes from adult horses have been shown to express Fce
(Wagner et al., 2003) their presence has not been
confirmed in foals. A high concentration of IgE in the
centre of nascent lymphoid follicles of the intestine was
found in at 24 h of age but this rapidly disappeared and
was not detected in older foals (Fig. 3d). There is
considerable debate in human medicine as to the relation-
ship between high cord blood IgE concentration and the
subsequent development of clinical allergy and some
studies have pointed out that an allergic mother provides a
higher risk than an allergic father, suggesting that
environmental/maternal factors also play a role in priming
allergic responses (Muraro et al., 2004). The detection in
human cord blood of immune complexes containing
allergen and IgE may indicate de-novo IgE synthesis but
could also be explained by trans-placental transfer.
Maternal antibody in humans is restricted to IgG isotypes
transferred across the placenta by FcRn mediated transcy-
tosis (Avrech et al., 1994; Leach et al., 1996), but it is not
possible to rule out inadvertent movement of both allergen
and IgE in trace amounts complexed to IgG (Bertino et al.,
2006).

Other studies have linked high levels of cord blood IgE
to genetic factors such as polymorphisms in the IL-4
receptor and concluded that it is due to increased de-novo
synthesis of IgE by the foetus (Wen et al., 2006). The data in
the present study shows no relationship between the total
IgE transferred to foals at birth and IgE levels at later ages.
The correlation between the IgE levels at 6 months of age
with those found at 1, 2 and 3 years of age supports a
similar genetic determination of high and low IgE
responders occurring in horses, and not a reflection of
high maternal IgE leading to higher IgE synthesis in foal.

Allergy to Culicoides is one of the commonest skin
diseases in horses and we provide clear evidence that
maternal IgE specific for Culicoides salivary antigens is
transferred to newborn foals. However, the epidemiology
of Culicoides hypersensitivity in Icelandic horses provides
strong evidence against maternal priming of allergy in
horses. There are no Culicoides insects in Iceland where
allergy to insect bites is not reported, but native Icelandic
ponies exported to mainland Europe and first exposed to
Culicoides as adults have an incidence of allergy to
Culicoides of around 26%. In comparison, the offspring of
these horses born on mainland Europe will receive
maternal IgE to Culicoides antigens and be exposed to
Culicoides from birth, yet have an incidence of 8.2% which is
near to that of the indigenous horse population (Brostrom
et al., 1987; Halldordsottir and Larsen, 1991).

Human allergic reactions vary in severity from an
inconvenient and unpleasant dermatitis to acutely fatal
anaphylactic reactions and over the last two decades
allergies have become increasingly common in wealthy
modern societies. One proposed explanation for this
increase has been the ‘‘hygiene hypothesis. Nevertheless,
allergic diseases are not uncommon in domestic animals,
even though they have invariably been exposed to the
abundant bacterial and parasite antigens in their environ-
ment. Given the highly conserved nature of the IgE/mast
cell system throughout evolution it may make sense to
view allergy as a result of over-dominance, where the
advantages of a trait, in this case immunity to parasites,
outweigh the disadvantages of potential allergic disease.
The difficulty in maintaining this balance may explain why
the maternal IgE transferred in horses disappears before
the onset of IgE synthesis at around 6 months of age, when
foals are becoming increasingly exposed to parasite larvae
present on pasture, and why delayed exposure to biting
insects such as Culicoides is a major risk factor for allergy in
Icelandic ponies imported into mainland Europe.

5. Conclusion

Although there is clear evidence for the transfer of
maternal IgE in horses, the functional significance remains
unclear. The mast cell populations in the intestine of foals
are immature and do not develop an adult phenotype with
IgE positive mucosal and connective tissue mast cells until
endogenous IgE synthesis is established. Evidence from
insect bite hypersensitivity does not support the maternal
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priming of IgE responses despite clear evidence the
allergen specific maternal IgE is transferred.
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