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Abstract: New-onset post-transplantation food allergy has been de-
scribed mainly after liver transplantation, and its pathogenesis was
attributed to the immunomodulatory effects of tacrolimus therapy. The
aim of the present study was to evaluate the association of food allergy
with solid organ transplantation in our center. The medical records of
children who underwent kidney transplantation and children who
underwent liver or liver and kidney transplantation from 1986 to 2005
were reviewed. A total of 189 children (124 after kidney transplantation,
65 after liver or liver and kidney transplantation) received tacrolimus as
part of the immunosuppressive regimen. New-onset post-transplanta-
tion food allergy was documented in four of them: two with liver
transplants and two with combined kidney and liver transplants. The
absence of new-onset food allergy in the children with isolated kidney
transplants is compatible with other reports in the literature. This study
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this patient population.

New-onset food allergy, whether immediate
hypersensitivity type or eosinophilic gastroenter-
opathy, is an infrequent but potentially serious
complication of organ transplantation. It has
been described mainly after liver transplantation
(1-14), but also after small bowel (3, 15) and
heart (10) transplantations. Three reports in
adults with liver transplants attributed the devel-
opment of food allergy to passive transfer of
food (peanuts and nuts)-specific IgE antibodies
from the allergic donors to the recipients (16—18).
However, in cases of pediatric transplantation
in which the donors were not food allergic, the
allergy in the recipients was attributed to
the immunomodulatory effects of tacrolimus,
together with its known effect on the gastro-
intestinal mucosa in small children (19, 20).

Our search of the literature yielded only one
report of food allergy in a child after kidney
transplantation receiving tacrolimus therapy
(21). The possible role of the liver in the

supports the concept that the functioning liver itself, and not only
tacrolimus immunosuppression, is a main contributor to food allergy in
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pathogenesis of post-transplantation food allergy
was recently supported by the study of Watanabe
et al. (22) in a mouse model, wherein the liver
was found to be one of the sites at which Th,
lymphocytes specific to a food antigen develop.

The paucity of reports on new-onset food
allergy in kidney transplant children treated with
tacrolimus prompted us to evaluate the associa-
tion of food allergy with solid organ transplan-
tation in our center.

Patients and methods

The databases of the Department of Nephrology and
Dialysis Unit and of the Institute of Gastroenterology,
Hepatology and Nutrition of a major pediatric tertiary
medical center were searched for transplant recipients with
post-operative new-onset food allergy.

From 1986 to 2005, 232 children underwent 262 kidney
transplantations (86 live donors, 176 cadaveric). Their
mean age was 10.8 yr (range: 2-18 yr). Up to 1997, the
immunosuppressive protocol included a combination of
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cyclosporin A (target blood trough level, 200 ng/mL) and
azathioprine. Thereafter, cyclosporin A was replaced by tac-
rolimus, 0.3 mg/kg/day (target blood trough level, 3-5 ng/
mL at six-months post-transplantation). In 1999, azathio-
prine was replaced by mycophenolate mofetil, 600 mg/m?/
day for two wk and then 300400 mg/m?/day. Corticoster-
oids were given perioperatively at a dose of 300 mg/m?/day
intravenouslx, and then continued orally in a tapering dose of
60—10 mg/m~/day for six months after transplantation.

From 1995 (when liver transplants were first performed in
our institute) to 2005, 65 children underwent liver trans-
plantation (14 live donors, 51 cadaveric). Their mean age
was 5.5 yr (range: 0.5-17.5 yr). Thirteen of them had a
combined liver and kidney transplantation. The immuno-
suppressive protocol included tacrolimus 0.2-0.4 mg/kg/day
(target blood trough level, 5-7 ng/mL at six-months post-
transplantation) or cyclosporin A 5-8 mg/kg/day (target
blood trough level, 100-120 ng/mL), and prednisone 0.1—
0.2 mg/kg/day, up to 6-12 months after transplantation.

The diagnosis of food allergy was based on the presence of
clinical symptoms of immediate hypersensitivity-type reac-
tions (urticaria/angioedema with or without respiratory
and/or gastrointestinal system involvement) and evidence of
specific IgE antibodies against the suspected foods, either by
skin prick test (ALK Abello, Port Washington, NY, USA)
performed at the allergy clinic and/or serum measurements
by the Immulite 2000 method (DPC, Los Angeles, CA,
USA, positive: 20.35 kU/mL).

The following data were documented: sex and age at
transplantation, underlying disease, time to appearance
of food allergy, immunosuppressive protocol at time of
appearance of food allergy, allergenic foods, presence of
eosinophilia (> 500/mm?), symptoms of allergic reactions,
and treatment. The same data, where available, were ex-
tracted from the reports in the literature on post-trans-
plantation food allergy. The literature search was performed
using the PubMed database.

Results

None of the 232 children who underwent kidney
transplantation, including the 124 who received
tacrolimus-based immunosuppression, acquired
a food allergy. Four of the 65 children (6%) who

Table 1. Data of children with food allergy after organ transplantation

underwent liver (n = 2) or liver and kidney
(n = 2) transplantation acquired a new-onset
food allergy postoperatively. Eight other patients
had an eosinophil count of 500-2800/mm?>, but
they did not display any symptoms of food
allergy (data not shown). All had received
tacrolimus as the main immunosuppressive
therapy.

The characteristics of the food-allergic chil-
dren are presented in Table 1. Three children
were aged 1-1.5 yr at transplantation, and one
was aged seven yr; there were two boys and two
girls. Time from transplantation to development
of the food allergy was 1.5-6 yr. Two children
had extrahepatic biliary atresia; one, primary
hyperoxaluria type 1 and the other, Alagille
syndrome. All four had food-induced angioe-
dema or urticaria and angioedema, and one
patient also had respiratory involvement (stri-
dor). Peripheral eosinophilia was documented in
all four patients. Tacrolimus therapy was
switched to cyclosporin A in two patients, but
no change in the food-induced allergic reactions
was noted. All the patients were instructed to
climinate the allergenic foods from their diet,
which resulted in resolution of their symptoms.
No attempt was made to reintroduce the aller-
genic foods in the children’s diet during the
follow-up period (2—4 yr). All patients consulted
a dietician to ensure a balanced diet.

The results of our literature search on post-
transplantation food allergy are summarized in
Table 2. Seventy children with new-onset post-
transplantation food allergy were reported (1-11,
13-15). The organs transplanted included the
liver in 64 children (91%) because of biliary
atresia in 41 of them, intestines in three, liver and
intestines in one, and heart and kidney in one

Sex/age Time to Total
(years) at Organ(s) food allergy  Immunosuppressive  Allergenic IgE Clinical
Patient transplantation  Diagnosis  transplanted (years) treatment foods (IU/mL) Eosinophils/mm3 presentation
1 M/1 EHBA Liver 2 Tacrolimus, switched ~ Fish, egg, sesame, 224 800 Urticaria and
to cyclosporin A* peanut, soybean angioedema,
stridor
2 F1 EHBA Liver 25 Tacrolimus Milk, sesame, 155 800 Urticaria
soybean,
peanuts, nuts
3 F/7 PH1 Liver, kidney 6 Tacrolimus, Egg 3900 4500 Angioedema
prednisone
4 M/1.5 Alagille Liver, kidney 1.5 Tacrolimus, switched — Milk, nuts, ND 820 Urticaria,
syndrome to cyclosporin A, apple angioedema

mycophenolate
mofetil, prednisone

EHBA, extrahepatic biliary atresia; PH1, primary hyperoxaluria type 1; ND, not done.

*Due to food allergy.
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patient each. The rate of food allergy in the
children after transplantation was documented in
six studies and ranged between 6% and 57%.
The male/female ratio was equal (38 reported
patients). Mycophenolate mofetil was added to
the tacrolimus immunosuppressive regimen in
three cases of liver transplantation. Forty-seven
patients (67%) had immediate food-induced
hypersensitivity reactions with involvement of
the skin and respiratory and gastrointestinal
tracts; 21 of them were also diagnosed with
eosinophilic gastrointestinal disease. Twenty-
three patients had eosinophilic gastrointestinal
disease only. Treatment consisted of elimination
of the allergenic foods, administration of hypo-
allergenic formula, antihistaminic medications,
and epinephrine for anaphylactic reactions. In
two studies, a switch from tacrolimus to cyclo-
sporin A immunosuppressive therapy was the
preferred treatment.

Discussion

The present study, of 232 children who under-
went kidney transplantation over a 19-yr period
and 65 children who underwent liver transplan-
tation over a 10-yr period yielded only four
patients with new-onset food allergy after sur-
gery. All were liver transplant recipients (liver
only or liver and kidney). None of the 124
recipients of isolated kidney transplants who
were treated with tacrolimus acquired a food
allergy.

Our 6% rate of new-onset food allergy in
children after liver transplantation is similar to
the findings in another recent study (6). Also, as
in other studies, there was no sex predominance
in our food-allergic patients, and biliary atresia
was the primary disease in half of them. Of our
other two patients, one had Alagille syndrome,
previously reported as the primary disease in two
patients with post-transplantation food allergy
(4, 11), and the other had primary hyperoxaluria
type 1, which has never before been documented
as the primary disease in this context. The latter
finding may be explained by the higher preva-
lence of hyperoxaluria type 1 in the Israeli Arab
population, which has a high rate of consan-
guineous marriages (23).

The pathogenesis of new-onset post-transplan-
tation food allergy may involve several factors:
the status of the donor, the organ transplanted,
and the immunosuppressive protocol.

Passive transfer of food allergy has been
described in association with bone marrow
transplants (24) and solid organ (liver, liver,
and kidney) transplants, all in adult patients (16—

Solid organ transplantations and food allergy

18). The findings were explained by the presence
of specific IgE-producing B cells in the donor
bone marrow (24) and by the presence of IgE-
producing B cells and specific IgE antibodies (16)
or sensitized mast cells with peanut-specific IgE
in the donor liver (25). It is noteworthy that in
one case, another recipient of a kidney and
pancreas from the same liver donor (16) did not
develop food allergy.

We do not have data on the status of the
donors in our four food-allergic patients. How-
ever, the time interval between transplantation
and the clinical presentation of the food allergy
(1.5-6 yr) does not support the theory that the
donors were food allergic: food-specific IgE
antibodies persist in the circulation only for a
few days (26), and engraftment of specific IgE-
producing B lymphocytes should have led to
clinical manifestations after a shorter interval
(27).

Regarding the transplanted organ — the second
important contributing factor in the development
of food allergy — there is only one report in the
literature of food allergy in a child after isolated
kidney transplantation (21). This patient pre-
sented with angioedema after peanut ingestion
(21). However, it remained unclear if the symp-
tom first developed during therapy or if it was
present before (21). In adults, food allergy has
been reported in two renal transplant recipients
receiving sirolimus. The angioedema in these
cases occurred following walnut and mango
ingestion (28). One of the patients also received
tacrolimus, but both received other drugs known
to induce angioedema (enalapril, salicylic acid)
(28).

There are two reports (total four children, one
with combined liver and intestinal transplanta-
tion) of food allergy after small bowel transplan-
tation (3, 15), and one report of a patient with
food allergy after heart transplantation (10). All
the remaining reported patients were liver trans-
plant recipients (1-11, 13, 14). Interestingly, the
heart transplant recipient was a one-month-old
baby treated with prednisone and tacrolimus in
whom multiple food allergies developed at the
age of 12 months (10). In this case, the authors
could not unequivocally attribute the allergy
solely to the organ transplantation because the
procedure was performed before the child was
exposed to allergenic foods.

A previous study of 49 children with heart
transplants treated with tacrolimus reported that
eosinophilia occurred in 19 (39%), 11 of whom
manifested allergic symptoms such as eczema,
allergic rhinitis, asthma, and eosinophilic
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enteritis. However, food allergies were not doc-
umented in this study (29).

The finding that only liver and small bowel
transplantations seem to be associated with new-
onset food allergy suggests that the hematopoi-
etic tissue and dendritic cells play a role in this
phenomenon. T-cell activation by antigens
migrating through the portal vein occurs in the
liver (30), and some liver-resident dendritic cells
and sinusoidal endothelial cells direct naive
CD4+ T cells preferentially to Th, differentia-
tion (31, 32). Furthermore, it was recently shown
in a mouse model that helper CD4+ T cells in
the liver induced an IgE response to a food
antigen (22).

The third potential factor involved in post-
transplant food allergy is the immunosuppressive
protocol. Both tacrolimus and cyclosporin A
inhibit the production of IL-2, thereby causing
an imbalance in the Th;/Th, ratio and facilitating
IgE production (33). Tacrolimus, however, is
more potent than cyclosporin A (34) and, in
addition, augments the production of IL-5 and
1L-13 — eosinophil- and IgE-promoting cytokines
(35). It is also known to increase intestinal
permeability, which may lead to increased expo-
sure to allergenic proteins and a further shift
toward Th, cytokines and IgE production
against these proteins (20). Nevertheless, in our
study, none of the 124 kidney-only recipients
treated with tacrolimus, at a dose similar to that
of the liver transplant recipients, acquired a post-
transplant food allergy. At the same time, it
could be argued that children with kidney trans-
plants receive more prednisone than children
with liver transplants, which may downregulate
mast cell degranulation in response to exposure
to allergenic foods. Furthermore, unlike children
with liver transplants, they receive mycopheno-
late mofetil, which also suppresses humoral
immunity (36), and, thereby, IgE production.
Of interest are three reported children with food
allergy after liver transplantation who also
received mycophenolate mofetil, which did not
ultimately change their course (2, 3, 10). The role
of tacrolimus immunosuppression in inducing
peripheral eosinophilia is highlighted by the
presence of peripheral eosinophilia in 12 of the
65 tacrolimus-treated children (18%) in our
study, in addition to pediatric transplant recip-
ients in eight studies published in the literature
(3,4, 6,7, 10, 13, 29). However, whereas six of
the eight studies documented eosinophilic gas-
trointestinal disease in the children with periph-
eral eosinophilia (3, 7, 10, 13, 29), the 12 children
with peripheral eosinophilia in our series,
including the four with immediate food-induced
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allergic reactions, did not have eosinophilic
gastrointestinal disease. The pathogenesis of
cosinophilic gastrointestinal disorders involves
both IgE and non-IgE-mediated mechanisms,
with a contributory role for IL-5 and eotaxin
(37). Therefore, it should be borne in mind that
tacrolimus immunosuppression might affect the
gastrointestinal tract through different pathways
and in the absence of evidence of IgE-mediated
food allergy. Further support for the effect of
tacrolimus compared to cyclosporin immuno-
suppression was provided by the study of Granot
et al. (12), wherein peripheral eosinophilia devel-
oped in 11 of 20 pediatric liver transplant
recipients (50%) being treated with tacrolimus
immunosuppression (four symptomatic) but in
only 10% of the cyclosporin-treated children,
who remained asymptomatic.

Food allergy itself might influence the immu-
nosuppressive regimen in the children after organ
transplantation. A recent study has shown that
food-allergic patients need higher doses of tac-
rolimus and cyclosporin A than non-allergic
patients to ensure serum concentrations in the
therapeutic range. With an appropriate elimina-
tion diet, the doses of the drugs — and their
adverse side-effects — can be reduced (14). It is
also noteworthy that in our series, the children
who underwent liver transplantation were young-
er than those who underwent kidney transplan-
tation, making them more vulnerable to food
allergy.

In conclusion, our findings for children after
solid organ transplantation are compatible with
the data in the literature. Our study highlights
the absence of food allergy in tacrolimus-treated
kidney transplant recipients compared to liver-
transplant recipients, suggesting that the main
contributor to new-onset post-transplantation
food allergy is immunocompetence of the trans-
planted organ, mainly the liver. Recent studies
in animal models indicate that the immunologic
function of the grafted liver itself and the
renewal of the enterohepatic circulation are
crucial to the development of food allergy.
However, further studies are needed to clarify
the effect of the different immunosuppressive
protocols (i.e., tacrolimus alone or tacrolimus
with mycophenolate mofetil) in pediatric trans-
plant recipients.
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