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Abstract

Transplant-acquired allergy (TAA) was firstly described as
transplant-acquired food allergy (TAFA) after bone mar-
row transplantations and mostly observed in a transient
form. The picture is complicated by numerous case re-
ports of TAFA after the receipt of liver grafts from donors
with no documented history of food allergy. The esti-
mated prevalence of TAFA among young children in the
literature has been documented in various studies rang-
ing from 6% to 57%. Although TAA is mostly found to be
associated with liver transplantation; it has been recently
reported to be related with heart, intestinal, lung and
even renal transplantations in adults. Previous reviews
of published cases of liver TAA misleadingly emphasized
the predominance of children and the absence of TAA in
cardiac, pulmonary, and renal transplant recipients. In
different studies, the male/female ratio is equal. Litera-
ture data suggest that children with TAFA typically pres-
ent within the first year after surgery and are typically
allergic to multiple foods. The pathogenesis of TAA is not
still completely understood. Most of the studies support
the concept that the functioning liver itself, and not only
tacrolimus immunosuppression, is one of the main con-
tributors to TAA in these patients. In the light of recent
findings, other possible mechanisms can be summarized
as following: (1) the recovery of delayed type hypersensi-
tivity; (2) late manifestation of food allergy; (3) intestinal
injury as well as inhibition of cellular energy production
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by tacrolimus; and (4) transfer of food-specific IgE or
lymphocytes. Thus, interplay between hematopoietic cells
from the transplanted organ and recipient specific fac-
tors (e.g., younger age and atopic background) seem to
underlie the development of TAA. Most patients will have
symptomatic improvement following reduced immuno-
suppression and an appropriately restricted diet. Never-
theless, some studies suggest that atopic diseases occur
in some of pediatric liver transplant recipients, with mani-
festations including food allergy, eczema, allergic rhinitis,
and asthma. More studies would be needed including
greater number of patients to determine whether TAA is
transient or not in pediatric/adult solid organ recipients.

© 2013 Baishideng. All rights reserved.
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Core tip: Transplant-acquired allergy (TAA) was firstly
described after bone marrow transplantation and most-
ly observed in a transient form. Although TAA is mostly
found to be associated with liver transplantation; it has
been recently reported to be related with heart, intes-
tinal, lung and even renal transplantations in adults.
Most studies suggest that the functioning liver itself,
and not only tacrolimus immunosuppression, is one of
the main contributors to TAA in these patients. Most
patients will have symptomatic improvement following
reduced immunosuppression and diet. Nevertheless,
recent studies suggest that allergic diseases (e.g., ec-
zema, rhinitis and asthma) occur in some of pediatric
transplant recipients.
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BACKGROUND

The transfer of allergy from a food allergic solid organ
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such as liver donor to a previously non-allergic transplant
recipient was firstly reported in 1990%, and has subse-
quently been reported in one further case! . The phe-
nomenon is consistent with previous findings of allergy
transfer 27z bone marrow transplantation, and the finding
that donor-derived stem cells present in a transplanted
liver can sustain long-term hematopoiesis in a recipient.
The picture is complicated by numerous case reports of
transplant-acquired food allergy (TAFA) after the receipt
of liver grafts from donors with no documented history
of food allergy. An association between tacrolimus ther-
apy after liver transplantation and development of food
allergy, TAFA, was first suggested by Lacaille e al",

What is transplant-acquired allergy?

Transplant-acquired allergy (TAA) was firstly described
as TAFA after bone marrow transplantations and mostly
seen in a transient form'. The estimated prevalence of
TAFA among young children in the literature has been
documented in various studies ranging from 6% to 57%.
TAFA is described mainly after liver, but also after small
bowel/intestinal, lung and heart transplantations[s'g]. In
different studies, the male/female ratio is equal[lfg]. Lit-
erature data suggest that children with TAFA typically
present within the first year afte[f_ g}urgery and they are

typically allergic to multiple foods™™".

PATHOGENESIS OF TAA

The pathogenesis of TAA is not still completely under-
stood. Most of the studies support the concept that the
functioning liver itself, and not only tacrolimus immu-
nosuppression, is one of the main contributors to TAA
in this patient population[l()’l}]. Animal models suggest
hepatic mechanisms may be really important for immune
tolerance to orally ingested antigens, but there is little di-
rect evidence for this in humans. Watanabe ¢ @/ " showed
in a2 mouse model that the liver is found to be one of the
sites at which T-helper (Th) 2 lymphocytes specific to a
food antigen develop.

A recent study evaluated paired pre- and post-liver
transplant sera from children aged 0-36 mo treated at a
single centre during 2001-2008. Thirty-five of 50 cases
had IgE sensitization to = 1 food pre-transplant and 18
post-transplant. Food sensitization pre-transplant was as-
sociated with severity of liver dysfunction. Young children
with severe liver dysfunction appear to have a high preva-
lence of food sensitization. Hepatic mechanisms may
therefore be important for establishing immune tolerance
to dietary antigens in humans. However, these findings
were not replicated in the renal transplant groupm].

Association with the type of transplantation: liver vs
kidney

Liver TAFA has been widely reported now, and is esti-
mated to affect nearly 10% of children who receive a
liver transplant. For example, Legendre ez a/” described
4 of the 65 children (6%) who underwent liver or com-
bined liver and kidney transplantation acquiring a new-

(49

;guamaﬁ.,g@ WJT | www.wjgnet.com

31

Ozdemir O. Transplant-acquired allergies

Table 1 Predisposing factors for transplant-acquired allergy

development in different types of organ transplantation

Type of organ
transplantation

Predisposing factors

Liver ~ Renal
Use of MMF/ prednisone - iz
Delayed manifestation of food allergy in recipient 1 iz
Recovery of delayed type hypersensitivity ++ iz
Transfer of hematopoietic stem and dendritic cells iz +
Transfer of food-specific IgE iz iz
Passive transfer of food-specific lymphocytes St iz
Atopic background of recipient iz iz
Younger age of recipient + +
Allergy of donor iz iz

MME: Mycophenolate mofetil; -: No effect; +: Suspicious effect; +: Positive
effect; ++: Strong positive effect.

onset food allergy postoperatively. The majority of cases
reported have been in young children receiving tacrolim-
us immunosuppression, and in only a few cases with pas-
sive transfer of food allergy from an allergic donor have
been documented. Nevertheless, the only reports of liver
TAFA in adults have occurred viz passive transfer from a
food allergic liver donor.

The accumulating data shows that mostly liver trans-
plantations seem to be associated with new onset TAA
suggesting the hematopoietic tissue and dendritic cells
play a role in this phenomenon. Pluripotential hemato-
poietic stem cells and dendritic cells are known to be
normally resident in the liver. T-cell activation by antigens
migrating through the portal vein occurs in the liver and
some liver-resident dendritic cells and liver sinusoidal en-
dothelial cells (LSEC) direct naive CD4"-T cells preferen-
tially to Th2 differentiation. 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*.

At the same time, it could be argued that children with
kidney transplants receive more prednisone than children
with liver transplants, which may down regulate mast cell
degranulation in response to exposute to allergenic foods.
Furthermore, unlike children with liver transplants, they
receive mycophenolate mofetil, which also suppresses hu-
moral immunity, and, thereby, IgE production. Hillgren
¢t al™ also showed the low IgE concentrations in uremia
are suggested to reflect altered T-cell regulation of the
IgE production in renal transplant recipients (Table 1).

Relation with the type of immunosuppressant:
tacrolimus vs cyclosporine A

Another main contributor to TAA in this patient popula-
tion is immunosuppressant used in prevention of graft
rejection. Tacrolimus is a macrolide agent that is now the
primary immunosuppressant utilized in transplant recipi-
ents. It has been found to be superior to cyclosporine A
(CsA) for rescue therapy as well as for earlier weaning of
steroids. Both tacrolimus and CsA share similar toxicity
profiles; however, their gastrointestinal side effects have
received little attention. An increased prevalence of food
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Table 2 Side effects of immunosuppressive agents help devel-

oping transplant-acquired allergies in solid organ recipients

Types of side effects Immunosuppressive agents

Tacrolimus Cyclosporine A

Intestinal injury *F -
Inhibition of cellular energy + -
production in intestine

Th1/Th2 imbalance ++ +
IL-2 production I 1
IL-5 production " 1
IL-10 production " 1
IL-13 production " 1
IgE production " 1
Immunosuppression ++ +

IgE: Immunoglobulin E; IL: Interleukin; Th: T-helper cells; -: No effect;
+: Positive effect; ++: Strong positive effect; |: Decrease; 1: Increase; | |:
Strong decrease; 11: Strong increase.

allergy noted specifically in children receiving tacrolimus
immunosuppression supports the hypothesis that selec-
tive suppression of Thl lymphocytes by the interleukine
(IL)-2 inhibitor immunosuppressants such as CsA, and
the more potent drug, tacrolimus, promotes Th2 lym-
phocytes and an allergic immune response. Tacrolimus,
however, is more potent than CsA and, in addition, aug-
ments the production of IL-5 and I1.-13-cosinophil- and
IgE-promoting cytokines. It is also known to increase
intestinal permeability, which may lead to increased expo-
sure to allergenic proteins and a further shift toward Th2
cytokines and IgE production against these proteinsm’m.
As a result; the immunomodulatory effects of tacrolimus,
including its propensity to skew toward a Th2 phenotype
by inhibiting production of IL-2, as well as its effects on
intestinal permeability, are potentially important (Table 2).

It looks like that under the tacrolimus or immunosup-
pressive therapy, independent of transplantation type;
there is always a chance for TAA development. Insuf-
ficient control of allergen-specific responses zia the Treg-
cell compartment under systemic immunosuppression
has recently been demonstrated by Eiwegger ez al'® as
one of the triggering factors.

A present study by Gruber e al'” directly compared
the occurrence of allergic sensitization and disease under
tacrolimus- »s CsA-based immunosuppressive therapy in
kidney-transplanted patients. The rate of clinically rel-
evant allergy in patients receiving tacrolimus was twice
that in patients receiving CsA (15% vs 8%). Their results
suggest that post-transplant immunosuppression with
tacrolimus is associated with an increased occurrence of
IgE-mediated sensitization and probably manifestation
of allergic disease.

A recent study by Granot ez a/'” was performed to
demonstrate an association with asymptomatic eosino-
philia, elevated total and specific IgE levels under tacroli-
mus immunosuppression. This study was undertaken to
characterize the IgE-mediated immune response, in CsA
and tacrolimus-treated, post- orthotopic liver transplanted
children. Thirty children and adolescents aged 2-21 years,
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(6-year post-transplantation), were studied. Immunosup-
pression-CsA: 10 patients, tacrolimus; 20 patients. Eosino-
philia was present in 10/20 of patients treated with tacro-
limus and 1/10 treated with CsA. IgE levels wetre found
to be elevated in 8/10 tacrolimus-treated patients and in
2/10 CsA patients. Specific IgE levels to a wide panel of
food allergens were positive in 5 tacrolimus-treated pa-
tients and to both food and inhaled allergens in 3 patients
(2, tacrolimus-, 1, CsA-treated). Four children (tacrolimus-
treated) had symptoms of food allergy.

Other mechanisms for TAA
In addition, none of the hypotheses would cleatly explain
why food allergy develops specifically in tacrolimus- but
not CsA-immunosuppressed children if the mechanism
was only the Th1/Th2 imbalance and immunosuppres-
sion. I think that Th1/Th2 imbalance caused by tacro-
limus could not be the only cause for TAA. Although
the exact mechanism is still not clear, the reported seties
confirm their role in triggering allergy in post transplant
children. In the light of recent findings, possible mecha-
nisms can be summarized as following: (1) the recovery
of delayed type hypersensitivity in patients who could
have been in a state of relative immune deficiency, e.g.,
cirrhosis before transplantationm; (2) delayed manifesta-
tion of food allergy may be due to limited exposure to
dietary allergens prior to transplant, which happens espe-
cially in the context of anergy caused by chronic liver dis-
ease. Acute and chronic liver disease particularly cirrhosis
have long been recognized to be associated with absent
delayed cutaneous hypersensitivity responses, which is
called as the immune anergy of liver failure. Thus, some
food allergic children fail to manifest their food allergy
due to the immune anergy caused by their liver failure;
(3) intestinal injury as well as inhibition of cellular energy
production by tacrolimus in the intestine plays a signifi-
cant role allowing penetration of protein antigens and
skewing the immune response towards Th2 zia induction
of cytokines like IL-10""%; and (4) transfer of food-
specific IgE or lymphocytes with specificity for particular
food antigens from donors.

In summary, interplay between hematopoietic cells
from the transplanted organ and recipient specific factors
underlie the development of TAA.

RISK FACTORS?

Transplant recipient-specific factors

Some cases presented in the literature are remarkable for
the discordant development of liver TAA in two recipi-
ents of the same liver™. This highlights the importance
of transplant recipient specific factors in this condition.

Younger age: These studies suggest that immature infant
immune responses play an important part in their predis-
position to allergic disease. Most of the children were less
than 1 year of age at the time of transplantation, and the
appearance of allergy might be explained by their limited

. . 1323
exposure to dietary antlgens[ . The reported cases sug-
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gest that liver TAA occurs when patients with immature
immunoregulatory responses undergo transplantation and
fail to suppress the clinical expression of new food allergies.

Atopic background: Those who develop liver TAA may
also have greater background risk of allergic disease than
those who fail to develop TAA. The majority of patients
had a family history of atopy, which might be another
risk factor for food allergy after transplantationm’y].

Transplant donor-specific factors
The occurrence of TAA has also found to be associated
with young donor age and donor’s atopic diseases’™ ",

OTHER ROUTES FOR DEVELOPING TAA:
HEMATOPOIETIC STEM CELL, CORD
BLOOD STEM CELL, LUNG, HEART
TRANSPLANTATIONS

Previous reviews of published cases of liver TAA mis-
leadingly emphasized the predominance of children and
the absence of TAA development in cardiac, pulmonary,
and renal transplant recipients. Although TAA is mostly
found to be associated with liver transplantation; it has
been recently reported to be related with heart and even
adult renal transplantations[()’()].

Consistently, the absence of new-onset food allergy in
the children with isolated kidney transplants is compatible
with the eatlier literature. Search of the literature till 2006
by Dehlink ¢ a/*! yielded only one report of food allergy
in a child after kidney transplantation receiving tacrolimus
therapy. Furthermore, a recent article by Chehade ¢z al” re-
ported de novo food allergy after intestinal transplantation.

The finding that mostly liver and small bowel trans-
plantations seem to be associated with new onset TAA
suggests that the pluripotent hematopoietic stem cells and
dendritic cells play a role in this phenomenon. The nature
of these transplants also involves transfer of mature do-
nor lymphocytes into recipient tissues. Transfer of donor
Th2-B lymphocytes producing specific IgE antibodies in
recipient tissue can result in ongoing cellular and humoral
activity against the allergen. Transferred cell populations
are not deleted by post-transplant immunosuppression

Given the histology of lung tissue, lung transplanta-
tion results in limited transfer of pluripotent hematopoi-
etic cells and mature lymphocytes into recipient tissues. As
a result, the mechanism of allergy transfer following lung
transplantation was postulated to involve passive transfer
of IgE-sensitized donor mast cells within the transplanted
lung into the recipient. Schuller ez al” reported a case
transferring of peanut allergy following lung transplanta-
tion. They supposed two mechanisms may explain the
observations described for the patient reported in this
study: de novo development of peanut allergies after trans-
plantation, or passive transfer of peanut allergies from a
peanut-sensitized organ donor. Moreover, Bhinder ez al™
reported a case developing transient peanut allergy follow-
ing lung transplantation as well. An alternate mechanism
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was proposed for passive transfer of immunoglobulin
E-sensitized mast cells and/or basophils within the trans-
planted tissue that subsequently migrate into recipient tis-
sues. The gradual decline in the magnitude of the peanut
skin prick test and its return to negative over the course of
1 year suggested the gradual depletion of sensitized cells (B
lymphocytes and, possibly, mast cells) in the recipient and
supported the initial passive transfer of sensitized cells
from donor tissue during transplantation.

We described one of the first patients developing TAA
after heart transplantation. This patient was receiving
tacrolimus subsequent to heart transplantation and devel-
oped angioedema after consumption of dairy products at
12 mo after transplantation. The patient was found to be
allergic to multiple foods by both radioallergosorbent test
and Immuno Solid-phase Allergy Chip tests .

An interesting patient, 2-mo-old Japanese male, devel-
oped hemophagocytic lymphohistiocytosis. At 7 mo of
age, cord blood stem cell transplantation was performed.
He developed veno-occlusive disease (VOD) on day 6
after transplantation. Liver damages due to VOD might
contribute to the development of TAFA in this case.
It has been shown that Kupffer cells, LSEC and liver
dendritic cells uptake and present gut-derived antigens,
including food allergens, to naive T cells, thus resulting in
immune tolerance both in CD8"-T cells and CD4™-T cells.
Therefore, it is possible that VOD -associated damages to
the liver, especially to these cells that can induce immune
tolerance, might have suppressed oral tolerance to food al-
lergens and promoted the development of TAFA in these
patientsm

VARIOUS CLINICAL PRESENTATIONS OF
TAA

Is this just happening as a food allergy or allergy to
other substances such as airborne allergens?

Current literature data suggest that children developing
TAA typically present to be allergic to multiple foods and
aeroallergens[4’5’8]. For instance: Dehlink ¢# 2/ showed
food allergy in 2, both food and inhalant allergy in 2; in-
halant allergy in 7 cases after different solid organ trans-
plantations.

Eosinophilic gastroenterocolitis

New-onset TAA, whether immediate hypersensitivity
type or eosinophilic gastroenteropathy, is an infrequent
but potentially setious complication of organ transplan-
tation. Eosinophilic gastroenteropathy is common after
transplantation and should be considered in all children
with gastrointestinal symptoms undergoing transplanta-
tion. The colitis in a study appeared to be mediated by
food allergies. Most of the patients had symptomatic
improvement following reduced immunosuppression and
an appropriately restricted diet ™",

Urticaria/angioedema

Our group described one of the first patients developing
TAA after heart transplantation. This patient presented
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to us with angioedema after consumption of dairy prod-
ucts at 12 mo after transplantation™,

Atopic disease (atopic dermatitis, allergic rhinitis and
asthma)

Shroff ez al” demonstrated presentation of atopic disease
in a large cohort of pediatric liver transplant recipients.
Food allergy and atopic skin disease symptoms were
present in 40% and 56% of cases, respectively. Asthma,
allergic rhinitis, or both were found in 66% of cases. The
onset of symptoms of food allergy and eczema (median,
12 mo post-transplantation) preceded symptoms of al-
lergic rhinitis and asthma (median of 27 and 30 mo post-
transplantation, respectively).

LONG-TERM OUTCOME OF TAA?

The long-term prognosis of TAA after solid organ trans-
plantations is currently obscure. As you imagine, TAA
may be transient or persist long period of time and turn
into manifestation of an atopic disease.

Transient TAA
Several modes of TAA may be envisaged. Some reports
in adults and children with liver transplants attributed
the development of food allergy to passive transfer of
food-specific IgE antibodies from the allergic donors to
the recipients. Passive transfer of food allergy has been
described in association with bone marrow transplants
and solid organ (liver, combined liver and kidney) trans-
plants, all in adult patients. Passive transfer of donor IgE
is unlikely, because the half-life of IgE is only a few days,
whereas the allergic reaction occurred 3-12 mo after trans-
plantation. However, it cannot be ruled out the possibility
that donor IgE bound to the recipient’s mast cells and
basophils could have persisted for more than a few days.
The findings were explained by the presence of spe-
cific IgE-producing B cells in the donor bone marrow and
by the presence of IgE producing B cells and specific IgE
antibodies or sensitized mast cells with allergen-specific
IgE in the donor organ. For transient cases of anaphylaxis
occurring only shortly after transplantation, it has been
postulated that passive transfer of donor mast cells or ba-
sophils sensitized by donor allergen-specific IgE occurred
from donor to recipient zia transplanted tissues' >, The
transfer of allergen-specific donor lymphocytes is a more
likely possibility”***, Tn mice, a secondary hapten-spe-
cific IgE response can be elicited by the adoptive transfer
of primed B lymphocytes, T lymphocytes, or both™. The
occurrence of immune hemolytic anemia and autoim-
mune thrombocytopenia after liver transplantation from
donors with such diseases indicates that the transfer of
functionally active donot-type B or T lymphocytes can oc-
cur in humans.

Persistent TAA

Some studies describe the long-term outcome of food
allergy in this population, demonstrating that although
a substantial number of food sensitivities are lost, most
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children remain sensitized to at least a subset of foods
for an extended period. For instance: Mavroudi e7 al™"
reported long term outcome of acquired food allergy in 3
pediatric liver recipients as a single center experience. The
symptoms of food allergy persisted for 8 years in one of
the cases and for 2 years in the other two cases. The long-
term prognosis in their cases was excellent and food al-
lergy resolved in all the patients. In Granot ez a/s'" study,
cosinophilia was present in up to 50% of children and
adolescents receiving tacrolimus immunosuppression. The
majority of these patients also had elevated levels of total
and specific (mainly to food allergens) IgE antibodies.
However, most patients were asymptomatic and did not
manifest food allergy or asthma'**>*,

Nevertheless, Shroff e a/”” utilized for 176 orthotopic
liver transplanted pediatric recipients at a single institution
for manifestations of allergic disease. They demonstrated
that atopy occurs in approximately 14% of pediatric liver
transplant recipients, with manifestations including food
allergy, eczema, allergic rhinitis, and asthma.

CONCLUSION

At the end, most patients will have symptomatic improve-
ment following reduced immunosuppression and an
appropriately restricted diet. Nevertheless, some studies
show that atopic diseases may occur in some of pediatric
liver transplant recipients, with manifestations including
food allergy, eczema, allergic rhinitis, and asthma. I think
that more studies would be needed including greater num-
ber of patients to determine whether TAA is transient or
not in pediatric/adult solid organ recipients.
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