
Presentation of atopic disease in a large
cohort of pediatric liver transplant recipients

Immune dysregulation following solid organ
transplantation has been associated with allergic
disease (1). In select organ recipients, sensitiza-
tion to allergens may be as high as 24% with
10% manifesting clinically relevant allergic dis-
ease (1). Specifically, there has been a suggestion
of increased prevalence of food allergy in patients
having received solid organ transplants of liver,
heart, and small bowel (2). Much of the literature
surrounding the allergic manifestations in post-
transplant recipients presents in distinct popula-
tions, particularly liver transplant recipients and
young children (3, 4).
Atopy is defined as the familial or personal

tendency to develop IgE sensitization in response
to environmental triggers (5, 6). This atopy is

critical to the development of food allergy,
eczema, allergic rhinitis, and asthma (5, 6). The
‘‘atopic march’’ describes the temporal pattern of
the diagnosis of eczema, allergic rhinitis, and
asthma as a progression of disease which is
influenced by genetic and environmental factors.
This concept is supported by several cross-
sectional and longitudinal studies, but the role
of food allergy has not been clearly established
(5–11). The progression of the atopic march has
not been described in a liver transplantation
cohort.
CNIs also appear to play a role in the

development of atopy, although these agents
are the primary means of reducing the incidence
of organ rejection. CNIs have profound Th1
CD4+ helper cell immunosuppressive effects by
repressing IL-2 production. This repression hap-
pens in the nucleus through blocking the trans-
location of NFAT. A shift to a Th2 CD4+
immune response has been proposed as a cause
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Abstract: Atopic disease occurs in solid organ transplant recipients with
an increasingly recognized frequency. The time course for the devel-
opment of these atopic diseases in liver transplantation has not been
described. The objective was to characterize the atopic manifestations of
children receiving chronic immunosuppression after orthotopic liver
transplantation (OLT). Chart review and follow-up questionnaire were
utilized for 176 OLT pediatric recipients at a single institution for
manifestations of allergic disease. Atopic disease was present in 25
(14.2%) patients. Median age at transplant was 16 months with a
median follow-up of 63 months. Food allergy and non-food related
atopic symptoms presented at a median of 11.5 (IQR, 6–28) and 19
(IQR, 5–41) months post-transplantation, respectively. The median age
at transplant of the non-atopic children was 72 months, higher than
patients with atopy (p < 0.001). 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 months post-trans-
plantation) preceded symptoms of allergic rhinitis and asthma. (median
of 27 and 30 months post-transplantation, respectively). Atopy occurs
in �14% of pediatric liver transplant recipients, with manifestations
including food allergy, eczema, allergic rhinitis, and asthma.
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of an allergic diathesis (12). Cyclosporine and
tacrolimus are the two mainstay CNIs used
currently in solid organ transplantation. Tacrol-
imus is up to 100-fold more potent than cyclo-
sporine and has a greater potency of immune
suppression to prevent rejection and is therefore
a preferred CNI (13).
Not surprisingly, tacrolimus alone has been

associated with allergic diseases in several trans-
plant populations (1). Initially, 22% of 49 heart
transplant recipients that received tacrolimus
developed allergic disease with more than 50%
of those being symptomatic (14). The use of
tacrolimus in non-transplant conditions has been
associated with elevated IgE (15). Furthermore,
tacrolimus-based immunosuppression in pediat-
ric liver transplant is associated with peripheral
eosinophilia in up to 50% of patients and
possibly eosinophilic gastroenteritis, which is
associated with food allergy (16–18). Patients
with IgE-mediated atopy on tacrolimus have
demonstrated improvement with cyclosporine
(19).
This study aimed to understand the difference

of age in post-transplant liver recipients on the
development of allergic diseases, including food
allergy, eczema, allergic rhinitis, and asthma. The
primary objective was to characterize specific
food allergy as related to other atopic disease in
liver organ transplantation patients receiving
CNI in a single institution.

Methods

This study was approved by the Baylor College of Medicine
and TCH Institutional Review Boards. This was a retro-
spective cohort study of patients from the TCH Liver
Center.

Data collection

Chart review of liver transplant patients followed at TCH
from January 1, 1995 to September 1, 2010 was performed.
Patients were included for review if the following criteria

were met: Documented atopic condition based on post-
transplant history (food allergy, atopic skin disease, asthma,
allergic rhinitis, eosinophilic gastroenteritis, anaphylaxis,
angioedema, or chronic diarrhea triggered by food inges-
tion) or worsening of disease after transplantation if atopic
disease was present prior to transplantation. Atopic skin
disease included atopic dermatitis or eczema, urticaria, and
contact dermatitis where confirmed.
The following information was collected: demographic

(current age/gender), age at transplant, indication and ori-
gin of transplant, follow-up time period, immunosuppres-
sive regimen, symptoms of atopy including food allergy,
atopic diagnoses, types of reactions and treatment (if doc-
umented), foods or triggers provoking allergy, specific IgE
testing (if available), and history of atopy.
A telephone follow-up with questionnaire was conducted

for the screened patients with atopy. This questionnaire

addressed specific atopic symptoms, foods causing exacer-
bation of atopic conditions, previous treatment, response to
treatments, and previous testing. Specific food reactions
included anaphylaxis, angioedema, eczema, GI intolerance
(vomiting, diarrhea, difficulty swallowing) after ingestion of
food, and urticaria. Data analysis was performed by chi-
square, Kruskal–Wallis and Fisher�s exact tests.

Results

Clinical features

The number of children having undergone solid
organ liver transplant available for review was
176. All patients underwent orthotopic liver
transplantation (Table 1). The majority of pa-
tients were transplanted for cholestatic liver
disease, namely biliary atresia. Of these, atopy
was recorded in 25 (14.2%). Median age at
transplant was 16 months, and the follow-up
period exceeded five yr (63 months). Median age
of documentation of atopic symptoms was
19 months, with specific food allergy symptoms
occurring earlier (11.5 months). All patients
received CNIs, the majority of which were
maintained on tacrolimus. Two patients who
were initially treated with cyclosporine were
switched to tacrolimus. Atopic symptoms began
in these two patients after they were treated with

Table 1. Characteristics of 25/176 (14.2%) liver transplant recipients with
atopy

Median age at transplant (months) 16 (3–127; IQR, 7–30)
Mean, 26.6

Median follow-up period (months) Median 63 (17–127; IQR, 42–110)
Mean, 79.0

Type of transplant Orthotopic liver transplant (100%)
Indication for transplant Cholestatic liver disease

(17/25 = 68%)
Metabolic liver disease

(6/25 = 24%)*
Sex (M:F) 12:13
Median time to first food allergy

symptoms (months post-transplant)
11.5 (4–135; IQR, 6–28)
Mean, 27.1

Median time to first symptoms of
allergy/atopy (months
post-transplant)

19 (1–135; IQR, 5–41)
Mean, 29.5

Median peripheral
eosinophilia (absolute)

561.2 (98.8–1672; IQR,
285–834.4)

Mean, 623.4
Chronic immunosuppression

with CNIs�
100%

Food allergy, % (n) 40 (10/25)
Other atopic disease (allergic skin

disease, seasonal allergic
rhinitis, asthma), % (n)

96 (24/25)

Atopic disease but no food
allergy, % (n)

60 (15/25)

*Other (one patient was transplanted for cystic fibrosis and one patient for
infantile hemangioendothelioma).
�All but two patients (cyclosporine) initially received tacrolimus.
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tacrolimus for 1–3 months. Five patients were
identified with symptoms of atopy prior to
transplant. Two of these were excluded from
analysis as they had no further development of
present or new atopic symptoms. The median age
at transplant of the non-atopic transplanted
children in the cohort was 72 months, signifi-
cantly higher than the patients with atopy
(16 months; p < 0.001).

Atopic manifestations

Food allergy was present in 10 subjects (5.7% of
the studied population). Atopic manifestations
were not limited to food allergy, as food allergy
was less frequent than allergic rhinitis, eczema,
and asthma (see Table 2). The median of the
onset of symptoms for food allergy, eczema,
allergic rhinitis, and asthma was 11.5, 12, 27, and
30 months post-transplantation, respectively.
The differences in the median ages for each
atopic disease were not statistically significant
(p = 0.39). The percentage of self-reported and
test-proven food allergy was 5.7% and 3.9%,
respectively. Furthermore, significant overlap
existed among major atopic disorders (Fig. 1).
Comparison of correlation of food allergy sug-
gested a correlation of food allergy with eczema

(p = 0.058), but not with any other atopic
disease (p > 0.05) (see Table 3). Egg, peanut,
and milk were most common food allergens
implicated as causative agents of food allergy.

Discussion

This study found reported food allergy symp-
toms in �6% of children after liver transplanta-
tion with confirmatory specific IgE testing in
�4% (8/176). This is similar to frequencies
reported in 2010 Food Allergy guidelines,
although slightly elevated compared with those
who received confirmatory testing in this study
(20). These patients appear to have an older age
of transplantation (median, 16 months) and later
onset of symptoms of atopy (median, 19 months;
food allergy of 15.5 months) than a large previ-
ously reported cohort (2) in which the age of
transplant was recorded at 8.7 months with
suspected first onset of symptoms of atopy at
6.0 months post transplant (2). This cohort
appears to be starkly different by frequency of
food allergy (6% vs. 22%), age (p = 0.012), and
onset of symptoms (p = 0.021). This may sug-
gest that later time to transplant may delay the
time of onset of food allergy or altogether
minimize increased risk of food allergy or atopy
(4). This conclusion is supported by the obser-
vation that the median age at transplant of those
who did not develop atopy in this cohort was
72 months. The contrast of allergy frequency in
our cohort with previous reports might imply
that delaying to transplant where clinically
appropriate may protect against atopy and
promote tolerance.
The correlation of food allergy with eczema

found in this study is consistent with a prevalence
of eczema in 35–70% of patients with food
allergy (20). The median time of the appearance
of symptoms of food allergy preceded allergic
rhinitis and asthma, suggesting a role for the
‘‘atopic march’’ in these patients post-trans-
plantation. This is consistent with recent data
of children with cow�s milk allergy diagnosed at
seven months who were more likely to have

Table 2. Manifestations of atopy in liver transplant recipient cohort

Atopic disease
Percentage
(n)

Median age of
presentation (months)

Food allergy 40 (10) 11.5
Eczema 56 (14) 12.0
Allergic rhinitis 64 (16) 27
Asthma 44 (11) 30
Other allergy* 36 (9) NA

*Other atopy: hives without food allergy (4), drug allergy (1), ABPA (1), and
allergic contact dermatitis (3).

Fig. 1. Spectrum of atopic disease in liver transplant
recipient cohort.

Table 3. Comparison of food allergy with non-food allergy groups

Food allergy
% (n)

Non-food allergy
% (n) p-value

Atopic OLT patients 40 (10) 60 (15) N/A
Allergic rhinitis 60 (6) 67 (10) 0.530
Asthma 30 (3) 53 (8) 0.231
Eczema 80 (8) 40 (6) 0.058*

*p-value determined by Fisher�s exact test suggests correlation of eczema with
food allergy but not with other atopy.
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evidence of asthma at age 8 than those without
food allergy or those with non-IgE-mediated
cow�s milk allergy (21, 22). Other cross-sectional
data confirm the association between food
allergy and asthma and allergic rhinitis (23) and
a higher risk of developing eczema, allergic
rhinitis, and asthma in food allergic infants (24).
Food allergy after transplantation was hy-

pothesized to occur early on by transfer of donor
hypersensitivity IgE or specific lymphocytes in
several case reports; however, this finding has
also been demonstrated in recipients in whom the
donor had no evidence of food allergy (25, 26).
Transplant-acquired food allergy, when the
donor has not had food allergy, has been
associated most strongly with tacrolimus pre-
dominantly in cases of transplanted livers but the
heart as well (27–30). Milk protein sensitivity has
been suggested in cases of tacrolimus-associated
eosinophilic gastroenteritis and villous atrophy
in select pediatric liver transplantation cases (31,
32). Studies implicating cyclosporine as a cause
of food allergy following transplantation are less
clear although cases have been reported (27). In a
transplant setting, some of the earliest cases of
non-rejection eosinophilic gastroenteritis were
suggested with cyclosporine, although larger
studies did not find an association with eosino-
philia in pediatric liver transplant recipients (17,
33). Interestingly, cyclosporine has an important
and efficacious role in treating many allergic
diseases, including CIU in which at least a partial
IgE-mediated mechanism has been suggested. In
one large retrospective analysis of pediatric liver
transplant recipients where 10% of patients
developed angioedema as a result of tacrolimus,
those who switched to cyclosporine were able to
tolerate the food that initially caused their
symptoms (34). In fact, the two patients in this
cohort treated initially with cyclosporine had no
evidence of atopic disease while on this therapy.
However, given the overall improved efficacy and
side effect profile of tacrolimus compared to
cyclosporine, this is currently considered the
principal CNI used in pediatric liver transplant
recipients. How management plans, along with
additional immunosuppressives, or tacrolimus
dosages, weave into the development of atopic
diseases remains to be determined.
There are some case reports of adult patients

developing food allergy after solid organ trans-
plantation (35–40). Five cases of food allergy
have been reported in adults receiving liver
transplantation with all cases involving develop-
ment of peanut and/or tree nut [walnut (35) and
cashew (37)] allergies. Two cases of peanut
allergy were reported after lung transplantation

(39, 40). Interestingly, in two of the cases where a
heart transplant was performed from the same
peanut allergic donor of a liver transplant to a
separate individual, the recipient of the liver
developed peanut allergy while the heart trans-
plant recipient did not develop allergic disease
(38, 39). It is likely that the immunologic
composition of the liver is important in the
development of allergic disease in liver transplant
recipients in comparison with other solid organ
recipients.
Overall, this retrospective study found atopy

present in �14% of the pediatric liver transplant
recipients cared for in one large center. This rate
is similar to the rate of atopic dermatitis (�17%)
(41) in general pediatric data, suggesting that this
population should be evaluated for the develop-
ment of allergic disease. The reported rate of
atopic disease in children varies from �6% to
64% in childhood populations (42), and the
prevalence of allergic rhinitis and asthma in this
liver transplant cohort falls within this range.
The development of atopic disease may be a
progression of the atopic march, characterized by
increased IgE sensitization.
Of particular interest in this study is the review

of a pediatric population having undergone
transplantation. Records and documentation by
the transplant service did not permit a similar
evaluation of adult liver transplant recipients, so
a matched comparison at our center was not
possible. Some limitations exist with regard to
our study, including the retrospective design
which is limited by recall bias. As a result,
prospective data regarding lack of atopy cannot
be matched to the data reported in this study. In
addition, no data regarding eosinophilic esoph-
agitis could be obtained on these patients.
However, the size of this center�s cohort and
the age at which transplantation and symptoms
occurred provide different demographic charac-
teristics than those previously reported and
suggest the possibility of later onset of atopy
being related to older age of transplantation (4).
Atopic disease must be considered by clinicians
in pediatric liver transplant patients, and food
allergy is important, but not the only manifesta-
tion.
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