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Abstract Patients with specific food allergies are commonly
sensitized to related foods, for example, shrimp with other
shellfish and peanut with other legumes. In some instances,
this represents a true allergy to the related food, defined as
cross-reactivity, while in other instances, it represents a posi-
tive skin or IgE test only, in a patient who can eat the related
food without difficulty. This is defined as cross-sensitization.
It is extremely important that the clinician recognize these
patterns of cross-sensitization and cross-reactivity, both to
counsel patients on foods that should be avoided and to make
sure that foods are not unnecessarily restricted from the diet.
In fact, it is very common for patients to be instructed to avoid
entire food groups based just on positive tests, which leads to
unnecessary dietary restrictions with effects on food choices,
nutrition, and quality of life.

for some food families, such as tree nuts, fish, and shellfish,
true cross-reactivity is very common, while for other related
foods, such as legumes and grains, cross-reactivity is less
common even though cross-sensitization is frequently identi-
fied [1]. While there is some confusion in the literature, for
this review, we will refer to cross-sensitization as a positive
test, by either skin or IgE testing, to a related food to which the
patient is clinically tolerant, while cross-reactivity will be used
to define true clinical reactivity. This distinction is extremely
important, both to be aware of foods that may pose a high risk
of reaction and to avoid unnecessary food restrictions. For
example, while the patient with cashew allergy is extremely
likely to be allergic to pistachio, most patients with peanut
allergy will test positive to other legumes but be able to eat
them with no difficulty.

Here we will review specific food groups with the intent of
providing a clinical perspective regarding cross-reactivity re-
lated to a variety of common food allergens, hopefully en-
abling the clinician to clearly distinguish cross-reactivity from
cross-sensitization, with the ultimate goal of keeping patients
safe without any unnecessary dietary restrictions. We will fo-
cus on food-to-food cross-reactivity and not discuss pollen-
associated food allergies in any detail, aside from some dis-
cussion regarding the important relationship of peanut to birch
pollen. A summary of each of the major food groups that will
be discussed is presented in Table 1.

Mammalian Milks

Cow’s milk allergy is the most common food allergy in early
childhood, and many other mammalian milks have been
shown to be highly cross-reactive with cow’s milk due to
significant homology between the antigenic milk proteins.
For example, in a study by Restani of cow’s milk allergic
patients, all circulating IgEs recognized buffalo’s and sheep’s
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Introduction

Concerns about possible cross-reactivity among foods is a
common clinical issue in patients with food allergy. In fact,

This article is part of the Topical Collection on Food Allergy

* Robert A. Wood
rwood@jhmi.edu

Ashley M. Kazatsky
aaltman5@jhmi.edu

1 Division of Allergy and Immunology, Department of Pediatrics,
Johns Hopkins University School ofMedicine, Baltimore, MD, USA

http://crossmark.crossref.org/dialog/?doi=10.1007/s11882-016-0601-1&domain=pdf


milk proteins, particularly for α-casein and β-lactoglobublin,
and 50 % had IgEs that recognized goat’s milk to the same
affinity as cow’s milk, while none showed a response to
camel’s milk or human milk proteins [2].

When considering clinical reactivity, the vast majority of
patients with IgE-mediated cow’s milk allergy do have true
cross-reactivity to sheep, buffalo, and goat’s milk, while very
few demonstrate true reactivity to ass’s (donkey) milk or
mare’s milk [3, 4]. In one study, of 26 cow’s milk allergic
patients, 23 had a positive oral food challenge (OFC) to goat’s
milk while only 1 was positive to ass’s milk. Another safe
option for children with cow’s milk allergy appears to be
camel’s milk, although accessibility may be limited in the
USA [5].

As an interesting side note in this food family—as the field
of food allergen immunotherapy is emerging—one quarter to
one half of children who underwent successful desensitization
to cow’s milk remained reactive to goat’s milk [6–8]. These
studies suggest that patients who do not tolerate goat’s milk
after cow’s milk immunotherapy may be due to sensitization
to specific goat’s milk caseins that do not cross-react with
cow’s milk caseins. Therefore, there is sufficient homology
to reliably induce reactions before treatment, but enough dif-
ferences to permit ongoing reactivity even after successful
cow’s milk desensitization.

Mammalian Milk and Meat

Meat allergy is rare overall. The most commonly impli-
cated meat is beef, and there is cross-reactivity between

different meats, such as beef and pork, as well as be-
tween milk and mammalian meats and between meat
and animal danders [9].

The most common clinical concern in this area relates
to possible cross-reactivity between cow’s milk and beef,
as these foods contain similar proteins, including but not
limited to bovine serum albumin (BSA) and bovine gam-
ma globulin [10, 11]. Among children with cow’s milk
allergy, cross-sensitization to beef is extremely common
but true cross-reactivity occurs in only 10 to 20 % of
patients, almost entirely in those with more severe cow’s
milk allergy [9, 10, 12, 13]. It has been shown that
heating and processing can affect the allergenicity of beef
and BSA [13, 14]. In the study by Fiocchi, ten beef-
allergic children underwent detailed evaluation that re-
vealed that all children had positive skin prick tests
(SPT) to raw beef, cooked beef, and unheated BSA, while
7/10 had a positive SPT to heated BSA [14]. Interestingly,
only 1/10 had a positive SPT to freeze-dried beef, and
there were no positive SPTs to homogenized beef. When
these children underwent OFCs, there were no positive
challenges with ingestion of homogenized or freeze-
dried beef, and half reacted to unheated BSA. This effect
on allergenicity with heating was also seen in the study by
Werfel in which 335 patients with atopic dermatitis were
evaluated for beef allergy [13]. Of these patients, 11 were
diagnosed with beef allergy, 3 of whom only reacted to
lesser-cooked beef. These findings support the concept
that cow’s milk allergic patients who react to lesser
cooked beef may not have to avoid all beef.

Table 1 Cross-reactivity among
specific food families Food family Overall risk of

cross-reactivity
Specific considerations

Mammalian milks High Very high rate of CR between cow, goat, and
sheep’s milk; very low rate with mare, camel,
and donkey’s milk

Mammalian milks and meats Low 10–20 % rate of CR between cow’s milk and beef

Hen’s egg and avian meats Low Estimated 5–10 % CR between egg and chicken

Fish High High frequency of CR among different species;
OFCs to specific fish may be indicated based
upon testing and importance to diet

Shellfish Variable High (>50 %) CR between different crustaceans
and different mollusks; low between crustaceans
and mollusks

Tree nuts High Most patients are allergic to >1 nut; nearly 100 % CR
between walnut and pecan and between cashew
and pistachio

Legumes Variable Low CR between peanut and other legumes except
possibly lupine; higher CR between lentil and
other legumes such as pea and chick pea

Wheat and cereal grains Variable High CR between wheat and rye, less so between
wheat and barley; low between wheat and other grains

CR cross-reactivity
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Egg and Avian Meats

Patients with egg allergy are at increased risk of allergic reac-
tions to both chicken and other avian meats, as well as other
types of eggs. Although neither of these topics has been sys-
tematically studied, from clinical experience, we find that 5–
10 % of patients with egg allergy are reactive to chicken but
that most are allergic to other types of eggs (e.g., goose and
duck).

Another potential variety of cross-reactivity with egg
is referred to as the Bbird-egg syndrome,^ a term used
to describe a condition in which adults with allergic
respiratory disease provoked by the inhalation of bird
feathers or dander also develop allergic symptoms with
egg ingestion [15–17]. Egg yolk α-livetin (also referred
to as chicken serum albumin), a protein found in bird
products and egg yolk, has been identified as a cross-
sensitizer in the bird-egg syndrome.

Fish

The prevalence of fish allergy varies greatly between regions
as well as between children and adults [18]. Among patients
with fish allergy, the majority report reacting to multiple fish
species [19]. The major cod allergen, Gad c 1, is a
parvalbumin protein that has proven to be the major cross-
reactive fish allergen [20]. While up to 90 % of fish-allergic
patients react to Gad c 1, most fish have multiple parvalbumin
lineages that can lead to sensitization to one fish but not an-
other, and there also appears to be different binding epitopes
with varied primary structure [21]. Cross-reactivity has been
reported to be at least 50 % between different fish species, and
children who are cod-allergic appear more likely to be sensi-
tized to multiple fish species than non-cod-allergic children
[22]. However, monosensitivity to individual fish species
has been documented in a series of patients not sensitized to
parvalbumin, which may be especially relevant to patients
with allergy to tilapia [23].

Both SPT and serum-specific IgE have been widely
used in the diagnosis and management of fish allergy;
however, as with other foods, clinical reactivity does not
correlate well with evidence of sensitization [24–27].
Bernhisel-Broadbent described a cohort of patients with
suspected fish allergy. While a majority demonstrated
positive skin testing to all fish, only 15/50 challenges
elicited positive challenges [25]. Of note, this study also
found a 21 % false negative challenge rate that was attrib-
uted to the lyophilization of the fish used in the double-
blind challenge. This is important from a clinical perspec-
tive as fish allergenicity may be significantly altered by
heating and processing, with very few fish allergic pa-
tients reacting to canned tuna or salmon [28].

Shellfish

The shellfish class of seafood is comprised of crustaceans and
mollusks, and the major allergen responsible for allergic reac-
tions is the muscle protein, tropomyosin [29]. In a US tele-
phone survey, the prevalence of reported shellfish allergy was
2 % overall and the rate of reactions to multiple crustacean
species was 38 %, 49 % for mollusks, and 14 % with crusta-
cean allergy reported also having a mollusk allergy [19].

Cross-sensitization among shellfish species is extremely
common, ranging from 70 to 100 % for crustaceans and from
17 to 100 % between crustaceans and mollusks [29–32].
Unfortunately, however, the incidence of true cross-
reactivity is not clear due to a lack of comprehensive studies.
Based upon the available data and clinical experience, we
estimate that almost all patients with an allergy to one crusta-
cean will be sensitized to other crustaceans, and at least half
will react clinically upon ingestion. Similarly, amongmollusk-
allergic patients, approximately 50 % report reactions to more
than one type of mollusk. Importantly, however, avoidance of
all shellfish may not be necessary because the majority of
patients—possibly as high as 80–90 %—with a crustacean
allergy are not allergic to mollusks, and vice versa.

Tree Nuts

Tree nut allergy is estimated to occur in 0.5–1 % of the pop-
ulation, with wide variability in the prevalence of different nut
allergies in different parts of the world [18]. Based upon a
large telephone survey in the USA, it was shown that reported
allergy to walnut, cashew, almond, pecan, and pistachio were
most common, with hazelnut, Brazil nut, pine nut, and
macadamia nut each attributed to <5 % of reactions [33].

The majority of tree nut allergens identified are seed stor-
age proteins such as vicilins, legumins, 2S albumins, profilins,
heveins, and lipid transfer proteins [34]. The latter three are
categorized as pan-allergens, as they have high IgE-mediated
cross-reactivity [31]. One study found that 37 % of tree nut
allergic patients reported reacting to more than one variety of
tree nut, and 92 % of patients allergic to peanut, tree nut, or
both had elevated IgE to more than one tree nut [35].
However, the vast majority of the literature on this subject
involves self-reported allergy, in vitro studies, and/or skin
testing for sensitivity, and the correlation between positive test
results and clinical cross-reactivity is not well documented.

With regard to in vitro testing, walnut has demonstrated
in vitro cross-reactivity to multiple other nuts, including
Brazil nut, hazelnut, and pecan [36–38]. Asero found that
hazelnut, however, did not have an inhibitory effect on all
walnut proteins in vitro and walnut only led to inhibition of
a single protein band of Brazil nut. These studies have also
shown strong cross-reactivity between walnut and pecan,
which share a botanical family (Juglandaceae), while less
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significant cross-reactivity was noted between walnut and oth-
er nuts, including almond, cashew, pistachio, and hazelnut.
Significant cross-reactivity has also been demonstrated
in vitro between cashew and pistachio nuts, which are also
in the same botanical family, Anacardiacea [38, 39•].

Most importantly, clinical cross-reactivity is very common
among some tree nuts and not others. Cross-reactivity be-
tween pecan and walnut and between cashew and pistachio
is virtually 100 % predictable. The latter pairing has been
demonstrated in the study by Savvatianos of 100 cashew
and/or pistachio allergic children, among whom there were
no documented cases of selective cashew or pistachio allergy
[39•]. Overall, it is safe to conclude that a majority patients
with tree nut allergy are truly allergic to more than one nut,
while very few patients are allergic to all tree nuts.

With regard to clinical management, while some clinicians
recommend avoidance of all tree nuts for patients with any
tree nut allergy, we advise an individualized approach depend-
ing on multiple factors, including the age of the patient, test
results, the likelihood of cross-reactivity, and most important-
ly patient/family preferences. Some families simply prefer a
Bno nut policy^ which they feel works best for them. If spe-
cific nuts are to be introduced to a patient with a known nut
allergy, skin and IgE testing will help guide this process, and
OFCs will be needed for most patients to allow for the safe
introduction of specific nuts [40].

Legumes

It is common to find positive skin or IgE antibody tests to
multiple legumes in individuals who are allergic to peanut.
However, despite the high rate of cross-sensitization, cross-
reactivity is uncommon and most patients with peanut allergy
do not need to avoid other legumes, much less the entire le-
gume family as had been recommended in the past. For ex-
ample, in one study, 31 % (10 of 32) of children with peanut
allergy had a positive skin test to soy, but only 3 % (1 of 32)
had a clinical reaction to soy [41]. In another study, OFCs
were performed in 69 children with at least one positive skin
test to a legume [42]. Challenges were conducted to five le-
gumes (peanut, soybean, pea, lima bean, green bean), which
resulted in 43 reactions in 41 patients (59 %). However, while
52 % (36 of 69) reacted to two or more legumes on prick skin
testing, only 5 % (2 of 41) of patients reacted to more than one
legume when challenged.

Particular legumes may be more associated with cross-
reactivity to other legumes, and there appear to be regional
differences in this regard. For example, in a study from Spain,
where allergy to lentil and other legumes is more common
than allergy to peanut, 35 of 43 children with allergy to lentil
also reacted to at least one other legume, most commonly
chickpea (n = 8), pea (n = 6), or both chickpea and pea
(n=23) [43, 44].

A final concern with regard to legume cross-reactivity re-
lates to a potentially higher incidence of allergy to lupine,
compared to other legumes, in patients with peanut allergy.
While data are still limited and the true rate of cross-reactivity
is not known, studies to date do suggest that this may be the
case. For example, a study from France reported that 11 of 24
children with peanut allergy had positive skin tests to lupine,
and seven of eight children who underwent OFCs to lupine
reacted [45].

Wheat and Cereal Grains

Wheat allergy is one of the most common food allergies in
childhood and has been estimated to affect up to 1 % of chil-
dren. There are many clinical manifestations of wheat allergy,
including classic IgE-mediated wheat allergy; wheat-depen-
dent, exercise-induced anaphylaxis; Baker’s asthma; and de-
layed reactions, such as atopic dermatitis and eosinophilic
esophagitis.Wheat is comprised of a variety of proteins, many
of which have been implicated in clinical manifestations of
allergy. The term gluten refers to the component that is com-
prised of equal parts of glutenin and gliadin. The gluten pro-
teins are the major determinants of the processing properties
of wheat flour and are responsible for celiac disease. Alpha-
amylase inhibitors have been identified as the major proteins
in Baker’s asthma [46]. However, while IgE reactivity to
many wheat components has been identified, ω-5 gliadin
(Tri a 19) has been identified as the major allergen associated
with immediate type hypersensitivity reactions [46, 47, 48•,
49].

From a clinical perspective, cross-sensitization is very
common among wheat, other cereal grains, and related
grasses. True cross-reactivity is most common between wheat
and rye, less so for wheat and barley, and far less so for wheat
and other grains, including oat, rice, and corn. In a study by
Jones, 145 patients had a positive SPT to one or more cereal
grain (wheat, rye, oat, barley, rice corn), and all underwent
OFCs [50]. Less than 25 % had a positive OFC and 80 % of
those children only reacted to one grain. Additionally, 67% of
patients with positive SPT to wheat had negative OFC. In a
study by Pourpak, over half of 18 children with wheat allergy
had a positive challenge to barley, but all corn and rice chal-
lenges were negative [51].

Pollen–Food Allergy Syndrome (Oral Allergy Syndrome)

Pollen–food allergy syndrome (PFAS), or oral allergy syn-
drome (OAS), describes reactions typically localized to the
oropharynx that occur with ingestion of fresh fruits, vegeta-
bles, or nuts in patients who are sensitized to pollens [52]. The
majority of these reactions are caused by proteins that cross-
react to the major birch pollen allergen, Bet v 1. These foods
include those in the Rosaceae group, including apple, cherry,
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apricot, pear, and plum, as well as Apiaceae vegetables such
as celery and carrot [53, 54]. However, tree nuts, most com-
monly almond and hazelnut, and legumes, including peanut
and soy, can be a cause of PFAS as well [55–57].

The issue of peanut and pollen cross-sensitization and
cross-reactivity is a topic of particular interest. We have
learned in recent years that cross-sensitization between peanut
and birch pollen is very common. It is very important to rec-
ognize this from the clinical standpoint, as many patients with
birch and other pollen allergies are misdiagnosed with peanut
allergy due to a positive skin or IgE test [58•]. In reality, a
positive test to peanut may represent one of several clinical
conditions, including a false positive test due to cross-
sensitivity with another legume or birch pollen, a true positive
test with OAS symptoms only, or true peanut allergy with a
risk of severe reactions. Aside from the history, which is al-
ways the most important diagnostic tool, component-resolved
diagnostics, which detects IgE sensitization to individual pea-
nut allergens, is extremely helpful above and beyond standard
skin and IgE testing. Patients with IgE directed at stable seed
storage proteins (e.g., Ara h 1, Ara h 2, and/or Ara h 3) have a
high risk of true peanut allergy, whereas predominant or ex-
clusive sensitization to pollen cross-reactive Ara h 8 is more
likely to be associated with mild oral symptoms or no reactiv-
ity at all [57, 58•].

Clinical Implications and Conclusions

As described above, the potential for cross-reactivity among
related foods is a common clinical issue. In the end, the goal
for every patient is to accurately identify their true allergies
without imposing any unnecessary food restrictions.
Achieving this balance can be far more difficult than it sounds,
especially since allergy testing within food groups yields a
high rate of positive tests, which are in many cases are far
more likely to be falsely positive than representative of true
clinical reactivity. It is clear that some related foods, for ex-
ample, tree nuts, fish, shellfish, and mammalian milks, are
more commonly clinically cross-reactive, while others are less
likely to cause clinically relevant cross-reactions (e.g., grains
and legumes). It is essential that each case be considered on an
individual basis, making recommendations to each patient/
family based on the likelihood of a true allergy and the impor-
tance of the food to the individual’s diet. For example, detailed
exploration of possible allergies to fish, tree nuts, and legumes
may be very important to a family following a vegetarian diet,
and rather unimportant to another family.

The evaluation should always begin with a careful history.
Since skin and IgE testing is likely to yield confusing results
due to cross-sensitization, no testing should be performed to
foods the patient has clearly tolerated. If the history is not
clear, or if the patient has never eaten the food, testing should
be based on the likelihood of true cross-reactivity. For

example, we would not recommend routine testing to other
legumes in patients with peanut allergy, while for patients with
tree nut allergy, additional testing is usually warranted to any
nut that the patient has not clearly tolerated, especially if there
is interest in adding specific nuts to the diet.

If negative, skin and IgE testing is usually accurate.
Positive tests, however, need to be carefully interpreted on
an individual basis. Sometimes, the relative proportion of spe-
cific IgE of a related food to the true food allergen is helpful,
with a very low ratio suggesting a higher chance of insignif-
icant cross-sensitization (e.g., a soy IgE of 3.5 kU/l in a patient
with a peanut IgE >100 kU/l). When the picture is not clear,
which is frequently the case, oral food challenges are the best
means of making a definitive diagnosis. While food chal-
lenges are time consuming and carry some risk, they should
be offered on an individual basis to all patients based on the
likelihood of success and the importance of the food to the
diet.
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