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ABSTRACT

Genetic modification of foods is one of the many ways of processing that can enhance foods to increase desirable qualities, such
as herbicide tolerance, bacteria and insect resistance, improved nutritional value, and delayed ripening. However, a theoretical
potential to increase the allergenicity of food proteins has been the subject of concern from critics. To prevent adverse effects
from genetically modified (GM) crops, national and international organizations tightly regulate their production and recom-
mend rigorous safety testing. Some safety tests were developed to assess potential allergenicity by studying the product’s simi-
larity to known allergenic proteins, its resistance to pepsin digestion, and its binding to immunoglobulin E (IgE) from sera of
patients with known relevant allergies. To date, these safety assessments have only identified rare GM foods with the potential
to lead to immunologic reactions. These foods were stopped from being marketed commercially, and the products on the market
now have passed required safety assessments. The rise in the prevalence of food allergy preceded the commercialization of GM
foods and has also occurred in countries with limited access to GM crops, which highlights a lack of causative association
between the two. Several studies provided further reassurance with no evidence of higher potency in specific IgE binding to
GM foods. There are no studies that demonstrate adverse reactions due to GM food consumption, and GM foods may have the
beneficial potential to silence major allergenic proteins. Therefore, physicians and other health-care professionals should coun-
sel patients that the scientific data do not support an increased risk of allergic responses to GM foods.

(J Food Allergy 2:111–114, 2020; doi: 10.2500/jfa.2020.2.200012)

DEFINITION OF GENETICALLY MODIFIED FOODS

G enetically modified (GM) foods are foods that are
produced after a genetic change or a DNA modifi-

cation has been introduced. New traits can be incorpo-
rated into the genome in this manner. This can be used
as a part of processing of food. The idea that food proc-
essing might affect the allergenicity of foods was first
suggested by German physicians Otto Carl Willy
Prausnitz and Heinz Küstner in 1921 and was later
shown to occur with shelling, skinning, or thermal treat-
ment.1 Genetic modification is one of the more recent
forms of processing and is being progressively more
used.1 The majority of food allergies are caused by spe-
cific proteins encountered in consumed food. This food
has oftentimes undergone multiple forms of processing.
Manipulating the genetics of crops is not a novel con-

cept that arose in the past few decades. Farmers used

selective breeding techniques to grow domestic crops
with specific desired traits for thousands of years.2

These breeding techniques typically involve mating
and/or crossing parental lines with certain traits, then
selecting those offspring that have inherited the desira-
ble traits. Starting in the 1980s, the ability to isolate and
use specific genes with desired traits became possible
and the field of GM crop production began.2 The most
common modifications in GM crops are made for the
purpose of producing proteins to increase herbicide tol-
erance, delay ripening, and provide resistance to bacte-
ria and insects. The process entails inserting a gene for
the desired trait into a plasmid. The plasmid is then
injected into the Agrobacterium tumefaciens bacterium,
which transfers the gene into the cells of the plant,
which results in a transgenic plant.2 With the increasing
presence of GM crops in our food chain, there is interest
in and concern about the contribution of GM crops to
food allergies.2,3

POLICIES
GM crops are tightly regulated under the guidance of

national and international organizations, such as the
U.S. Food & Drug Administration (FDA), the U.S.
Environmental Protection Agency, the U.S. Department
of Agriculture, the European Food Safety Authority,
Food and Agriculture Organization of the United
Nations, and the World Health Organization.4 In its 1992
policy statement on foods derived from new plant vari-
eties, the FDA recommended that producers of GM
crops consult with the FDA on relevant safety,
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nutritional, or other regulatory issues, including allerge-
nicity testing protocol requirements.5 As of 2019, the
FDA has reviewed 18 GM crops (Table 1). The FDA also
recommends that foods that contain GM crops be labeled
to show known or possible major allergen content.5

The Codex Alimentarious Commission of the World
Health Organization is responsible for developing the
standards, codes of practice, guidelines, and recom-
mendations that constitute the international food code,
and, in 2003, recommended a weight-of-evidence
approach for allergenicity assessment of GM crops.3

These assessments address factors such as whether the
source of the gene inserted is one known to induce
allergy, if the molecular structure or amino acid
sequence is significantly similar to known allergenic
proteins, how stable the new protein is to pepsin diges-
tion, and how much exposure will occur with the new
protein in the gastrointestinal tract due to the abun-
dance of the protein in the food.3 In addition to the
Codex requirements for allergenic risk assessment, the
European Food Safety Authority suggests screening
with specific serum immunoglobulin E (IgE).6 This is
done to evaluate whether there are similar amounts of
IgE binding to the food from the GM crop and the clos-
est conventionally grown crop (isogenic crop).

SAFETY TESTING
Safety assessments for GM foods consider seven

domains, which are composition, dietary intake,

nutritional data, toxicology, and characteristics of the
donor and host organisms as well as allergenicity.4

Allergenicity assessments of GM plants are done by
evaluating the entire plant as well as the newly
expressed proteins. When considering that eight major
food groups are responsible for 90% of food allergies, it
is an industry-accepted best practice not to use genes
from these sources.2 To assess the risk of new proteins,
comparison of the amino acid sequence of the newly
expressed proteins with the known allergenic proteins
is done by comparing the identity and location of each
amino acid in the protein to the known allergens in a
data base. If there is a �35% shared identity over �80
amino acids, or if there is a match of �8 amino acids in
a continuous sequence, potential cross-reactivity of the
novel protein with known allergic proteins must be
evaluated. This is done by specific IgE-binding studies.3

To investigate the potential cross-reactivity with a
known allergen, sera from patients who are allergic to
the specific allergen are used.7 However, because the
predictive value of this testing is not well established,
its clinical value remains unclear.3

A correlation between resistance to pepsin digestion
and allergic potential has been proposed, and, later, in
vitro pepsin digestion assays were developed to inves-
tigate this correlation in the laboratory setting. Because
there are examples of proteins that are not digestible
but are not allergenic, results of these assays are also
not enough to solely rely on.3 Lastly, animal models
and cell culture systems have been developed to assess
the allergenicity of the new proteins used in GM crops.
Although these models can provide mechanistic infor-
mation, there is a lack of data on the reproducibility
and predictive value or utility; as a result, their use to
predict allergic reactions on exposure to new proteins
has not been validated.3,4

CURRENT STATE OF KNOWLEDGE
Since their first introduction into the market in 1994,

there have been two instances in which immune-medi-
ated reactions to GM crops were suspected. The first
involved transfer of a Brazil nut protein into soybean
to enhance its nutritional value. During this process,
an allergenic protein was transferred. A study done by
using serum IgE from subjects with known Brazil nut
allergy demonstrated IgE binding to the transgenic
soybean and a positive skin test result in three sub-
jects.8,9 The second instance involved a bean engi-
neered to enhance pest resistance, which resulted in
antigen-specific CD4+ T-helper type 2 inflammation in
the mouse model. In light of the study findings, neither
product reached the market, which suggests that the
safety measures were useful.4

In the early 2000s, ;28 cases of anaphylaxis were
reported after suspected exposure to Starlink corn

Table 1 Current list of genetically modified crops
reviewed by the U.S. Food and Drug Administration
(as of 2019)*

Name of Crop Year of Review

Alfalfa 2004
Apple 2015
Canola 1995
Cantaloupe 1999
Corn 1995
Cotton 1995
Flax 1998
Papaya 1997
Pineapple 2016
Plum 2009
Potato 1995
Radicchio 1997
Rice 2000
Soybean 1995
Squash 1995
Sugar beet 1998
Tomato 1995
Wheat 2004

*From Ref. 15.
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(Aventis Crop Science of Research Triangle Park,
North Carolina), a GM crop that was intended for ani-
mal use only but made its way to human food supply.
Subsequently, the Centers for Disease Control and
Prevention led a study that disproved this suspicion via
in vitro testing and oral food challenges.10 Therefore,
GM crops currently on the market have not been associ-
ated with any known adverse effects.10 Data collected
thus far on GM crops have shown that the levels of al-
lergic proteins of the GM crop when compared with the
conventionally grown crop are within the normal varia-
tion that is seen in the conventionally grown crops.11

Similarly, the potency of IgE binding has not been
found to be different between GM and conventional
crops. Specifically, in a study that compared binding of
human IgE in a GM soybean to that in six non-GM soy-
beans, the experimenters found that the GM soybean
was not significantly more potent in IgE binding than
the non-GM soybeans.12

Critics of GM crops have attributed the increase in
incidence of food allergic reactions in the recent deca-
des to GM foods. However, to our knowledge, there
have been no studies to support this. In 2016, the
National Academy of Sciences noted that the increased
prevalence of food allergy in the United States began
before the commercial introduction of GM foods.2

Likewise, the rise in the number of individuals with
soybean allergy in the United Kingdom was tempo-
rally linked to the development of GM soybean, but
this may have been due more to an increase in the
overall consumption of soybean in this population. In
addition, U.K. population exposure to GM soybean
during that time was limited because most of the GM
crop was targeted for the U.S. market.4

Amid the controversy with regard to a possible
increase in allergic reactions with GM crops, it is also
important to note a potential benefit of GM crops in
reducing the allergenicity of foods. Such an example
was observed with use of apple trees that were trans-
formed with a silenced major allergen, Mal d 1, by
using RNA interference.13 The clinical allergenicity of
these apples were tested in patients with apple allergy,
of whom, 43–63% remained symptom free after con-
sumption of the low Mal d 1 containing apples.13

However, the study was limited because the apple
challenges did not occur during the birch pollen season
when symptoms of pollen food allergy syndrome are
often more severe or more likely.14

PRACTICE PARAMETERS
Food allergy: A practice parameter update—2014 does

not support an increased risk in GM foods (strength of
recommendation: weak; D evidence).11 The parameters
do not recommend any additional concerns about
ingesting GM foods. Up to the date of publication of

the practice parameters, there had been no evidence of
allergic reactions to any GM novel proteins or, in gen-
eral, any known adverse human reactions specifically
or directly associated with eating GM crops. A review
of the literature since that publication similarly has
shown no evidence of increased allergenicity with GM
foods.11 This may largely be due to the allergenicity
assessments required during product development
before GM foods can be introduced to the public.
However, because these safety assessments are based
on comparisons with known allergenic structures and
associated expected allergenicity, evidence of the
assessment of neo-allergens is limited. Methods to pre-
dict the allergenicity of novel proteins is needed.

CONCLUSION
The introduction of GM crops in the food supply is

tightly regulated by national and international organi-
zations. GM foods have not been shown to have
increased allergenicity compared with conventionally
grown crops. Therefore, ingesting GM foods should
not be an area of concern or fear.

CLINICAL PEARLS

• Various methods of food processing or enhancement
exist, and genetic modification of food has occurred
for many decades; GM foods are currently safely
present in our food supply chain.

• GM crops undergo rigorous safety and allergenicity
assessments before being released on the market.

• To our knowledge, to date there is no published evi-
dence of increased allergenicity to GM novel pro-
teins compared with those found in conventionally
grown food.

• There is no evidence thus far to suggest that GM
foods are contributing to the rise of the prevalence
of food allergies.

• Physicians and other health-care professionals should
counsel patients that the current available information
does not suggest an increased risk of allergenicity of
GMfoods.

REFERENCES
1. Mills E. Effect of the food matrix and processing on the aller-

genic activity of foods. In: Adkinson F, et al. Middleton’s
allergy principles and practice. Philadelphia: Elsevier Saunders,
2014; 508–515.

2. Dunn SE, Vicini JL, Glenn KC, et al. The allergenicity of geneti-
cally modified foods from genetically engineered crops: a narra-
tive and systematic review. Ann Allergy Asthma Immunol.
2017; 119:214–222.e3.

3. Ladics GS. Current codex guidelines for assessment of potential
protein allergenicity. Food Chem Toxicol. 2008; 46(Suppl 10):
S20–S23.

J Food Allergy (USA) 2:1 JFoodAllergy.com 2020 113

www.JFoodAllergy.com


4. Lee TH, Ho HK, Leung TF. Genetically modified foods and
allergy. Hong Kong Med J. 2017; 23:291–295.

5. Food and Drug Administration. Statement of policy—foods
derived from new plant variations. Fed Regist. 1992; 57: p22984.

6. Naegeli H, Birch AN. Guidance on allergenicity assessment of
genetically modified plants. EFSA J. 2017; 15:4862.

7. Mazzucchelli G, Holzhauser T, Cirkovic Velickovic T, et al.
Current (food) allergenic risk assessment: is it fit for novel
foods? Status quo and identification of gaps. Mol Nutr Food
Res. 2018; 62:1700278.

8. Nordlee JA, Taylor SL, Townsend JA, et al. Identification of a
Brazil nut allergen in transgenic soybeans. N Engl J Med. 1996;
334:688–692.

9. Compton J, Fanning JB, Nickels AS. Genetically modified products
and foodallergy.AnnAllergyAsthma Immunol. 2017; 119:197–199.

10. Sampson HA, Aceves S, Bock SA, et al. Food allergy: a practice
parameter update-2014. J Allergy Clin Immunol. 2014; 134:1016–
1025.e43.

11. Lu M, Jin Y, Ballmer-Weber B, et al. A comparative study of
human IgE binding to proteins of a genetically modified (GM)
soybean and six non-GM soybeans grown in multiple locations.
Food Chem Toxicol. 2018; 112:216–223.

12. Herman EM. Genetically modified soybeans and food allergies.
J Exp Bot. 2003; 54:1317–1319.

13. Gilissen LJWJ, Bolhaar STHP, Matos CI, et al. Silencing the
major apple allergen Mal d 1 by using the RNA interference
approach. J Allergy Clin Immunol. 2005; 115:364–369.

14. Dubois AEJ, Pagliarani G, Brouwer RM, et al. First successful
reduction of clinical allergenicity of food by genetic modifi-
cation: Mal d 1-silenced apples cause fewer allergy symp-
toms than the wild-type cultivar. Allergy. 2015; 70:1406–
1412.

15. U.S. Food & Drug Administration. Consultations on food from
new plant varieties. Last updated Oct 11 2019 [cited 2020 Feb
25]. Available from: https://www.accessdata.fda.gov/scripts/
fdcc/index.cfm?set=Biocon. h

114 J Food Allergy (USA) 2:1 JFoodAllergy.com 2020

https://www.accessdata.fda.gov/scripts/fdcc/index.cfm?set=Biocon
https://www.accessdata.fda.gov/scripts/fdcc/index.cfm?set=Biocon
www.JFoodAllergy.com

