View metadata, citation and similar papers at core.ac.uk

LTy,
“,

WE

1duosnuely Joyiny 1duosnuey Joyiny 1duosnuel Joyiny

1duosnuepy Joyiny

-
brought to you by .{ CORE

provided by Carolina Digital Repository

_./6_ Author manuscript

o J Allergy Clin Immunol. Author manuscript; available in PMC 2017 April 01.

Published in final edited form as:
J Allergy Clin Immunol. 2016 April ; 137(4): 1011-1014. doi:10.1016/j.jaci.2015.10.040.

Should wheat, barley, rye and/or gluten be avoided in a six food
elimination diet?

Kara L. Kliewer, PhD, RD?, Carina Venter, PhD, RD?, Alison M. Cassin, MS, RD?, J. Pablo
Abonia, MD®", Seema S. Aceves, MD, PhDP”, Peter A. Bonis, MD®", Evan S. Dellon, MD,
MPHY" Gary W. Falk, MD, MS®”*, Glenn T. Furuta, MD"", Nirmala Gonsalves, MD9", Sandeep
K. Gupta, MDM*, Ikuo Hirano, MD9", Amir Kagalwalla, MD"*, John Leung, MD®", Vincent A.
Mukkada, MD!"*, Jonathan M. Spergel, MD, PhDX", and Marc E. Rothenberg, MD, PhD&"
aDivision of Allergy and Immunology, Department of Pediatrics, Cincinnati Children's Hospital
Medical Center, Cincinnati, Ohio

bDivision of Allergy and Immunology, Department of Pediatrics and Medicine, University of
California, San Diego and Rady Children's Hospital, San Diego, California

tDivision of Gastroenterology, Tufts Medical Center, Boston, Massachusetts

dDivision of Gastroenterology and Hepatology, University of North Carolina School of Medicine,
Chapel Hill, North Carolina

eDivision of Gastroenterology, Hospital of the University of Pennsylvania, University of
Pennsylvania Perelman School of Medicine, Philadelphia, Pennsylvania

fDepartment of Pediatrics, University of Colorado School of Medicine, Aurora, Colorado

9Division of Gastroenterology and Hepatology, Northwestern University Feinberg School of
Medicine, Chicago, lllinois

Corresponding Author, Marc E. Rothenberg, MD, PhD, Division of Allergy and Immunology, Cincinnati Children's Hospital
Medical Center, MLC 7028, 3333 Burnet Avenue, Cincinnati, OH 45229, Phone: 513-802-0257, Fax: 513-636-3310,
rothenberg@cchmc.org.
Investigator/collaborator members of the Consortium of Eosinophilic Gastrointestinal Disease Researchers (CEGIR).
Kara L. Kliewer: Kara.Kliewer@cchmc.org
Carina Venter: Carina.Venter@cchmc.org
Alison Cassin: Alison.Cassin@cchmc.org
J. Pablo Abonia: Pablo.Abonia@cchmc.org
Seema S. Aceves: SAceves@ucsd.edu
Peter A. Bonis: PBonis@tuftsmedicalcenter.org
Evan S. Dellon: EDellon@med.unc.edu
Gary W. Falk: Gary.Falk@uphs.upenn.edu
Glenn T. Furuta: Glenn.Furuta@childrenscolorado.org
Nirmala Gonsalves: N-Gonsalves@northwestern.edu
Sandeep K. Gupta: SGupta@iu.edu
Ikuo Hirano: I-Hirano@northwestern.edu
Amir Kagalwalla: AKagalwalla@Iluriechildrens.org
John Leung: JLeung3@tuftsmedicalcenter.org
Vincent A. Mukkada: Vincent.Mukkada@cchmc.org
Jonathan M. Spergel: Spergel@email.chop.edu

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.


https://core.ac.uk/display/304667162?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Kliewer et al. Page 2

hSection of Pediatric Gastroenterology, Hepatology and Nutrition, Indiana University School of
Medicine, Riley Hospital for Children, Indianapolis, Indiana

iDivision of Gastroenterology, Hepatology and Nutrition, Ann and Robert H. Lurie Children’s
Hospital of Chicago, Chicago, lllinois

IDivision of Gastroenterology, Hepatology and Nutrition, Department of Pediatrics, Cincinnati
Children's Hospital Medical Center, Cincinnati, Ohio

kDivision of Allergy and Immunology, Children's Hospital of Philadelphia, University of
Pennsylvania Perelman School of Medicine, Philadelphia, Pennsylvania

Abstract

Eosinophilic esophagitis (EoE), a food antigen-mediated disease, is effectively treated with the
dietary elimination of six foods commonly associated with food allergies (milk, wheat, egg, soy,
tree nuts/peanuts and fish/shellfish). Because wheat shares homologous proteins (including gluten)
with barley and rye and may also be processed with these grains, some clinicians have suggested
barley and rye may also trigger EOE as a result of cross-reaction and/or cross-contamination with
wheat. In this opinion paper, we discuss the theoretical risks of cross-reactivity and cross-
contamination among wheat, barley, and rye proteins (including gluten), assess common practices
at EoE treatment centers, and provide recommendations for dietary treatment and future studies of
EoE.
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Eosinophilic esophagitis (EOE) is an immune-mediated clinicopathologic disease of the
esophagus that manifests as vomiting, feeding difficulties, and food impaction that vary as a
function of patient age. Histologically, EOE is marked by esophageal eosinophilia that is
unresponsive to proton pump inhibitor therapy.! A series of studies suggest allergic
sensitization to food or aeroallergens underlies EOE.2 Food elimination diets have been
shown to be effective in achieving both clinical and histological remission in EoE3-10
providing evidence that EoE is, at least in part, food-antigen mediated.! In a retrospective
study of children with EoE, Kagalwalla et a/. found that the empiric elimination of six foods
commonly associated with food allergies (cow’s milk, wheat, soy, egg, nuts, and fish)
significantly reduced esophageal eosinophilia in 74% of the patients.* Dietary elimination of
the same foods in subsequent prospective and retrospective studies also resulted in clinical
and histological remissions in both adult® ° and pediatric® 7 patients with EoE.

Kagalwalla’s “classic” six-food elimination diet (6FED)* is understood to technically
eliminate eight foods/food families: milk, wheat, soy, egg, tree nuts, peanuts, fish, and
shellfish. Of the foods in the classic 6FED, wheat was identified as the most common trigger
of EoE in adults® and the second most common trigger in children? in two U.S. studies
using food reintroduction to identify food antigens associated with EoE. Of foods in a
“6FED-like” diet, wheat was also the second most common antigen associated with EOE in
adults in a Spanish cohort.8 Overall, wheat reintroduction re-activated EoE in 26 — 60% of
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patients in remission from dietary therapy.> 8 12 Thus, eliminating dietary wheat is
necessary for remission in a significant number of patients with EoE. It remains unclear,
however, the levels to which wheat (and perhaps wheat-related grains) should be avoided for
clinical and histological remissions in EoE.

Wheat is a cereal grain composed of four fractions of proteins — albumins, globulins, and
‘gluten’ (gliadins and glutenins)3 — any of which may elicit an IgE-mediated allergic
response.1* Wheat may be grown, harvested, stored and/or processed with other grains
thereby contaminating these grains with wheat protein fractions.® 16 In most countries,
food allergen labeling regulations do not mandate that food manufacturers disclose cross-
contamination risks on food labels.1” Thus, patients advised to eliminate wheat on the
classic 6FED may unintentionally consume trace contaminants of wheat when consuming
other grains — especially grains at high risk of cross-contact with wheat like barley, rye, and
oats.16

In the absence of studies quantifying the clinical relevance of trace ingestions of wheat in
EoE, some clinicians have advocated a risk-averse approach. Prompted by concerns of wheat
cross-contamination of barley, rye, and oats,6 Doerfler et a/. recently suggested elimination
diets for EoOE be expanded from wheat-free to exclude wheat, barley, rye, and conventional
oats in practice to mitigate “unforeseen” risks of wheat contaminants to patients.1® Because
wheat, barley, rye and their crossbreeds are the only foods that inherently contain gluten, this
recommendation effectively suggests eliminating all gluten-containing grains in the 6FED.

In addition to concerns of wheat cross-contamination, concerns of possible cross-reactivity
among related grains (barley, rye, and wheat) have also recently led other clinicians to
exclude all gluten-containing foods in empiric elimination diets.10 Barley and rye share
homologous proteins with wheat including the ‘gluten’ proteins hordein (barley) and secalin
(rye).19 Several studies indicate wheat, barley, and rye also share cross-reacting proteins20-22
which may be of relevance in IgE-mediated disease. However, in an early study of cross-
reactivity of cereal antigens, only 4 out of 25 patients with wheat allergy c/inically reacted to
barley or rye.2! In contrast, Pourpak et a/. found 55% of pediatric patients with IgE-
mediated hypersensitivity to ingested wheat clinically reacted to barley.23 A strong
correlation between wheat and barley serum-specific IgEs was also observed suggesting
antigen cross-reactions.23 Studies of cross-reactivity of food antigens in EOE patients are
lacking. However, the frequency of sensitization to cereal allergens with identifiable cross-
reacting aeroallergens was found to be high (63%) in a study of adults with EoE24
suggesting the potential for cross-reactivity among ingested grains.

To date, there are no studies to indicate whether clinical or histological outcomes in EoE
would improve if the classic wheat-free 6FED was broadened to exclude all gluten-
containing grains (Fig 1). In order to assess active ongoing practices, we queried a set of
leading U.S. clinical centers treating EoE, based on their participation in the Consortium of
Eosinophilic Gastrointestinal Disease Researchers (CEGIR), which is part of the NIH
sponsored Rare Disease Clinical Research Consortium (http://rdcrn.org/cegir). CEGIR
investigators, as well as a subset of other U.S. based EoE clinical practices, primarily
excluded only wheat in the 6FED (Fig 2). However, a similar polling of EQE treating
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international sites revealed the exclusion of all gluten-containing grains occurred more often
(Fig 2). Concern over cross-reactivity of barley and rye with wheat was the most often cited
rationale for eliminating all gluten-containing grains in the 6FED. It is interesting to
speculate that in addition to a heightened concern about grain cross-reactivity, the reason for
the difference in practice between the U.S. and other countries could also simply be a
practical matter. In most countries outside the U.S., food allergen labeling laws mandate
disclosure of all gluten-containing grain ingredients (wheat, barley, rye) on food labels. In
the U.S., only wheat must be identified by name.1” Thus, in the U.S., eliminating barley and
rye adds additional burdens of label reading to identify derivatives of these grains?® (e.g.,
malt from barley) perhaps making elimination of all gluten-containing grains more difficult
to accomplish in practice than in other countries. It is possible, however, that even in the
U.S., with the growing popularity of voluntarily labelled gluten-free products, many patients
avoiding wheat may avoid all gluten-containing grains. In most countries, excluding all
gluten-containing grains adds additional economic burden to patients25: 27 and product
substitutes are often limited in availability26-28 (e.g., breakfast cereals without barley malt).
Because the clinical “cross-reactivity” among gluten-containing grains has not been studied
in EoE, whether these additional burdens on patients are necessary remains debatable.

There is clearly some uncertainty about the necessity of avoiding rye and barley in addition
to wheat in elimination diets in adults and children with EoE. Published and unpublished
data from our centers and others (including studies of patients that have EoE and gluten-
triggered celiac disease) are too limited to speculate whether total gluten elimination (wheat,
barley, and rye) might be meaningfully more efficacious than elimination of only wheat in
patients with EoE. Unless the theoretical risks of wheat, barley, and rye cross-reactivity/
cross-contamination are confirmed with empirical evidence in patients with EoE, we advise
against extending wheat elimination to include the exclusion of other gluten-containing
grains. As such, we support the continuation of the original 6FED (milk, wheat, egg, soy,
nuts and fish) by Kagalwalla et a/., which is technically an ‘8" - FED (with division of nuts
into peanut and tree nuts, and extension of fish to include crustaceans) but not a ‘10’ - FED
(that extends wheat to rye and barley) until this is addressed in future studies. These future
studies should ideally include clinical trials to validate dietary tools that measure intake and
avoidance of wheat, barley, and rye and assess the efficacy of a ‘10’-FED in rescuing 6FED
non-responders. If such trials indicate clinically significant rescue efficacy, studies focusing
on avoidance of all three grains, followed by sequential re-introduction and appropriate
endoscopies to confirm clinical reactions can be conducted to predict c/inical cross-reactivity
risks among wheat, barley, and rye in EoE patients. Research to identify biomarkers for food
specific EOE triggers will continue to remain important — a finding that could reduce the
need for endoscopies to identify food antigens in EoE.

Acknowledgements

We thank CEGIR investigators and related individuals including Steve Ackerman, Kelley E. Capocelli, Margaret
Collins, Sophie Fillon, Frank Hamilton, Mike Minicozzi, Philip Putnam, Alex Straumann, Rashmi Gopal-
Srivastava, Barry Wershil, and Guang-Yu Yang. CEGIR is part of the Rare Disease Clinical Research Network
(RDCRN), an initiative of the Office of Rare Disease Research (ORDR), NCATS.

Declaration of all sources of funding: This work was supported in part by U54 Al117804, which is part of the
Rare Disease Clinical Research Network (RDCRN), an initiative of the Office of Rare Disease Research (ORDR),

J Allergy Clin Immunol. Author manuscript; available in PMC 2017 April 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Kliewer et al.

Page 5

National Center for Advancing Translational Sciences (NCATS), and is funded through collaboration between
NCATS, NIAID and NIDDK, which have collectively resulted in the Consortium of Eosinophilic Gastrointestinal
Disease Researchers (CEGIR).

Abbreviations used

EoE Eosinophilic esophagitis
CEGIR Consortium of Eosinophilic Gastrointestinal Disease Researchers
6FED Six food elimination diet
FED Food elimination diet
References
1. Liacouras CA, Furuta GT, Hirano I, Atkins D, Attwood SE, Bonis PA, et al. Eosinophilic

1

1

1

esophagitis: updated consensus recommendations for children and adults. J Allergy Clin Immunol.
2011; 128:3-20. €6. quiz 1-2. [PubMed: 21477849]

. Wechsler JB, Bryce PJ. Allergic mechanisms in eosinophilic esophagitis. Gastroenterol Clin North
Am. 2014; 43:281-96. [PubMed: 24813516]

. Kelly KJ, Lazenby AJ, Rowe PC, Yardley JH, Perman JA, Sampson HA. Eosinophilic esophagitis
attributed to gastroesophageal reflux: improvement with an amino acid-based formula.
Gastroenterology. 1995; 109:1503-12. [PubMed: 7557132]

. Kagalwalla AF, Sentongo TA, Ritz S, Hess T, Nelson SP, Emerick KM, et al. Effect of six-food
elimination diet on clinical and histologic outcomes in eosinophilic esophagitis. Clin Gastroenterol
Hepatol. 2006; 4:1097-102. [PubMed: 16860614]

. Gonsalves N, Yang GY, Doerfler B, Ritz S, Ditto AM, Hirano I. Elimination diet effectively treats
eosinophilic esophagitis in adults; food reintroduction identifies causative factors. Gastroenterology.
2012; 142:1451-9. el. quiz e14-5. [PubMed: 22391333]

. Henderson CJ, Abonia JP, King EC, Putnam PE, Collins MH, Franciosi JP, et al. Comparative
dietary therapy effectiveness in remission of pediatric eosinophilic esophagitis. J Allergy Clin
Immunol. 2012; 129:1570-8. [PubMed: 22541246]

. Spergel JM, Brown-Whitehorn TF, Cianferoni A, Shuker M, Wang ML, Verma R, et al.
Identification of causative foods in children with eosinophilic esophagitis treated with an
elimination diet. J Allergy Clin Immunol. 2012; 130:461-7. €5. [PubMed: 22743304]

. Lucendo AJ, Arias A, Gonzalez-Cervera J, Yague-Compadre JL, Guagnozzi D, Angueira T, et al.
Empiric 6-food elimination diet induced and maintained prolonged remission in patients with adult
eosinophilic esophagitis: a prospective study on the food cause of the disease. J Allergy Clin
Immunol. 2013; 131:797-804. [PubMed: 23375693]

. Wolf WA, Jerath MR, Sperry SL, Shaheen NJ, Dellon ES. Dietary elimination therapy is an effective
option for adults with eosinophilic esophagitis. Clin Gastroenterol Hepatol. 2014; 12:1272-9.
[PubMed: 24440337]

0. Molina-Infante J, Arias A, Barrio J, Rodriguez-Sanchez J, Sanchez-Cazalilla M, Lucendo AJ.
Four-food group elimination diet for adult eosinophilic esophagitis: A prospective multicenter
study. J Allergy Clin Immunol. 2014; 134:1093-9. el. [PubMed: 25174868]

1. Aceves SS. Food allergy testing in eosinophilic esophagitis: what the gastroenterologist needs to
know. Clin Gastroenterol Hepatol. 2014; 12:1216-23. [PubMed: 24035776]

2. Kagalwalla AF, Shah A, Li BU, Sentongo TA, Ritz S, Manuel-Rubio M, et al. Identification of
specific foods responsible for inflammation in children with eosinophilic esophagitis successfully
treated with empiric elimination diet. J Pediatr Gastroenterol Nutr. 2011; 53:145-9. [PubMed:
21788754]

13. Shewry PRTA, Forde J, Kreis M, Miflin BJ. The classification and nomenclature of wheat gluten

proteins: A reassessment. Journal of Cereal Science. 1986; 4:97-106.

J Allergy Clin Immunol. Author manuscript; available in PMC 2017 April 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Kliewer et al.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

Page 6

Mamone G, Picariello G, Addeo F, Ferranti P. Proteomic analysis in allergy and intolerance to
wheat products. Expert Rev Proteomics. 2011; 8:95-115. [PubMed: 21329430]

Thompson T, Lee AR, Grace T. Gluten contamination of grains, seeds, and flours in the United
States: a pilot study. J Am Diet Assoc. 2010; 110:937-40. [PubMed: 20497786]

Hernando A, Mujico JR, Mena MC, Lombardia M, Mendez E. Measurement of wheat gluten and
barley hordeins in contaminated oats from Europe, the United States and Canada by Sandwich R5
ELISA. Eur J Gastroenterol Hepatol. 2008; 20:545-54. [PubMed: 18467914]

Allen KJ, Turner PJ, Pawankar R, Taylor S, Sicherer S, Lack G, et al. Precautionary labelling of
foods for allergen content: are we ready for a global framework? World Allergy Organ J. 2014;
7:10. [PubMed: 24791183]

Doerfler B, Bryce P, Hirano I, Gonsalves N. Practical approach to implementing dietary therapy in
adults with eosinophilic esophagitis: the Chicago experience. Dis Esophagus. 2015; 28:42-58.
[PubMed: 24602224]

Field JM, Shewry PR, Miflin BJ, March JF. The purification and characterization of homologous
high molecular weight storage proteins from grain of wheat, rye and barley. Theor Appl Genet.
1982; 62:329-36. [PubMed: 24270653]

Sandiford CP, Tee RD, Newman-Taylor AJ. ldentification of crossreacting wheat, rye, barley and
soya flour allergens using sera from individuals with wheat-induced asthma. Clin Exp Allergy.
1995; 25:340-9. [PubMed: 7600380]

Jones SM, Magnolfi CF, Cooke SK, Sampson HA. Immunologic cross-reactivity among cereal
grains and grasses in children with food hypersensitivity. J Allergy Clin Immunol. 1995; 96:341—
51. [PubMed: 7560636]

Tatham AS, Shewry PR. Allergens to wheat and related cereals. Clin Exp Allergy. 2008; 38:1712—
26. [PubMed: 18823308]

Pourpak Z, Mesdaghi M, Mansouri M, Kazemnejad A, Toosi SB, Farhoudi A. Which cereal is a
suitable substitute for wheat in children with wheat allergy? Pediatr Allergy Immunol. 2005;
16:262-6. [PubMed: 15853958]

Simon D, Marti H, Heer P, Simon HU, Braathen LR, Straumann A. Eosinophilic esophagitis is
frequently associated with IgE-mediated allergic airway diseases. J Allergy Clin Immunol. 2005;
115:1090-2. [PubMed: 15867873]

Thompson T. The gluten-free labeling rule: what registered dietitian nutritionists need to know to
help clients with gluten-related disorders. J Acad Nutr Diet. 2015; 115:13-6. [PubMed: 25534893]
Singh J, Whelan K. Limited availability and higher cost of gluten-free foods. J Hum Nutr Diet.
2011; 24:479-86. [PubMed: 21605198]

Lee AR, Ng DL, Zivin J, Green PH. Economic burden of a gluten-free diet. J Hum Nutr Diet.
2007; 20:423-30. [PubMed: 17845376]

MacCulloch K, Rashid M. Factors affecting adherence to a gluten-free diet in children with celiac
disease. Paediatr Child Health. 2014; 19:305-9. [PubMed: 25332660]

J Allergy Clin Immunol. Author manuscript; available in PMC 2017 April 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Kliewer et al.

Classic 6FED Expanded 6FED
Milk, Egg, Soy, Peanuts, Tree Nuts, Fish, Shellfish, Milk, Egg, Soy, Peanuts, Tree Nuts, Fish, Shellfish,
Wheat Wheat, Barley, Rye

(8 Foods) (10 Foods)
Barley

Wheat Albumins, Globulins

Albumins, Globulins Cross-contact Gluten (Hordeins, Glutelins)
Gluten (Gliadins, Glutenins) m) Rye
(IgE mediated) Albumins, Globulins

Gluten (Secalins, Glutelins)

Fig 1.

Classic six food elimination diet (6FED) for dietary management of EOE modified to
exclude all gluten-containing grains. Uncertainty about the risks posed by cross-
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contamination and cross-reaction of barley and rye with wheat have led some to expand the

classic wheat-free 6FED to exclude wheat, barley, and rye.
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CEGIR Sites U.S. International

(INDANA members) (INDANA members)

OWheat OWheat, Barley, Rye
Gluten-containing Grains Eliminated on 6FED for EoE

Fig 2.

Sugrvey results of the Consortium of Eosinophilic Gastrointestinal Disease Researchers
(CEGIR) clinical sites and dietitians in the International Network for Diet and Nutrition in
Allergy (INDANA). Survey response: Which foods (wheat, barley, and/or rye) do you advise
EoE patients on the empiric 6FED to avoid in your current clinical practice? CEGIR sites
include Lurie Children’s Hospital of Chicago; Cincinnati Children’s Hospital Medical
Center; Northwestern University Feinberg School of Medicine; Riley Hospital for Children /
Indiana University Health; Tufts Medical Center; University of California, San Diego;
University of Colorado School of Medicine & Children’s Hospital Colorado; University of
North Carolina School of Medicine; University of Pennsylvania Perelman School of
Medicine; The Children’s Hospital of Philadelphia. INDANA (http://www.indana-
allergynetwork.org/) is an international network of dietitians whose goals include developing
evidence-based guidelines for diagnosing and treating patients with adverse reactions to
foods including EoE.
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