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 Introduction 

 The body of allergen-related immune epitope data has 
expanded greatly in the past few decades, providing a 
wealth of data potentially useful for basic and clinical ap-
plications. However, given the complexity of these data it 
can be a daunting task for the individual investigator to 
pinpoint the research results of greatest interest/relevan-
cy. There are now hundreds of allergy epitope-related ref-
erences describing thousands of determinants defined 
for antibodies and T cells in human subjects and animal 
models. The Immune Epitope Database (IEDB; www.
iedb.org) was created by the National Institute of Allergy 
and Infectious Disease (NIAID) to provide a freely acces-
sible repository of immune epitope data encompassing 
infectious disease, allergy, autoimmunity, and trans-
plant-related reactivity. 

  The recognition of specific epitopes on allergens by 
either T cells or antibodies is a key element of allergic pro-
cesses  [1] . Recognition of epitopes by IgE leads to degran-
ulation of mast cells and basophils and thus directly con-
tributes to immunopathology. Likewise, recognition of 
specific epitopes by T cells leads to secretion of soluble 
mediators directly contributing to immunopathology. 
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 Abstract 

 The recognition of specific epitopes on allergens by antibod-
ies and T cells is a key element in allergic processes. Analysis 
of epitope data may be of interest for basic immunopathol-
ogy or for potential application in diagnostics or immuno-
therapy. The Immune Epitope Database (IEDB) is a freely 
available repository of epitope data from infectious disease 
agents, as well as epitopes defined for allergy, autoimmuni-
ty, and transplantation. The IEDB curates the experiments 
associated with each epitope and thus provides a variety of 
different ways to search the data. This review aims to dem-
onstrate the utility of the IEDB and its query strategies, in-
cluding searching by epitope structure (peptidic/nonpep-
tidic), by assay methodology, by host, by the allergen itself, 
or by the organism from which the allergen was derived. 
Links to tools for visualization of 3-D structures, epitope pre-
diction, and analyses of B and T cell reactivity by host re-
sponse frequency score are also highlighted. 
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Direct activation of T cells following peptide challenge of 
asthmatic subjects has been shown to induce symptoms 
of asthma  [2, 3] , and indirect contributions by T cells in-
clude modulation of IgE responses  [1] . Furthermore, in-
duction of regulatory T cells  [4–9] , immunodeviation  [10, 
11] , and induction of competing IgG responses  [12–14]  
have also been implicated in positive clinical effects fol-
lowing antigen-specific immunotherapy  [4, 15–17] .

  Epitope-specific immunotherapy is an attractive alter-
native to conventional immunotherapy, since the peptide 
fragments recognized by T cells would not be likely to 
bind IgE  [18, 19] . Information about specific IgE epitopes 
can still be applied to generate hypoallergenic molecules 
by modifying only specific amino acids involved in anti-
body binding. Mechanisms of allergen-antibody interac-
tion can be evaluated in detail by site-directed mutagen-
esis followed by antibody binding analysis, especially if 
mutant design is based on X-ray crystallographic studies 
of the interactions  [20–28] .

  In addition, the identification of cross-reacting IgG or 
IgE epitopes in homologous molecules may be of interest. 
While there are numerous papers describing cross-react-
ing linear epitopes, especially among food allergens  [29–
32] , a small number of conformational IgE epitopes has 
been described  [33] . The structural basis of antigenic 
cross-reactivity can help to predict the potential allerge-
nicity of allergen homologs in different sources, which is 
of special interest for risk assessment in novel foods  [34, 
35]  to elucidate more fundamental questions about the 
IgE immune response by using the epitopes as probes of 
the IgE repertoire  [36] . 

  In this light, the study of the specific epitopes associ-
ated with the phenomena described above is of significant 
interest, allowing the tracking, measurement, and charac-
terization of allergic responses to a degree of accuracy and 
precision unthinkable until a few years ago  [37–48] . The 
IEDB provides a platform upon which immunologists and 
informaticians alike can access all allergy-related epitope 
data. This review provides an introduction to the data-
base, presenting strategies for accessing allergy-related 
data, and highlights several unique features that may be 
of interest to the community of allergists. 

  The IEDB Is a Source of Epitope-Related Data for the 

Scientific Community  

 The IEDB is a repository of information relating to all 
immune epitope data reported in the literature represent-
ing infectious diseases (excluding HIV), transplantation, 

autoimmunity, and allergies. The resource is freely acces-
sible and contains epitopes recognized by humans, non-
human primates, rodents, and all animal species in which 
defined epitopes have been reported in the literature. In 
addition to literature reports, the IEDB also houses direct 
submissions from various NIH contracts and resources, 
which represent about a third of the data curated in the 
IEDB. Data in the IEDB are captured by MD and PhD 
level scientists experts in the fields of immunology, mi-
crobiology, and biochemistry. The IEDB is updated by 
quarterly queries to PubMed and the date of the last up-
date is shown on the home page.

  The IEDB captures both positive and negative data. 
The only caveat is that negative data are not curated when 
the effector receptor (T cell or B cell/antibody) tested is 
monoclonal and there is positive data for the same recep-
tor available. This is due to the implication that monoclo-
nal receptors are highly specific. Negative data generated 
from pools of peptides are also curated to help define 
nonreactive regions.

  A fundamental issue at the very root of the establish-
ment and curation (or populating) of an epitope database 
is how to define or present the most interesting, relevant, 
or prominent features associated with a given epitope. We 
find that opinions on this topic differ considerably as a 
function of different users and scientists in general and 
as it relates to allergy in particular. Some authors might 
only consider relevant epitopes related to recognition of 
IgE, while others might be focused on T cell responses, 
and different users might have very specific views and 
needs in terms of what assays are most informative, rel-
evant, or even acceptable. 

  To resolve this issue the IEDB developed an assay-cen-
tric approach, where no value judgment is made on which 
epitopes and epitope features are interesting. Rather, the 
database captures the associated experimental data in its 
entirety for each identified epitope. This approach pre-
serves the richness of the data and empowers the indi-
vidual users and the scientific communities at large to 
choose which details are relevant. In this way, if the au-
thor feels that records defining IgE epitopes in humans 
with clinical allergy are of greatest significance, then only 
those records can be queried. Similarly, the author can 
specify that the search return only those epitopes defined 
using a specific technique (e.g. X-ray crystallography or 
the passive cutaneous anaphylaxis test).

  The high level structure of the database is shown in 
 figure 1 . The database captures for each epitope its chem-
ical structure, whether peptidic or nonpeptidic (carbohy-
drate, hapten, etc.), associated with a linear sequence or 
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with a discontinuous (conformational) structure. In ad-
dition, the database fields capture the source organism 
from which the epitope originated (e.g. peanuts,  Arachis 
hypogaea ),   the specific allergen (e.g. Ara h 1) from which 
it was derived, and an NCBI accession number link rep-
resenting that protein.

  A separate series of fields captures the host organism 
in which the epitope-specific immune responses were ob-
served and details the specific immunization or in vivo 
disease processes that have led to the elicitation of the re-
sponses. Finally, the database captures, in each instance, 
the specific assays that were utilized by the investigators 
to detect the responses (e.g. ELISA, neutralization, 
ELISPOT) and on which indeed the existence of the epi-
tope is predicated. 

  Different Ways to Query the IEDB for Allergy 

Epitopes 

 As of March 2012, the IEDB contains data related to 
recognition of 5,238   allergy-related immune epitopes rec-
ognized in 68 different hosts (humans, nonhuman pri-
mates, numerous mouse strains, rabbits, etc.) and derived 
from nearly 700 different peptidic and nonpeptidic aller-
gens representing 146 organisms. To allow access to this 
large volume of detailed data and to match different spe-

cific user needs, multiple query strategies have been im-
plemented and new strategies are constantly being devel-
oped. As mentioned above, users can currently query the 
IEDB by the structure of specific epitopes (using amino 
acid sequences), as a function of specific assays of interest 
(e.g. histamine release), as a function of the host organism 
(e.g. humans or Tg mice) or the allergen organism (e.g. 
birch), or as a function of a specific allergen molecule (e.g. 
Bet v 1). The user can also focus broadly on all immune 
response types (B cell, T cell, MHC binding and ligand 
elution), or alternatively specify that only T cell or anti-
body data be retrieved. The effector cell phenotype is 
searchable down to the allele for CD4+ and CD8+ (in-
cluding nonclassical molecules like CD1d), and down to 
the specific isotype for immunoglobulins (IgG1, IgG2a, 
IgG2b, IgM, etc.), if reported by the authors. It is also pos-
sible using the ‘advanced search’ from the pull-down 
menu on the home page to search by ‘effector cell type’, 
and this includes ‘T cell  �  � ’. The IEDB does not capture 
data related to innate immune receptors (e.g. NK cells).

  Searching by Epitope Sequence or Structure  
 The user can specify any particular continuous or dis-

continuous peptide sequence and the query will return 
all records matching the specified sequence. For example, 
if the user were to enter the sequence ‘YDTYKCIPS-
LEAAVK’ from the Phl p 5 allergen, in the results sum-
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  Fig. 1.  High-level ontology schema. Data 
within the IEDB are organized according 
to the epitope structure (sequence), type 
(peptide, carbohydrate, etc.), and source 
(antigen and organism), the immunologi-
cal context in which it was defined (anti-
body response, T cell response, or MHC 
binding), and the immunization process 
described for the host (natural or adminis-
tered), and all of this is linked to the refer-
ence of origin. 
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mary table we would see a total of 25 different curated T 
cell responses (some associated with positive results, 
some with negative results). Clicking on the ‘11’ positive 
responses would display the results shown in  figure 2 a 
(the figure only shows a portion of the results table). 

  However, if at the level of epitope structure the user 
were to revise this search by selecting the option to return 
sequences with 70% homology with the same sequence, a 
different result would be obtained. Indeed, the results 
summary table would show a total of 26 different positive 
peptides retrieved by the search. Clicking on the ‘26’ pos-
itive peptides shows the results listed in  figure 2 b. Many 
of the sequences are derived from the same allergen se-
quence, and overlap with the input sequence, but have 

different starting and end points. Interestingly, however, 
the search also reveals several additional epitopes derived 
from isoallergen sequences (Phl p 5a vs. 5b), and even 
highly homologous sequences independently described 
as epitopes in other allergens such as  Lolium perenne  (Lol 
p VA). In some cases (not shown here), the search can also 
reveal additional similar epitopes encoded in other anti-
gens not related to any allergens, such as those derived 
from microbes, which may be of interest as potential tar-
gets for cross-reactive responses.

  As stated above, the IEDB is capable of capturing dis-
continuous (nonlinear) epitopes defined for both peptid-
ic and nonpeptidic allergens. In the first sections of the 
home page search there is a radio button, ‘discontinuous 
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(For legend see next page.)
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peptide’, that can be selected. The user can then specify 
the allergen of interest and perform a search (or add any 
number of other criteria). If the authors provide the data 
(not all papers do) we can and do capture residues report-
ed from two different chains. There are currently 44 epi-
topes in the IEDB with multichain epitopes, e.g. epitope 
ID 98668 from Bla g 2,  Blattella germanica. 

  Querying the IEDB for Nonpeptidic Allergen Epitopes 
 Recognition of nonpeptidic epitopes may play an im-

portant part in allergic disease, particularly in the case of 
food allergy, drug hypersensitivity, and contact dermati-
tis. Perhaps the best example of this is IgE antibodies spe-
cific for galactose-alpha-1,3-galactose  [49] . The IEDB cu-
rates (or captures) all nonpeptidic epitopes and the spe-
cific strategies to curate and display nonpeptidic epitopes 
have been recently described  [50] . The novel approach 
entails collaboration with Chemical Entities of Biological 
Interest (ChEBI) [www.ebi.ac.uk/chebi] to enable the cu-
ration of nonpeptidic epitopes, in the context of a rigor-
ous yet flexible and information-rich ontology. 

  Several options are available to the user in terms of 
searching for nonpeptidic allergen epitopes. These in-
clude entering the exact name of the molecule and utiliz-
ing the molecule finders, which will retrieve the molecule 

name and common synonyms in an automatic auto-fill 
fashion. For example, we can use the nonpeptidic mole-
cule finder to search for penicillin. Penicillins, like many 
other nonpeptidic allergens, are thought to act as haptens 
and bind to proteins in vivo, which results in the immune 
response. In the clinical setting, skin testing against pen-
icillin is performed using pre-pen which is penicillin, 
linked to polylysine (simulating hapten + carrier protein). 
Executing this query will return 15 different molecules, 
including amoxicillin as one of these structures, as it is in 
the same chemical family. Selecting records relating to 
amoxicillin alone returns a total of 87 experimental (10 T 
and 77 B cell) assays derived from 17 different references. 
The query results include the chemical structure, drawn 
according to chemical convention, and other useful data 
such as detailed reference information and access to all 
experimental data (B and T cell assays), as well as links to 
ChEBI through the accession number. 

  Perhaps the most useful and flexible query opportu-
nity is represented by the option to utilize the nonpep-
tidic structure tree, which reflects the ChEBI classifica-
tion of chemical structures. Selecting the ‘highlight in 
tree’ option allows visualization of the relation of amoxi-
cillin to the other penicillins, and the user can select the 
level of generality of the query ( fig. 3 ). Clicking on the 

  Fig. 2.   a  Searching by epitope sequence or 
structure. Presented is the T cell response 
assay table generated following a query us-
ing a specified peptide sequence from Phl 
p 5.  b  Search by 70% sequence homology. 
List of additional epitopes returned in the 
results summary table following a query 
using the same Phl p 5 peptide sequence 
and a BLAST stringency of 70%.  
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higher node of ‘penicillin’ will simultaneously return re-
sults relating to 19 different structures, such as flucloxa-
cillin, ampicillin, and nafcillin, for a total of over 379 T 
and B cell response assays derived from 55 different refer-
ences.

  Searching for Results Associated with a Particular 
Assay Methodology 
 The user can also search the IEDB so that the results 

will contain only the assays or method(s) specified. We 
believe that this is one of the most powerful features of 
the overall design of the database, which takes advantage 
of the assay-centric structure of the IEDB. This option 
addresses one of the most common concerns of investiga-
tors, namely the desire to search and include only assays 
that are performed using the experimental methodology 
deemed most relevant for that investigator’s purposes.

  For example, the user can select and specify ‘IgE-me-
diated histamine release’ as an assay system. In this case 
the search will return only those epitopes assayed with 

that specific methodology. To further enhance this search 
option, specific assay finders and assay ontologies have 
been developed. This allows the user to select from an as-
say tree hierarchically organized as a function of their 
relatedness to each other, enabling searches of the desired 
level of stringency in terms of assay methodology. 

  Furthermore, the assay methodology specified as a 
search criteria can also be combined with other search 
criteria, such as selecting a specific allergen source or a 
given host organism. The combination of different search 
parameters is illustrated by an example in which the 
IEDB was queried for X-ray crystallography data related 
to IgE. This can be done by choosing the advanced B cell 
response search option and selecting both IgE as the assay 
antibody isotype and X-ray crystallography as the meth-
od/technique. Among the results reported by such a que-
ry is a record relating to a conformational Phl p 2 epitope 
 [51] . The structure shown in  figure 4  is this epitope in 
complex with the human IgE Fab (HuMab2) and is visu-
alized using  [52]  the IEDB’s Epitope Viewer. This tool al-

  Fig. 3.  Nonpeptidic structure tree. The 
nonpeptidic structure tree is organized
according to chemical type and allows
the user to visualize the big picture of 
chemical compound groupings and select 
higher nodes for inclusiveness.         

  Fig. 4.  Conformational Phl p 2 epitope in complex with IgE. 3-D representation of a con-
formational Phl p 2 epitope in complex with the human IgE monoclonal antibody
(HuMab2) using EpitopeViewer.         
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lows the users to map conformational epitopes to the 3-D 
structure of the protein taking advantage of the linkage 
between the IEDB and the Protein Data Bank (PDB) 
(www.rcsb.org/pdb/home/home.do). Specific features 
within the tool allow the user to highlight epitope resi-
dues engaged by the immunoglobulin and, conversely, 
the specific residues on the antibody that contact the ep-
itope (paratope). Further options include the ability to 
manipulate, label, and export the image.

  The Search by Organism: Taxonomy or Allergen 
Classification? 
 When the IEDB project was initiated, curation of epi-

topes derived from class A-C priority pathogens and mi-
crobes of biodefense concern, and then all other infec-
tious agents in general, was assigned first priority. The 
most immediate and intuitive strategy to search for epit-
opes derived from infectious agents was to take advan-
tage of the preexisting and independently maintained 
NCBI taxonomy. Accordingly, the user can enter a spe-
cific name in the organism finder and the system will 
provide the exact taxonomical denomination and NCBI 

taxonomy synonyms. As described above, a taxonomy 
tree allows the user to select more or less general searches 
(such as strain-, species-, genus-, or family-specific 
searches). Indeed the NCBI taxonomy is utilized as the 
default setting for organism searches in the IEDB.

  However, this arrangement is not optimal in the case 
of allergens, as the most commonly utilized allergen clas-
sification is only partially overlapping with the NCBI tax-
onomy and utilizes concepts such as ‘weeds’ or ‘grasses’ 
which are not utilized in the context of the broader NCBI 
taxonomy, whose use would also be too detailed and ap-
pear unfamiliar to the general allergist. Furthermore the 
generally accepted nomenclature utilized by allergist is 
the World Health Organization/International Union of 
Immunological Societies (WHO/IUIS) allergen nomen-
clature (www.allergen.org) which also only partially 
overlaps with the National Center for Biotechnology In-
formation (NCBI) nomenclature. For this reason we have 
developed an alternative way to search for allergen organ-
isms, which is termed ‘allergen tree’ ( fig. 5 ), and is acces-
sible in the Epitope Source organism finder as an alterna-
tive to the NCBI tree. The allergen tree is designed to mir-
ror the taxonomic classification most used by allergists, 
based on higher order categories such as plants, animals, 
and fungi representing the biological entity from which 
the allergen was derived. Each high level category has 
multiple subcategories. In plants, for example, subcatego-
ries include weeds, trees and shrubs, other flowering 
plants, and grasses. These are then further organized by 
taxonomic families (e.g. Urticaceae or the nettle family).

  The Many Names of a Protein Allergen: Searching and 
Finding  
 A common search for allergen epitopes might not nec-

essarily be as narrow as being centered on a given epitope 
sequence or structure, or as broad as encompassing the 
totality of all determinants for a given allergen. Nonethe-
less, indeed, many searches entail querying for data relat-
ing to a given protein. However, the issue is less trivial 
than it might at first appear, as different authors might 
utilize different accession numbers which sometimes 
represent the same protein (as the same exact sequence 
can be represented by multiple GenBank accession num-
bers). In addition there may be minor allelic variants of 
the same protein, sequences that have variations because 
of sequencing errors but also indeed other times repre-
sent true isoforms or related highly homologous proteins. 
To make matters worse the same exact protein can be re-
ferred to by several different synonyms. The published 
nomenclature does not always use WHO/IUIS conven-

  Fig. 5.  Allergen tree. The tree is based on higher order categories 
such as plants, animals and fungi representing the biological en-
tity from which the allergen was derived. Each high level category 
has multiple subcategories. In plants, for example, subcategories 
include weeds, trees and shrubs, other flowering plants, and 
grasses. These are then further organized by taxonomic families 
(e.g. Urticaceae or the nettle family).         
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tion, and the WHO/IUIS itself, while constantly revised, 
does not cover 100% of the proteins identified in the lit-
erature as being associated with allergic immune reac-
tions [www.allergen.org;  53 ].

  By way of example, let us assume a user is interested in 
retrieving epitope data relating to the common cat aller-
gen Fel d 1. Entering in the molecular finder field the 
molecule accession number 163827 returns the ‘major al-
lergen I’ of  Felis catus  (the common domestic cat), accord-
ing to the GenBank name associated with that particular 
accession number. The scientific name for this species 
used by the WHO/IUIS allergen nomenclature is  Felis do-
mesticus,  from which the allergen names are derived (Fel 
d 1 to Fel d 8). A search of the associated epitope data re-
veals 5 different epitopes and a total of 9 positive T cell 
responses. If, however, the ‘highlight in tree’ option is se-
lected, the tree (according to NCBI/ GenBank taxonomy) 
of protein records derived from  F. catus  is shown. This 
reveals that a number of different records relating to the 
Fel d 1 antigen exist, in which the authors have utilized 
different synonyms, namely chain A, crystal structure of 
Fel D 1 – the major cat allergen, major allergen I, major 
allergen I polypeptide chain 1 precursor, or major aller-
gen I polypeptide chain 2 precursor. The user can now 
select all of these synonyms, and in this case the search 
will return a total of 78 epitopes, described in 251 assays 
and 19 references ( fig.  6 ). While the IEDB is currently 
compelled to utilize the nomenclature presented by the 

NCBI protein databank, future plans are to integrate the 
WHO/IUIS nomenclature into our allergy tree and pro-
vide a link to the IUIS allergen nomenclature tree view. 

  Alternatively, the user can search using the ‘browse’ 
feature. Browse by source organism is a quick and conve-
nient way to hunt for specific data related to a certain 
allergy-associated plant, animal, or fungus using com-
mon names. In the search field, one can simply type in 
‘peanut’ or ‘house dust mite’ or ‘cow’ to quickly retrieve 
tab delineated results starting with a list of all peptides 
and protein names derived from that organism. Clicking 
on the epitope ID enables access to reference and assay 
details. In this way, the user can get a preview of related 
data and/or drill down into the details of any given epit-
ope derivation. Using the above examples, choosing ‘pea-
nut’ will list epitopes from Ara h 1 and seed storage pro-
tein SSP2, ‘house dust mite’ will list peptides from Der f 
2 or Der p 2, and ‘cow’ will show epitopes derived from 
cow’s milk allergens such as casein and  � -lactoglobulin.

  Looking into the Future: New Features in 

Development 

 As alluded to above, new ways to search for epitopes 
and new strategies for displaying the results are con-
stantly being considered. Two of these features are cur-
rently in development and are expected to be deployed 
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  Fig. 6.  Fel d 1 from  F. domesticus  using all synonyms. Presented is the results summary table generated follow-
ing a search using all listed synonyms of the major cat dander allergen Fel d 1.         
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within the 2012 calendar year. These include the expan-
sion of the disease tree and the implementation of a pro-
tein browser. 

  The disease tree will allow results to be searchable 
and displayed by virtue of association of a particular se-
quence with a specific clinically diagnosed allergic con-
dition. This feature complements the allergen tree, 
which currently allows a user to search for allergic epi-
topes as a function of the allergen source, or in this con-
text the disease trigger. Specifically, in the disease tree 
the allergic disease is classified by anatomical location 
of the main symptoms, such as skin and connective tis-
sue (contact dermatitis), the gastrointestinal tract (food 
allergy), and the respiratory tract (e.g. rhinitis, asthma). 
This feature will discriminate between records associ-
ated with a specific physiological diagnosis (reported in 
the patient history) and records associated with a spe-
cific trigger (e.g. drug hypersensitivity). A trial version 
of the disease tree and finder is available on the IEDB 
and allows the user to select the broader category of ‘al-
lergy’. 

  The second feature will allow visualization of all re-
cords relating to a given protein in a plot that summa-
rizes the frequency or prevalence of immune reactivity 
per residue. These response frequency scores (RFscores) 
are calculated on the basis of the number of individuals 
tested and the number of individuals in which this test 
was positive weighted by the sample size. This feature en-
ables the user to combine, in a single plot, all data related 
to a given allergen, visualizing the composite knowledge 
(all RFscores for a specified region) relating to epitope 
reactivity. This approach coalesces all data, including 
partially overlapping peptides spanning a sequence or to 
different truncated versions of the same epitope region, 

and also factors in how extensively each region has been 
studied and therefore how reliable the combined response 
frequency data is. A similar approach has been recently 
reported for HCV epitope records, where it revealed un-
expected correlations between the structure and se-
quence variability of epitopes  [54] . An example of this 
type of plot for the common allergen Phl p 5 is shown in 
 figure 7 . These results show three regions of CD4+ T cell 
reactivity in humans. The plot shows three regions of 
overall activity: a larger region towards the C-terminal 
end between aa180 and aa260, which includes a domi-
nant domain at residues 190–210 (peak RFscores of 0.2 or 
20%), and two less prominent regions at aa60–90 and 
aa120–170.

  Discussion 

 In the setting of allergic diseases, mapping epitopes 
recognized by IgE provides insight into the nature of al-
lergen-IgE interactions and into what makes a given pro-
tein allergenic. Furthermore, definition of IgE epitopes 
might be of therapeutic interest in the context of the gen-
eration of hypoallergenic antigens to be used in desensi-
tization protocols and may help to predict the allergenic-
ity of cross-reactive molecules and contribute to a better 
understanding of the IgE immune response  [33, 36, 51, 
55–60] . Likewise, T cell epitopes can be used to measure 
responses and gain information on the mechanisms in-
volved in allergic reactions, since T cell responses direct-
ly contribute to immunopathology  [2, 3, 39–44] , and are 
thought to indirectly modulate IgE responses  [1] . T cell 
epitopes also and have potential immunotherapeutic ap-
plications because the short peptides recognized by T 
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  Fig. 7.  RFscore plot for the common allergen Phl p 5. RFscores are displayed along the entire length of the Phl 
p 5 protein from Timothy grass  (Phleum pretense).          
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cells are less likely to cross-link allergen-specific IgE  [45, 
47, 61] . 

  The IEDB is a freely available repository of published 
and user-submitted information relating to immune epi-
topes from allergens, microbes, transplantation, and au-
to-antigens. The database captures the experiments as-
sociated with each epitope and thus provides a variety of 
different ways to search the data, including querying by 
epitope structure (both peptidic and nonpeptidic), by as-
say methodology, by host, by the allergen itself, or by the 
organism from which the allergen was derived. In many 
cases, strategies and query tools specifically designed to 
facilitate analysis of allergen-derived epitopes have been 
designed. The IEDB is one of several tools available to the 
scientific community in terms of analysis and inventory 
of allergen-related information (like Allergome, Aller-
genOnline.org, and WHO/IUSI), and the information is 
complementary to that contained in the databases in that 
the IEDB provides an immunological context-based for-
mat in which to search the known allergen-specific lit-
erature. As an example, a recent study emphasized a 
strong association of HLA class II with asthma and IgE 
in genome-wide association studies  [62] . It may be pos-
sible to use the IEDB to investigate the molecular mecha-
nisms associated with this effect using search criteria 
specifying class II alleles, plus the occurrence of asthma, 
and then comparing the results with known targets of IgE 
responses. A previous meta-analysis performed by our 
group on all allergy-related data highlights the use of the 
IEDB in deriving disease-specific data from the cumula-
tive data  [63] .

  The IEDB can be used to quickly and conveniently 
survey the existing knowledge relating to allergen-de-
rived epitopes. These results are relevant for the compar-
ison and characterization of different types of allergen 
responses, to retrieve information relating to antibody 
epitopes for generation of hypoallergenic antigens and B 
cell-targeted vaccines. Data related to T cell epitopes is 
relevant for the selection of reagents to monitor and 
quantify allergen-specific T cell responses, and also have 
potential direct immunotherapeutic applications.

  Future plans involve further integration of the IEDB 
with the official WHO/IUIS allergen nomenclature, and 
development of intuitive and biologically relevant query 
and display strategies, such as the disease tree and the 
protein browser. In this context, users’ critique, feedback, 
and suggestions are key for the continued improvement 
of the IEDB resource.

  Conclusion 

 The IEDB is a unique resource for accessing cumula-
tive allergy-related epitope data. The assay-centric nature 
of the IEDB provides tremendous granularity, making it 
possible to search the data at every level, including epitope 
sequence, allergen source (peanut), or the organism from 
which the allergen was derived (e.g. Timothy grass). It is 
also possible to search for references or authors of interest. 
The most unique feature of the database is inclusion of 
details related to the immunization process and experi-
mentation. In this way, the user can access data related to 
a particular host or a specific clinical condition, select an 
immunogen/antigen of interest, and then select only those 
assay types deemed relevant. Moreover, the database is a 
resource for B and T cell epitope prediction, as well as 
other analysis tools, including 3-D modeling. The IEDB 
therefore represents an important tool of potential rele-
vance for researchers working in the allergy field.
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