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Abstract  All  allergen  products  for  allergen  immunotherapy  currently  marketed  in the  Euro-
pean Union  are  pharmaceutical  preparations  derived  from  allergen-containing  source  materials
like pollens,  mites  and  moulds.  Especially  this natural  origin  results  in particular  demands  for
the regulatory  requirements  governing  allergen  products.  Furthermore,  the  development  of
regulatory  requirements  is complicated  by  the  so  far  missing  universal  link  between  certain
quality parameters,  in particular  biological  potency,  on  the  one  hand  and  clinical  efficacy  on
the other  hand.  As  a  consequence,  each  allergen  product  for  specific  immunotherapy  has to  be
assessed individually  for  its  quality,  safety  and  efficacy.  At  the  same  time,  biological  potency
of allergen  products  is most  commonly  determined  using  IgE  inhibition  assays  based  on  human
sera relative  to  product-specific  in  house  references,  ruling  out  full comparability  of  prod-
ucts from  different  manufacturers.  This  review  article  aims  to  summarize  the  current  quality
requirements  for  allergen  products  including  the  special  requirements  implemented  for  control
of chemically  modified  allergen  extracts  (allergoids).
© 2017  SEICAP.  Published  by  Elsevier  España,  S.L.U.  All  rights  reserved.

Introduction

Like  all  industrially  produced  medicinal  products,  products
for  allergen-specific  immunotherapy  (AIT)  require  a  mar-
keting  authorization  for  distribution  in the  European  Union
(EU).  However,  several  characteristics  distinguish  AIT prod-
ucts  from  other  medicinal  products,  necessitating  special
regulatory  requirements.1 Examples  for  these  special  char-
acteristics  are  the wide  variety of  allergenic  substances,
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the widespread  use  of chemically  modified  and/or  adsorbed
allergen  extracts  and  the bio-variability  of  the natural
source  materials.  Furthermore,  each  AIT  product has  to  be
regarded  as  unique,  even  if products  originate  from  the  same
source  material.  For example,  there  are  currently  13  AIT
products  available  on  the  German  market  for  treatment  of
birch  pollen  allergy.  Although  the active  substances  in all
of  these  products  originate  from  aqueous  extracts  prepared
from  pollen  of  the  tree species  Betula  verrucosa, each  of
these  products  has to  be  assessed  individually  for its  quality,
safety  and  efficacy.  Among  other  reasons,  this is  necessary
because  differences  in the manufacturing  processes  from
the natural  source materials  to  the drug  products  may  lead
to  considerable  differences  in protein  composition  (Fig.  1).
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Figure  1  Protein  profiles  of  birch  pollen  allergen  extracts.
SDS-PAGE  under  reducing  conditions  was  performed  with  native
intermediates  of three  birch  pollen  allergen  products  from  dif-
ferent manufacturers.  Of  each  product,  two  batches  (#1,  #2)
are presented.  The  molecular  weight  marker  (M)  ranges  from
6.5 kDa  to  200  kDa.  Two  empty  lanes  of  the  gel  (7  and  8)  have
been  cut  from  the picture  to  allow  for  better  side-by-side  com-
parison.

In addition,  the  natural  origin  of  the  allergen  source
materials  entails  the  problem  of  bio-variability  in  both  aller-
genic  as  well  as  non-allergenic  components.  For example,
Codina  et  al.  recently  summarized  the knowledge  on  factors
reported  to  influence  the composition  of  pollen,  including
the  geographical  location  of  the plant,  weather  and soil  con-
ditions,  the  year  of  the harvest  as  well  as  genetic  varieties
of  plant  species.2 In another  study  it  was  shown  that  the
Amb  a  1 content  of  short  ragweed  (Ambrosia  artemisiifo-

lia)  pollen  deviates  up  to  10-fold  when comparing  pollen
harvested  at  the same  location  but  in different  years.3 Con-
sequently,  the  extent  of batch-to-batch  variability  allowed
in  allergen  products  is  significantly  greater  than,  e.g. for
chemically  derived  medicinal  products.  Furthermore,  qual-
ity  control  is  complicated  for many  AIT  products  marketed  in
the  EU  because  they  are not native  extracts  but  chemically
or  physically  modified.  In these cases,  many  analytical  meth-
ods  cannot  be  performed  at the  level of  the final  product,
but  are  limited  to  intermediates.  Therefore,  special  regu-
latory  requirements  for such  products  were implemented  in
recent  years.  Last  but  not  least,  the vast number  of  aller-
genic  materials  had  to  be  taken  into  account  when defining
the  regulatory  framework  for  allergen  product  quality  con-
trol.  This  includes  some  special  regulations  for  rare  allergens
as  well  as  for  allergens  from  closely  related  species.  This
review  article  summarizes  the current  quality  requirements
arising  from  European  legislation  or  European  regulatory
documents  and  how  the  indicated  characteristics  of  AIT
products  have been accounted  for.

Regulatory background

Allergen  products  have  been  subjected  to  European  phar-
maceutical  legislation  in 1989, when  Directive  89/342/EEC

extended  the  Directives  65/55/EEC  and  75/319/EEC,  includ-
ing  additional  provisions  for immunological  medicinal
products  consisting  of  vaccines,  toxins  or  serums  and  aller-
gens.  The  directive  defined  that  an  ‘‘allergen  product
shall  mean  any  medicinal  product  which  is  intended  to
identify  or  induce  a  specific  acquired alteration  in the
immunological  response  to  an allergizing  agent’’.  This  def-
inition  remained  unchanged  in the  subsequent  Directive
2001/83/EC.  Importantly,  Directive  2001/83/EC  states  that
all  medicinal  products,  either  prepared  industrially  or  man-
ufactured  by  a  method  involving  an  industrial  process,  are
required  to  receive  marketing  authorization  before  distri-
bution  in a Member  State.  Despite  this requirement,  there
exist  many  national  exceptions,  leading  to  a highly  het-
erogeneous  regulatory  situation  for allergen  products  in
the  EU.4,5 Especially  the  distribution  of  so-called  ‘‘named
patient  products’’  (NPP;  medicinal  products  manufactured
for an individual  patient)  according  to  an  exemption  as
stated  in the Directive  2001/83/EC  is  still  very  common  in
many  member  states,  although  this  exemption  from  mar-
keting  authorization  was  originally  included  in the Directive
to  enable  the treatment  of  rare  allergies  using  customized
products.  To  counteract  the distribution  of AIT products
containing  highly  prevalent  allergens  under  the  guise  of
NPPs,  the Therapy  Allergy  Ordinance  (TAV)  was  imple-
mented  in  Germany  in 2008.1,6---8 The  transition  phase  is
still  ongoing.  In parallel,  various  other  Member  States  have
established  different  national  strategies  to  facilitate  mar-
ket  access  of  allergen  products.4 In  order  to  counteract
this  regulatory  heterogeneity,  a  draft  reflection  paper  on
harmonization  of  regulatory  procedures  for  allergen  prod-
ucts  in the EU  was  presented  to the  Coordination  Group
for  Mutual  Recognition  and  Decentralized  Procedures  ---
Human  (CMDh)  in  November  2015.9 Subsequently,  a  draft-
ing  group  was  established  with  the  objective  to  propose
harmonized  regulatory  approaches  for  allergen  products
in  the EU.  This  process  is  ongoing  and no  results  of
the  work  of this  drafting  group  have  been  published  so
far.

The  central  requirements  for  quality  control  of  aller-
gen  products  are obligatorily  laid down  in the European
Pharmacopoeia  (Ph.  Eur.)  in  the Monograph  on  Allergen
Products.10 After  some  extensive  revisions  in the past,  the
most recent  changes  to  the  monograph  account  for  the
establishment  of  two  recombinant  major  allergen  reference
standards11,12 as  well  as  the  publication  of  several  separate
source  material  monographs  like the  Monograph  on  Pollens
for  Allergen  Products.13 The  requirements  of  the  Ph. Eur.
are  mirrored  in the Guideline  on  Allergen  Products:  Produc-

tion  and  Quality  Issues  (EMEA/CHMP/BWP/304831/2007),
complemented  with  more  detailed  information  in  accor-
dance  with  the current  state  of  knowledge.14 For  example,
this Guideline  introduced  the concept of  homologous  groups
to allergen  product  regulation.15 This  concept  created  a
new  basis  for  data  extrapolation  between  allergen  groups
justified  by  sound scientific  criteria.  Meeting  the  needs
of  a  field  with  such  a  wide  variety  of  active  substances,
data  on safety  and  efficacy  can  be  extrapolated  to  a
certain  extent  within  a homologous  group  if products
fulfil  specific  criteria.16 However,  extrapolation  of  qual-
ity  data  is  limited  to  stability  data  as well  as  process
validation.14
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Quality  requirements for allergen extracts

The  in-house  reference preparation

The  centre  of  Ph. Eur.  conform  allergen  extract  quality  con-
trol  is  the  so-called  in-house  reference  preparation  (IHRP).
For  each  allergen  product,  a representative  preparation  is
selected  and  used to control  batch-to-batch  consistency
at  the  level  of  active  substance  as  well  as  intermediates,
and  if possible  at  finished  product  level.  An  IHRP  should  be
produced  using  the  same  manufacturing  process  as  the  cor-
responding  product,  with  the  exception  that  IHRPs  are  to
be  formulated  and  stored  to ensure their  stability,  which  is
commonly  achieved  by  lyophilization.  Before  reaching  the
end  of the  shelf-life,  a  new  IHRP  has to  be  implemented
relative  to the previous  IHRP.  The  characterization  steps
required  by  the  Ph.  Eur.  for  IHRPs  are  summarized  in Table  1.
It  should  be  noted  though  that  the requirements  may  vary

depending  on  the respective  allergenic  source,  the  knowl-
edge  on  its  allergenic  components  and  the  prevalence  of  the
allergy.  For example,  the Monograph  requests  that  the first
IHRP  is standardized  in vivo  if  a sufficient  number  of patients
sensitized  to a given  allergen  is  available.  In  the  EU  this  stan-
dardization  procedure  is  usually  performed  according  to  the
so  called  Nordic  Guideline,  established  by  the  Nordic  Coun-
cil  of  Medicines,17 but  the  alternative  method  described  by
Turkeltaub  is  also  accepted.18 20  patients  sensitized  to  the
allergen  in question  undergo  skin  prick testing  to enable
the  comparison  of  several  dilutions  of  the  IHRP  with  a  his-
tamine  control.  This  way,  the biological  potency  of  the IHRP
can  be expressed  in biological  units.19 By  comparing  each
new  IHRP  with  the previous  IHRP  in several  qualitative  and
quantitative  assays,  including  an in vitro  biological  activity
assay,  all  reference  preparations  and  therefore  all released
batches  of  an allergen  product  can  be linked  back  to  the
first  IHRP standardized  in  vivo. In  order  to avoid  shifting

Table  1  Quality  requirements  for  in-house  reference  preparations  for  AIT  products.

Exemplary
methods

Acceptance  criteria

First  IHRP  Following  IHRPs

In  vivo

biological
activity

•  In  vivo  skin
reactivity  test

Wherever
possible

Possible  but
not  mandatory

In vitro

biological
activity

•  In  vitro  IgE
inhibition  assay

Required  Wherever
possible

Protein content  • Kjeldahl
• Bradford

Required  Required

Protein profile • SDS-PAGE
• Isoelectric
focusing
chromatography
• Mass
spectrometry

Required  Required

Allergen profile  • Immunoblotting
• Crossed  radio-
immunoelectrophoresis
•  Mass
spectrometry

Recommended  Recommended

Identification
of relevant
allergens

• Techniques  using
sera  from  allergic
patients
• Or
allergen-specific
antibodies
• Mass
spectrometry

Wherever
possible

Wherever
possible

Relevant
allergen
content

• ELISA
• Mass
spectrometry
• Radial
immunodiffusion

Wherever
possible#

Wherever
possible#

# Choice of  relevant allergens needs to be justified.
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of  quality  parameters  over  time,  trending  analysis  has  to
be  performed  and  a  correlation  factor  has  to be  estab-
lished  if  results  of  the new  IHRP  deviate  from  the previous
preparation.

Allergen  extracts

In  accordance  with  the Monograph  on  Allergen  Products,  the
IHRP  is  used  as  comparator  in several  quality  control  tests
in  order  to ensure  batch-to-batch  consistency  of allergen
extracts.

Tests  to  be  performed  for  quality  control  of  allergen
extract  intended  for  AIT  are  listed  in Table  2.

Determination  of  potency --- IgE binding
potency versus individual  allergen molecules

The  requirement  of a  mandatory  determination  of  potency
in  products  intended  for  AIT  can  be  fulfilled  either  by  deter-
mination  of  total  allergenic  activity  or control  of  the content
of  individual  relevant  allergen  molecules.  The  choice  of
method  is  of special  importance  because  the majority  of  AIT
products  in  the EU is  standardized  to  potency,  thus  defining
the  labelled  strength  on  the basis  of  arbitrary  biological  units
and  not  on  mass  units  of  individual  allergen  molecules.4 One
has  to  keep  in mind  though  that  the degree  of  correlation
between  total  allergenic  activity  and  therapeutic  efficacy
still  remains  unknown  for  AIT,  which is not surprising  given
that  also  the  mode  of  action  is still  not  fully  understood.
In  addition,  the  inherent  differences  in dosing  between  AIT
with  sublingual  products  and subcutaneous  products  have  to
be  considered.  While  the arbitrary  units  used  for  expression
of  total  allergenic  activity  do not  allow  general  statements
on  optimal  dosage,  it has  been  postulated  for  many  years
that  a  specific  amount  of a  major  allergen  (5---20  �g)  are
the  optimal  dose  to  reach  a  clinically  relevant  effect  with-
out  causing  unacceptable  side  effects.20 However,  clinical
studies  using  recombinant  allergens  have shown  that  the
effective  dose  for  purified  allergens  is  potentially  higher
and  greatly  product-dependent.  For  example,  studies  with  a
subcutaneously  applied  hypoallergenic  variant  of  the major
birch  allergen  Bet  v 1 identified  80  �g  as  optimum  dose  for
AIT.21 Another  phase  II  study  reporting  significant  effects
used  15  �g  of either  recombinant  wild  type  Bet  v  1  or  nat-
ural  purified  Bet v 1 in  monthly  injections.22 Moreover,  rBet
v  1  in  sublingual  tablets  in a  dose  range  of  12.5---50  �g was
reported  to  induce  a  reduction  in symptom  score  compared
to  placebo  irrespective  of  the applied  dose.23 In contrast,  a
development  programme  on  a cocktail  of  five  recombinant
allergens  from  Phleum  pratense  with  a  dose  of  up  to  120 �g
is reported  not  to  be  pursued  because  promising  results  from
early  clinical  trials  could  not  be  confirmed  in a Phase  III  field
trial.24 These  examples  clearly  show that  each AIT  product,
irrespective  of  its  route  of  application  as  well  as  its  stan-
dardization  to  total  allergenic  activity  or  individual  allergen
molecules,  has  to  be  assessed  individually  for  its safety  and
efficacy.

Total  allergenic  activity  is  determined  based on  the
IgE-binding  capacity  of  an allergen  extract,  relative  to
an  IHRP.  The  main  reagent  is  a pool  of sera collected
from  patients  allergic  to  the  allergenic  source  material

Table  2 Quality  requirements  for  allergen  extracts
intended  for  AIT.

Exemplary
methods

Acceptance  criteria  AIT
products

Protein  content  • Kjeldahl
• Bradford

Required  max.  50---150%

Protein  profile  • SDS-PAGE
• Isoelectric
focusing
chromatography
• Mass
spectrometry

Required

Allergen  profile  • Immunoblotting
• Crossed  radio-
immunoelec-
trophoresis

Can  be applied

Identification  of
relevant
allergens

•  Techniques  using
sera from  allergic
patients
• Or
allergen-specific
antibodies
• Mass
spectrometry

Wherever  possible

Potency
Relevant

allergen  content
• ELISA
• Mass
spectrometry
• Radial
immunodiffusion

Required*,# max.
50---200%

In vitro

biological
activity

• In  vitro  IgE
inhibition  assay

Required* max.  50---150%

Aluminium
content

• AAS  Max.  80---120%
≤1.25  mg/dose  when
aluminium  is used  as
adsorbent

Calcium  content  • Ph.  Eur.  Max.  80---120%  when
calcium  phosphate  is
used  as  adsorbent

Water content  • Karl  Fisher
titration

Max.  5%  for  freeze-dried
products
(exception:  oral
lyophilisates)

Sterility  • Ph.  Eur.  Sterile  products  have  to
comply  with  the  test  for
sterility  (parenteralia,
eye  preparations,
preparations  for
inhalation  or  skin
testing)

Microbiological
contamination

• Ph.  Eur.  As  requested  by  Ph.  Eur.
based  on  route  of
administration

* Either of  the two.
# Choice of relevant allergens needs to be justified.
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in  question.  Although the preparation  of  such  a pool  is
regulated  by  the Guideline  on  Allergen  Products:  Produc-

tion  and  Quality  Issues,14 results  of  the assay  are  highly
dependent  on  the selected  patient  collective,  determining
the  specificities  and  amount  of allergen-specific  IgEs  in  the
pool.  In  addition,  the  patient  sera  pool represents  a  limited
resource  which  needs  to  be  replaced  in certain  intervals.
This  limitation  could  be  circumvented  by  the determination
of  individual  allergen  molecules.  Allergen  molecules  are
up  to now  usually  quantified  in  extracts  by  immunoassays
such  as  allergen-specific  enzyme-linked  immunosorbent
assays  (ELISAs).  Especially  when using  monoclonal  anti-
bodies,  availability  of  the  critical  assay  components  is
theoretically  unlimited  once  established.  However,  the
challenge  of individual  allergen  quantification  lies  in the
number  of  relevant  allergens  that  need  to  be  monitored.
Especially  for allergen  sources  with  a  high  number  of
major  allergens,  it is certainly  ambitious  to  establish  one
immunoassay  per  allergen.  In addition,  the  Guideline  on

Allergen  Products:  Production  and Quality  Issues  requests
that  a  correlation  between  total  allergenic  activity  and
the  content  of  relevant  allergens  has  to  be  demonstrated
during  development14 in case  that  the  allergen  product  is
defined  on  the basis  of  relevant  allergens.  Consequently,
a  manufacturer  would  have  to  establish  an  assay  for  total
allergenic  activity  at some  point,  even  if it  is  ultimately  not
used  in batch  release.  While  e.g.  correlation  between  total
allergenic  activity  and  Bet  v 1 content  is  a  well-established
fact  for  birch  pollen  extracts,25---27 the demonstration  of
correlation  becomes  more  complex  when several  major
allergens  have  to be  considered.  In  contrast  to total
allergenic  activity  though,  potency  determination  based  on
major  allergen  content  provides  detailed  information  on  the
relevant  allergen  molecules  and  the ratios  between  these.
As  for  each  relevant  allergen  specific acceptance  criteria
need  to be  established,  this  may  make  it more  difficult  to
fulfil  all  of  these and  may  therefore  potentially  lead  to  an
increase  in  the number  of  batches  that  have  to be  rejected
at  release,  even  though  the  approach  permits  more  room
for  fluctuations  because  each individual  allergen  molecule
can  vary  from  50  to  200% of  a  stated  amount  (Fig.  2).

An  advantage  of  standardization  based  on  individual
allergen  molecules  is  the  potential  to  label  allergen  extracts
in  comparable  mass  units  like �g  allergen/dose.  This  would
enable  inter-product  comparison  and represent  a clear
improvement  compared  to the  currently  used  arbitrary,
manufacturer-specific  units.  However,  it has been  shown
that  comparability  of  results  is  only  possible  if the  com-
bination  of  the  same reference  standard  and  the  same
immunoassay  is  used  for analysis.28 So  far,  two  recombinant
allergen  reference  standards  have  been  established,11,12

but  the  corresponding  immunoassays  are  not  yet  available
as  officially  approved  standard  methods.26,29,30 All  in all,
despite  the  various  assets  and  drawbacks  of each  method,
the  majority  of  AIT products  currently  marketed  in  the  EU is
standardized  based  on  total  allergenic  activity.  It  should  be
noted  though  that  the content  of  individual  relevant  aller-
gen  molecules  is  commonly  determined  in parallel  in  many
products  as  part  of  batch  release.  However,  the information
which  allergen  molecules  are controlled  by  the manufac-
turers  to  ensure  batch-to-batch  consistency  of  a product  is
usually  not  available  to  physicians  or  patients.
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Figure  2 Schematic  illustration  of  Ph.  Eur.  conform  aller-
gen  extract  composition  based  on three  allergens.  The  possible
composition  of  exemplary  allergen  extracts  in accordance
with the  requirement  of  the  Monograph  on Allergen  Products
(50---200%  of  the  stated  amount)  is  displayed.  In  this  theoretical
example,  the  stated  amount  of  each  allergen  was  selected  to
be 1  mg/ml.  Consequently,  the  content  of  each  allergen  could
vary between  0.5  and  2 mg/ml,  resulting  in a  potential  4-fold
difference  in allergen  content  between  allergen  extract  B and
C.

Quality requirements for chemically
modified/adsorbed  allergen products

The requirements  of  the  Monograph  on  Allergen  Products  are
applicable  to  native  as  well  as  modified  allergen  extracts.
Yet,  several  tests  listed  in Table 2  cannot  be  performed
after  modification  of  an  allergen  extract.  Generally,  two
types  of modification  are distinguished:  Physical  and chem-
ical  modification.  The  most  common  physical  modification
is  the adsorption  onto  carriers  like  aluminium  hydrox-
ide,  calcium  phosphate  or  tyrosine,  aiming  at modulation
of  immunological  characteristics  of  an allergen  extract.
Chemical  modification  of  allergen  extracts  usually  includes
conjugation  and/or  crosslinking  with  e.g.  glutaraldehyde,
or  carbamylation  with  cyanates.  These  modifications  aim  at

modifiedmodifiednative

birch pollen extract grass pollen extract

nativeM

Figure  3 Comparison  of  allergen  extract  protein  profiles
before and  after  chemical  modification.  SDS-PAGE  was  per-
formed  under  reducing  conditions  with  a  birch  pollen  extract
and a  grass  pollen  extract  before  and  after  chemical  modifi-
cation  with  glutaraldehyde.  The  molecular  weight  marker  (M)
ranges  from  6.5  kDa  to  200  kDa.
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Table  3  Additional  quality  requirements  for  allergoids.

To  be  demonstrated  Exemplary  methods  Applicable  for

Presence  of  relevant  allergens  Mass  spectrometry  Immunoblot  inhibition  Process  validation
Consistency of  modification  process  Size-exclusion  chromatography  Batch  release
Lack of  IgE  reactivity  In  vitro  IgE  inhibition  assay  Batch  releaseStability  studies
Potency IgG  inhibition  assayIn  vivo  immunogenicity  Batch  releaseStability  studies

destruction  of  B  cell epitopes  to reduce  IgE-reactivity  while
retaining  immunogenicity  due  to  intact T  cell  epitopes.  The
resulting  preparations  are commonly  referred  to  as  aller-
goids  and  have been  developed  to  reduce  side  effects  in
AIT.31,32

When  controlling  the  quality  of  allergoids  after  their
chemical  modification,  several  tests  laid  down  in the Mono-
graph  on Allergen  Products  may  no  longer  be  performed  or
have  limited  significance.  For example,  the protein  profile
analyzed  by SDS-PAGE  after  conjugation  with  glutaraldehyde
is  reduced  to  a  smear  and  distinct  bands are no  longer  visi-
ble  (Fig. 3). Consequently,  in cross-linked  preparations,  the
protein  profile  of a grass  pollen  allergoid  cannot  be  distin-
guished  from  a  birch  pollen  allergoid.  Hence,  the  protein
profile  by  SDS-PAGE  is  neither  suitable  to  control  iden-
tity  of  the  product  nor  the presence  of  relevant  allergen
bands.  For  the same  reasons,  determination  of  allergen
profiles  via  Western  Blot  analysis  is  usually  not possible

after  chemical  modification.  Similarly,  the determination
of  total  allergenic  activity  in allergoids  is  limited  to  the
control  of  residual  potency  because  by  definition  and  as
confirmed  by  respective  testing  IgE-reactivity  is  significan-
tly  reduced  after  chemical  modification.  Also  measuring
individual  allergen  content  is  not  possible  in allergoids  by
way  of  immunoassays.  As  a consequence,  special  require-
ments  for  quality  control  of  modified  allergen  products  have
been  implemented  in  the  regulatory  framework.  Firstly,  it
is  defined  both  by  the Monograph  on  Allergen  Products  as
well  as  by  the Guideline  on  Allergen  Products:  Production

and  Quality  Issues  that  all  tests  for  allergen  product  qual-
ity  control  have  to  be performed  as  late  as  possible  in
the  manufacturing  process.  Secondly,  the amount  of  total
soluble  protein  and/or  the  presence  of  IgE-binding  compo-
nents  in  the supernatant  have  to  be  determined  in adsorbed
products  in  batch  release  as  well  as  in stability  studies  in
order  to  confirm  efficacy  and  stability  of  the adsorption.

Table  4  Methods  for  characterization  of chemically  modified  allergens  and  extracts  published  until  2016  (reprint  from  [4]).

Allergen  source  Sample  Polymerization  Methods  Ref.

Betula  verrucosa

Phleum  pratense

Dermatophagoides

pteronyssinus

Extract  Glutaraldehyde  • Nano  LC---MS/MS
• HP-SEC  light  scattering
• Dynamic  light  scattering

[33,34]

6-Grass  pollen

mixture

Betula  verrucosa

Dermatophagoides

pteronyssinus

Extract  Glutaraldehyde  • IgG  inhibition  ELISA  [35]

Arachis  hypogaea

(peanut):  Ara  h  2
Purified
Allergen

Polyphenol
oxidase

•  IgG  inhibition  ELISA  [36]

Gadus  spec.:

Parvalbumin
Purified  allergen  Maillard  reaction  • LC---MS/MS  [37]

Dermatophagoides

pteronyssinus

Dermatophagoides

farinae

Extract  Glutaraldehyde  • LC---MS/MS  [38]

Dermatophagoides

pteronyssinus

Dermatophagoides

farinae

Extract  Glutaraldehyde  • Mass  spectrometry
• HPLC---SEC
• Free  lysine  determination
• Fluorescence  spectroscopy

[39]

Dermatophagoides

pteronyssinus

Extract  Glutaraldehyde  • IgG  inhibition  ELISA  [40]

Dermatophagoides

pteronyssinus

Extract  Glutaraldehyde  • IgG  inhibition  ELISA  [41]
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Thirdly,  the  Guideline  requests  several  additional  tests  to
ensure  the  consistent  quality  of modified  allergen  extracts
(Table  3).

Despite the  widespread  use  of  allergoids  in  the  EU,  the
various  products  available  and  the obligation  to  follow  the
requirements  of  the Guideline  on  Allergen  Products:  Pro-

duction  and Quality  Issues,  the number  of  publications  on
the  topic  of allergoid  characterization  is comparatively  low
(Table  4). Notably,  more  than half  of the listed  publications
have  been  published  in ‘‘Arbeiten  aus  dem  Paul-Ehrlich-
Institut’’.

Especially  the  development  of IgG inhibition  ELISAs  for
allergoid  potency  determination  has  to  be  regarded  as  a sig-
nificant  improvement  compared  to  immunogenicity  testing
of  allergoids  in  vivo. The  monitoring  of  allergen  specific  IgG
production  in animals  is  generally  conflicting  with  the 3R
principles,42 especially  because  allergoid  potency  has  to  be
controlled  in each  batch  produced.  In addition,  it has  been
shown  that  results  of  in  vivo  immunogenicity  tests  with  aller-
goids  are  commonly  highly  variable43 and  therefore  often
not  sufficiently  indicative  of  allergoid  stability.  This  gap  in
allergoid  quality  control  is narrowed  by  in vitro IgG  inhibi-
tion  ELISAs.  Typically,  such assays  are requested  to  be able
to  detect  a 50%  loss  of  potency  in allergoids.  However,  it
needs  to be  mentioned  that  such IgG assays  may  not be suit-
able  for  stability  testing  of  adsorbed  finished  products  in all
cases.

Conclusion

Quality  control  in agreement  with  the  current  regulatory
requirements  is  of  major significance  to  ensure  safety  and
efficacy  of  AIT  products.  It is  important  to  note that  the
use  of  biological  source  materials  of  complex  composition  in
production  of AIT  products  has  shaped  these  quality  require-
ments,  representing  a balance  between  the desired  level
of  product-specific  standardization  on  the  one  hand and
the  necessary  flexibility  for  certain  test  parameters  on  the
other  hand.  In addition,  special  regulatory  requirements
have  been  established,  e.g.  for allergoids,  meeting  the need
of  valid  quality  control  even after  modification  of  an  aller-
gen  extract.  Despite  the uniform  legal  basis  provided  by  the
Directive  2001/83/EC,  the  regulatory  status of  AIT  products
remains  heterogeneous  in the  EU member  states.  All  the
same,  the  increasing  regulatory  requirements  provide the
necessary  basis  to ensure  AIT  product  quality.  Furthermore,
joint  activities  in the  EU drive  the  establishment  of  allergen
reference  standards  and  corresponding  standard  methods
for  individual  allergen  quantification,  because  the  cur-
rently  used  arbitrary  potency  units  for  AIT  products  do  not
allow  cross-product  comparability.  In  summary,  the  contin-
uous  development  of  regulatory  requirements  for  allergen
extracts  has  initiated  remarkable  advancements  over the
last  years  and  will  be  further  optimized  to  ensure  quality,
safety  and  efficacy  of  AIT  products  throughout  the EU.

Conflict  of  interest

The  Doctors  Zimmer  and Bonertz  declare  that  they  have
no  competing  interests  in relation  to  this  publication
and  neither  financial  nor  personal  relationships  with

the pharmaceutical  industry  or  other  parties  that could
inappropriately  influence  their  work.

The  Dr.  Vieths  reports  personal  fees  from  Ärztever-
band  Deutscher  Allergologen,  personal  fees  from  Swiss
Society  for  Allergy  and Immunology,  personal  fees  from
Schattauer  Allergologie  Handbuch,  personal  fees from  Else-
vier  Nahrungsmittelallergien  und  Intoleranzen,  personal
fees  from Karger  Food  Allergy:  Molecular  Basis  and Clini-
cal  Practice,  non-financial  support  from  German  Research
Foundation,  non-financial  support  from  European  Direc-
torate  for the  Quality  of  Medicines  and  Health  Care,
non-financial  support  from  European  Academy  of  Allergy
and  Clinical  Immunology,  non-financial  support  from  Ger-
man  Chemical  Society  (GDCh),  non-financial  support  from
AKM  Allergiekongress,  non-financial  support from  Interna-
tional  Union  of  Immunological  Societies,  personal  fees from
University  Hospital  Gießen/Marburg,  personal  fees  from  Uni-
versity  of Bonn,  personal  fees  from  Pharmacon,  personal
fees  from  Medical  University  of  Vienna,  Austria,  personal
fees  from  Gesellschaft  für  pädiatrische  Allergologie  und
Umweltmedizin,  non-financial  support  from  World  Allergy
Organization,  non-financial  support  from  Technical  Univer-
sity  of  Munich,  non-financial  support  from  Austrian  Society
for  Dermatology  and  Venerology,  outside the  submitted
work.

Contributions

SV,  AB  and  JZ  have  designed  the structure,  drafted  and crit-
ically  revised  as  well  as approved  the final  version  of  this
review  article.

Acknowledgements

The  authors  would  like  to thank  Dr  Frank  Führer,  Dr  Detlef
Bartel,  Dr  Uwe  Müller  and Dr Sybille  May (Paul-Ehrlich-
Institut,  Langen,  Germany)  for provision  of  SDS-PAGE  results.

References

1. Kaul S, Englert L,  May S, Vieths S. Regulatory aspects of spe-
cific immunotherapy in Europe. Curr Opin Allergy Clin Immunol.
2010;10:594---602.

2. Codina R, Crenshaw RC, Lockey RF. Considerations about
pollen used for the  production of  allergen extracts. J Allergy
Clin Immunol Pract. 2015;3:676---82, http://dx.doi.org/10.
1016/j.jaip.2015.04.003.

3. Esch RE.  Allergen source materials and quality control of  aller-
genic extracts. Methods. 1997;13:2---13.

4. Zimmer J, Vieths S, Kaul S.  Standardization and reg-
ulation of  allergen products in the European Union.
Curr Allergy Asthma Rep. 2016;16:21, http://dx.doi.org/
10.1007/s11882-016-0599-4.

5. Pini C. Regulation of allergen products in Europe (including
NPPs). Arb Paul Ehrlich Inst Bundesinstitut Impfstoffe Biomed
Arzneim Langen Hess. 2013;97:15---22.

6. Kaul S, May S, Lüttkopf D, Vieths S. Regulatory environment for
allergen-specific immunotherapy. Allergy. 2011;66:753---64.

7. Englert L,  May S,  Kaul S, Vieths S. Die Therapieallerge-
Verordnung Hintergrund und Auswirkungen.
Bundesgesundheitsblatt, Gesundheitsforschung. Gesund-
heitsschutz. 2012;55:351---7.

http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0220
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0220
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0220
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0220
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0220
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0220
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0220
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0220
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0220
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0220
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0220
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0220
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0220
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0220
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0220
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0220
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0220
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0220
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0220
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0220
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0220
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0220
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0220
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0220
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0220
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0220
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0220
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0220
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0220
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0220
dx.doi.org/10.1016/j.jaip.2015.04.003
dx.doi.org/10.1016/j.jaip.2015.04.003
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0230
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0230
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0230
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0230
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0230
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0230
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0230
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0230
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0230
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0230
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0230
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0230
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0230
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0230
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0230
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0230
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0230
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0230
dx.doi.org/10.1007/s11882-016-0599-4
dx.doi.org/10.1007/s11882-016-0599-4
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0240
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0240
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0240
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0240
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0240
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0240
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0240
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0240
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0240
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0240
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0240
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0240
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0240
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0240
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0240
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0240
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0240
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0240
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0240
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0240
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0240
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0240
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0240
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0240
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0240
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0240
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0240
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0240
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0245
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0245
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0245
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0245
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0245
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0245
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0245
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0245
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0245
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0245
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0245
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0245
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0245
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0245
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0245
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0245
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0245
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0245
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0245
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0245
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0245
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0245
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0245
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0245
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0245
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0250
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0250
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0250
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0250
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0250
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0250
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0250
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0250
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0250
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0250
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0250
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0250
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0250
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0250
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0250
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0250
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0250
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0250
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0250
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0250
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0250
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0250
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0250
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0250
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0250


Quality  requirements  for  allergen  extracts  and allergoids  11

8. Bonertz A, Kaul S, Ruoff C, Vieths S. Die  Umsetzung der
Therapieallergene-Verordnung bei der spezifischen Immunther-
apie: Eine Bestandsaufnahme. AL. 2014:395---402.

9. Coordination Group for Mutual Recognition and Decentralised
Procedures --- Human (CMDh). Minutes for the meeting on 16---18
November 2015 (Version 4). EMA/CMDh/808330/2015.

10. European Pharmacopoeia. Monograph on allergen products
01/2017:1063.

11. Himly M, Nony E, Chabre H, van Overtvelt L,  Neubauer A,
van Ree R, et  al. Standardization of allergen products: 1.
Detailed characterization of  GMP-produced recombinant Bet v
1.0101 as biological reference preparation. Allergy. 2009;64:
1038---45.

12. Himly M, Nandy A, Kahlert H, Thilker M, Steiner M,  Briza P,
et al. Standardization of  allergen products: 2. Detailed char-
acterization of  GMP-produced recombinant Phl p 5.0109 as
European Pharmacopoeia reference standard. Allergy. 2015,
http://dx.doi.org/10.1111/all.12824.

13. European Pharmacopoeia. Monograph on pollens for allergen
products 01/2017:2627.

14. Guideline on allergen products: production and quality issues;
EMEA/CHMP/BWP/304831/2007.

15. Lorenz AR, Lüttkopf D, May S, Scheurer S,  Vieths S. The principle
of homologous groups in regulatory affairs of  allergen products
--- a proposal. Int Arch Allergy Immunol. 2009;148:1---17.

16. European Medicines Agency (EMA). Guideline on the clinical
development of  products for specific immunotherapy for the
treatment of allergic diseases; 2008.

17. Nordic Council on Medicines. Registration of  allergen prepara-
tions: Nordic guidelines. 2nd ed; 1989.

18. Turkeltaub PC. Biological standardization based on quantitative
skin testing --- the ID50 EAL method (intradermal dilution for
50 mm sum of  erythema diameters determines the allergy unit).
Arbeiten aus  dem Paul-Ehrlich-Institut (Bundesamt für Sera und
Impfstoffe) zu Frankfurt aM. 1987:169---73.

19. Becker WM, Vogel L, Vieths S. Standardization of allergen
extracts for immunotherapy: where do we stand? Curr Opin
Allergy Clin Immunol. 2006;6:470---5.

20. Bousquet J, Lockey R, Malling HJ. Allergen immunotherapy:
therapeutic vaccines for allergic diseases: a WHO position
paper. JACI. 1998;102:558---62.

21. Meyer W, Narkus A, Salapatek AM, Hafner D.  Double-blind,
placebo-controlled, dose-ranging study of new recombinant
hypoallergenic Bet  v 1 in an environmental exposure chamber.
Allergy. 2013;68:724---31.

22. Pauli G, Larsen TH, Rak S,  Horak F, Pastorello E, Valenta R, et al.
Efficacy of recombinant birch pollen vaccine for the treatment
of birch-allergic rhinoconjunctivitis. JACI. 2008;122:951---60,
http://dx.doi.org/10.1016/j.jaci.2008.09.017.

23. Nony E, Bouley J, Le  Mignon M, Lemoine P, Jain K,  Horiot S,
et  al. Development and evaluation of a sublingual tablet based
on recombinant Bet  v 1 in birch pollen-allergic patients. Allergy.
2015;70:795---804, http://dx.doi.org/10.1111/all.12622.

24. Nandy A, Häfner D, Klysner S. Recombinant allergens in specific
immunotherapy. Allergo J Int. 2015;24:143---51, http://dx.doi.
org/10.1007/s40629-015-0054-4.

25. Dehus O, Zimmer J, Döring S, Führer F, Hanschmann K-M,
Holzhauser T, et  al. Development and in-house validation of  an
allergen-specific ELISA for quantification of Bet  v 4 in diagnos-
tic and therapeutic birch allergen products. Anal Bioanal Chem.
2015, http://dx.doi.org/10.1007/s00216-014-8418-z.

26. Kaul S, Zimmer J, Dehus O, Costanzo A, Daas A, Buchheit
KH, et al. Standardization of allergen products: 3. Validation
of candidate European pharmacopoeia standard methods for
quantification of  major Birch allergen bet v 1. Allergy. 2016,
http://dx.doi.org/10.1111/all.12898.

27. Ramirez J, Carpizo JA, Ipsen H,  Carreira J, Lombardero M.  Quan-
tification in mass units of Bet v 1, the main allergen of Betula

verrucosa pollen, by a monoclonal antibody based-ELISA. Clin
Exp Allergy. 1997;27:926---31.

28. Becker WM, van Ree R, Fiebig H, Cromwell O, Weber B, Monsalve
R, et al. Validation of quantitative, allergen-specific ELISAs.
Arbeiten aus dem Paul-Ehrlich-Institut (Bundesamt für Sera und
Impfstoffe) zu Frankfurt aM. 2006:91---7.

29. Kaul S, Dehus O,  Zimmer J, Vieths S.  Validation of major allergen
references and ELISAs --- current state of the BSP090 project.
Arbeiten aus dem Paul-Ehrlich-Institut (Bundesamt für Sera und
Impfstoffe) zu Frankfurt aM. 2013;97:45---53.

30. Vieths S, Kaul S, Hanschmann K-M, Schorner C, Barber D,
Ledesma A, et al.  Establishment of  recombinant major allergens
Bet v 1 and Phl p 5a as Ph. Eur. reference standards and vali-
dation of ELISA methods for their measurement. Results from
feasibility studies. Pharmeur Bio Sci Notes. 2012;2012:118---34.

31. Calderon MA, Vidal C, Rodriguez del Rio P, Just J, Pfaar O, Tabar
AI, et al. European Survey on  Adverse Systemic Reactions in
Allergen Immunotherapy (EASSI): a real-life clinical assessment.
Allergy. 2017;72:462---72, http://dx.doi.org/10.1111/all.13066.

32. Casanovas M,  Fernández-Caldas E, Alamar R, Basomba A. Com-
parative study of  tolerance between unmodified and high doses
of chemically modified allergen vaccines of  Dermatophagoides

pteronyssinus. Int Arch Allergy Immunol. 2005;137:211---8.
33. Himly M,  Carnes J, Fernandez-Caldas E, Briza P, Ferreira F. Char-

acterization of allergoids. Arb Paul Ehrlich Inst Bundesinstitut
Impfstoffe Biomed Arzneim Langen Hess. 2009;96:61.

34. Carnes J,  Himly M,  Gallego M, Iraola V,  Robinson DS, Fernández-
Caldas E, Briza P. Detection of  allergen composition and in vivo
immunogenicity of depigmented allergoids of  Betula alba.  Clin
Exp Allergy. 2009;39:426---34.

35. Fiebig H, Kahlert H, Weber B, Suck R, Nandy A, Cromwell O.
Antibody-based methods for standardization of allergoids and
recombinant hypoallergens. Arb Paul Ehrlich Inst Bundesinstitut
Impfstoffe Biomed Arzneim Langen Hess. 2009;96:71.

36. Wu Z,  Lian J, Han Y, Zhou N, Li  X, Yang A, et  al.  Cross-linking
of  peanut allergen Ara h 2 by polyphenol oxidase: digestibility
and potential allergenicity assessment. J  Sci Food Agric. 2015,
http://dx.doi.org/10.1002/jsfa.7542.

37. Koppelman SJ, Luykx DM, de Jongh HH, Veldhuizen WJ.
Physicochemical characterization of allergens: quantity, iden-
tity, purity, aggregation and conformation. Arb Paul Ehrlich
Inst Bundesinstitut Impfstoffe Biomed Arzneim Langen Hess.
2009;96:39.

38. Gallego MT, Iraola V, Himly M,  Robinson DS, Badiola C, Garcia-
Robaina JC, et  al. Depigmented and polymerised house dust
mite allergoid: allergen content, induction of IgG4 and clinical
response. Int Arch Allergy Immunol. 2010;153:61---9.

39. Luykx D, Cordewener J,  de Bruijn J,  de Westphal A, Sleijster H,
America T, van den Hout R. Physicochemical characterisation
of mite allergoids and alum-adsorbed mite allergoids. Arb Paul
Ehrlich Inst Bundesinstitut Impfstoffe Biomed Arzneim Langen
Hess. 2013;97:97---100.

40. Kerkvliet E, Sinnige N,  Franso C, van den Hout R. Antibody-
based assays for potency determination of mite allergoids and
for stability studies of alum-adsorbed mite vaccines. Arb Paul
Ehrlich Inst Bundesinstitut Impfstoffe Biomed Arzneim Langen
Hess. 2013;97:106---11.

41. Marco FM, Brotons B, Kutsyr O, Ferrer A, Hernández FT,  Car-
rión MA, Diaz P. Development of a  capture-ELISA assay for the
analysis and quantification of  Dermatophagoides pteronyssinus

allergoids. Allergy. 2015:467.
42. Russell WMS, Burch RL. The principles of humane experimental

technique. South Mimms, Potters Bar,  Herts, England: Universi-
ties Federation for Animal Welfare; 1992.

43. Iraola V,  Gallego MT, Lopez-Matas MA, Morales M, Bel  I,
Garcia N, et  al. Immunogenicity of Phleum pratense depig-
mented allergoid vaccines: experimental study in rabbits. JIACI.
2012;22:35---40.

http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0255
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0255
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0255
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0255
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0255
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0255
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0255
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0255
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0255
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0255
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0255
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0255
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0255
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0255
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0255
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0255
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0255
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0255
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0255
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0255
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0255
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0255
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0255
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0255
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0255
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0255
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0255
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0255
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0270
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0270
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0270
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0270
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0270
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0270
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0270
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0270
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0270
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0270
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0270
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0270
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0270
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0270
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0270
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0270
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0270
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0270
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0270
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0270
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0270
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0270
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0270
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0270
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0270
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0270
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0270
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0270
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0270
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0270
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0270
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0270
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0270
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0270
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0270
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0270
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0270
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0270
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0270
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0270
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0270
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0270
dx.doi.org/10.1111/all.12824
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0290
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0290
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0290
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0290
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0290
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0290
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0290
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0290
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0290
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0290
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0290
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0290
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0290
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0290
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0290
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0290
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0290
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0290
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0290
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0290
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0290
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0290
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0290
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0290
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0290
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0290
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0290
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0290
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0290
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0290
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0290
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0290
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0290
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0290
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0290
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0290
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0295
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0295
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0295
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0295
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0295
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0295
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0295
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0295
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0295
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0295
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0295
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0295
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0295
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0295
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0295
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0295
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0295
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0295
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0295
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0295
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0295
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0300
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0300
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0300
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0300
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0300
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0300
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0300
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0300
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0300
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0300
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0300
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0300
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0300
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0300
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0300
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0305
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0305
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0305
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0305
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0305
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0305
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0305
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0305
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0305
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0305
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0305
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0305
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0305
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0305
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0305
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0305
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0305
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0305
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0305
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0305
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0305
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0305
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0305
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0305
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0305
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0305
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0305
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0305
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0305
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0305
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0305
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0305
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0305
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0305
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0305
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0305
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0305
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0305
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0305
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0305
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0305
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0305
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0305
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0305
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0305
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0305
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0305
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0305
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0310
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0310
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0310
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0310
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0310
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0310
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0310
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0310
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0310
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0310
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0310
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0310
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0310
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0310
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0310
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0310
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0310
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0310
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0310
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0310
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0310
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0310
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0310
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0310
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0310
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0310
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0310
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0310
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0315
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0315
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0315
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0315
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0315
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0315
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0315
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0315
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0315
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0315
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0315
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0315
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0315
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0315
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0315
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0315
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0315
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0315
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0315
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0315
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0315
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0315
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0315
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0315
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0320
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0320
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0320
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0320
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0320
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0320
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0320
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0320
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0320
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0320
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0320
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0320
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0320
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0320
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0320
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0320
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0320
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0320
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0320
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0320
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0320
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0320
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0320
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0320
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0320
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0320
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0320
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0320
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0320
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0320
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0320
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0320
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0320
dx.doi.org/10.1016/j.jaci.2008.09.017
dx.doi.org/10.1111/all.12622
dx.doi.org/10.1007/s40629-015-0054-4
dx.doi.org/10.1007/s40629-015-0054-4
dx.doi.org/10.1007/s00216-014-8418-z
dx.doi.org/10.1111/all.12898
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0350
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0350
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0350
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0350
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0350
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0350
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0350
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0350
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0350
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0350
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0350
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0350
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0350
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0350
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0350
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0350
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0350
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0350
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0350
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0350
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0350
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0350
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0350
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0350
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0350
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0350
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0350
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0350
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0350
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0350
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0350
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0350
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0350
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0350
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0350
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0350
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0350
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0350
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0350
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0350
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0355
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0355
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0355
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0355
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0355
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0355
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0355
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0355
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0355
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0355
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0355
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0355
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0355
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0355
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0355
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0355
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0355
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0355
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0355
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0355
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0355
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0355
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0355
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0355
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0355
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0355
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0355
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0355
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0355
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0355
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0355
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0355
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0355
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0355
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0355
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0355
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0355
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0355
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0355
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0355
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0355
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0360
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0360
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0360
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0360
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0360
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0360
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0360
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0360
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0360
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0360
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0360
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0360
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0360
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0360
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0360
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0360
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0360
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0360
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0360
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0360
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0360
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0360
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0360
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0360
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0360
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0360
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0360
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0360
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0360
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0360
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0360
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0360
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0360
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0360
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0360
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0360
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0360
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0360
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0360
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0360
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0360
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0360
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0360
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0360
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0365
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0365
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0365
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0365
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0365
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0365
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0365
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0365
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0365
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0365
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0365
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0365
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0365
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0365
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0365
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0365
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0365
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0365
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0365
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0365
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0365
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0365
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0365
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0365
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0365
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0365
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0365
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0365
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0365
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0365
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0365
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0365
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0365
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0365
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0365
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0365
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0365
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0365
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0365
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0365
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0365
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0365
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0365
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0365
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0365
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0365
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0365
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0365
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0365
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0365
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0365
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0365
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0365
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0365
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0365
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0365
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0365
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0365
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0365
dx.doi.org/10.1111/all.13066
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0375
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0375
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0375
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0375
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0375
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0375
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0375
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0375
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0375
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0375
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0375
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0375
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0375
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0375
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0375
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0375
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0375
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0375
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0375
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0375
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0375
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0375
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0375
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0375
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0375
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0375
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0375
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0375
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0375
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0375
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0375
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0375
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0375
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0375
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0375
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0375
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0380
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0380
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0380
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0380
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0380
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0380
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0380
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0380
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0380
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0380
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0380
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0380
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0380
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0380
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0380
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0380
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0380
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0380
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0380
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0380
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0380
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0380
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0380
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0380
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0380
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0380
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0380
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0380
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0385
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0385
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0385
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0385
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0385
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0385
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0385
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0385
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0385
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0385
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0385
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0385
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0385
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0385
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0385
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0385
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0385
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0385
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0385
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0385
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0385
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0385
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0385
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0385
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0385
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0385
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0385
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0385
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0385
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0385
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0385
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0385
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0385
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0385
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0385
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0385
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0385
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0385
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0385
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0385
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0385
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0385
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0390
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0390
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0390
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0390
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0390
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0390
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0390
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0390
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0390
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0390
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0390
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0390
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0390
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0390
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0390
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0390
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0390
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0390
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0390
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0390
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0390
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0390
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0390
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0390
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0390
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0390
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0390
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0390
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0390
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0390
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0390
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0390
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0390
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0390
dx.doi.org/10.1002/jsfa.7542
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0400
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0400
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0400
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0400
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0400
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0400
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0400
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0400
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0400
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0400
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0400
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0400
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0400
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0400
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0400
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0400
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0400
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0400
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0400
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0400
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0400
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0400
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0400
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0400
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0400
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0400
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0400
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0400
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0400
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0400
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0400
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0400
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0400
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0400
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0400
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0400
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0400
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0400
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0405
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0405
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0405
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0405
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0405
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0405
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0405
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0405
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0405
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0405
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0405
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0405
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0405
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0405
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0405
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0405
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0405
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0405
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0405
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0405
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0405
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0405
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0405
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0405
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0405
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0405
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0405
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0405
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0405
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0405
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0405
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0405
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0405
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0405
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0405
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0405
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0405
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0405
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0405
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0405
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0405
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0405
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0405
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0410
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0410
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0410
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0410
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0410
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0410
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0410
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0410
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0410
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0410
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0410
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0410
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0410
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0410
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0410
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0410
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0410
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0410
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0410
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0410
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0410
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0410
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0410
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0410
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0410
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0410
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0410
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0410
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0410
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0410
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0410
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0410
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0410
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0410
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0410
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0410
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0410
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0410
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0410
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0410
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0410
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0410
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0410
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0410
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0410
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0410
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0415
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0415
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0415
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0415
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0415
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0415
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0415
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0415
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0415
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0415
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0415
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0415
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0415
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0415
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0415
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0415
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0415
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0415
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0415
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0415
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0415
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0415
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0415
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0415
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0415
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0415
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0415
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0415
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0415
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0415
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0415
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0415
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0415
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0415
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0415
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0415
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0415
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0415
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0415
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0415
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0415
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0415
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0415
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0415
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0420
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0420
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0420
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0420
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0420
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0420
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0420
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0420
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0420
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0420
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0420
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0420
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0420
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0420
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0420
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0420
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0420
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0420
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0420
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0420
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0420
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0420
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0420
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0420
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0420
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0420
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0420
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0420
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0420
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0420
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0420
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0420
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0420
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0420
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0420
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0425
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0425
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0425
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0425
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0425
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0425
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0425
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0425
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0425
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0425
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0425
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0425
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0425
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0425
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0425
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0425
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0425
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0425
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0425
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0425
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0425
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0425
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0425
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0425
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0425
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0425
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0425
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0430
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0430
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0430
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0430
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0430
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0430
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0430
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0430
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0430
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0430
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0430
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0430
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0430
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0430
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0430
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0430
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0430
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0430
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0430
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0430
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0430
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0430
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0430
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0430
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0430
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0430
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0430
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0430
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0430
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0430
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0430
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0430
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0430
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0430
http://refhub.elsevier.com/S0301-0546(17)30127-1/sbref0430

	Quality requirements for allergen extracts and allergoids for allergen immunotherapy
	Introduction
	Regulatory background
	Quality requirements for allergen extracts
	The in-house reference preparation
	Allergen extracts

	Determination of potency – IgE binding potency versus individual allergen molecules
	Quality requirements for chemically modified/adsorbed allergen products
	Conclusion
	Conflict of interest
	Contributions
	Acknowledgements
	References


