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Abstract

Background:  Component  resolved  diagnosis  (CRD)  allows  to  precisely  identify  the  sensitization

to specific  molecules  of  a  given  allergenic  source,  resulting  in an important  improvement  in

clinical management,  particularly  of  polysensitized  subjects.  This  will  end  in the  correct  pres-

cription of  allergen  immunotherapy  (AIT)  for  respiratory  allergy  and  in  adequate  avoidance

diets or  prescription  of  self-injectable  adrenaline  in  food  allergy.

Objective:  The  aim  of  this  multicenter,  real  life  study  is to  evaluate  the percentage  change

of the  diagnostic-therapeutic  choice  in  polysensitized  patients  with  respiratory  allergy  and  in

patients with  food  allergy,  after  using  CRD  compared  to  a first  level  diagnosis,  along  with  an  eco-

nomic  analysis  of  the  patient’s  overall  management  according  to  the  two  different  approaches.

Methods: An  overall  number  of  462 polysensitized  patients,  as  suggested  by  skin  prick  tests

(SPT), and  with  clinical  symptoms  related  to  a  respiratory  (275  pts)  or  food  (187  pts)  allergy,

were recruited.  All  patients  underwent  CRD  for  specific  IgE  against  food  or  inhalant  recombinant

molecules,  which  were  chosen  according  to  medical  history  and  positivity  to  SPT.  The  first

diagnostic-therapeutic  hypothesis,  based  only  on  medical  history  and  SPT,  was  recorded  for  each

patient while  the  final  diagnostic-therapeutic  choice  was  based  on the  results  from  CRD.  The

rate of  change  of  the  diagnostic-therapeutic  choice  from  the  first  hypothesis  to  the  final  choice

was statistically  evaluated.  The  economic  impact  of  CRD  on  the  overall  management  of  the

allergic patients  was  analyzed  to  evaluate  whether  the increase  in the diagnostic  costs  would

be compensated  and eventually  exceeded  by  savings  coming  from  the  improved  diagnostic-

therapeutic  appropriateness.

Abbreviations: CRD, component resolved diagnosis; AIT, allergen immunotherapy; SPT, skin prick tests; AR, allergic rhinitis; QoL, quality

of life.
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Results:  An  approximate  50%  change  (k  index  0.54)  in  the  prescription  of  AIT  for  respiratory

allergy as  well  as  a  change  in the  prescription  of  self-injectable  adrenaline  (k  index  0.56)  was

measured; an  overall  saving  of  financial  resources  along  with  a  higher  diagnostic-therapeutic

appropriateness  was  also  detected.

Conclusion:  There  is  moderate  agreement  concerning  prescription  of AIT  and  self-injectable

adrenaline  before  and  after  performing  CRD:  this  highlights  the  usefulness  of CRD,  at  least  in

polysensitized  patients,  in  indicating  the  risk  assessment  and  therefore  the  correct  therapy  of

respiratory and  food  allergy,  which  results  in a  cost-saving  approach.

©  2018  SEICAP.  Published  by  Elsevier  España,  S.L.U.  All  rights  reserved.

Introduction

Respiratory  allergy,  which  includes  allergic  rhinitis  (AR)
and  bronchial  asthma,  and food  allergy,  are  the most
common  hypersensitivity  diseases.  Epidemiological  studies
showed  that  the  increase  in the  prevalence  of  asthma
and  AR observed  in several  Western  nations  since  the
1960s---1970s,1,2 was  accompanied  in the latest  decades  by  a
similar  increase  in food  allergy,3 reaching  the  point of defin-
ing  it  as  the ‘‘second  wave’’  of  the  allergic  epidemic.  On
a  worldwide  level,  based  on  several  studies,  food  allergy
seems  to  concern  about  5---8% of  children  and  2---5%  of adults,
and  from  a  minimum  of  1---2%  to  a  maximum  of  10%  of  the
general  population.4---7 As  far  as  anaphylaxis  is  concerned,
a  number  of  studies  conducted  in recent  years  especially
in  the  USA,  confirmed  a  relevant  increase  of  its incidence,
obtained  from  related  admissions  to  hospitals,  both  in  young
people8 and  in children,9,10 with  foods as  the  main  trigger
cause.  These  pathologies,  despite  not  usually  being  associ-
ated  to  serious  morbidity  and  mortality,  generate  a  burden
of  illness  particularly  meaningful  on  society,  because  of the
impact  on  the  quality  of life  (QoL)  and  because  of  the
cost  of  treatment,  therefore  representing  a public  health
issue,11,12 with  obvious  repercussions  on  sanitary  systems
and  on  the  population  itself,  both  in social  terms  and  strictly
economic  terms  as  well  (increase  of  direct,  indirect,  intan-
gible  and  opportunity  costs).11---24 The  need  to  achieve  a
diagnosis  as  precise  as  possible  in identifying  the causative
allergen  proves  of fundamental  importance,  in order  to set
up  the  most  adequate therapy.  Traditional  diagnostic  tests
are  aimed  at demonstrating  the  presence  of  specific IgE
against  one  or  more  allergenic  extracts,  through  two  modal-
ities:  in  vivo,  by  performing  skin  prick  tests  (SPT),  or  in
vitro,  by  the  detection  of  specific  IgE  (sIgE)  in blood  by
ImmunoCAP  methodology.11 In particular,  SPT  represents  the
first  level  diagnostic  tool,  mainly  because  of  its  minimally
invasive  procedure  and  modest  costs.25 However,  both  cuta-
neous  and  in  vitro  tests  yield  a fair  sensitivity  (70---100%)
but  an  unsatisfactory  specificity  (40---70%),26 and can  there-
fore  result  in  a high  number  of false  positive  results.  As
a  consequence,  in food  allergy  an oral  food  challenge  is
often  required,  which  is  a  third  level  test  allowing  a sound
diagnosis,  but  not  being  within  the  reach of  all  allergy  cen-
ters.  Furthermore,  in recent  years,  it has  been  understood
how  the  allergenic  extracts  used  until  now  are actually
composed  by  a mixture  of allergenic  molecules,  some

common  to  multiple  allergenic  sources  (named  cross-
reactive  molecules  or  panallergens)  while  other  are specific
of a  singular  source  (named  genuine  molecules  or  species-
specific  allergens).27 Therefore,  the  use  of  new  methods
offered  by  the so-called  Component  Resolved  Diagnosis
(CRD),  that  allow  the  detection  of sIgE  against  single  recom-
binant  molecules  and  to identify  the IgE  sensitization  also  to
the  single  molecules,  gives  a  profile  of individual  reactivity
to  IgE  for  a  sensitized  patient.  As  well  as being under-
lined  by  the Consensus  document  on molecular-based  allergy
diagnostics  of  the World Allergy  Organization,28 published
in 2013,  the use  of  CRD  is  aimed  at achieving  three  main
objectives:  (1)  distinguishing  genuine  versus  cross-reactive
sensitization  in polysensitized  patients,  thereby  improving
the  knowledge  of  the real triggering  allergens;  (2)  assess-
ing  the risk  of  severe,  systemic  versus  mild  local  reactions
in food  allergy,  thus  reducing  unnecessary  anxiety  for  the
patient  and  the need  to  perform  oral food  challenges;
(3)  identifying  the allergens  responsible  for  symptoms  and
therefore  the  suitable  patient  for  allergen  immunotherapy
(AIT).  Each  of  these  objectives  has  remarkable  implications,
both  on  diagnosis and  prognosis,  in respiratory  allergy  as
well  as in food  allergy.  In  respiratory  allergy,  the  possibility
of  defining  with  molecular  precision  the triggering  allergen
implicates  on  one  side  a diagnosis  of greater  accuracy  of the
causal  role  of  the allergen  itself  and  on  the  other  side,  since
the  products  for  AIT  are standardized  on  genuine  allergens
(e.g.,  Phl  p  1-5  of  grass  family  or  Bet v 1 of  Betulaceae),  a
more  correct  indication  for  AIT,  which  through  its disease-
modifying  effect  has also  a  recognized  cost-saving  profile
compared  to  drug therapy.29---31 This  is even  more  important
in  patients  who  are seemingly  polysensitized,  this  making
clinical  interpretation  more  difficult,  based on  the capacity
of  CRD  to  differentiate  the genuine  sensitizations,  affect-
ing  symptomatology  and  hence  deserving  AIT,  from  those
due  to  cross-reactivity,  which  are not  particularly  relevant
from  a  clinical  point of  view  but  may  result  in the pres-
cription  of  inappropriate  AIT.32---34 Also  in food  allergy  the
possibility  of defining  with  molecular  precision  the trigger-
ing  allergen  implicates  a  diagnosis  of  greater  certainty  of  the
causal  role  of  the allergen  itself  in triggering  the symptoms;
this  permits  to  identify  patients  with  true  allergy  (clini-
cally  relevant)  to  that  food.  Moreover,  in this  field,  such
diagnostics  allow  to  investigate  the  IgE-mediated  reactivity
to  food  allergenic  sources  potentially  cross-reactive  but,  in
particular,  it enables  to  classify  the symptomatic  patient,
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monosensitized  or  polysensitized,  into  risk  classes  of  differ-
ent  clinical  severity  depending  on  the type  of sensitizing
molecule  (e.g.,  degree  of  heat stability  and  of  resistance  to
proteolytic  digestion).  This  will  have as  a consequence,  in
case  of  high  risk,  the  need  to prescribe  an avoidance  diet  and
possibly  self-injectable  adrenaline,  while,  in the  case  of low
risk,  the  opportunity  to reconsider  the real  necessity  of  fol-
lowing  a  given  diet;  in both  cases,  it will  be  possible  to  avoid
the  performance  of oral  food  challenges  and  the conse-
quences  are relevant  for  patients  both  in  the socio-economic
and  in  the  clinical  aspect.35---37 Our  study  was  aimed  at eval-
uating  the  percentage  change  of the  diagnostic-therapeutic
choice  in  polysensitized  patients  affected  by  food  or  res-
piratory  allergy,  after  using  CRD  compared  to  a first  level
survey  and  also  at  carrying  out  an  economic  analysis  of  the
patient’s  overall  management  according  to the molecular
approach,  with  detailed  analysis  of  higher  costs  and  savings
in  respect  to  traditional  methodologies,  from  the  perspec-
tive  of  an  optimization  of  the  resources.  To  our  knowledge,
no  study  assessing  the role  of CRD  in  the  dual  aspect  of
improving  diagnostic-therapeutic  appropriateness  and opti-
mizing  financial  resources,  both  for respiratory  and  food
allergy,  is  available.  In fact,  taken  singularly,  recent  papers
addressed  the clinical  role  of  CRD  in respiratory  allergy,38---40

while  others  focused  on  an economical  evaluation.41,42 Only
one  study43 has  dealt with  food  allergy  but  did  not include
an  economic  evaluation.

Methods

Selection  of patients

The  selection  of patients  for  the  clinical  diagnostic  prospec-
tive  cohort  study  in a real-life  setting  was  carried  out
in  three  allergy  centers  (Piacenza,  Pordenone,  Mantova)
from  August  18,  2015  to  October  10,  2015. As  poten-
tial  candidates,  all  patients  of the respective  outpatient
clinics  who  underwent  SPT  during  a  first  allergy  visit
were  considered.  The  inclusion  in  the study  required  the
coexistence  of  the  following  criteria:  (1)  polysensitiza-
tion  to SPT,  indicating  the presence  of  two  or  more
sensitizations  to  food  or  aeroallergens  respectively;  (2)
the  presence  of  clinical  symptoms  related  to respira-
tory  allergy  (rhinoconjunctivitis  and/or  bronchial  asthma)
or food  allergy  (oral  allergy  syndrome  and/or  urticaria-
angioedema  and/or  abdominal  pains-nausea-vomit-diarrhea
and/or  rhinoconjunctivitis-bronchospasm  and/or  cardiovas-
cular  symptoms).  Globally,  462  patients  were recruited
(aged  from  10  months  to  83  years),  of whom  275 were  suf-
fering  from  respiratory  allergy  and  187  from  food  allergy.  All
the  investigations  were  performed  under  the  regular  routine
evaluation  of polysensitized  allergic  patients;  no drug was
used  in  the study.  This  study  was  notified  to  the local  ethics
committees,  according  to  the  national  law.

Methodology of  the  study

Each  patient  underwent  the following  examinations:

(1)  SPT  for inhalants  (dust  mites,  Alternaria,  Aspergillus,
Cladosporium,  cat,  dog,  grass,  birch,  ragweed,

mugwort,  Parietaria,  plantain,  olive,  and cypress
pollens,  latex)  or  foods  (milk,  egg,  wheat, cod,  shrimp,
peach,  apple,  tomato,  peanut,  soy,  hazelnut,  nut)
(Alk

®
, Hørsholm,  Denmark;  Stallergenes  Greer

®
,  Lon-

don,  England);  the wheals  with  diameter  ≥3  mm were
considered  positive,  in  absence  of positivity  to  negative
control  (glycerol-saline  solution);  positive  control  was
histamine  (10 mg/ml);

(2)  Blood  sampling  to  detect  sIgE  against food  or  inhalant
recombinant  molecules  (CRD),  which  were  chosen
according  to medical  history  and  positivity  to  SPT  (avail-
able  molecules  were  Phl  p 1-5-7-12,  Art  v  1,  Amb  a 1,
Par  j  2, Bet  v  1, Ole  e  1, Der  p 1-2,  Alt  a 1,  Pru p 3,
Cor  a 8-9-14,  Jug  r  1-3,  Ara  h 1-2-3-9,  Gly  m 5-6, Mal
d  3,  Tri  a 14-19,  Gal  d 1-2,  Casein,  Pen  a  1, Cyp  c  1,
Hev  b 1-3-5-6.01,  Can  f 1,  and Fel  d 1),  by  ImmunoCAP
method  (Thermo  Fisher  Scientific

®
,  Uppsala,  Sweden),

a  fluorescence  enzyme  test  (FEIA)  built  on the  tech-
nique  of  ‘‘sandwich’’  immunoassay  (quantitative  result
in kUA/L,  positive  if ≥0.10  kUA/L).  Only  in cases  when
chosen  molecules  were not  available  with  the Immuno-
CAP  methodology  (e.g.,  Cup  a 1,  Pla  l 1),  the  serum  was
instead  analyzed  with  the Microarray  ISAC  112  allergens
system  (Thermo  Fisher  Scientific

®
, Uppsala,  Sweden),

based  on  a  high  number  of  allergenic  molecules  arranged
on  microarray  on  a solid  glass  support  (four  reaction  sites
involved),  with  use  of  human  anti-IgE  antibodies  labeled
with  a  fluorochrome  and  measure  of  the  fluorescent  part
from  a  laser  scanner  (semi-quantitative  result  in ISU/L,
positive  if ≥0.03  ISU/L).

For  each patient  the  following  was  recorded:  (1)  the
first  diagnostic-therapeutic  hypothesis,  i.e.  the one  that
would  be carried out  based solely  on  the  first  level  testing
(medical  history  and  SPT)  possibly  identifying  the trigger-
ing allergen(s)  driving  the  choice  of allergens  to  be  used  for
AIT  for  respiratory  allergy,  and  the potential  prescription
of  an avoidance  diet,  as  well  as  the potential  prescrip-
tion  of  self-injectable  adrenaline  for  food  allergy;  (2)  the
second  diagnostic-therapeutic  choice  (final),  i.e.  the  one
that  would be implemented  considering  the CRD  outcome.
Therefore,  an evaluation  of  the  percentage  of  change  of
the diagnostic-therapeutic  choice  was  carried  out,  compar-
ing  the first  hypothesis  and  the  final  choice,  and dividing
the patients  into  three  categories:  (1)  patients  for  whom
the  molecular  approach  did not cause  changes  of  any  kind
concerning  the diagnostic-therapeutic  decision;  (2)  patients
for  whom  the  outcome  of  CRD  refined  the diagnosis,  that  is,
a  better definition  of the triggering  allergen(s)]  but  did  not
substantially  influence  the  therapy;  (3)  patients  for  whom
the  CRD  induced  to  modify  not only  the diagnosis  but  also
the  therapeutic  choice  (prescription  of  AIT  or  avoidance
diet/adrenaline).

Statistical  analysis

A descriptive  statistical  investigation  was  done. Further-
more,  a statistical  analysis  was  performed  by  calculation
of  agreement  coefficient  (k  index)  on  obtained  results  in
terms  of  patients  who  underwent  AIT,  before  and  after
molecular  diagnostics,  as  well  as on  the results  obtained
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in  terms  of  adrenaline  devices  prescribed  before  and  after
CRD.  The  data  were  interpreted  according  to  the  Landis  &
Koch  scale,  which states  that  the finding  of a  low  agreement
supports  the  usefulness  of  the  molecular  survey  in  the pre-
cision  of  the  allergy  diagnostics,  in particular,  k  = 0.81---1.00,
almost  perfect;  0.61---0.80,  substantial;  0.41---0.60,  moder-
ate;  0.21---0.40,  fair;  0.00---0.20,  slight;  and  ≤0.001,  poor.
The  chi-square  test  was  used  to  evaluate  the difference
in  the  number  of  modified  diagnosis  and  therapies accord-
ing  to  sensitization  toward  perennial  or  seasonal  inhalant
allergens.  A type  one error  of  5% was  accepted.

Economical  evaluation

A detailed  analysis  was  conducted  on  the  economic  impact
of  a  molecular  approach  to  the  overall  management  of  the
allergic  patients  in order  to  evaluate  whether  the increase  in
the  diagnostic  costs  would  be  compensated  and  eventually
exceeded  by  savings  coming  from  the increasing  diagnostic-
therapeutic  appropriateness.  At  this  regard,  the  average
cost  of  CRD  execution,  about  D  50  for  each  patient  with
respiratory  allergy  (5.5  molecules  for  D  9 per  molecule),41

and  the  cost  of  a  minimum  three-year  course  of  AIT,  esti-
mated  to  be  about  D  100041 were  taken  into  account.  The
costs  related  to  allergy  visits  and SPTs were  not  considered,
since  they  are  common  to  both  diagnostic  approaches,  as
well  as  the  costs  related  to  the symptomatic  drug  therapy,
to  potential  absences  from  work  and,  generally  speaking,  to
the  changes  of  the quality  of  life  (QoL),  although  they  are
considered  relevant  from  literature.44

Results

Clinical  results  in  respiratory  allergy

Regarding  the  275  patients  affected  by respiratory  allergy,
the  implementation  of CRD  did  not  cause  changes  to the
diagnostic-therapeutic  choice  in 160 of  them  (58%),  while  it
resulted  in  refining  the diagnosis  (D) or  an overall  change
of  diagnosis  and  therapy  (D  and  T),  respectively  in 27  (10%)
and  in  88  (32%)  patients  (Fig.  1). Statistically,  the  analy-
sis  of  the  correlation  between  the two  diagnostic  methods
(traditional  diagnostics  vs.  molecular  approach)  in identify-
ing  patients  who  are prescribed  AIT highlights  a  concordance
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between  the  methods  (the  proportion  of  patients  for  whom
the  two  methods  agree  in the formulation  of  clinical  judg-
ment  on  the total  of patients)  amounting  to  68%  of  cases;
the  agreement  coefficient  (k  index)  amounts  to  0.54,  mean-
ing  a moderate  agreement.  Furthermore,  taking  only  the 88
patients  who  experienced  a  change  of  therapeutic  decision
into  consideration,  in  51  of  them  (58%)  the AIT  prescrip-
tion  changed  from  trees  to  grasses  and  from  trees  to  cypress
based  on  positive  response  for  genuine  molecules,  while  in
42%  AIT became  the  chosen  treatment  (instead  of  drugs)  in
17  patients  (19%),  while  in  20  patients  (23%) the opposite
occurred,  i.e.  drugs  were  prescribed  instead  of AIT (Fig.  2).
Indeed,  as  many  as  41  of 100  patients  that  would  undergo
two  AIT courses  with  the traditional  diagnostic  method,
eventually  underwent  only one  course  (Fig.  3).  On the  con-
trary,  most patients  who  underwent  no  course or  one course
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them between  traditional  diagnostic  method  (first  hypothesis)  and  molecular  approach  (final  choice).
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of  AIT,  respectively  54  of 72  and  71  of  85,  kept  going through
the  same  number  of  courses.  Instead,  separately  evaluat-
ing  the  patients  with  perennial  allergy,  which were  those
who  were  sensitized  to  dust  mites  and/or  molds  (149),  com-
pared  to those  with  seasonal  clinical  symptoms  (126),  it is
deduced  that  in 93  patients  (62%  of  the perennial)  vs.  67
(53%  of  seasonal)  there  was  no  change  in the diagnostic-
therapeutic  choice,  in 15  (10%)  vs.  12  (10%)  the  diagnosis
(D)  was  refined,  while  in 41  (28%)  vs.  47 (37%)  there  was
a  modification  of  diagnosis  and  therapy  (D and  T)  (Fig.  4).
Statistically,  the  chi-square  test  for  the  difference  between

seasonal  and  perennial  was  not  significant  (p  = 0.12).  Lastly,
when  we  analyzed  the  profile  of  molecular  sensitization  of
the  275  patients  with  respiratory  allergy,  84  of  them  (31%)
resulted  sensitized  to at least  one  panallergen  (profilin  or
polcalcin);  in 38  of  these  84  patients  there  was  an overall
change  of  diagnosis  and therapy  (D  and  T).  CCD  reactivity
was  evaluated  in all  patients  and  four  sensitizations  (0.01%)
were  found  only  in subjects  with  positivity  to  recombinant
but  not  native  molecules.

Economic  results  in  respiratory allergy

With  the traditional  diagnostic  method  (first  diagnostic-
therapeutic  hypothesis)  a  total  of  339  minimum  three-year
courses  of  AIT  were  prescribed,  while  according  to the
molecular  approach  (final  choice)  the therapeutic  courses
were  reduced  to  283  (comprehensive  of  26  courses
prescribed  only  after  CRD),  therefore  with  a decrease  of
56  units  (Fig.  5).  Taking  into  account that  a three-year
AIT  course  costs  about  1000  euros,41 the  immunotherapy
expense  changed  from  D  339,000  to  D  283,000,  with  a saving
of  D  56,000.  Then,  deducting  the higher  costs  of the  diag-
nostic  phase  of  molecular  approach  (D  50  euros  for  each  of
275  patients,  total  amounting  to  D 13,750),41 the final  saving
in  respiratory  allergy  was  estimated  to  be D  42,250.
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Figure  7  Comparison  between  self-injectable  adrenaline

devices prescribed  with  the  traditional  diagnostic  method  (first

hypothesis)  and  those  prescribed  according  to  the  molecular

approach  (final  choice).

Clinical  results  in  food allergy

Concerning  the 187  patients  with  diagnosis  of  food  allergy,
the  implementation  of  CRD  did  not  produce  changes  to
the  diagnostic-therapeutic  choice  in 33  of them  (18%),
while  it  entailed  refining  the diagnosis  (D)  or  an overall
change  in  diagnosis  and  therapy  (D and  T)  respectively
in  82  (44%)  and  in 72  (38%)  patients  (Fig.  6).  With  the
traditional  diagnostic  method  (first  diagnostic-therapeutic
hypothesis)  a  total  of  112 self-injectable  adrenaline  devices
were  prescribed,  whereas  according  to  the molecular
approach  (final  choice) such  devices  become  111  (includ-
ing  19  adrenaline  devices  prescribed  only  after  CRD),
making  it  one  unit less  (Fig.  7).  The  statistical  analysis
of  the  correlation  between  the two  diagnostic  meth-
ods  (traditional  diagnostics  vs.  molecular  approach)  in
identifying  patients  who  were  prescribed  self-injectable
adrenaline  highlights  an accord  was  observed  between
methods  equal  to  79%  of  cases;  the  agreement  coefficient
(k  index)  amounted  to  0.56,  meaning  a  moderate  agree-
ment,  according  to  the  interpretative  scale  of Landis  and
Koch.

Discussion

Respiratory  allergy

The implementation  of CRD  made  a  change  in diagnosis
and  therapy,  i.e. the  potential  prescription  and  composi-
tion  of  AIT  in 88 patients  (32%).  By  statistically  analyzing
these  data,  the  agreement  coefficient  (k  index)  of  correla-
tion  between  the two  methods  ---  traditional  vs.  molecular
--- in  identifying  patients  who  were  prescribed  AIT was  0.54,
which  is  a  moderate  agreement;  the results  of  CRD  changed
the  clinical  choice  in about  half  of  cases.  This  finding  is
consistent  with  previous  studies.  In fact,  in the study  by
Sastre  et  al.39 an agreement  between  the  AIT indication
before  and  after  the implementation  of  molecular  diag-
nostics  (Microarray  ISAC)  was  found in 62  (46%)  patients
(kappa  = 0.1057  ±  0.0413),  meaning  that  after  molecular
diagnostics  the therapeutic  choice  changed  in as  many  as
54%  of  subjects.  In  the study  on  children  (mostly  poly-
sensitized)  by  Stringari  et al.,40 after  CRD  by  Immunocap
the  previously  established  therapeutic  choice  (according

to SPT) would  have  changed  into  prescription  or  different
composition  of AIT  in  305  (47%)  of  651 subjects.  Also  in the
study  by  Passalacqua  et  al.38 on  318 polysensitized  patients,
the  implementation  of Microarray  ISAC  would have led to
detecting  in about 60% of  patients  at least  one  additional
item  of information,  which  consequently  implied  thera-
peutic  adjustments.  Lastly,  Borghesan  et al.,41 based on
the  discovery  of  sensitization  to  panallergens  by  molecu-
lar  diagnostics,  halted  AIT  prescription  to  20  of  50  patients
(40%).  Our  result  confirms  that  there  is  a low agreement
(though  greater  than  in  previous  studies)  concerning  the
potential  clinical  significance,  in the  AIT  choice  before and
after  molecular  diagnostics.  This  emphasizes  the useful-
ness  of  CRD  in indicating  the most  appropriate  therapy,
at  least  in polysensitized  patients.  In  this  regard,  in  our
real-life  population,  contrary  to  Sastre’s,39 SPT  sensitiza-
tion  to  olive  never  led  to  AIT  prescription  at the  first
diagnostic-therapeutic  hypothesis,  since  this pollen  is  not
usually  relevant  from  a clinical  perspective  in  our  latitudes
(Northern  Italy);  this could  have  contributed  to  the  slight
increase  of the  degree  of  agreement  between  traditional
diagnostics  and  CRD  in  our  study.  We  also  tried  to  evalu-
ate  if there  could  be a difference  in the  result  obtained
by  dividing  our  population  into  two  groups,  149  patients
suffering  from  perennial  allergy  (those  sensitized  to  dust
mites  and/or  molds),  compared  to  the  126  with  seasonal
allergy:  according  to the result  of  the  chi-square  test  the
difference  was  not  significant.  Regarding  this  aspect,  Sas-
tre  et al.39 analyzed  the  differences  between  the main
allergens,  detecting  changes  in the rate  of  patients  allo-
cated  to  each group  that,  from  a statistical  point  of  view,
could  be  translated  into  a variation  of  k index  from  ‘‘1’’
for  olive  and  cypress  to  ‘‘<0.2’’  for  all  the  others;  any-
how,  all allergens  included  were pollens,  therefore  seasonal
allergens.  Also  Stringari  et  al.,40 using  the same subdivi-
sion,  detected  variations  in the  percentage  allocated  to  each
pollen  group.  In  any case,  our  study  indicates  that  CRD  is
useful not  only in patients  suffering  from  pollen  allergy,
as  highlighted  for  example  by  Sastre  et  al.,39 but  also  in
patients  sensitized  to perennial  allergens.  In  our  population,
84  of 275 patients  (31%)  were  sensitized  to  panallergens
(profilin  and/or  polcacin),  data  apparently  in line  with  the
percentage  of therapeutic  change  (32%).  Similarly,  in  the
pediatric  study  of  Stringari  et  al.40 about  25%  of  patients
were  sensitized  to  profilin,  in the pediatric  population  of
Tripodi  et  al.45 about  20%  of  the 176  children  sensitized  to
grass  pollens had  IgE  for  profilin  while  only  four  for pol-
cacin,  in  the  study  by Borghesan41 on  subjects  older  than  12
years  profilin  and/or  polcacin  were  found in  40%  of  cases,
in  the adult  population  of Melioli  et al.46 sensitization  to
profilin  was  present  in 15%  of patients  and  that  for  polcal-
cin  in 5% of  them,  and  lastly,  in the  study  of  Darsow on  101
adults  with  grass  pollen  allergy47 the  sensitization  to  pro-
filin  and  polcalcin  were  present  respectively  in nine  and  two
patients.  The  percentage  we  found  seems  to  confirm  the lit-
erature  data  according  to  which  profilin  sensitization  can
mostly  be  found  in the  Mediterranean  area rather than  in
Northern  Europe,  reason for  which  the impact  of CRD  on
AIT  prescription  in those  geographical  areas  could  be  less
relevant,  although  profilin  is  not  the  sole  significant  factor
in  this aspect.  In  this  regard,  in  our  study  profilin  and/or
polcacin  were  found  in  38  (43%)  of  88  patients  in whom
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an  overall  change  of  diagnosis  and  therapy  occurred.  The
other  aspect  is  that  in our  study,  using  CRD,  the AIT  courses
globally  prescribed  decreased  from  339 to  283,  precisely
because  in 56  cases  there  was  not an  actual  sensitization  to
the  genuine  molecule  (e.g.,  Phl  p 1, Phl  p 5,  Bet v  1,  Par  j  2,
Der  p 1, Der  p 2, Amb  a 1),  which  was  erroneously  apparent
by  SPT  and  symptomatology;  we  would  have  then  prescribed
56  AIT  to  subjects  not  truly  allergic  to  that  specific source
and  that  would  therefore  result  in an ineffective  treatment.
In  this  regard,  in  the study  conducted  by  Stringari  et  al.,40

an  actual  sensitization  to  the respective  genuine  allergens
was  lacking  in a significant  percentage  of  patients  with  a
supposed  relevant  clinical  allergy,  more  specifically  in 464
reactions  on a total  of  1716  (27%)  taking  into  consideration
all  pollens,  and  IgE  to  profilin  and  polcacin  (or  both)  were
relevant  in  justifying  173  (37%)  of these  464 reactions  to
SPT.  In  Sastre’s  paper,39 the lack  of  sensitization  to  genuine
molecules  was  found  in  116  reactions  to  SPT  out  of  a  total
of  530  (22%),  taking  into  consideration  all  pollens.  Borghe-
san  et  al.41 stopped  AIT  prescription  in 20  of  50 patients,
because  they  resulted  sensitized  to panallergens,  regard-
less  of the  presence  or  absence  of  sensitization  to genuine
molecules.  In fact,  it seems  that  such  patients  would find  AIT
less  effective,  due  to  insufficient  presence  of  panallergens
in  therapeutic  extracts,  which  are notoriously  standardized
on  genuine  allergens;  in any  case,  this  aspect  has  not  been
addressed  in our  work,  while  other  clinical  studies  estab-
lished  to  confirm  or  remove  this suspect,  are  underway.  At
the  same  time,  we  need  to specify  that  in our  study,  on  283
AIT  courses  globally  prescribed  according  to  the molecular
approach,  in 26  cases  the  sensitization  was  actually  con-
firmed  as  clinically  relevant  (genuine)  only after molecular
diagnostics;  regarding  this aspect,  in  the  study of Sastre39

in  175  negative  outcomes  to  SPT  a  genuine  sensitization
was  found  in 56 of  them.  Moving  on  to  the economic  issue,
in  our  study  the implementation  of  CRD  entailed  a total
saving  of  D  42,250  on  275  patients.  This  confirms  that  not
only  is  CRD effective  in  improving  the selection  of  patients
who  can  benefit  from  AIT,  the only anti  allergic  treatment
with  both  a  disease-modifying  and a  proven  cost-effective
profile29---31 compared  to  symptomatic  drug  treatment,  but
also  decreases  the overall  costs,  from  both  the individ-
ual  and  the  health  care  system  perspective.  The  study  by
Borghesan  et  al.41 also  evaluated  the  economic  aspect  of a
diagnostic  approach  through  SPT  or  molecular  diagnostics,
both  including  diagnostics  and  AIT  treatment;  an  overall
saving  of D  18,538  on  50  patients  was detected.  Also  the
study  conducted  by Lepage-Nefkens  et  al.42 in 2015  showed
how,  beyond  increasing  full  responders  to  AIT  [from  9422
(95%CI;  7384---11,891)  to  13,239  (95%CI;  10,039---16,868)],
CRD  would  provide  a greater  saving  on  the  total  costs
expected  for  each patient,  that  would change  from  D  7555
(95%CI;  D 7496---D  7618) to  D 7255  (95%CI;  D 7062---D 7453).
It  can  be  concluded  that  the  detection  of  specific  IgE  to
recombinant  molecules,  despite  appearing  more  expensive
compared  with  traditional  tests,  produces  more  reliable
information  in merit  of AIT  prescription,  thus  resulting  in
a  significant  reduction  of  global  costs  backed  by  the  health
care  system.  In  any  case,  as previously  discussed,  further
studies  are  warranted  to  verify  the  profile  of  greater  clin-
ical  efficacy  of  AIT  prescribed  according  to  the  molecular
approach.

Food  allergy

Concerning  food  allergy,  the  implementation  of CRD  entailed
an  overall  change  of  diagnosis  and therapy  (namely  the
potential  prescription  and  the  type of  avoidance  diets
as  well  as  the  potential  prescription  of  self-injectable
adrenaline)  in 82  (38%)  patients.  Statistically  analyzing  self-
injectable  adrenaline,  the agreement  coefficient  (k  index)
of  correlation  between  the  two  methods  ---  traditional  vs.
molecular  --- in  identifying  patients  to whom  prescribe  was
0.56,  i.e.  a moderate  agreement;  this  indicates  that  molec-
ular  diagnostics  changes  the  clinical  choice  in  about  half
of  cases.  Such  a  result  is  very  similar  to  that  obtained  in
respiratory  allergy  concerning  AIT  prescription.  In  the only
study  available  thus far,43 performed  on  an adult population
in real-life,  there  was  a fair degree  of agreement  between
the decision  of the specialist  and the adrenaline  prescription
influenced  by  Microarray  (59  of  86  patients,  that  is  68.6%,
with  a  k index  0.372  (95%  CI: 0.185---0.559;  p  <  0.001).  Our
result  therefore  confirms  the quite  low agreement  (although
slightly  greater  compared  to  the  study  mentioned  above),
concerning  the potential  clinical  significance  when  choos-
ing  the  self-injectable  adrenaline  before  and  after  using
molecular  diagnostics,  thus  emphasizing  its  real usefulness
in indicating  the severity  of  clinical  risk,  at least  in  those
patients  with  complex  sensitizations.  However,  the small
difference  found  between  the two  areas  ---  respiratory  and
food  allergy  ---  could  lead  one  to  say  that  the  lack  of  using
molecular  diagnostics  makes  it easier  to  make  mistakes
when  prescribing  AIT rather  than  prescribing  adrenaline.
In  our  study,  adrenaline  devices  prescribed  after  CRD  have
decreased  from  112  to  111,  therefore  with  a loss  of  1 unit
and  a saving  of  D 80. At  the same  time  it  is  important  to
highlight  that,  of 111 adrenaline  devices  prescribed  accord-
ing  to the  molecular  approach,  in 19  cases  the  sensitization
was  confirmed  as  clinically  significant  and  potentially  dan-
gerous  only after  molecular  diagnostics  was  carried  out:  it
was  mostly  about hazelnut  (Cor  a  14)  and  wheat  (gliadin)
allergies,  which  had  been  underestimated.  Actually,  even
though  the global  data  between  the two  approaches  seem
to  be  overlapping,  one  should  reason  on  the usefulness  of
CRD  in  improving  the  diagnostic-therapeutic  appropriate-
ness.  The  adrenaline  prescription  does  not  depend  only
on  the severity  of  the  clinical  reaction,  but also  on  the
type  of  sensitizing  molecule.  A  mild  clinical  reaction  may
induce  a  ‘‘non-prescription’’  of  adrenaline,  underestimat-
ing the risk  of  anaphylaxis  in case  of  sensitization  to  stable
molecules,  which  could  potentially  cause  anaphylaxis,  espe-
cially  when  cofactors  are present48,49;  on  the other  hand,
a  mild/moderate  clinical  reaction  to  an  ubiquitous  source,
which  could potentially  cause  anaphylaxis,  such as  hazelnut,
may  induce an  excess  of  adrenaline  prescription.  Therefore,
globally  a  prescription  occurs  in  approximately  the  same
number.  In  our  study  we have  refined  the  diagnosis  through
a  better  definition  of  the triggering  allergen(s),  and/or
we  have  recommended  a  specific  diet with  the  potential
prescription  of self-injectable  adrenaline  in 117  patients,
which  were  actually  found  to  be sensitized  to  molecules
with  a high  risk  of  severe  reactions  (in  68%  LTPs).  There-
fore,  a  more  precise  diagnosis  enables  to  better  define  the
foods  to  be avoided  and  thus  prevent  future  relapses,  which
may  occur  for an  incorrect  definition  of  the  avoidance  diet
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but  possibly  also  because  of an association  of  a cofactor.
In  fact,  as  already  known,  at  the  base  of  reactions  trig-
gered  by  cofactors  there  is  very  frequently  an LTP  allergen,
therefore  a  patient  with  known LTP sensitization  should  be
informed  of  the  risk  he/she  could  face in case  of  associa-
tion  with  one  or  more  cofactors  when ingesting  the specific
responsible  food.49 In any  case,  being  aware  that  a  patient,
possibly  evaluated  at low-medium  risk  of  severe  reaction
according  to  clinical  manifestation,  has however  a  poten-
tially  serious  underlying  sensitization,  leads  to  following
him/her  with  greater  attention,  for example  in  evaluat-
ing  the  possible  future  development  of  reactions  to  foods
cross-reactive  with  the  triggering  one,  as often  happens
with  LTPs.  By  contrast,  in 11  patients  CRD  has  clarified  that
the  avoidance  diet  was  not  necessary,  given  the absence
of  sensitization  to  potentially  dangerous  molecules.  This
patient  category  is  actually  particularly  common  in  real
life,  probably  more  than it appears  in our  case  series:  it
concerns  subjects  who  undergo  an  avoidance  diet  on  the
basis  of  a  SPT  finding,  possibly  for  several  years,  when
they  actually  had  only experienced  a mild  clinical  reac-
tion.

Conclusions

Currently,  allergic  diseases  are often  underrated,  thus costs
are  mostly  and  primarily  paid  by  the patients  and  their  fam-
ilies.  In addition,  allergies  particularly  affect  learning  and
performance,  both  in school  and  work  place,  causing  high
costs for  the  whole  society.  All  this  cannot  be  precisely  quan-
tified  from  the  economical  point of  view  but  has  a  relevant
influence  in  a modern  society.44 An  improvement  in the diag-
nosis  and  management  of  such  diseases,  based on  the most
recent  guidelines,  could  provide  significant  savings.  In this
context,  CRD  plays  a  notable  role,  since,  as  statistically  con-
firmed  by  our real-life  study,  in about  50%  of  cases  it involves
a  change  in  the therapeutic  choice.  In particular,  it allows
to:  (1)  distinguish  genuine  vs.  cross-reactive  sensitization  in
polysensitized  patients,  improving  the knowledge  of  the real
triggering  allergens;  (2)  advise  patients  to  avoid  the intake
of  food  and/or  the exposure  to  inhalant  agents  that  show
cross-reactivity,  because  of  the presence  of  panallergens;
predicting  the  severity  of  the allergic  reaction  in  case  of
consumption  of a  specific  food  to  which  one  is  sensitized;
(3)  prescribe  self-injectable  adrenaline  devices  to  patients
most  at  risk  of  severe  anaphylaxis;  (4)  identify  with  greater
accuracy  the  suitable  patient  for  AIT,  for  whom  this  treat-
ment  will  prove  to  be  more  effective  and safe.  The  financial
impact  of  misdiagnosis  could  be  addressed  assessing  seri-
ous  harm  to  patients  (death  or permanent  disability)  for
wrong  AIT  prescription,  costs  of  asthma  medications,  costs
of  testing  to  confirm  diagnosis  of  asthma,  costs  of emer-
gency  room  visits,  and  the  cost  for  specialist  consultations.
Studies  including  such issues  are likely  to  result  in a  higher
economic  advantage

Ethical disclosures

Protection  of human  and  animal  subjects.  The  authors
declare  that  the procedures  followed  were  in accordance
with  the  regulations  of  the responsible  Clinical  Research

Ethics  Committee  and  in accordance  with  those  of the  World
Medical  Association  and the Helsinki  Declaration.

Confidentiality  of  data.  The  authors  declare  that  they  have
followed  the protocols  of  their  work  center  on the  publica-
tion  of  patient  data.

Right  to  privacy  and  informed  consent.  The  authors
declare  that  no  patient  data  appears  in this  article.

Authors’  contributions

•  Study  conception  and  design:  Peveri,  Montagni,  Savi
• Acquisition  of  data:  Peveri,  Pattini,  Costantino,  Montagni,

Roncallo,  Villalta,  Savi
• Analysis  and  interpretation  of  data:  Peveri,  Montagni,  Savi
• Drafting  of  manuscript:  Pattini,  Incorvaia,  Montagni,  Savi
•  Critical  revision:  Incorvaia,  Savi

All authors  read and  approved  the final manuscript.

Conflict  of  interest

The  authors  have  no  conflict  of interest  to  declare.

References

1. Prescott S, Allen KJ. Food allergy: riding the second wave of the

allergy epidemic. Pediatr Allergy Immunol. 2011;22:155---60.

2. Koplin JJ, Mills EN, Allen KJ. Epidemiology of food allergy and

food-induced anaphylaxis: is there really a Western world epi-

demic? Curr Opin Allergy Clin Immunol. 2015;15:409---16.

3. Canani RB,  Nocerino R,  Terrin G. Hospital admissions for

food-induced anaphylaxis in Italian children. Clin Exp Allergy.

2012;42:1813---4.

4. AAITO, SIAAIC, SIAIP, FNOMCeO. Documento condiviso su  allergie

e intolleranze alimentary; 2015.

5. Sicherer SH, Sampson HA. Food allergy: epidemiology, patho-

genesis, diagnosis, and treatment. J Allergy Clin Immunol.

2014;133:291---307.

6. Savage J, Johns CB. Food allergy: epidemiology and natural

history. Immunol Allergy Clin North Am. 2015;35:45---59.

7. Nwaru BI, Hickstein L,  Panesar SS. The epidemiology of  food

allergy in Europe: a systematic review and meta-analysis.

Allergy. 2014;69:62---75.

8. Lin RY, Anderson AS, Shah SN. Increasing anaphylaxis hospi-

talizations in the first 2 decades of life: New York State,

1990---2006. Ann Allergy Asthma Immunol. 2008;101:387---93.

9. Dyer AA, Lau CH, Smith TL. Pediatric emergency department

visits and hospitalizations due to food-induced anaphylaxis in

Illinois. Ann Allergy Asthma Immunol. 2015;115:56---62.

10. Rudders SA, Banerji A, Vassallo MF. Trends in pediatric emer-

gency department visits for food-induced anaphylaxis. J  Allergy

Clin Immunol. 2010;126:385---8.

11. Bousquet J, Khaltaev N, Cruz AA.  Allergic rhinitis and its

impact on asthma (ARIA) 2008 update (in collaboration with

the World Health Organization GA(2)LEN and AllerGen). Allergy.

2008;63:8---160.

12. Reed SD, Lee TA, McCrory DC. The economic burden of allergic

rhinitis: a critical evaluation of  the literature. Pharmacoeco-

nomics. 2004;22:345---61.

13. Blaiss MS. Allergic rhinitis: direct and indirect costs. Allergy

Asthma Proc. 2010;31:375---80.



72  S.  Peveri  et al.

14. Barnett SB, Nurmagambetov TA.  Costs of asthma in the United

States: 2002---2007. J Allergy Clin Immunol. 2011;127:145---52.

15. Marcellusi A, Viti R,  Incorvaia C. Direct and indirect costs asso-

ciated with respiratory allergic diseases in Italy. A probabilistic

cost of illness study. Recenti Prog Med. 2015;106:517---27.

16. Domínguez-Ortega J,  Phillips-Anglés E, Barranco P. Cost-

effectiveness of  asthma therapy: a comprehensive review. J

Asthma. 2015;52:529---37.

17. Miles S, Fordham R, Mills C. A framework for measur-

ing costs to society of IgE-mediated food allergy. Allergy.

2005;60:996---1003.

18. Muraro A, Agache I, Clark A. EAACI food allergy and anaphylaxis

guidelines: managing patients with food allergy in the commu-

nity. Allergy. 2014;69:1046---57.

19. Fox M, Voordouw J,  Mugford M.  Social and economic costs

of food allergies in Europe: development of  a question-

naire to measure costs and health utility. Health Serv Res.

2009;44:1662---78.

20. Fox M, Mugford M,  Voordouw J. Health sector costs of self-

reported food allergy in Europe: a patient-based cost of illness

study. Eur J  Public Health. 2013;23:757---62.

21. Jansson SA, Protudjer JL, Arnlind-Heibert M. Socioeconomic

evaluation of  well-characterized allergy to staple foods in

adults. Allergy. 2014;69:1241---7.

22. Protudjer JL, Jansson SA, Heibert Arnlind M. Household costs

associated with objectively diagnosed allergy to staple foods

in children and adolescents. J Allergy Clin Immunol Pract.

2015;3:68---75.

23. Patel DA, Holdford DA, Edwards E. Estimating the economic bur-

den of food-induced allergic reactions and anaphylaxis in the

United States. J  Allergy Clin Immunol. 2011;128:110---5.

24. Flabbee J, Petit N, Jay N. The economic costs of severe anaphy-

laxis in France: an  inquiry carried out by the Allergy Vigilance

Network. Allergy. 2008;63:360---5.

25. Macchia D, Melioli G, Pravettoni V. Guidelines for the use and

the interpretation of diagnostic methods in adult food allergy.

Clin Mol Allergy. 2015;13:27.

26. Soares-Weiser K,  Takwoingi Y,  Panesar SS. The diagnosis of

food allergy: a systematic review and meta-analysis. Allergy.

2014;69:76---86.

27. Lorenz AR, Lüttkopf D, May S. The principle of  homologous

groups in regulatory affairs of allergen products --- a  proposal.

Int Arch Allergy Immunol. 2009;148:1---17.

28. Canonica GW, Ansotegui IJ, Pawankar R. A WAO - ARIA - GA2LEN

consensus document on molecular-based allergy diagnostics.

World Allergy Organ J.  2013;6:17.

29. Hankin CS, Cox L. Allergy immunotherapy: what is the evi-

dence for cost saving? Curr Opin Allergy Clin Immunol.

2014;14:363---70.

30. Cox L. Allergy immunotherapy in reducing healthcare cost. Curr

Opin Otolaryngol Head Neck Surg. 2015;23:247---54.

31. Simoens S.  The cost-effectiveness of  immunotherapy for respi-

ratory allergy: a review. Allergy. 2012;67:1087---105.

32. Kleine-Tebbe J, Matricardi PM, Hamilton RG. Allergy work-up

including component-resolved diagnosis: how to make allergen-

specific immunotherapy more specific. Immunol Allergy Clin

North Am. 2016;36:191---203.
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