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Abstract  Since  we  published  the  ‘‘IV  Brazilian  Consensus  on  Rhinitis’’,  in  2017,  several
advances  have  been  achieved  and  have  enabled  a  further  understanding  of  the  different  aspects
of ‘‘Rhinitis’’.  This  new  guideline,  developed  jointly  by  ASBAI,  SBP  and  SBORL,  represents  a
relevant  milestone  in  the  updated  and  integrated  management  of  the  different  forms  of  the
disease, and  it  aims  to  unify  evidence-based  approaches  to  improve  the  diagnosis  and  treat-
ment of  this  common  and  often  underestimated  condition.  The  document  covers  a  wide  range
of topics,  including  clear  definitions  of  the  different  phenotypes  and  endotypes  of  rhinitis,  risk
factors, updated  diagnostic  criteria,  and  recommended  methods  for  clinical  and  laboratory
investigation.  We  stress  the  importance  of  detailed  clinical  history  and  objective  assessment,
as well  as  tools  for  control  and  assessing  severity  tools  an  accurate  diagnostic  approach  to
the disease.  Regarding  treatment,  it  emphasizes  the  treatment  customization,  considering  the
severity of  symptoms,  the  presence  of  comorbidities  and  the  impact  on  the  patient’s  quality  of
life. We  discuss  different  drug  treatment,  in  addition  to  non-pharmacological  measures,  such  as
environmental  control  and  specific  immunotherapy;  and  the  possible  role  of  immunobiological
agents. Furthermore,  the  consensus  addresses  issues  related  to  patient  education,  prevention
and management  of  special  situations,  such  as  rhinitis  in  children,  in  pregnant  women  and
in the  elderly.  In  short,  the  ‘‘V  Brazilian  Consensus  on  Rhinitis’’  represents  a  comprehensive
and updated  guide  for  healthcare  professionals  involved  in  the  diagnosis  and  management  of
rhinitis, aiming  to  improve  patients’  quality  of  life  through  an  integrated  and  evidence-based
approach.
© 2024  Associação  Brasileira  de  Otorrinolaringologia  e  Cirurgia  Cérvico-Facial.  Published
by Elsevier  Editora  Ltda.  This  is  an  open  access  article  under  the  CC  BY  license
(http://creativecommons.org/licenses/by/4.0/).
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evelopment of Guidelines for the diagnosis
nd treatment of rhinitis

edicine  has  made  large  strides  towards  obtaining  more
ssertive  knowledge  in  recent  decades.  Previously  unknown
nformation  has  been  increasingly  acquired,  enhancing  and
aking  hitherto  unknown  clinical  situations  clearer.
Since  the  publication  of  the  IV  Brazilian  Consensus  on

hinitis,  in  2017,  several  advances  have  been  achieved  and
ave  brought  about  a  further  understanding  of  the  various
spects  of  ‘‘Rhinitis’’,  as  well  as  its  treatment.

Since  then,  new  forms  of  rhinitis  have  been  established:
ixed,  dual;  and  their  endotypes  have  been  better  under-

tood.
The  V Brazilian  Consensus  on  Rhinitis  addresses  these

opics,  distributed  in  sections  that  range  from  nasal  anatomy
nd  physiology,  phenotypes  and  endotypes  of  rhinitis,  aller-
ic  rhinitis,  risk  and  protective  factors  for  allergic  rhinitis,
linical  picture,  diagnostic  evaluation,  comorbidities  in
ddition  to  the  most  recent  achievements  in  the  treatment
f  these  conditions.

asal anatomy and physiology

ose

he  first  structure  of  the  upper  respiratory  tract  is  the
ose,  the  most  anterior  segment  just  above  the  hard  palate.

he  nose  can  be  divided  into  ‘‘external  nose’’  and  ‘‘nasal
avities’’.  These  cavities,  right  and  left,  are  made  up  of
our  walls,  separated  by  the  nasal  septum  and  called  nasal
ossae.  This  structure  represents  great  relevance  in  facial
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esthetics,  as  it  serves  as  the  focal  point  of  the  face  and  it
s  often  the  first  structure  to  which  our  eyes  are  drawn.2

The  nose  is  also  extremely  important  in  respiratory
ynamics,  promoting  olfaction,  filtering  and  humidifying
nhaled  air,  as  well  as  eliminating  secretions  from  the
aranasal  cavities  and  nasal  lacrimal  ducts.1,3

xternal  nose
he  external  nose  projects  from  the  face  in  a  pyramid  shape.

ts  skeleton  is  osteo-fibrocartilaginous  based  on  the  frontal
nd  alveolar  processes  of  the  maxilla  and  nasal  bones.

The  cartilaginous  portion  of  the  external  nose  is  formed
y  the  greater  and  lesser  alar  cartilages  that  are  connected
o  the  septal  cartilage  (medial  branch  of  the  greater  alar
artilage)  on  each  side  of  the  midsagittal  plane.1

The  shape  and  dimensions  of  noses  vary  widely  due  to
ifferences  in  nasal  cartilage.  Thus,  nasal  defects  present

 unique  challenge  to  the  surgeon,  as  he/she  must  balance
asal  shape  with  function.2

The  alar  cartilages  are  ‘‘U’’  shaped,  free  and  mobile.
hese  dilate  or  contract  the  nostrils  with  the  action  of  nasal
uscles.3

The  ‘‘nasal  flapping’’  sign  frequently  appears  when  there
s  respiratory  effort  in  children  and  infants,  since  the  move-
ent  of  the  alar  cartilages  and  consequently  that  of  the
broadipose  alar  tissue  are  physiological  attempts  to  reduce
he  resistance  of  the  upper  airway  and  the  respiratory
ffort,  aiming  to  increase  tidal  volume.4
The  nasal  dorsum  extends  from  its  superior  angle  or  root
o  the  nasal  apex.  The  lower  nasal  surface  is  pierced  by
he  nostrils  (two  peripheral  openings),  laterally  outlined  by
he  nostril  wings  and  separated  by  the  nasal  septum.  The

http://creativecommons.org/licenses/by/4.0/
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Brazilian  Journal  of  Otorhin

ony  part  of  the  nose  consists  of  the  nasal  bones,  the  frontal
rocesses  of  the  maxilla,  the  nasal  part  of  the  frontal  bone,
nd  its  nasal  spine.

The  upper  bony  part  of  the  nose,  including  its  root,  is
overed  with  thin  skin  and  the  cartilaginous  part  is  covered
ith  thicker  skin,  with  a  large  number  of  sebaceous  glands.
he  skin  extends  to  the  nasal  vestibule,  where  it  has  a vari-
ble  amount  of  rigid  hairs  called  vibrissae  that  form  the  first
ltration  barrier  for  inhaled  air.5

The  area  outlined  between  the  cartilaginous  septum  and
he  larger  alar  cartilages  is  called  the  external  nasal  valve
nd  it  is  responsible  for  around  50%  of  respiratory  resistance,
ausing  different  pressure  gradients  between  the  airway
nd  the  environment,  thus  having  great  importance  in  nasal
bstruction.6,7

Over  the  years,  nasal  volume  and  shape  change  due  to
he  natural  weakening  of  the  cartilages  that  form  the  nasal
ramework,  making  the  organ  lower  and  resulting  in  nasal
bstruction.6,7

asal  cavity

he  nasal  cavity  has  a  wide  lower  base,  called  the  nasal
oor,  and  a  narrow  upper  base,  called  the  nasal  roof.
hese  bases  are  opened  anteriorly  through  the  nostrils
right  and  left)  and  separated  medially  by  the  nasal
eptum.

The  posterior  limit  of  the  nasal  cavity  is  determined  by
he  choanae,  which  have  an  oval  shape,  delimited  laterally
nd  posteriorly  by  the  sphenoid  bone  and  inferiorly  by  the
omer  bone.  These  limits  with  the  rhinopharynx  and  conse-
uently  with  the  tubal  ostia  and  pharyngeal  tonsil  may  be
actors  that  explain  nasal  obstruction  processes,  auricular
ysfunctions  and  infections  associated  with  nasal  diseases
uch  as  allergic  rhinitis.1,5

The  lateral  walls  of  the  cavity  have  irregularities  due
o  three  bony  sheets  that  project  inferiorly,  called  nasal
urbinates.

The  lining  of  the  nasal  cavity  is  made  up  of  a  mucous
embrane.  This  tunic  is  rigidly  attached  to  the  periosteum
f  the  bones  and  cartilage  that  support  the  nose.  Its  lower
wo  thirds  correspond  to  the  respiratory  area  and  the  upper
hird  to  the  olfactory  area.1,3

Physiologically,  air  inspired  through  the  nose  passes
hrough  the  nasal  cavity,  where  it  is  warmed  and  humidified
efore  passing  from  the  rest  of  the  upper  respiratory  tract
o  the  lungs.  When  inhaling,  the  nostrils  capture  countless
olecules  dispersed  in  the  air  and  carry  them  to  this  upper
osterior  area  of  the  cavity,  bringing  odor  and  fragrance  par-
icles  into  contact  with  the  receptors  of  the  olfactory  cells.
his  generates  neural  and  sensory  responses  to  odors  and
romas.2,5

eptum
he  nasal  septum  is  formed  by  a  bony  part  and  a  mobile  and
exible  cartilaginous  part.  It  is  made  up  superiorly  and  pos-
eriorly  by  the  perpendicular  plate  of  the  ethmoid,  inferiorly

y  the  vomer  and  anteriorly  by  the  septal  cartilage,  quad-
angular  cartilage  and  anterior  spine.  The  septum  divides
he  nasal  cavity  into  two,  right  and  left,  and  it  is  lined  by
he  periosteum,  submucosa  and  mucosa.  It  has  rich  vascu-
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arization,  mainly  in  the  anteroinferior  region  (Kiesselbach’s
lexus),  whose  involvement  by  diseases  such  as  rhinitis  can
ause  anterior  epistaxis.1,5

ateral  wall
he  lateral  nasal  wall  is  most  complex  and  important,
ade  up  of  protrusions  and  depressions,  with  three
rimary  structures:  inferior,  middle  and  superior  nasal
urbinates.

In  a coronal  view,  the  nasal  turbinates  have  a  medial
r  septal  face  ---  the  nasal  septum,  and  a  lateral  or
eatal  face  for  the  respective  meatuses.  They  increase

he  volume  of  the  nasal  mucosa,  regulating  respiratory
ow,  affecting  humidification,  conditioning  and  filtration
f  inhaled  air,  before  it  is  taken  to  the  pulmonary
lveoli.2,3

The  lower  and  middle  nasal  turbinates  originate  from  the
axillary  and  ethmoid  bones,  respectively;  and  they  are  the
ost  important  in  nasal  physiology.  They  are  anatomically
ivided  in  the  anteroposterior  direction:  into  head,  body  and
ail.  The  upper  turbinates  originate  from  the  ethmoid  and
phenoid  bones.

The  meatuses  are  found  in  the  lateral  wall  and  form  the
eatal  ostium  complex.  In  the  middle  meatus  we  find  the
pening  of  the  frontal  and  maxillary  sinuses  and  anterior
thmoidal  cells,  in  addition  to  the  unciform  process,  the
emilunar  hiatus  and  the  ethmoidal  bulla;  in  the  inferior
eatus  is  the  opening  of  the  nasolacrimal  duct.1,3

lfactory  area
he  olfactory  system  forms  in  the  28th  week  of  gestation,
aking  it  the  first  sense  to  develop  in  the  human  species.4

The  olfactory  epithelium  is  located  in  the  roof  of  the
asal  cavity,  in  the  upper  portions  of  the  septum  and  lateral
all.

The  olfactory  region  normally  occupies  an  area  of  one
m2 in  each  nostril.  The  central  processes  of  the  cells  that
ake  up  the  olfactory  nerve  pass  through  the  cribriform
late  of  the  ethmoid  bone  to  reach  the  olfactory  bulb.1,10

Coming  from  this  structure,  nerve  impulses  are  sent  to
he  cerebral  cortex  with  connections  to  the  thalamus  inter-
elated  with  taste  stimuli.

Chronic  nasal  congestion,  nasal  polyposis  and  naso-septal
eformities  may  be  related  to  changes  in  smell  and  taste,
s  they  can  physically  impair  the  contact  between  olfactory
eceptor  cells  and  the  olfactory  bulb.5,6

The  sense  of  smell  reaches  its  peak  in  the  third  and
ourth  decades  of  life,  decreasing  thereafter.  It  is  estimated
hat  its  function  is  reduced  in  more  than  50%  of  individu-
ls  aged  between  65  and  80  years,  and  in  more  than  70%
f  those  over  80  years  of  age.  Multiple  factors  contribute
o  this  olfactory  loss,  such  as:  cumulative  lesions  of  the
lfactory  epithelium  resulting  from  environmental  changes
such  as  intense  heat  and  cold  and  retention  of  pollution
n  the  atmosphere),  reduction  of  mucosal  enzymes,  loss  of
eceptors  that  capture  odorous  particles,  replacement  of

he  olfactory  epithelium  by  the  respiratory  epithelium  with
dvancing  age,  changes  in  neurotransmitters  and  neuromod-
lators,  and  neuronal  losses  in  the  olfactory  bulb,  among
thers.6,10
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D.  Solé,  F.C.  Kuschn

asculature  and  innervation

he  nasal  cavity  has  a  rich  vascular  array  that  is  bilat-
rally  brought  about  by  the  external  and  internal  carotid
rteries  and  their  branches  from  the  maxillary  and  oph-
halmic  arteries,  respectively.  The  arterial  irrigation  of  the
edial  and  lateral  wall  of  the  nose  has  five  main  origins:  (1)
nterior  ethmoidal  artery,  (2)  Posterior  ethmoidal  artery,
3)  Sphenopalatine  artery,  (4)  Greater  palatine  artery  and
5)  Septal  branch  of  the  superior  labial  artery  and  facial
rtery.1,5

In  the  middle  and  lower  nasal  turbinates,  cavernous
lexuses  are  formed,  capable  of  periodically  modifying
he  shape  and  volume  of  the  turbinates,  unilaterally.  This
hange  in  blood  volume  is  known  as  the  nasal  cycle
henomenon  and  is  determined  by  extrinsic  or  intrinsic  stim-
li:  physicochemical,  inflammatory,  neurogenic  and  even
sychogenic.2,5

Nasal  lymphatic  drainage  is  performed  to  the  retropha-
yngeal  and  subdigastric  regions.

The  predominant  innervation  is  provided  by  the  oph-
halmic  and  maxillary  branches  of  the  trigeminal  nerve.
here  is  parasympathetic  predominance  in  relation  to  the
utonomic  Nervous  System  (ANS).  Parasympathetic,  sympa-
hetic  and  sensory  fibers  are  responsible  for  conducting  ---
esponding  to  stimuli  from  the  nasal  mucosa  with  adrenergic
nd  cholinergic  receptors.1,3

As  we  age,  nasal  vascularization  also  changes.  The
icrovasculature  has  a  smaller  caliber,  smaller  distri-
ution  and  greater  fragility,  which  can  increase  the
ccurrence  of  epistaxis.  These  changes  contribute  to
asal  mucosa  atrophy,  sensation  of  dryness  and  nasal
bstruction.6,10

asal  mucosa  and  mucociliary  barrier

he  nasal  mucosa  is  covered  by  ciliated  cylindrical  pseu-
ostratified  epithelium  with  goblet  cells  (mucus  producers)
nd  other  types  of  cells  supported  on  the  basal  lamina,
uch  as:  ciliated  columnar  cells;  goblet  cells;  brush  cells
brush  cells-sensory  receptors),  basal  cells  and  granule  cells.
here  are  also  inflammatory  cells,  such  as  T  and  B  lympho-
ytes,  mast  cells,  monocytes,  neutrophils,  eosinophils  and
asophils.11,12

The  respiratory  lining  is  thicker  and  heavily  irrigated,  rich
n  ciliated  cells  and  with  a  large  number  of  mucous  glands
hat  secrete  around  one  liter  of  mucus  per  day,  which  is
ade  up  of  95%  water,  glycoproteins  (sialomucin,  fucomucin

nd  sulfomucin),  of  enzymes  (lysozyme  and  lactoferrin),
mmunoglobulins  (IgA,  IgG,  IgM  and  IgE),  cellular  debris  and
lightly  acidic  pH.  This  epithelium  has  a  large  number  of  gob-
et  cells  and  serumucous  glands.  Serous  cells  are  involved
n  the  production  of  fucomucins  that  make  up  the  aqueous
hase  of  mucus,  or  ‘‘sol  phase’’;  while  mucous  glands  pro-
uce  sialomucins  and  sulfomucins  that  form  the  thick  fluid
f  the  ‘‘gel  phase’’.5,11,12

Mucociliary  transport  in  the  respiratory  system  occurs

ue  to  the  viscoelasticity  of  the  mucus,  the  ciliary  beat  in
etachronous  waves  and  the  coupling  between  the  cilia  and

he  mucus,  with  the  integrity  of  the  epithelium  as  a  prepon-
erant  factor  for  the  effectiveness  of  this  mechanism.
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The  ciliary  beating  mechanism  occurs  in  two  stages:
ffective  beating  (fully  extended  cilia  promoting  the  propul-
ion  of  the  gel  phase)  and  recovery  beat  (moment  of  return
o  the  initial  position,  close  to  the  cell  surface).

The  functioning  of  mucociliary  transport  is  of  fundamen-
al  importance  in  the  pathophysiology  of  rhinitis.  Changes
n  ciliary  mobility  can  be  caused  by  several  factors  such
s:  inflammatory  processes,  acute  and  chronic  infections,
evere  dehydration,  use  of  topical  or  systemic  medication,
iliary  dyskinesia,  cystic  fibrosis,  among  others.5,12

In  advanced  age  there  is  a  reduction  in  the  number  of
ubmucosal  glands  with  a  consequent  decrease  in  mucus,
hich  makes  the  epithelium  thicker  and  with  a  loss  in

he  effectiveness  of  the  mucociliary  system.  This  causes
asal  congestion  and  predisposition  to  respiratory  tract
nfections.6,10

ltrastructure
ntracellular  connections  stand  out  among  ultrastruc-
ure  elements  such  as:  adhesion  zonules,  desmosomes,
emidesmosomes,  gap  junctions  and  tight  junctions.  The
atter,  also  known  as  zonules  of  occlusion  or  tight  junctions,
lay  a  semi-impermeabilizing  role  in  the  epithelial  paracel-
ular  space,  functioning  as  a  barrier  separating  the  intra-
nd  extracellular  compartments.  This  maintains  integrity
nd  controls  exchanges  between  these  environments.  This
echanism  is  essential  for  protecting  the  body  from  harmful

gents.5,11

The  occlusion  zonules  are  formed  by  proteins,  occludins
nd  claudins,  susceptible  to  the  proteolytic  action  of  dust
ite  allergens,  such  as  Der  p  1  and  various  pollens.  In  allergic
atients,  the  zonules  of  occlusion  become  looser  in  the  con-
ections  among  goblet  cells  and  between  goblet  cells  and
air  cells,  thus  enabling  dendritic  cells  to  reach  antigens
nd  allow  extravasation  of  intracellular  fluid.

This  mechanism  may  occur  in  inflammatory  and  infectious
rocesses,  in  exposure  to  toxic  substances  and  in  conditions
f  hyperosmolarity.5,11

irway  and  orofacial  development

ne  of  the  main  symptoms  of  rhinitis  is  nasal  obstruction.
hronic  or  intermittent,  results  in  oral  replacement  breath-

ng.  Inhaling  air,  preferably  through  the  mouth,  is  not  a
hysiological  situation  but  a  pathological  one.  In  children,
t  influences  craniofacial  growth  and  development  in  a  neg-
tive  way.

The  correct  diagnosis  and  treatment  of  nasal  obstruc-
ion,  rhinitis  and  other  diseases  that  cause  it  have  a  direct
ole  in  preventing  facial  disharmony,  as  well  as  dental  mal-
cclusion.  In  addition  to  early  diagnosis,  multidisciplinary
ntervention  and  management  is  necessary,  in  addition  to

 doctor  (pediatrician,  family  doctor,  otorhinolaryngologist,
llergologist),  dentist,  speech  therapist,  physical  therapist.

It  has  long  been  known  that  nasal  obstruction  results  in
ncreased  nasal  resistance  to  the  passage  of  air  and  conse-
uent  oral  breathing;  and  that  sixty  percent  of  craniofacial

rowth  occurs  during  the  first  four  years,  and  90%  by  age.12,13

reastfeeding  is  an  important  physiological  stimulus  for  the
stablishment  of  nasal  breathing,  given  that  lip  sealing  is
ssential  to  maintain  the  intra-oral  vacuum,  necessary  for
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Table  1  Rhinitis  classification.3

Allergic  rhinitis  Infectious
rhinitis

Non-allergic  rhinitis

‘‘Systemic’’  Viral Drug-induced
Local  Bacterial  Non-allergic

eosinophilic  rhinitis
Dual

Fungal

Drug-induced

Mixed

Occupational
Tobacco-induced
Gestational
Hormonal
Food-induced
Alcohol-induced
Age-induced  rhinitis
Atrophic
Empty  nose  syndrome
Autoimmune,
granulomatous  and
vasculitis  rhinitis
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he  extraction  of  breast  milk,  thus  stimulating  nasal  breath-
ng.  Children  who  were  not  breastfed  are  38%  more  likely  to
evelop  mouth  breathing.14

Narrowing  of  the  airway  may  be  common  in  mouth-
reathing  children.15 These  changes  can  negatively  impact
he  aesthetic  appearance,  functional  occlusion  and  stability
f  the  craniofacial  complex.

Facial  development  results  from  the  interaction  of  sev-
ral  factors.  Both  systemic:  genetic,  endocrine,  metabolic
nd  behavioral;  and  local:  teething,  inappropriate  habits
pacifier,  thumb  sucking,  among  others),  muscular  changes
nd  breathing.  According  to  Enlow,16 airway  patency  is  key
o  facial  development;  and  to  the  growth  and  development
f  the  nasomaxillary  complex.  Airflow  promotes  bone  reab-
orption  in  the  internal  part  of  the  nasal  cavities  and  bone
eposition  in  the  external  part,  contributing  to  the  lowering
f  the  hard  palate.

Mouth  breathing  is  associated  with  several  dental  maloc-
lusions,  including  anterior  open  bite,  posterior  crossbite,
verjet,  and  increased  tooth  protrusion.  Altered  tongue  pos-
ure  and  inadequate  nasal  breathing  contribute  to  these
alocclusions  and  abnormal  tongue  positioning,  affecting

he  transverse  development  of  the  dental  arches  and  causing
uture  maxillary  narrowing.17

A  recent  literature  review  with  meta-analysis  concluded
hat  mouth  breathing  can  alter  craniofacial  growth  patterns,
eading  to  skeletal  changes,  such  as  an  elongated  face,
osterior  rotation  of  the  mandible  and  increased  vertical
acial  dimensions.  Their  results  showed  that  the  mandible
nd  upper  jaw  grow  backwards  and  downwards,  altering  the
cclusal  plane.  Furthermore,  mouth  breathing  can  increase
ip  protrusion  and  upper  anterior  teeth  tilt.15

hinitis

efinition

hinitis  corresponds  to  an  inflammation  of  the  nasal
ucosa,  characterized  by  the  presence  of  symptoms  such

s  itching,  sneezing,  rhinorrhea  (anterior  or  posterior)
nd  nasal  obstruction  or  congestion.  In  patients  who
resent  associated  conjunctival  symptoms,  it  is  called
hinoconjunctivitis.18,19

lassification

asal  symptoms  are  nonspecific,  and  they  are  found  in  dif-
erent  phenotypes  associated  with  rhinitis  (Table  1).  It  is
lassified  as  infectious,  allergic  and  non-allergic.18---20

Infectious  rhinitis  can  be  of  viral,  bacterial  or  fungal  eti-
logy.  In  addition  to  nasal  symptoms,  patients  may  present
ith  cough,  fever  and  general  malaise.  The  main  agents  in
iral  cases  are  rhinovirus,  adenovirus,  influenza  virus  and
arainfluenza,  while  in  bacterial  cases  Streptococcus  pneu-
oniae,  Hemophilus  influenza  and  Moraxella  catarrhalis
redominate.20

Allergic  Rhinitis  (AR)  is  a  type  I  hypersensitivity  reac-

ion,  mediated  by  Immunoglobulin  E  (IgE),  of  the  nasal
ucosa  resulting  from  exposure  to  allergens  in  a  sensitized

ndividual.20 Although  it  has  already  been  classified  into
easonal  and  perennial,  according  to  the  type  of  trigger-
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ng  antigen,  currently  subdivided  into  intermittent  ---  when
ymptoms  occur  for  less  than  four  days  a  week  and  less  than
our  weeks  a year;  or  persistent  ---  if  they  occur  for  more
han  four  weeks  and  more  than  four  days  in  a  row,  regard-
ess  of  the  associated  allergen.21 Currently  its  severity  is
ssessed  using  a visual  analogue  scale  from  0  to  10.  A  score
reater  than  5  is  considered  an  uncontrolled  disease,  3---5  is
onsidered  partially  controlled  and  less  than  2  is  considered
ontrolled.22

Some  phenotypes  are  observed  in  patients  with  AR.  In
ocal  AR,  specific  IgE  testing  using  the  immediate  hypersen-
itivity  skin  test  and  specific  serum  IgE  quantification  are
egative.  That  is,  these  patients  only  present  local  (nasal)
roduction  of  specific  IgE.  The  gold  standard  for  confirming
his  diagnosis  is  the  nasal  provocation  test.  Another  pheno-
ype  is  dual  AR,  where  the  patient  simultaneously  presents
ith  local  AR  for  a  given  antigen  and  ‘‘systemic’’  sensitiv-

ty  to  other  antigens.  Finally,  some  patients  present  mixed
llergic  rhinitis  corresponding  to  the  association  of  AR  with
on-allergic  rhinitis.3,20,24

Around  30%---50%  of  allergic  patients  present  nasal  symp-
oms,  both  when  exposed  to  allergens  and  non-allergic
riggers,  with  their  rhinitis  being  called  mixed  allergic  rhini-
is.  In  them,  in  addition  to  the  IgE-mediated  pathway,  we
ave  a  hyperreactivity  of  neurogenic  pathways.  The  main
on-specific  agents  are  temperature  changes,  cigarette
moke,  perfumes  and  cleaning  products.25

In  non-allergic  rhinitis  we  find  several  mechanisms  that
ay  or  may  not  be  related  to  inflammation  of  the  nasal
ucosa.20

In  drug-induced  rhinitis,  one  of  the  mechanisms  is
on-Allergic  Eosinophilic  Rhinitis  (NAER),  which  occurs
ith  the  use  of  non-steroidal  anti-inflammatory  drugs.
nother  is  neurogenic  rhinitis;  as  it  occurs  with  alpha-
nd  beta-adrenergic  blockers,  phosphodiesterase  inhibitors,
ngiotensin  converting  enzyme  inhibitors  and  illicit  drugs,

uch  as  cocaine,  which  generate  nasal  symptoms  without  the
resence  of  inflammation.  Finally,  we  have  drug  -induced
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hinitis,  which  is  a  consequence  of  the  regular  and  continu-
us  use  of  topical  nasal  vasoconstrictors.20

Inflammatory  rhinitis  related  to  the  workplace  is  con-
idered  occupational.  They  may  or  may  not  be  of  allergic
tiology.  Proteins  with  a  molecular  weight  greater  than  5  kDa
an  cause  immunological  sensitization,  while  those  with  a
ower  molecular  weight  cannot.  Non-allergic  mechanisms
re  irritation  or  inhalation  of  corrosive  products  that  can
ead  to  ulcers  and  septal  perforation.  Occupational  rhinitis
eserves  special  attention,  as  it  precedes  the  appearance  of
ccupational-related  lower  airway  symptoms.20

Irritating  factors  such  as  exposure  to  cigarette  smoke,
igar  smoke,  pipe  smoke,  electronic  cigarette  smoke  can
rigger  nasal  symptoms.20

Gestational  rhinitis  is  one  which  symptoms  appear  dur-
ng  pregnancy  and  disappear  when  it  ends.  It  should  not  be
onfused  with  hormonal  rhinitis  such  as  that  which  occurs  in
ypothyroidism.20

Some  cases  of  rhinitis  are  associated  with  food  and  alco-
ol,  but  not  due  to  an  allergic  mechanism.  Gustatory  rhinitis
s  characterized  by  unilateral  or  bilateral  watery  rhinorrhea
fter  the  patient  consumes  foods  containing  pepper-based
easonings  (capsaicin),  when  neurogenic  receptors  are  stim-
lated,  triggering  a  runny  nose.  Alcohol  intake  can  be

 trigger  for  nasal  symptoms,  especially  in  patients  with
spirin-Exacerbated  Respiratory  Disease  (AERD).20

With  the  population  aging,  rhinitis  must  be  considered
n  this  population.  Hormonal,  neurogenic  and  histological
hanges  are  physiological  in  this  age  group  and  can  generate
ymptoms,  such  as  rhinorrhea,  nasal  congestion,  changes  in
mell,  dry  nose  and  formation  of  local  crusts.20

Other  causes  of  nasal  symptoms  are  atrophic  rhinitis,
mpty  nose  syndrome,  rhinosinusitis,  granulomatous  rhini-
is,  vasculitis  and  autoimmune  diseases.20

Several  conditions  present  nasal  symptoms  that  are
ot  considered  rhinitis.  Anatomical  changes  such  as  septal
eviation,  turbinate  hypertrophy  and  nasal  valve  changes,
umors,  hemangiomas,  mucoceles,  encephaloceles,  among
thers,  stand  out.20

henotypes and endotypes of rhinitis

athophysiology

gE-mediated  rhinitis
R  is  an  inflammatory  condition  of  the  nasal  mucosa  in
enetically  predisposed  individuals,  as  a  response  to  IgE-
ediated  reactions  to  environmental  allergens,  activating

ype  2  cells.  AR  is  a  chronic  inflammation,  characterized
y  sneezing,  itching,  nasal  congestion  and  rhinorrhea.  Clin-
cally  it  is  classified  according  to  severity,  frequency  and
easonality.26

The  inflammatory  reaction  is  triggered  by  allergens  from
ouse  dust  mites,  cockroaches,  animal  hair,  fungi  and  pol-
ens,  being  associated  with  changes  in  the  epithelial  barrier
f  the  nasal  mucosa,  activating  dendritic  cells  that  present
he  peptides  from  the  allergens  to  naïve  CD4  T  cells,  initiat-

ng  the  sensitization  response  to  the  antigen,  characterized
y  the  production  of  IL-4,  IL-5,  IL-13  and  IL-31.  These
ytokines  promote  the  differentiation  of  B  lymphocytes  into
lasma  cells,  producing  memory  allergen-specific  IgE,  which
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ill  bind  to  high-affinity  IgE  receptors  (Fc�RI),  located  on  the
embrane  of  mast  cells  and  basophils.  These  processes  form

 pool  of  Th2  memory  cells  and  allergen-specific  B  cells.
Disruption  of  the  epithelial  barrier  of  the  nasal  mucosa

esults  in  the  production  of  alarmins  (IL-25,  IL-33,  TSLP  ---
hymic  Stromal  Lymphopoietin)  that  activate  type  2  Innate
ells  (ILC2);  which  will  also  contribute  to  the  production  of
ro-inflammatory  agents  (IL-4,  IL-5,  IL-13,  IL-31)  (Fig.  1).27

Re-exposure  to  the  allergen  promotes  cross-linking
etween  specific  IgE  molecules  and  high-affinity  recep-
ors  (Fc�RI)  that  result  in  the  degranulation  of  mast  cells
nd  basophils,  release  of  pre-formed  mediators  (histamine)
nd  newly  formed  mediators  (prostaglandins,  leukotrienes,
latelet  activating  factor)  promoting  the  allergic  reaction
mediate  and  late  phase),  with  vasodilation  and  inflamma-
ory  infiltrate  of  mast  cells,  eosinophils  and  basophils28,29

Fig.  2).

ocal  IgE  production
ocal  AR  involves  a  nasal  allergic  response  in  patients  with
egative  immediate  hypersensitivity  skin  tests  and  no  spe-
ific  serum  IgE  to  aeroallergens.

The  characteristic  pathogenesis  is  the  production  of
ntigen-specific  IgE  in  the  nasal  mucosa,  with  a  T2  pat-
ern  in  the  inflammatory  infiltrate  of  eosinophils,  basophils,
ast  cells,  CD3  and  CD4  lymphocytes,  as  well  as  the  release
f  inflammatory  mediators  (tryptase  and  eosinophil  cationic
rotein)  during  natural  exposure  to  aeroallergens  and  as  a
esponse  to  the  nasal  provocation  test  with  allergens  (house
ust  mites  and  pollens).30,31

Mast  cells  and  eosinophils  from  patients  with  local  aller-
ic  rhinitis  show  immediate  activation  in  the  nasal  mucosa,
eleasing  inflammatory  mediators  such  as  tryptase  and
osinophilic  cationic  protein.32

Nasal  lavage  assessment  by  flow  cytometry  confirms  the
resence  of  Th2  IgE-mediated  inflammation.33

on-IgE-mediated  inflammation
on-Allergic  Rhinitis  (NAR)  involves  a  variety  of  pathophysio-

ogical  conditions,  and  it  can  be  broken  down  into  a  classical
nflammatory  pathway,  a  neurogenic  pathway,  and  other,
nknown,  pathways.  It  is  possible  that  these  pathways  also
ontribute  to  inflammation  of  the  nasal  mucosa  in  AR.34---36

NAR  is  defined  as  a  rhinitis  with  a  non-IgE-mediated
echanism  that  includes  idiopathic  rhinitis  (previously  also

alled  vasomotor  rhinitis),  infectious  rhinitis,  food-induced
hinitis,  hormonal  rhinitis,  drug-induced  rhinitis,  non-
llergic  occupational  rhinitis,  atrophic,  Eosinophilic  Non-
llergic  Rhinitis  (ENAR)  and  rhinitis  in  elderly  patients.37

ENAR,  is  a  term  used  to  describe  a  series  of  cases  of  non-
sthmatic  patients  who  reported  perennial  and  intermittent
asal  symptoms,  and  who  have  elevated  nasal  eosinophils
>20%),  but  with  an  absence  of  specific  IgE  in  skin  or  serum
ests.  Some  speculate  that  ENAR  may  precede  the  onset
f  Chronic  Rhinosinusitis  (CRS),  asthma,  or  respiratory  dis-
ase  exacerbated  by  Nonsteroidal  Anti-Inflammatory  Drugs
NSAIDs).38
The  ENAR  syndrome  continues  to  be  highlighted  in  the
orth  American  guideline,  updated  in  2020,  particularly  due
o  its  good  response  to  treatment  with  intranasal  topical
orticosteroids.38



Brazilian  Journal  of  Otorhinolaryngology  2025;91():101500

Fig.  1  Mechanisms  of  the  innate  and  adaptive  allergic  rhinitis  response  activation.  TSLP,  Thymic  Stromal  Lymphopoietin;  IL,
Interleukin; ILC2,  Group  2  innate  lymphoid  cells;  Eos,  Eosinophil;  Bas.,  Basophil;  CD,  Dendritic  Cells.  Adapted  from  Berstein  JA.28
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ig.  2  Systemic  mechanisms;  allergic  rhinitis  comorbidities  

osinophil; Cell  T,  T-Cells.  Adapted  from  Berstein  JA.28

Some  rhinitis  phenotypes  are  based  on  a  relatively  sim-
le  regulatory  disorder,  such  as  rhinitis  in  the  elderly,  which
ppears  to  result  mainly  from  parasympathetic/sympathetic
eural  imbalance,  with  a  predominance  of  the  first  system,

34---39
eading  to  significant  rhinorrhea  and  nasal  obstruction.
Idiopathic  rhinitis  is  believed  to  be  a  disorder  of  the  Non-

drenergic  and  Non-Cholinergic  system  (NANC),  also  called
he  peptidergic  neural  system.  Sensory  nerve  fibers  con-

m
w
a

7

linical  manifestations.  Mast.,  Mastocytes;  Bas,  basophil;  Eos,

ain  neuropeptides,  including  Vasoactive  Intestinal  Peptide
VIP),  P  Substance  (PS),  and  Calcitonin  Gene-Related  Pep-
ide  (CGRP).34---39

There  is  a subgroup  of  patients  with  ENAR  that  have  a

ucosal  inflammatory  pattern.  However,  several  patients
ith  ENAR  do  not  present  influx  of  cells  to  the  nasal  mucosa
nd  it  is  believed  that  a  neurogenic  mechanism  is  involved.
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Fig.  3  Types  of  rhinitis  according  to  etiology.

Predominant  rhinorrhea  (sometimes  called  cholinergic
hinitis)  indicates  increased  glandular  secretory  activity  that
an  be  effectively  reduced  with  the  use  of  atropine  and  ipra-
ropium  bromide.40 Patients  with  predominant  symptoms  of
asal  congestion  appear  to  have  nociceptive  neurons  that
how  increased  sensitivity  to  non-specific  stimuli,  such  as
hanges  in  temperature,  odors,  irritants  and  ingestion  of
lcoholic  beverages.41,42 Fig.  3  shows  the  different  types  of
hinitis  according  to  its  etiology.

nflammatory  cellular  infiltrate
arious  approaches  have  been  used  to  objectively  mon-
tor  nasal  inflammation,  investigate  disease  mechanisms,
nd  evaluate  the  effect  of  treatment  interventions.  These
nclude  nasal  lavage,  nasal  cytology  and  nasal  biopsy,
ogether  with  the  measurement  of  the  nasal  concentration
f  Nitric  Oxide  (NO).43

Nasal  lavage  is  simple  and  quick  to  perform,  it  is
ell  tolerated,  and  a  sample  of  this  material  can  provide

nformation  about  the  recruitment  of  luminal  cells,  cell  acti-
ation  and  the  extravasation  of  plasma  proteins.44

The  nasal  mucosa,  due  to  the  ease  of  obtaining  sam-
les,  allows  the  study  of  cellular  changes  during  the  allergic
eaction.  The  extent  of  epithelial  damage  in  several  types
f  rhinitis  and  its  correlation  with  inflammatory  cells  and
ediators  are  not  yet  fully  understood.  The  presence  of
osinophils  is  associated  with  loss  of  epithelial  integrity  in
atients  with  AR  or  ENAR.45,46 The  increase  in  the  number  of
osinophils  in  the  nasal  mucosa  is  the  parameter  that  best
orrelates  with  the  symptom  of  nasal  obstruction.47

Surgical  samples  of  nasal  mucosa  from  patients  diagnosed
ith  RA  and  ENAR  who  underwent  allergic  evaluation,  nasal

avage  and  histopathological  analysis  of  tissues  showed  a
ut-off  point  for  the  number  of  eosinophils  in  the  nasal
avage  of  4%  for  atopy  differentiation.  Some  degree  of
pithelial  injury  was  more  frequent  in  patients  with  AR  (94%)
han  in  patients  with  ENAR.48

Activated  eosinophils  cause  epithelial  damage  and  loss

f  epithelial  integrity  in  patients  with  rhinitis.  Although
here  are  some  differences  in  the  inflammatory  process  of
he  nasal  mucosa,  structural  changes  may  be  similar  among
atients  with  rhinitis,  regardless  of  allergic  status.49
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AR  is  an  excellent  model  for  studying  allergic  inflam-
ation,  where  triggering  factors  can  be  clearly  identified,
articularly  in  individuals  with  seasonality;  and  nasal  symp-
oms  can  be  monitored  during  and  outside  the  pollen
eason.37,50

Given  the  contribution  of  airway  remodeling  to  the
evelopment  and  persistence  of  symptoms  in  airway  dis-
ase,  redirecting  remodeling  is  an  important  treatment
onsideration.  Tissue  repair  is  driven  by  the  migration  of
pithelial  cells  to  the  site  of  inflammation  and  activation  of
osinophils.51,52

etwork  of  cytokines  and  soluble  mediators
he  key  cell  membrane  receptors  that  define  the  unique
iology  of  eosinophils  include  CCR3,  which  binds  eotax-
ns,  lectin  (carbohydrate  binding  protein),  Siglec-8,  which
an  trigger  eosinophil  apoptosis  when  activated,  and  IL-
RA.  Eosinophils  also  express  receptors  for  multiple  other
ytokines  and  growth  factors,  including  IL-4,  IL-13,  IL-33,
SLP,  and  TGF-�.53---55

Th2  and  ILC2  immune  cells  produce  cytokines,  which
ause  a  series  of  pro-inflammatory  reactions,  but  also  reac-
ions  that  have  the  opposite,  anti-inflammatory  effect.  The
esulting  inflammatory  process  will  depend  on  the  balance  of
hese  cytokines  and  biomolecules.  A  study  involving  adoles-
ents  with  AR  analyzed  nasal  secretions  collected  and  tested
or  13  cytokines  using  multiplex  flow  cytometry.  The  study
dentified  that  IL-1�, IL-6,  as  well  as  severe  clinical  mani-
estations,  were  predictors  of  lower  quality  of  life  in  these
atients,  illustrating  how  cytokines  of  the  allergic  immuno-
ogical  reaction,  in  addition  to  providing  inflammation,  have
ther  repercussions  in  individuals  with  AR.56

Evidence  extrapolated  from  studies  of  the  bronchial
pithelium  in  asthma  suggests  that  epithelial  cells  secrete
SLP,  IL-33,  IL-25  and  other  cytokines  and  chemokines  that
ffect  ILC2  and  Th2  lymphocytes  directly  or  via  interac-
ion  with  Antigen-Presenting  Cells  (APCs)  located  within  and
nder  the  nasal  epithelium.57---59

ILC2  express  CRTh2,  CD127  (IL-7  receptor)  and  ST-2,  the
eceptor  for  IL-33.  These  cells  preferentially  express  Th2
ytokines,  particularly  IL-5  and  IL-13,  and  have  the  poten-
ial  to  enhance  local  allergy  induced  by  T2  inflammation.
-cells  activated  during  allergic  inflammation  differentiate
nto  allergen-specific  effector  memory  Th2  cells  that  release
L-4,  IL-5,  IL-9,  and  IL-13.60

The  Nasal  Provocation  Test  (NPT)  with  allergen  repre-
ents  an  in  vivo  experimental  model  that  has  contributed
mmensely  to  the  understanding  of  the  AR  mechanisms,
nabling  the  evaluation  of  the  two  phases  of  the  allergic
eaction  (immediate  and  late),  by  collecting  nasal  secretion
ith  determination  of  mediator  chemicals  originating  from
ctivated  mast  cells  (tryptase,  histamine,  prostaglandins,
tc.).61---63 Nasal  provocation  with  inhalable  allergens  can  be
afely  conducted  in  specialists’  offices.64

Based  on  a  systematic  review  on  challenge  with  nasal
llergens,  the  European  Academy  of  Allergy  &  Clinical

mmunology  (EAACI)  reviewed  evidence,  variations  in  sub-
ective  and  objective  evaluation  parameters  to  propose  a
tandardized  way  of  performing  this  procedure  in  clinical
ractice.65



olary

p
t
h
c
A

N
N
a
i
t
r
p

a
t
i
r
s
r
S
v
o
a
r
s
p
n
u

a
a
n
l
l
p
I
a
T
n
c
f
C
s
r
c

l
C
i
v
p
t
v
N
c
n
t

e

T
a
t
u

r
c
t
T
i
I

s
i
t
t
w
a
e
s

a
I
j
s
p

5
a
fi
p

N
N
a
t
t
r
p

a
t
i
r
s
r
S
v
o
a
r
t
a
o
s
s

Brazilian  Journal  of  Otorhin

An  index  that  combines  specific  IgE  activity  for  rPhl
 5  and  nCyn  d  1,  visual  analogue  scale  and  skin  prick
ests,  enabled  predicting,  with  moderate  sensitivity  and
igh  specificity,  the  result  of  NPT  with  grass  pollen  extract  in
omplex  pediatric  patients  and  polysensitized  with  seasonal
R.66

eural  mechanisms
eural  mechanisms,  including  sensory  nerves,  sympathetic
nd  parasympathetic  nervous  systems,  play  a  crucial  role
n  AR  pathophysiology.  These  mechanisms  work  together
o  form  a  protective  barrier  in  the  upper  airway  mucosa,
egulating  the  epithelium,  glandular  secretion  and  vascular
rocesses.20

Recent  studies  on  the  neuro-immunological  axis  in  the
irway  reveal  the  importance  of  the  interaction  between
he  immune  system  and  the  nervous  system  in  regulating
nflammation  in  the  nasal  mucosa.  Cytokines  produced  in
esponse  to  allergens  transmit  signals  to  the  central  nervous
ystem,  which  induce  the  release  of  neuropeptides  and  neu-
otransmitters,  stimulating  neurons  through  axonal  reflexes.
ubsequently,  neuropeptides  and  neurotransmitters  impact
arious  immune  cells,  resulting  in  the  generation  and  release
f  inflammatory  mediators,  including  cytokines,  lipid  medi-
tors,  and  histamine.  Furthermore,  inflammatory  mediators
educe  the  threshold  for  neuronal  activation  in  response  to
timuli.  This  neuro-immunological  interaction  establishes  a
ositive  feedback  cycle,  which  results  in  the  activation  of
eurons  in  response  to  low  thresholds  or  non-harmful  stim-
li,  intensifying  neuronal  activity  at  the  inflammatory  site.35

Nociceptors  are  specialized  sensory  neurons  that  detect
nd  respond  to  harmful  or  potentially  harmful  stimuli,  such
s  thermal,  mechanical  and  chemical  stimuli.  Additionally,
ociceptors  are  afferent  nerves  highly  susceptible  to  stimu-
ation  during  an  acute  allergic  reaction.  These  nerve  endings
ocated  in  the  nasal  cavity  are  the  peripheral  processes  of
rimary  sensory  neurons  based  in  the  trigeminal  ganglion.
n  general,  human  nasal  nociceptors  are  C  fibers,  which
re  typically  sensitive  to  chemical  and  physical  stimulation.
hese  nerve  endings  express  several  receptors  and  ion  chan-
els,  including  the  Transient  Receptor  Potential  (TRP)  ion
hannels  ---  TRP  subfamily  V  member  1  (TRPV1)  and  TRP  sub-
amily  A  member  1  (TRPA1),  receptors  G  Protein-Coupled
hannels  (GPCRs),  acid-sensitive  ion  channels,  mechanosen-
itive  channels,  voltage-gated  ion  channels  and  purinergic
eceptors,  which  convert  environmental  signals  into  electri-
al  signals.36

Depolarization  of  nociceptive  channels  in  sensory  nerves
eads  to  the  release  of  neuropeptides,  including  substance  P,
GRP,  and  neurokinin-A.  Substance  P  receptors  are  located

n  the  nasal  epithelium,  glands,  venous,  arterial  and  sinusoid
essels,  leading  to  glandular  secretion,  increased  vascular
ermeability,  edema,  vasodilation  and  additional  activa-
ion  of  inflammatory  cells.  Substance  P  is  a  short-acting
asodilator,  while  CGRP  is  a  long-acting  arterial  vasodilator.
eurokinin-A  has  similar  effects,  causing  an  increase  in  vas-
ular  permeability  and  vasodilation.1 Substance  P,  CGRP  and

eurokinin-A  activate  mast  cell  degranulation,  leading  to
he  enhancement  of  the  release  of  inflammation  mediators.

Evidence  extrapolated  from  studies  of  the  bronchial
pithelium  in  asthma  suggests  that  epithelial  cells  secrete
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SLP,  IL-33,  IL-25  and  other  cytokines  and  chemokines  that
ffect  ILC2  and  Th2  lymphocytes  directly  or  via  interac-
ion  with  Antigen-Presenting  Cells  (APCs)  located  within  and
nder  the  nasal  epithelium.57---59

ILC2  express  CRTh2,  CD127  (IL-7  receptor)  and  ST-2,  the
eceptor  for  IL-33.  These  cells  preferentially  express  Th2
ytokines,  particularly  IL-5  and  IL-13,  and  have  the  poten-
ial  to  enhance  local  allergy  induced  by  T2  inflammation.
-cells  activated  during  allergic  inflammation  differentiate
nto  allergen-specific  effector  memory  Th2  cells  that  release
L-4,  IL-5,  IL-9,  and  IL-13.60

The  Nasal  Provocation  Test  (NPT)  with  allergen  repre-
ents  an  in  vivo  experimental  model  that  has  contributed
mmensely  to  the  understanding  of  AR  mechanisms,  enabling
he  evaluation  of  the  two  phases  of  the  allergic  reac-
ion  (immediate  and  late),  by  collecting  nasal  secretion
ith  determination  of  mediator  chemicals  originating  from
ctivated  mast  cells  (tryptase,  histamine,  prostaglandins,
tc.).61---63 Nasal  provocation  with  inhalable  allergens  can  be
afely  conducted  in  specialists’  offices.64

Based  on  a  systematic  review  on  challenge  with  nasal
llergens,  the  European  Academy  of  Allergy  &  Clinical
mmunology  (EAACI)  reviewed  evidence,  variations  in  sub-
ective  and  objective  evaluation  parameters  to  propose  a
tandardized  way  of  performing  this  procedure  in  clinical
ractice.65

An  index  that  combines  specific  IgE  activity  for  rPhl  p
 and  nCyn  d  1,  visual  analogue  scale  and  skin  prick  tests,
llowed  predicting  with  moderate  sensitivity  and  high  speci-
city  the  result  of  NPT  with  grass  pollen  extract  in  complex
ediatric  patients  and  polysensitized  with  seasonal  AR.66

eural  mechanisms
eural  mechanisms,  including  sensory  nerves,  sympathetic
nd  parasympathetic  nervous  systems,  play  a  crucial  role  in
he  pathophysiology  of  AR.  These  mechanisms  work  together
o  form  a  protective  barrier  in  the  upper  airway  mucosa,
egulating  the  epithelium,  glandular  secretion  and  vascular
rocesses.20

Recent  studies  on  the  neuro-immunological  axis  in  the
irway  reveal  the  importance  of  the  interaction  between
he  immune  system  and  the  nervous  system  in  regulating
nflammation  in  the  nasal  mucosa.  Cytokines  produced  in
esponse  to  allergens  transmit  signals  to  the  central  nervous
ystem,  which  induce  the  release  of  neuropeptides  and  neu-
otransmitters,  stimulating  neurons  through  axonal  reflexes.
ubsequently,  neuropeptides  and  neurotransmitters  impact
arious  immune  cells,  resulting  in  the  generation  and  release
f  inflammatory  mediators,  including  cytokines,  lipid  medi-
tors,  and  histamine.  Furthermore,  inflammatory  mediators
educe  the  threshold  for  neuronal  activation  in  response
o  stimuli.  This  neuro-immunological  interaction  establishes

 positive  feedback  cycle,  which  results  in  the  activation
f  neurons  in  response  to  low  thresholds  or  non-harmful
timuli,  intensifying  neuronal  activity  at  the  inflammation
ite.35

Nociceptors  are  specialized  sensory  neurons  that  detect

nd  respond  to  harmful  or  potentially  harmful  stimuli,  such
s  thermal,  mechanical  and  chemical  stimuli.  Additionally,
ociceptors  are  afferent  nerves  highly  susceptible  to  stimu-
ation  during  an  acute  allergic  reaction.  These  nerve  endings
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Table  2  Neural  mechanisms  in  the  pathophysiology  of
allergic rhinitis.67

Nerves  involved  Mediators  Effects

Sympathetic
Nervous  System

Noradrenalin  Y
VasoconstrictionNeuropeptide  Y

Parasympathetic
nervous  system

Acetylcholine  Vasodilation
VIP Eosinophils

recruitment

Sensorial  nerves
and
neuroendocrine
cells

P  Substance  Vasodilatation
CGRP  Plasma  overflow

Neurokinin  A
Glandular
secretion
Release  of
pro-inflammatory
cytokines
Immune  cells
recruitment
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ocated  in  the  nasal  cavity  are  the  peripheral  processes  of
rimary  sensory  neurons  based  in  the  trigeminal  ganglion.
n  general,  human  nasal  nociceptors  are  C  fibers,  which
re  typically  sensitive  to  chemical  and  physical  stimula-
ion.  These  nerve  endings  express  several  receptors  and
on  channels,  including  the  Transient  Receptor  Potential
TRP)  ion  channels  ---  TRP  subfamily  V  member  1  (TRPV1)
nd  TRP  subfamily  A  member  1  (TRPA1),  G-Protein  Coupled
hannel-Receptors  (GPCRs),  acid-sensitive  ion  channels,
echanosensitive  channels,  voltage-gated  ion  channels  and
urinergic  receptors,  convert  environmental  signals  into
lectrical  signals.36

Depolarization  of  nociceptive  channels  in  sensory  nerves
eads  to  the  release  of  neuropeptides,  including  substance  P,
GRP,  and  neurokinin-A.  P-substance  receptors  are  located

n  the  nasal  epithelium,  glands,  venous,  arterial  and  sinusoid
essels,  leading  to  glandular  secretion,  increased  vascular
ermeability,  edema,  vasodilation  and  additional  activation
f  inflammatory  cells.  The  P-substance  is  a  short-acting
asodilator;  while  CGRP  is  a  long-acting  arterial  vasodila-
or.  Neurokinin-A  has  similar  effects,  causing  an  increase  in
ascular  permeability  and  vasodilation.1 P-substance,  CGRP
nd  neurokinin-A  activate  mast  cell  degranulation,  leading
o  enhanced  release  of  inflammatory  mediators  and  amplifi-
ation  of  the  hypersensitivity  reaction.  Animal  studies  have
emonstrated  that  CGRP  can  induce  Th2  differentiation
hrough  direct  effects  on  ILC2.36

The  sympathetic  nervous  system  releases  nore-
inephrine,  which  is  a  potent  vasoconstrictor,  and
europeptide  Y  (NPY).  NPY-secreting  nerve  fibers  are

ocated  in  arteries  and  veins,  with  a  small  number  located
n  epithelium  and  glands.  This  distribution  suggests  that
PY  acts  in  the  regulation  of  blood  flow,  enhancing  the
asoconstrictive  effects  of  norepinephrine.  The  sympa-
hetic  nervous  system  maintains  vascular  tone  under
ormal  conditions  and  counterbalances  the  vasodilatory
nd  pro-inflammatory  effects  of  neurotransmitters  and
europeptides  released  by  the  parasympathetic  and  sensory
erves.35

The  parasympathetic  nervous  system  releases  acetyl-
holine  and  VIP,  which  lead  to  increased  mucous  secretion,
asodilation  and  activation  of  epithelial  cells.20 Acetyl-
holine  exerts  its  actions  via  muscarinic  receptors  and
IP  via  two  subtypes  of  receptors  ---  VIP  type  1  receptor
VPAC1)  and  VIP  type  2  receptor  (VPAC2).  Recent  stud-
es  have  identified  a  new  neuro-immunological  axis  ---  the
IP-prostaglandin  D2  receptor  axis,  which  is  called  Chemoat-
ractant  Receptor-Homologous  molecule  expressed  on  TH2
ells  (CRTH2),  involved  in  the  recruitment  of  eosinophils.
tudies  in  patients  with  allergic  rhinitis  have  documented
hat  stimulation  of  the  nasal  cavity  leads  to  increased
IP  content  and  recruitment  of  eosinophils  via  the  CRTH2
eceptor.67

Neuromedin  U  (NMU),  derived  from  cholinergic  neurons,
cts  as  a  regulator  of  type  2  cytokines.  Its  receptor  is
xpressed  on  T-cells,  dendritic  cells,  eosinophils  and  mast
ells.  NMU  promotes  mast  cell  degranulation  and  plasma
xtravasation.  A  recent  study  in  patients  with  AR  demon-

trated  that  NMU  activates  ILC2,  triggering  the  type  2
nflammatory  response.  These  findings  indicate  that  NMU
an  exacerbate  the  allergic  inflammatory  response  and
nduce  nasal  hyperresponsiveness.68,69
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VIP, Vasoactive Intestinal Peptide; CGRP, Calcitonin Gene-
Related Peptide.

Nerve  Growth  Factor  (NGF)  was  the  first  member  of  the
eurotrophin  family  to  be  discovered.  The  main  function
f  NGF  is  to  promote  the  growth,  differentiation  and  sur-
ival  of  peripheral  and  central  nerves.  NGF  is  expressed
n  the  nasal  epithelium,  glandular  epithelium  and  periph-
ral  nerves  of  the  nasal  mucosa,  playing  a  critical  role  in
idirectional  signaling  mechanisms  between  the  network  of
eurosensory  structures  and  immune  cells.  In  patients  with
R,  NGF  levels  are  elevated  in  the  nasal  submucosa,  submu-
osal  glands,  nasal  fluids,  and  serum.  In  addition  to  neurons,
mmune  cells  including  mast  cells  and  eosinophils  are  also
ources  of  NGF,  which  can  act  on  nasal  hyperresponsiveness
n  allergic  rhinitis,  increasing  the  concentration  of  sensory
erves  and  neuropeptides,  resulting  in  an  increase  in  the
nflammatory  response.68

Table  2  summarizes  the  neural  mechanisms  involved  in
he  pathophysiology  of  allergic  rhinitis.67

Nasal  hyperresponsiveness,  observed  in  60%---70%  of
atients  with  AR  is  associated  with  changes  in  nasal  inner-
ation,  including  afferent  nerves  (somatosensory  system)
nd  efferent  nerves  (sympathetic  or  parasympathetic).
asal  symptoms,  including  sneezing,  rhinorrhea,  itching
nd  obstruction,  can  occur  in  nasal  hyperresponsiveness  in
esponse  to  various  stimuli,  such  as  cold  air,  capsaicin  and
yperosmolar  saline.68---71

pithelial  and  histological  changes
he  nasal  mucosa  acts  as  an  air  conditioner  that  regulates
he  temperature  of  the  inhaled  air,  humidifying  and  cleaning
he  inspired  air.  The  epithelium  of  the  healthy  nasal  mucosa
s  made  up  of  ciliated  and  non-ciliated  columnar  cells,
ucus-secreting  goblet  cells,  and  basal  cells  that  represent

0%---90%  of  the  epithelial  cell  population.  The  epithelium
ests  in  the  nasal  membrane  area  and  covers  the  submucosal
tructures,  forming  a  link  between  environmental  exposure

nd  the  host’s  immune  system.  The  nasal  submucosa  com-
rises  serous,  mucous  and  seromucous  glands,  extensive
ascular  and  neural  networks  and  components  of  the  cellular
nd  extracellular  matrix.20,28,72
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The  nasal  mucosa  acts  as  a  barrier  against  external
athogens  and  has  antimicrobial,  antioxidant  and  antipro-
ease  properties.  The  nasal  epithelium  is  covered  by  a
ucus  blanket,  which  consists  of  water,  mucin  glycopro-

eins,  and  antimicrobial  peptides  (lactoferrin,  lysozyme,
nd  defensins).  The  mucus  blanket  forms  a  double  layer,
omposed  of  an  inner  serous  layer  and  an  outer  viscous  layer.
he  main  components  of  nasal  mucus  are  mucins,  which
lay  a  significant  role  in  anti-inflammatory  and  antimicrobial
efense  processes,  as  well  as  mucociliary  clearance.  During
nflammation,  mucociliary  clearance  is  compromised,  lead-
ng  to  excessive  mucus  collection  that  manifests  as  increased
asal  and  post-nasal  secretion.  Parasympathetic  stimulation
esults  in  increased  mucus  production  by  the  glandular  cells
f  the  nasal  mucosa  and  leads  to  increased  nasal  secretion
nd  nasal  obstruction.20,28

Inflammation  of  the  nasal  epithelium  in  response  to  aller-
ens  is  the  hallmark  of  AR.  The  histological  characteristics
f  airway  inflammation  are  goblet  cell  hyperplasia,  mucus
ypersecretion,  thickening  of  the  basement  membrane
nd  smooth  muscle  hyperplasia.  In  AR,  this  inflammatory
esponse  translates  into  mucosal  edema,  increased  nasal
ecretion  and  nasal  hyperresponsiveness.  Exposure  to  inhal-
ble  allergens  triggers  increased  production  of  chemical
ediators  and  cytokines  in  the  nasal  epithelium.  Studies  in
atients  with  AR  demonstrate  increased  expression  of  pro-
nflammatory  cytokines  and  type  2  cytokines  in  the  nasal
ucosa.20,72---74

As  previously  mentioned,  AR  is  an  excellent  model  for
tudying  allergic  inflammation,  as  triggering  factors  can  be
learly  identified,  particularly  in  intermittent  forms  related
o  pollen,  which  can  be  monitored  and  studied  during  and
utside  the  pollen  season.  Nasal  secretion  and  mucous  tissue
re  easily  accessible  for  invasive  and  non-invasive  pro-
edures,  enabling  the  analysis  of  the  immunological  and
linical  response  to  allergens.  Allergen  challenge  results  in
issue  eosinophilia  and  an  increase  in  cells  expressing  Th2
ytokines.  Studies  have  documented  an  increase  in  Th2  tran-
criptional  factors,  such  as  STAT6+  and  GATA3+,  in  the  nasal
ucosa  of  patients  with  allergic  rhinitis  when  compared  to
ealthy  controls.28

Studies  of  nasal  wash  samples  from  patients  with  pollen
llergy  have  demonstrated  distinct  patterns  of  gene  expres-
ion  profiles  and  functional  genetic  pathways  that  indicate
natomical  and  functional  origins.  Mucin  production,  regu-
ated  by  the  MUC5AC  and  MUC5B  genes,  is  upregulated  upon
xposure  to  allergens.  Goblet  cell  hyperplasia  is  particularly
elated  to  the  high  expression  of  CD44v3,  which  is  a  marker
f  intermediate  progenitor  cells  of  the  basal  layer.20

Immunohistochemistry  of  nasal  turbinate  biopsies
btained  from  patients  with  AR  six  hours  after  challenge
r  during  natural  exposure  to  allergens  reveals  increased
xpression  of  the  lymphocyte  chemokine  receptors  CCR3,
CR4,  eosinophil  infiltration,  and  elevated  levels  of  cells
xpressing  mRNA  for  IL-4  and  IL-5.  Cytokines  released  by
ast  cells,  basophils  and  Th2  cells  such  as  IL-4,  IL-5,  IL-9

nd  IL-13  play  a  key  role  in  the  late  phase  of  AR.  Studies
ave  shown  that  there  is  an  inverse  correlation  between  IL-5

nd  IL-13  with  post-challenge  nasal  patency.  Eosinophilic
ediators,  such  as  Major  Basic  Protein  (MBP),  Eosinophilic
ationic  Protein  (ECP)  and  Eosinophilic  Peroxidase  (EPO)  are
oxic  to  the  respiratory  epithelium,  promoting  increased
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xidative  stress  and  causing  tissue  injury  and  damage.  This
pithelial  damage,  in  turn,  leads  to  the  release  of  cytokines
erived  from  the  epithelium,  the  so-called  alarmins,
ytokines  and  growth  factors  that  maintain  and  amplify  the
llergic  inflammatory  response.28,72

The  amplification  and  chronicity  of  the  inflammatory
esponse  in  the  nasal  mucosa  has  the  potential  to  lead  to
tructural  histological  changes.  Studies  have  investigated
he  mesenchyme-epithelium  transition  in  allergic  rhinitis
ince  changes  in  this  process  are  related  to  remodeling  in
sthma.  However,  no  changes  in  epithelial  differentiation
ere  detected  in  terms  of  expression  of  E-cadherin,  cytoker-
tin,  MUC5A+,  goblet  cells  and  p63+  basal  cells.  Studies  that
xplored  immunohistochemical  evidence  of  remodeling  in
atients  with  severe  persistent  AR  did  not  identify  morpho-
ogical  changes  in  the  epithelium  and  basement  membrane,
nd  some  changes  in  relation  to  glandular  changes,  angio-
enesis  and  lymphangiogenesis.20,28,75

hanges  in  the  epithelial  barrier
he  epithelial  barrier  is  the  first  line  of  defense  in  the
asal  mucosa,  and  it  is  essential  that  this  barrier  is
ntact  to  protect  against  pathogens,  harmful  agents  and
llergens.  The  epithelium  plays  a  vital  role  in  regulating
he  innate  and  adaptive  immune  response  by  activating
unctional  molecules  that  participate  in  the  inflamma-
ory  response  (e.g.,  pro-inflammatory  cytokines,  growth
actors  and  chemokines).  Epithelial  cells  secrete  antimicro-
ial  substances,  known  as  antimicrobial  peptides,  including
ysozyme,  defensins  (�  e  �),  lactoferrin  and  S-100  proteins.76

Epithelial  barrier  dysfunction  has  been  related  to  chronic
nflammatory  diseases  in  multiple  organs  and  systems,  with
mphasis  on  allergic  diseases  such  as  atopic  dermatitis,
sthma  and  chronic  rhinosinusitis.  Several  studies  have
nvestigated  the  role  of  the  epithelial  barrier  in  allergic
hinitis.  The  defective  epithelial  barrier  can  facilitate  the
ntry  of  allergens  and  pathogens  into  the  nasal  mucosa,
erpetuating  the  inflammation  of  allergic  rhinitis.20,77

The  barrier  between  sinonasal  epithelial  cells  is  formed
ia  interactions  of  apical  transmembrane  and  cytoskele-
al  proteins,  including  tight  junction  proteins,  such  as
onula  Occlusion-1  (ZO-1),  members  of  the  Claudin  (CLDN),
ccludin  (OCLN),  and  Junctional  Adhesion  Molecules-A

JAM-A)  families.  Adherens  junction  proteins,  such  as  cad-
erins,  create  intercellular  interactions.  Desmosomes  and
emidesmosomes  also  participate  in  apical  junctional  com-
lexes.  Taken  together,  the  function  of  these  junction
roteins  is  to  limit  the  passage  of  intercellular  fluid  and
rotect  the  underlying  tissue  against  exposure  to  harmful
gents  and  allergens.78,79

Tight  junctions  are  more  apically  located  and  include
ore  than  40  proteins  composed  of  transmembrane  pro-

eins  or  cytoplasmic  actin-binding  proteins,  which  function
s  to  regulate  the  homeostasis  of  ions,  water  and  some
acromolecules.  Adherens  junctions  are  essential  for  cell
roliferation,  differentiation  and  adhesion.  Desmosomes  are
ntricately  connected  to  adherens  junctions  and  play  a

ey  role  in  maintaining  cellular  integrity  and  intercellular
ohesion.  Finally,  hemidesmosomes  are  responsible  for  facil-
tating  the  stable  adhesion  of  basal  epithelial  cells  to  the
asement  membrane.76
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Several  mechanisms  of  epithelial  barrier  disruption  in  AR
ave  been  described,  including  the  proteolytic  activity  of
llergens,  environmental  factors,  and  dysfunction  mediated
y  inflammatory  cytokines.  Household  dust  mites  are  the
ost  common  etiological  allergens  in  AR  in  our  country  and,

mong  the  main  species,  are  Dermatophagoides  pteronyssi-
us  (Der  p)  and  Dermatophagoides  farinae  (Der  f).  It  has
een  described  that  Der  p1  has  the  property  of  cleaving
ites  in  the  extracellular  domains  of  CLDN1  and  OCLN  pro-
eins,  resulting  in  increased  cellular  permeability  that  allows
er  p1  to  pass  through  the  epithelial  barrier.  Breakdown
f  the  epithelial  barrier  can  also  be  caused  by  proteases
ia  exposure  to  fungi,  facilitating  the  access  of  pathogens
nd  direct  activation  of  immune  cells.  Serine  proteases  from
ungi  such  as  Alternaria  spp.  have  the  ability  to  reduce  the
xpression  of  tight  junction  proteins  such  as  ZO-1,  OCLN  and
LDN1.20,76,78

Environmental  factors  such  as  living  in  urban  regions,  air
ollution  and  indoor  pollutants  can  also  contribute  to  the
isruption  of  tight  junctions  in  AR.  A  study  that  evaluated
atients  with  AR  documented  low  levels  of  OCLN  and  CLDN7
xpression;  associated,  respectively,  with  residence  in  urban
egions  and  exposure  to  passive  smoking.  Air  pollution  repre-
ents  a  risk  factor  for  the  onset  of  AR,  due  to  the  compromise
f  the  epithelial  barrier  by  Diesel  Exhaust  Particles  (DEPs)
nd  fine  Particulate  Matter  (PM  2.5).  Particulate  matter  con-
ains  redox-active  chemicals  and  transition  metals  and  can
ave  disruptive  effects  through  the  generation  of  reactive
xygen  species.  Study  in  animal  models  (mice)  demonstrated
hat  PM  2.5  reduces  the  expression  of  ZO-1.20,76---78

The  onset  of  AR  can  also  be  triggered  by  aggression  and
isruption  of  the  sinonasal  epithelium,  through  the  produc-
ion  of  alarmins  (TSLP),  IL-25  and  IL-33.  These  cytokines  are
ey  regulatory  factors  in  epithelial-mesenchymal  commu-
ication  and  elicit  pathological  changes  in  the  airway.
eceptors  expressed  on  the  surface  of  epithelial  cells,
oll-Like  Receptors  (TLRs)  and  Nucleotide-binding  Oligomer-
zation  Domain  (NOD)-Like  Receptors  (NLRs)  have  the
bility  to  identify  Pathogen-Associated  Molecular  Patterns
PAMPs)  in  microorganisms  and  induce  innate  and  adaptive
esponse.76,79

On  the  other  hand,  the  type  2  cytokines  IL-4  and  IL-13
ot  only  participate  in  the  allergic  inflammatory  response,
ut  also  regulate  the  epithelial  barrier  in  allergic  diseases,
esulting  in  a  reduction  in  the  expression  of  tight  junction
roteins  in  epithelial  cells.76,79

Studies  conducted  in  patients  with  AR  that  evaluated
RNA  expression  in  nasal  biopsy  demonstrated  reduced
xpression  of  CLDN  1,  4,  7,  8,  12,  13  and  14.  In  summary,
here  are  several  changes  in  the  epithelial  barrier  of  patients
ith  AR  that  can  contribute  to  the  amplification  and  main-

enance  of  the  nasal  inflammation  cycle.20,76

itric  oxide
n  the  era  of  precision  medicine,  certain  molecules  are  iden-
ified  as  biomarkers  in  the  pathogenesis  of  AR,  providing
nformation  for  the  identification  of  endotypes  and  guiding

recise  treatment  interventions.  Nitric  oxide,  detected  by  a
on-invasive  method  in  exhaled  air  and  by  the  exhaled  frac-
ion  of  NO  (FeNO),  has  been  considered  a  biomarker  of  type
,80 inflammation  with  high  concentrations  in  eosinophilic
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nflammation  in  the  airway.81 In  addition  to  being  a  good
iagnostic  tool,  the  determination  of  exhaled  NO  generates
nformation  about  the  phenotype/endotype  of  the  disease
nd  the  response  to  treatments  with  steroids  or  biological
rugs.82

The  basal  production  of  tiny  amounts  of  NO  (phentomo-
ar  to  picomolar),  produced  by  the  bronchial  epithelium,
s  fundamental  for  respiratory  physiology.83 NO  regulates
he  tone  of  the  bronchial  muscles,  blood  flow,  stimulates
ung  development,  promotes  ciliary  motility  and  stimulates
urfactant  production.  NO  also  has  antimicrobial  activity
gainst  bacteria  and  viruses.84 In  the  upper  airway,  NO
cts  as  a  vasodilator  and  relaxes  smooth  muscles,  stimu-
ates  mucus  secretion  and  regulates  the  frequency  of  ciliary
eating.85

In  the  respiratory  tract,  NO  is  synthesized  from  L-arginine
y  NO  synthase  (NOS),  which  has  three  isoforms:  neuronal
OS  (nNOS),  inducible  NOS  (iNOS)  and  endothelial  NOS
eNOS).86 iNOS,  induced  by  cytokines  and/or  endotoxins,  is
ndependent  on  calcium  and  can  produce  NO  at  nanomolar
evels,  for  prolonged  periods  and  contributes  to  the  patho-
hysiological  effects  of  NO,  detectable  in  exhaled  air.87

In  the  paranasal  sinuses,  iNOS  acts  constitutively,
roducing  large  amounts  of  NO  under  the  stimulus  of
ro-inflammatory  cytokines  (e.g.,  TNF  and  IL-1),  possibly
timulated  by  biofilms.88 However,  during  Th2  inflammation
n  the  upper  airway,  the  primary  sources  of  NO  are  epithelial
ells  and  macrophages.89 The  expression  of  iNOS  in  the  aller-
ic  response  is  observed  under  the  stimulation  of  several
h2-type  cytokines,  such  as  IL-4  and  IL-13,  acting  through
he  STAT  pathway.6,90,91

Prominent  levels  of  NO  participate  in  airway  inflamma-
ion,  the  production  of  free  radicals,  bronchial  hyperreactiv-
ty,  mucus  hypersecretion,  increased  vascular  permeability,
educed  ciliary  beat  and  tissue  damage.80

There  are  two  different  methods  for  measuring  nasal  NO
oncentration:  nasal  FeNO,  obtained  by  nasal  exhalation,
nd  a  second  when  the  measurement  is  obtained  by  serial
ransnasal  flows,  called  nNO.91 nNO  oxide  measurements  are
on-invasive  procedures  that  can  be  easily  applied  in  the
ediatric  population.  The  preferred  method  is  chemilumi-
escence,  which  can  be  applied  to  children  over  four  years
f  age  and  adults  who  can  collaborate  by  maintaining  palate
losure.92 This  method  uses  air  exhaled  through  the  nose
gainst  resistance,  using  apnea,  while  the  electrochemical
nalysis  employs  tidal  breathing.  Between  the  two  meth-
ds,  electrochemical  analysis  is  less  studied  and  has  a  lower
egree  of  reproducibility.93

The  upper  airway  comprise  a  complex  system  of  com-
unicating  cavities  (nasal  cavity,  paranasal  sinuses,  middle
ar  and  nasopharynx)  and  each  of  these  areas  can  con-
ribute  to  measured  NO.94 The  primary  origin  of  intrinsic  NO
roduction  in  the  airway  is  the  paranasal  cavities.95 Nasal
ucosa  edema  can  lead  to  occlusion  of  the  sinus  ostium,
ithout  distribution  of  NO  to  the  nasal  cavity,  which  may
xplain  the  absence  of  exhaled  NO  in  severe  cases  of  ostium
bstruction.96 Therefore,  the  severity  of  inflammation  of  the
asal  mucosa  does  not  correlate  with  detectable  levels  of

NO.  On  the  other  hand,  nNO  levels  tend  to  decrease  after
reatment.97 It  is  important  to  emphasize  that  nNO  is  not  a
etermination  included  in  routine  practice  due  to  hetero-
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eneous  results  and  a  lack  of  consensus  regarding  the  best
echnique  to  be  used.  An  exception  can  be  made  in  cases
f  primary  ciliary  dyskinesia,  where  nNO  levels  are  90%---98%
ower  than  in  control  patients.95 In  cystic  fibrosis  and  pri-
ary  ciliary  dyskinesia,  there  is  a  reduction  in  NO  synthesis
ith  consequent  changes  in  mucociliary  clearance.98

In  general,  interpretation  of  nNO  levels  should  be  done  in
onjunction  with  clinical  findings  and  other  diagnostic  tests.

icrobiome
icrobiome  refers  to  the  set  of  genetic  material  of  microor-
anisms  that  occupy  a  given  system.  Changes  in  the
icrobiome  of  human  beings  have  been  implicated  in  the
athophysiology  of  several  immune-mediated  conditions99

nd  is  considered  one  of  the  factors  involved  in  the
pithelial  barrier  theory.100 This  theory  postulates  that
mmune-mediated  diseases  result  from  persistent  epithelial
nflammation  (epithelitis)  caused  by  various  substances  that
amage  the  epithelial  barrier,  and  genetic  susceptibility.101

 damaged  barrier  promotes  changes  and  loss  of  biodiversity
hat  generate  instability  and  dysfunction  of  the  microbiome,
ith  a  predominance  of  one  or  a  few  microorganisms,  what
e  call  dysbiosis.  This,  in  turn,  can  impair  homeostasis,
romoting  immune  systemdysregulation.100---102 The  complex
nteraction  between  the  human  microbiome  and  the  innate
nd  adaptive  immune  system  is  beyond  the  scope  of  this
ext.

The  relationship  between  the  microbiome  and  AR  can  be
pproached  from  two  main  aspects:  environmental  exposure
nd  the  composition  of  epithelial  barriers.

Since  the  publication  of  the  hygiene  hypothesis  in
989,103 much  evidence  has  accumulated  that  exposure  to
icrobial  diversity  exerts  a  protective  effect  on  the  devel-
pment  of  respiratory  allergy.20,104 The  interrelationship
etween  microbial  diversity/composition  and  the  immune
ystem,  and  between  different  organs,  pointing  out  the  role
f  dysbiosis  in  promoting  a  pro-inflammatory  environment,
s  well  as  the  interference  of  inflammation  in  the  micro-
ial  constitution,  has  been  extensively  explored  in  recent
ecades.105

The  environmental  microbiome  includes  the  microorgan-
sms  and  their  metabolites  that  we  come  into  contact  within
he  environment.  During  the  first  year  of  life,  the  interac-
ion  between  the  immune  system  and  the  environmental
icrobiome  influences  the  human  microbiome  composition

nd  directs  the  immune  response  towards  tolerance.  Over
ime,  the  environmental  microbiome  becomes  a  source  of
mmunological  stimulation  and  infection.106

In  2003,  it  was  identified  that  children  in  Finnish  Karelia
ad  much  more  allergy  symptoms  and  much  higher  levels  of
gE  than  those  in  Russian  Karelia.  Karelia  is  a  region  in  north-
rn  Europe  divided  between  Finland  and  Russia,  which  have
he  same  climatic  conditions,  similar  ancestry,  but  a great
ocioeconomic  contrast,  with  the  Russian  side  being  rural.
en  years  later,  a  new  study  with  these  populations  identified
ontinued  disparity  in  the  prevalence  of  allergic  diseases,  as
ell  as  significant  differences  in  the  skin  and  nasal  micro-

iome  between  them,  with  greater  microbial  diversity,  with
he  Acinetobacter  genus  being  more  abundant  and  diverse,
n  the  population  on  Russian  side.  What  the  authors  sug-
est  is  that  early  exposure  to  the  environmental  microbiome
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ay  be  biologically  related  to  the  development  of  allergic
anifestations  at  an  early  age.107

However,  it  became  clear  over  the  years  that  microbial
xposure  alone  does  not  define  the  development  of  allergy
r  not,  which  is  not  surprising  in  the  case  of  a  multifactorial
linical  condition.  Results  obtained  by  Sun  and  collaborators
n  the  analysis  of  household  dust  suggest  that  metabolites
nd  intra-household  chemicals  are  better  indicators  of  res-
iratory  allergy  than  the  intra-household  microbiome.108

Regarding  the  composition  of  the  microbiome  of  epithe-
ial  barriers,  many  studies  have  explored  the  diversity  of  the
omposition  of  the  intestinal  microbiome  between  healthy
eople  and  those  with  different  manifestations  of  respira-
ory  allergy.

There  are  factors  considered  crucial  to  the  develop-
ent  of  the  intestinal  microbiome:  type  of  birth;  type  of
reastfeeding;  gestational  age;  maternal  vaginal,  skin  and
ntestinal  microbiota;  maternal  lifestyle  (particularly  type
f  diet);  use  of  antibiotics;  environmental  exposure  to  pollu-
ants,  animals  and  others.109 Food  components  are  capable
f  interfering  with  the  immune  response  and  the  compo-
ition  of  the  intestinal  microbiome.  A  significant  risk  of
llergic  diseases  arises  from  a  diet  rich  in  calories,  proteins
nd  animal  fat,  saturated  and  medium-chain  fatty  acids,
imple  sugar  and  processed  foods,  and  low  in  fiber,  iron,
inc  and  vitamins  A,  D  and  E.110

The  term  ‘‘gut-organ  axis’’  points  to  the  complex
elationship  between  the  intestinal  microbiome  and  the
evelopment  and  functioning  of  the  immune  system  in  the
kin,  respiratory  tract  and  central  nervous  system.109

Reduction  in  the  diversity  of  microorganisms  and  reduc-
ion  in  the  presence  of  bacteria  of  the  Firmicutes  genus
producers  of  butyrate,  a  recognized  regulator  of  the  epithe-
ial  barrier  integrity  with  immune  system  actions,  such  as
romoting  macrophage  differentiation  and  development  of
egulatory  T-cells)  have  been  reported  in  several  publica-
ions  involving  allergic  diseases  in  children  and  adults.109,111

ower  gut  microbiome  diversity  in  infants  has  been  asso-
iated  with  a  higher  risk  of  allergic  sensitization,  allergic
hinitis  and  peripheral  eosinophilia  at  school  age.112

In  adults  with  AR,  reduced  diversity  �  was  demonstrated
n  the  intestinal  microbiome,  characterized  by  an  increase
n  the  phylum  Bacteroidetes  and  the  genera  Escherichia-
higella,  Prevotella  and  Parabacteroides,113,114 as  well  as  a
eduction  in  Firmicutes,  Oxalobacter  and  Clostridioides.114

A  study  of  the  intestinal  microbiome  in  individuals  with
llergic  rhinitis  revealed  that  bacteria  from  the  Coriobac-
eriaceae  family  had  a  protective  effect,  while  those  from
he  Victivallaceae  family  were  identified  as  a  risk  factor  for
llergic  rhinitis.115

Further,  research  sought  to  identify  differences  in  the
icrobial  composition  of  the  nasal  mucosa  between  healthy

ndividuals,  with  rhinitis,  chronic  rhinosinusitis  without  or
ith  polyposis,  with  or  without  asthma.105 It is  important  to
ighlight  that  the  material  collection  site,  from  the  anterior
asal  cavity,  middle  or  lower  meatus  may  interfere  with  the
rofile  of  microorganisms  identified  in  different  studies.  No
ignificant  differences  were  found  regarding  microbial  diver-

ity  between  AR  patients  and  healthy  controls,  but  some
ifferences  were  found  regarding  their  composition.116,117

Under  normal  conditions,  the  nasopharyngeal  micro-
iome  is  composed  of  Proteobacteria  (Moraxella  spp.
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nd  Hemophilus  spp.),  Firmicutes  (Staphylococcus  and
olosigranulum  spp.),  and  Actinobacteria  (Corynebacterium
pp.).116,118 Propionibacterium  acnes  has  been  identified  as

 bacterium  important  in  healthy  nasal  mucosa.119

Individuals  with  AR  more  frequently  presented  bacte-
ia  of  the  Spirochaetae  genus  in  the  nasal  mucosa,  as  well
s  greater  amounts  of  Pseudomonas  and  Peptostreptococ-
aceae  and  lower  amounts  of  Lactobacillus,  according  to
an  and  collaborators.120 On  the  other  hand,  Yuan  and  col-

aborators  identified  a  greater  abundance  of  Actinobacteria
n  people  with  AR  a  higher  amount  of  Actinobacteria,  Staphy-
ococcus,  Prevotella  and  Klebsiella,  and  less  Pelomonas,
ompared  to  healthy  controls.116 No  significant  differ-
nces  were  identified  in  nasal  microbial  composition  in
atients  with  rhinitis  in  relation  to  patients  with  allergic
hinoconjunctivitis.117

Staphylococcus,  particularly  S.  aureus,  colonizes  individ-
als  with  AR  more  frequently  than  controls  (44%  vs.  20%)
nd  is  associated  with  higher  clinical  scores  in  patients  with
hinitis.116,121

Persistent  inflammation  and  infection  characterize
hronic  rhinosinusitis,  with  the  presence  of  S.  aureus  being
articularly  important.105 It  has  been  reported  that  no  type
f  bacteria  appears  to  be  specifically  related  to  chronic
hinosinusitis,  but  rather  changes  in  its  composition  with
unctional  changes  in  the  microbial  community.122 However,
untley  and  colleagues  found  that  Citrobacter  was  found
nly  in  patients  with  chronic  rhinosinusitis  with  polyposis
nd  not  in  healthy  controls  or  patients  with  rhinosinusitis
ithout  polyposis.  S.  aureus  has  been  found  more  frequently

n  individuals  with  chronic  rhinosinusitis  with  polyposis  and
osinophilia.123

There  were  no  differences  in  microbial  diversity  between
atients  with  allergic  rhinitis  and  non-polyposis  rhinosinusi-
is,  but  rather  differences  in  composition,  with  greater
bundance  of  Pseudomonas  and  Peptostreptococcaceae,
nd  lower  abundance  of  Lactobacillus  in  allergic  rhinitis,  and
reater  abundance  of  Hemophilus  and  lower  abundance  of
oraxella  in  chronic  non-polyposis  rhinosinusitis.120

A  study  analyzing  the  nasal  microbiome  of  healthy
ontrols,  patients  with  rhinitis,  rhinosinusitis  with  and  with-
ut  polyposis  showed  lower  diversity  �  in  patients  with
hronic  rhinosinusitis  without  polyposis  than  in  the  other
roups,  in  addition  to  a  higher  abundance  of  anaerobic
acteria.124

Involuntary  exposure  to  cigarette  smoke  has  been  iden-
ified  as  a  factor  capable  of  promoting  nasal  dysbiosis.125

Viral  respiratory  infections  caused  by  influenza  A,  rhi-
ovirus  A  and  C,  adenovirus  and  respiratory  syncytial  virus
romote  changes  in  the  nasal  microbiome  such  as  the
roliferation  of  S.  pneumoniae.  On  the  other  hand,  the
redominance  of  some  bacteria  in  the  nasal  microbiome
ncreases  susceptibility  to  some  viruses,  such  as  the  pre-
ominance  of  hemophiles  in  relation  to  rhinovirus  A  and
oraxella  sp.  in  relation  to  rhinovirus  C.126

Dysbiosis  in  the  mucosa  of  the  inferior  nasal  turbinate,
ith  an  increase  in  S.  aureus  and  a  decrease  in  Propioni-
acterium  acnes,  was  related  to  higher  IgE  values  in  adult

ndividuals  with  AR.127

In  individuals  with  rhinitis  and  wheezing,  an  increase  in
roteobacteria  and  Firmicutes  was  identified,  with  a reduc-
ion  in  Corynebacteriaceae.128
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Patients  with  AR  or  asthma,  with  or  without  AR,  showed
educed  diversity  �  (number  of  taxonomic  groups  and
elative  abundance  of  each  group)  of  the  nasal  bacte-
ial  microbiome  compared  to  healthy  controls,  but  with

 greater  influence  on  diversity  in  patients  with  asthma,
ith  or  without  rhinitis.  In  relation  to  phyla  and  genera  of
acteria  (diversity  �  or  measure  of  similarity  between  two
ommunities  of  microorganisms),  the  composition  was  simi-
ar  in  healthy  controls,  people  with  rhinitis  and  people  with
sthma  without  and  with  rhinitis,  being  more  prevalent,  in
escending  order,  Firmicutes,  Bacteroidetes,  Proteobacte-
ia  and  Actinobacteria.  Firmicutes  was  more  abundant  in
atients  with  allergic  rhinitis  and  less  abundant  in  patients
ith  asthma  (with  and  without  rhinitis).  More  relevant  dif-

erences  in  relation  to  gender  and  species  were  detected
etween  healthy  controls  and  patients  with  respiratory
llergy  and  less  relevant  differences  between  patients  with
hinitis  and  asthma  (with  or  without  rhinitis).  No  significant
ifferences  were  identified  in  the  taxonomic  distribution  of
atients  with  asthma  without  and  with  rhinitis.  Similarly,  no
ignificant  differences  were  identified  in  �  diversity  between
atients  with  controlled,  partially  or  uncontrolled  asthma.
owever,  diversity  �  clearly  separates  two  groups:  uncon-
rolled  asthma  and  controlled/partially  controlled  asthma
both  with  or  without  rhinitis).  Patients  with  uncontrolled
sthma  had  a  higher  proportion  of  Cyanobacteria  and  a  lower
roportion  of  Firmicutes.129

Another  relevant  fact  is  that  the  nasal  microbiome
omposition  in  children  with  AR  differs  from  that  of  adult
atients.  The  microbiome  composition  changes  over  time
nd  the  early-life  profile  is  related  to  stability  and  pat-
erns  of  change  throughout  life.129 The  diversity  of  the  nasal
icrobiome  increases  over  time  in  normal  individuals,  while

t  tends  to  reduce  in  children  with  rhinitis,  with  or  without
heezing.128

Studies  on  the  nasal  microbiome  in  the  pediatric
opulation  are  few  and  reveal  that  Acinetobacter,
orynebacterium,  Dolosigranulum,  Hemophilus,  Moraxella,
taphylococcus  and  Streptococcus  genera  are  dominant  in
ny  pediatric  age  group.  Acinetobacter  and  Pseudomonas
re  more  abundant  in  the  nasal  cavity,  while  Streptococ-
us  and  Moraxella  were  predominant  in  the  hypopharynx
f  children  with  allergic  rhinitis.  Abundance  of  Staphylo-
occus  spp.  has  been  described  in  the  anterior  nasal  cavity
nd  hypopharynx  of  children  and  adolescents  with  allergic
hinitis,  cigarette  exposure  and  rhinoconjunctivitis.130

Studies  that  correlated  epithelial  microbial  composition
nd  metabolomic  analysis  in  blood  in  search  of  biomarkers
or  AR  demonstrated  that  there  is  a  correlation  between
he  microbiome  and  metabolism  in  animal129 and  human
odels.116 Ma  and  collaborators  identified  the  porphyrin,

rachidonic  acid  and  purine  pathways  as  the  most  com-
only  altered  in  AR.131 On  the  other  hand,  according  to  Yuan

nd  collaborators,  the  most  frequently  altered  metabolic
athways  in  people  with  AR  were  the  linoleic  acid,  arachi-
onic  acid  and  caffeine  pathways.116 Therefore,  there  is  still
o  consensus  recommendation  for  biomarkers  that  can  be
pplied  in  clinical  practice.
Despite  the  growing  number  of  publications  on  the  topic,
here  are  still  relevant  divergences  between  studies  on
he  relationship  between  microbiome  diversity/composition
nd  allergic  diseases,  particularly  AR.  Much  remains  to  be



olary

k
a
t
s

J
S
n
o
a
l
a
g
w
r

p
l

c
c
a
f

a
d
C
a
e
a
r
r
d
t
c

e
d

f

L
t
p
r
o

T
p
t
l
p
k

b
p
N
d
a
a
p

t
a
n
r

t
e
J
e
a
d
p
(

s
e
b
m

A

E

P
e
t
A
i
a
w
w

b
c
w
a
p
s
n

I
E
l
L
p
i
c
o

L
a
i
a
S
3
t
h

Brazilian  Journal  of  Otorhin

nown.  There  are  conflicting  results,  poor  data  on  the  pedi-
tric  population,  on  the  composition  of  viruses  and  fungi,  or
he  interference  of  treatment  with  medications  or  allergen-
pecific  immunotherapy.

oint  airway
ince  the  beginning  of  the  20th  century,  it  has  been  recog-
ized  that  allergic  rhinitis,  asthma  and  rhinosinusitis  often
ccur  as  comorbidities.  From  the  end  of  the  20th  century
nd  the  beginning  of  the  21st  century,  evidence  accumu-
ated  that  these  diseases  were  manifestations  related  to
n  inflammatory  process  occurring  in  a  continuous  airway,
iving  rise  to  the  integrated  airway  hypothesis,  or  joint  air-
ay  disease,  chronic  inflammatory  respiratory  syndrome  or

hinosinobronchitis.132,133

The  concept  of  a  joint  or  continuous  airway  encom-
asses  the  nose,  middle  ear,  paranasal  sinuses,  bronchi  and
ungs.134

There  is  epidemiological,  pathophysiological  and  clini-
al  evidence  that  inflammation  is  a  central  process  in  this
oncept  of  Joint  Airway  (JA),  which  are  related  from  an
natomical,  histological  and  immunological  point  of  view,
unctioning  as  a  morphological  and  functional  unit.33,135,136

Between  20%  and  40%  of  patients  diagnosed  with  AR  have
sthma,  on  the  other  hand,  more  than  80%  of  individuals
iagnosed  with  asthma  have  symptoms  of  AR.132,133,136---138

hronic  rhinosinusitis  with  polyposis  is  associated  with
sthma,  particularly  in  individuals  with  respiratory  disease
xacerbated  by  acetyl  salicylic  acid.139 The  prevalence  of
sthma  in  patients  with  non-allergic  eosinophilic  rhinitis,
espiratory  disease  exacerbated  by  aspirin,  allergic  fungal
hinosinusitis,  chronic  rhinosinusitis  with  polyps  and  atopic
isease  of  the  central  compartment  is  described,  respec-
ively  in  23.8%;  100%;  19%---73%;  20%---60%  and  9.8%---17.1%  of
ases.140

Pediatric  chronic  rhinosinusitis  is  related  to  adenoid  dis-
ase  and  asthma,  as  well  as  cystic  fibrosis  and  primary  ciliary
yskinesia.141

Furthermore,  AR  and  non-allergic  rhinitis  are  risk  factors
or  developing  asthma  or  persistence  of  asthma.142

The  epithelial  lining  of  the  Upper  Airway  (UA)  and
ower  Airway  (LA)  have  characteristics  in  common  (pseudos-
ratified  ciliated  epithelium,  basement  membrane,  lamina
ropria,  goblet  cells)  and  some  differences,  such  as  the
ich  vascularization  in  the  upper  airway  and  the  presence
f  musculature  smooth  in  the  lower  airway.136

JA  presents  an  allergic  and  a  non-allergic  phenotype.
he  majority  of  children  and  approximately  50%  of  adults
resent  the  allergic  phenotype,  with  T2-type  inflamma-
ion,  produced  from  changes  in  the  epithelial  barrier,  innate
ymphoid  cells  and  specific  IgE  for  aeroallergens.  The  patho-
hysiology  involved  in  the  non-allergic  phenotype  is  less
nown.20,136

The  mechanisms  proposed  to  explain  the  interaction
etween  UAW  and  LAW  diseases  are  changes  in  ventilation
atterns  and  the  action  of  distant  inflammatory  mediators.
ose  dysfunction  causes  oral  breathing  and  poor  air  con-

itioning  that  reaches  the  airway,  increasing  the  risk  of
sthma.136,143 Systemic  absorption  of  inflammatory  medi-
tors  produced  in  the  upper  airway  and  lower  airway
romotes  a  distant  inflammatory  response  at  other  points  in

i
a
d

15
ngology  2025;91():101500

he  respiratory  tract.  There  is  no  satisfactory  evidence  on
spiration  of  nasal  contents  and  nasobronchial  reflex  mecha-
isms,  despite  the  recognized  stimulation  of  nasopharyngeal
eceptors  as  a  cause  of  cough.20,143

In  relation  to  clinical  evidence,  it  has  been  demonstrated
hat  the  treatment  of  AR  produces  a  reduction  in  symptoms,
xacerbations  and  hospitalizations  due  to  asthma.134,144,145

ust  as  there  is  evidence  that  the  treatment  of  non-allergic
osinophilic  rhinitis,  respiratory  disease  exacerbated  by
spirin,  allergic  fungal  rhinosinusitis,  rhinosinusitis  chronic
isease  with  polyps  and  atopic  disease  of  the  central  com-
artment  also  promotes  clinical  and  objective  improvement
spirometry)  of  asthma.140

Studies  on  the  pathophysiology  of  JA  inflammation  are
till  needed  and  could  lead  to  the  discovery  of  biomark-
rs  and  new  treatments.  Leukotriene  E4  is  a  promising
iomarker.  The  relationship  between  JA  diseases  and  the
icrobiome  and  its  changes  is  an  uncharted  field.146

llergic rhinitis

pidemiology  of  allergic  rhinitis  in  Brazil

opulation  studies  are  essential  for  understanding  the
xtent  of  a  disease  in  a  given  population.  However,  in  Brazil
hey  are  scarce.  The  International  Study  on  Asthma  and
llergies  in  Childhood  (ISAAC),  started  in  the  1990s,  enabled

nitial  data  to  be  obtained  on  the  prevalence  of  rhinitis
mong  children  and  adolescents  in  various  parts  of  the
orld,  as  well  as  evaluating  whether  or  not  it  has  increased
ith  time.147,148

In  the  2010s,  ISAAC  was  discontinued  and  replaced  in  2012
y  the  Global  Asthma  Network  (GAN),  which  uses  a  proto-
ol  and  assessment  instrument  similar  to  those  of  ISAAC,
hich  has  enabled  comparisons  between  the  two  studies,  in
ddition  to  having  a  version  for  adults.149 Another  important
oint  to  comment  concerns  the  way  patients  are  studied:
ymptoms,  previous  diagnosis  by  a doctor,  physical  exami-
ation,  among  others.

n  adults
pidemiological  studies  in  adults  are  scarce  and  most  often
imited  to  small  population  groups.  In  2010,  Allergies  in
atin  America  (AILA)  assessed  in  an  unprecedented  way  the
revalence  and  burden  of  allergic  rhinitis  symptoms  among
ndividuals  over  4  years  of  age,  living  in  eight  Latin  American
ountries,  by  telephone  interview.  The  average  prevalence
f  allergic  rhinitis  was  7%,  being  higher  among  adults.150

The  GAN  study  was  carried  out  in  17  countries  (Europe,
atin  America)  and  the  prevalence  of  hay  fever  was  14.4%
mong  parents  of  children  and  adolescents  who  participated
n  the  study.151 In  Brazil,  the  same  study  was  carried  out  in

 single  center  in  the  city  of  Uruguaiana,  Rio  Grande  do
ul,  and  the  prevalence  of  allergic  rhinitis  observed  was
1.7%  among  parents  of  adolescents,  slightly  higher  than
hat  observed  among  their  children  (28.0%)152 and  much
igher  than  that  obtained  in  the  previous  study.
The  use  of  different  definitions  to  identify  ‘‘cases’’  (clin-
cal  history,  medical  diagnosis,  medication  consumption,
mong  others)  may  be  one  of  the  reasons  for  the  observed
ifferences.  A  study  carried  out  on  a  representative  sample
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f  adults  living  in  the  city  of  São  Paulo  revealed  that  the
revalence  of  allergic  rhinitis  (clinical  history  and  allergic
onfirmation)  was  25.2%.153

n  children  and  adolescents
fter  ISAAC  was  established  and  more  robust  data  was
btained,  many  researchers  used  it  to  determine  the  preva-
ence  of  asthma  and  allergic  diseases  in  various  locations
cross  the  country.  Initial  data  in  Brazil  indicated  that
he  prevalence  of  allergic  rhinitis  was  12.8%  and  18.0%
or  children  (6---7  years)  and  adolescents  (13---14  years),
espectively.154

In  subsequent  reevaluations,  especially  among  adoles-
ents  and  in  the  same  locations,  variations  in  the  observed
ates  were  documented  with  a  general  upward  trend  in  most
ities,  with  the  average  prevalence  of  rhinoconjunctivitis
emaining  at  16.2%.155,156 In  Brasília,  the  ISAAC  study  car-
ied  out  6  years  apart  showed  a  variation  in  the  prevalence
f  allergic  rhinitis  from  12.2%  to  20%.157 In  Santo  Ângelo,
n  the  interior  of  Rio  Grande  do  Sul,  during  a  seven-year
ollow-up  period  there  was  a  reduction  in  rhinoconjunctivi-
is  rates  from  48.9%  to  38.8%  in  the  general  population  and
ith  higher  rates  among  adults.158

Studies  in  infants  are  scarce.  In  the  first  years  of  life,
iagnosing  allergic  rhinitis  is  not  an  easy  task  since  viral
nfections  of  the  upper  airway,  most  often  characterized
y  sneezing,  runny  nose  and  nasal  obstruction,  are  com-
on.  Adding  questions  to  the  International  Infant  Wheezing

tudy  (EISL)  questionnaire,  Chong  Neto  and  collaborators
ocumented,  among  infants  in  their  first  year  of  life,  the
revalence  of  nasal  symptoms  (an  episode  of  sneezing,  runny
ose  or  nasal  obstruction)  without  having  a  cold  48,  3%
mong  the  infants  they  assessed.159 On  the  other  hand,  in

 birth  cohort,  the  prevalence  rates  of  chronic  rhinitis  and
hinoconjunctivitis  among  children  assessed  at  six  years  of
ge  were  36.9%  and  23.5%,160 respectively,  and  similar  to  the
ata  obtained  by  ISAAC  in  Brazil.

eographic  variations  and  climate  effects  on  AR
revalence

he  impacts  of  climate  change  on  allergens  and  allergic  dis-
ases  are  complex,  and  the  multifactorial  health  effects  of
ir  pollutants  depend  on  a  wide  range  of  exogenous  and
ndogenous  factors,  including  the  physical  and  chemical
haracteristics  of  the  pollutants  and  the  anatomical  or  phys-
ological  condition  of  individuals,  such  as  breathing  patterns
r  activity  level.161,162

Components  of  air  pollution  can  interact  with  airborne
llergens  and  increase  the  risk  of  atopic  sensitization,  dura-
ion  of  the  pollen  season  and  exacerbation  of  symptoms  in
ensitized  individuals,  as  has  been  observed  in  relation  to
ollens.161---164

Global  or  regional  changes  in  temperature,  humidity,  air
ollution,  or  other  environmental  conditions  can  modify  the
rowth,  survival,  and  allergen  production  of  House  Dust

ites  (HDM)  and  natural  molds.164 Consequently,  sensitiza-

ion  to  HDM  and  molds  has  increased  in  some  regions  of  the
orld,  especially  in  subtropical  and  tropical  areas.165,166 The

ynergistic  effects  between  extreme  heat  and  aeroallergens
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ntensify  the  toxic  effect  of  air  pollutants,  which  in  turn
ncreases  the  allergenicity  of  aeroallergens.166

According  to  international  data  from  ISAAC,  the  preva-
ence  of  allergic  rhinitis  was  more  pronounced  in  centers
ocated  close  to  the  Equator.148,167

llergic rhinitis --- risk and protective factors

enetics

he  similarity  between  the  phenotypes  of  atopic  diseases
ndicates  that  biological  and  etiological  factors  overlap
etween  these  conditions.  Common  genetic  risk  variants
ffecting  many  atopic  diseases  demonstrate  that  they  share
ommon  pathogenic  characteristics,  providing  information
or  the  development  of  new  treatments.168

As  with  other  allergic  diseases,  studies  with  twins  pro-
ide  evidence  of  genetic  inheritance  in  AR.  The  concordance
ate  for  identical  twins  is  45%---60%,  higher  than  that  for  fra-
ernal  twins,  where  it  is  no  more  than  25%.  The  calculated
nheritance  for  AR  is  estimated  between  33%  and  91%.  Many
enes  are  involved  in  various  diseases  related  to  the  immune
ystem,  including  allergic  and  autoimmune  disorders.168

The  BCAP  gene  on  chromosome  10q24.1  and  the  MRPL4
ene  on  chromosome  19p13.2  have  been  associated  with
R  and  atopy  in  a  genome-wide  association  study.169 Link-
ges  within  known  regions,  such  as  HLA-DQ  and  NPSR1  loci,
ave  also  been  replicated.  Single  Nucleotide  Polymorphisms
SNPs)  in  the  TNF-� gene  are  also  known  as  a  high-risk  factor
or  RA.170,171

ene-environment  interactions  and  epigenetic
ffects

here  is  evidence  that  changes  in  genetic  functions  without
hanges  in  DNA  sequences  are  important  in  the  pathophys-
ology  of  chronic  diseases,  including  allergies.  Many  studies
ave  elucidated  the  role  of  epigenetics  in  the  pathogenesis
f  AR,  showing  that  many  modifications  in  DNA  methy-
ation  and  histone  acetylation  can  occur  in  response  to
llergens.172,173 In  AR,  it  has  recently  been  observed  that
he  severity  of  allergic  responses  can  be  predicted  by  the
evel  of  DNA  methylation  in  the  SLFN12  gene  when  exposed
o  grass  pollen.  It  has  been  shown  that  histone  modification
nd  miRNA  level  changes  are  different  in  the  candidate  gene
n  AR  patients.174

Studies  performed  on  AR  patients  and  immune  cells  iso-
ated  from  AR  patients  have  shown  that  Histone  Deacetylase
HDAC)  is  increased  in  immune  cells  and  that  inhibiting  HDAC
an  help  improve  AR.  A  study  of  AR  patients  showed  that
DAC1  is  upregulated  in  nasal  epithelial  cells  compared
o  healthy  controls.175 IL-4  can  increase  HDAC1  expres-
ion,  producing  nasal  epithelial  barrier  dysfunction.  HDAC1
nhibitors,  such  as  trichostatin  A  and  sodium  butyrate,  can
nhibit  nasal  epithelial  dysfunction  in  mice.176 Many  stud-
es  have  reported  that  the  expression  of  TWIK-Related
otassium  Channel  1  (TREK-1)  is  downregulated  in  AR

atients.  TREK1  expression  is  upregulated  and  HDAC1  is
ownregulated  in  the  nasal  mucosa  by  allergen-specific
mmunotherapy.175 Thus,  increased  HDAC  expression  in  nasal
pithelial  cells  may  reduce  TREK1  expression,  producing
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nhibitory  effects  in  AR.  Inhibition  of  HDAC1  promotes  IL-
0  and  Foxp3,  and  blocks  excessive  activation  of  immune
ells.  HDAC  inhibitors  can  decrease  TNF-� expression.  These
esults  indicate  that  an  increase  in  HDAC  activity  may
ontribute  to  the  pathogenesis  of  AR  by  increasing  pro-
nflammatory  cytokines  and  decreasing  anti-inflammatory
ytokines.177

Another  study  also  demonstrated  the  correlation
etween  changes  in  miRNA  expression,  particularly  with
he  decrease  in  the  expression  of  miR-21  and  miR-126  in
eonatal  mononuclear  leukocytes,  and  the  development
f  AR.178,179 In  childhood  AR,  miR-181a  levels  may  be  a
redictor  of  disease  severity.180 MiRNA  alterations  in  AR
atients  include  upregulation  of  miR-498,  miR-187,  miR-874,
iR-143,  and  miR-886  -3p  and  downregulation  of  miR-18a,
iR-126,  let-7e,  miR  -155  and  miR-224.180 Others  have  also

hown  that  miR-221  and  miR-142-3p  highly  expressed  in  the
asal  mucosa  may  be  biomarkers  for  AR,  promoting  and  rein-
orcing  mast  cell  degranulation,  respectively.181,182

isk  factors

nhalant  allergens  ---  intrauterine  and  early  childhood
xposure
lthough  the  predisposition  to  AR  is  genetic,  environmen-
al  influences  play  an  important  role  in  its  onset  and
ersistence.  Given  that  genetic  factors  cannot  be  mod-
fied,  a  detailed  assessment  of  environmental  influences
s  necessary  to  identify  the  most  relevant  modifiable  risk
actors.  It  is  not  possible  to  explain  the  increase  in  the
ncidence  and  prevalence  of  allergies  over  several  decades
olely  by  changes  in  the  genetic  basis,  which  makes
lear  the  contribution  of  environmental  modifying  factors,
hich  have  gained  even  more  support  in  epidemiological
bservations.182,183

Environmental  determinants,  such  as  exposure  to  aller-
ens,  air  pollution,  climate  change,  ozone,  smoking,  viral
nfections  and  environmental  toxic  substances,  may  be
esponsible  for  much  of  the  increase  in  the  prevalence  of  AR.
urthermore,  specific  epigenetic  changes  caused  by  environ-
ental  exposure  can  contribute  to  cellular  homeostasis  and

he  development  of  allergic  diseases.20 Many  researchers
irect  their  studies  to  better  understand  the  role  of  expo-
ure  to  aeroallergens  as  a  risk  factor  for  the  development  of
R.

Allergic  sensitization  develops  during  childhood  as  a
esult  of  the  interaction  between  genetic  determinants  and
nvironmental  exposures,  which  can  be  either  inhibitory  or
romotive.  Environmental  exposure  to  allergens  is  believed
o  play  a  key  role  in  the  development  of  sensitization,  but
he  level  of  exposure  is  not  necessarily  related  to  the  risk  of
ensitization.  It  is  possible  that  certain  adjuvant  effects  are
ecessary  for  mild  exposure  to  promote  sensitization.

Previous  studies  have  shown  ambiguous  results  that  may
eflect  the  importance  of  the  timing  and  amount  of  allergen
xposure  during  childhood  or  the  need  for  exposome-related
djuvant  effects.184,185
The  first  few  years  of  life  have  been  identified  as  a  criti-
al  period  for  intra-  and  extra-home  environmental  exposure
ssociated  with  childhood  allergies.186 Although  increasing
vidence  demonstrates  a  significant  role  for  early  postna-
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al  exposure  to  indoor  environments  in  the  development
f  respiratory  allergy,  little  information  has  been  obtained
rom  preconception  or  prenatal  exposure.  Limited  available
vidence  has  explored  associations  between  indoor  tobacco
moke,  modern  furniture  and  decorations,  mold  or  damp,
nd  pets  (dogs)  in  pregnancy  and  the  development  of  child-
ood  rhinitis.187

Retrospective  cohort  study  involving  8,689  preschool-
ged  children  conducted  in  China  during  2019---2020
nalyzed  household  environmental  exposures  during  one
ear  before  conception,  during  pregnancy,  in  the  first  year  of
ife,  and  in  the  year  before  the  study.  The  authors  concluded
hat  exposure  to  indoor  pollution  represented  by  cigarette
moke  and  renovations,  as  well  as  allergens  associated  with
umidity,  furry  pets  and  pollen  during  all  time  windows  eval-
ated,  especially  before  birth,  were  significantly  associated
ith  a  risk  increased  AR  in  children.187

ites
ost  studies  have  failed  to  demonstrate  an  association
etween  early  exposure  to  dust  mites  and  the  development
f  AR.  There  are  still  discrepant  data,  in  which  studies  show
hat  early  exposure  to  house  dust  mites  is  a  protective  factor
or  AR,188 while  others  propose  exposure  to  dust  mites  as  a
isk  factor  for  AR.189 Studies  on  early  exposure  to  dust  mites
nd  the  development  of  AR  are  conflicting  and  additional
tudies  are  needed.

ollens
xposure  to  pollen  is  an  environmental  factor  that  is  known
o  influence  allergic  diseases.  Study  on  Seasonal  AR  (SAR)
ombined  the  use  of  DNA  methylation  and  gene  expres-
ion  arrays.  Methylation  patterns  observed  in  isolated  and
n  vitro-cultured  CD4+  T-cells  (but  not  in  mRNA  expression
rofiles)  made  it  possible  to  clearly  distinguish  between
amples  obtained  from  SAR  patients  and  controls.190 An  addi-
ional  interesting  feature  of  the  study  was  that  the  samples
ere  collected  from  each  participant  inside  and  outside

he  pollen  season  and  therefore  also  the  environmental
nfluence  on  DNA  methylation  was  directly  investigated.
urthermore,  methylation  profiles  were  found  to  be  signi-
cantly  associated  with  disease  severity  during  the  pollen
eason.190

nimal  fur
here  is  inconsistency  in  the  data  related  to  the  mainte-
ance  of  furry  pets  in  the  home  environment  during  the
ostnatal  period  in  AR  in  children.  Dogs,  e.g.,  have  been  pre-
iously  identified  in  the  literature  as  both  a  risk  factor191 and

 protective  factor.192 In  a  single-center  prospective  cohort
n  the  greater  Copenhagen  region,  Denmark,  the  authors
ollowed411 children  and  found  no  association  between  expo-
ure  to  dogs  or  cats  during  the  third  trimester  of  pregnancy
r  the  first  year  of  life  and  the  development  of  allergic  sensi-
ization  to  dogs  or  cats  during  childhood.  Likewise,  they  did

ot  observe  an  association  between  the  levels  of  dog,  cat  or
ouse  dust  mite  allergens  in  bed  dust  samples  collected  in
ne  year  and  allergic  sensitization  to  these  allergens  during
hildhood.185
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ungi
xposure  to  indoor  mold  and  humidity  is  associated  with
R;  and  it  is  an  environmental  risk  factor  for  it.  Studies
ave  found  that  self-reported  problems  with  damp  or  mold
n  buildings  where  people  live  or  work  are  associated  with
espiratory  and/or  allergic  illnesses.193

A  Swedish  study  showed  that  exposure  to  moisture/mold
uring  childhood  increased  the  risk  of  asthma  and  rhinitis
p  to  16  years  of  age,  particularly  for  diseases  with-
ut  IgE  sensitization.  Early  exposure  to  mold  or  moisture
ay  be  particularly  associated  with  persistent  asthma  into

dolescence.194 Another  previous  study  indicated  a  stronger
ffect  of  exposure  to  mold/moisture  variables  during  early
ife  compared  to  current  exposure  on  later  development  of
R  in  children.195

nvironmental  pollution
pidemiological  studies  demonstrate  a  positive  association
etween  air  pollution  and  AR.  The  mechanisms  by  which
ir  pollution  affects  rhinitis  are  dependent  on  the  type  of
ollutant,  the  rhinitis  phenotype  studied  and,  in  particular,
llergy  sensitization.196

Systematic  review  of  studies  carried  out  in  Latin  Amer-
ca  confirmed  that  the  chance  of  a  person  exposed  to  air
ollutants  having  AR  is  43%  higher  than  that  of  a  person  not
xposed.197

Geographic  area  and  socioeconomic  status  were  iden-
ified  as  potential  modifiers  of  this  association,  with  the
ffects  of  air  pollutants  being  significant  in  developing
ountries.198

Prolonged  exposure  to  Particulate  Matter  (PM)  with  a
iameter  of  up  to  10  �m  (PM10)  and  PM2,5 (up  to  2.5  �m  in
iameter)  is  associated  with  an  increase  in  the  prevalence
f  AR  by  14%---25%  and  6%---9%  for  Nitrogen  dioxide  (NO2).199

 10  �g/m3 increase  in  concentrations  of  PM2.5,  PM10,  NO2,
nd  Sulfur  dioxide  (SO2)  has  been  associated  with  increases
n  outpatient  care  for  patients  with  AR  of  1,  24%,  0.79%,
.05%  and  5.01%,  respectively.  Stronger  associations  were
bserved  among  men  than  women,  as  well  as  in  young  adults
18---44  years  of  age).200

Short-term  exposures  to  PM2.5,  PM10,  NO2,  SO2 ozone  (O3)
nd  Carbon  Monoxide  (CO)  were  also  significantly  associated
ith  an  increased  risk  of  outpatient  visits  due  to  AR.201 Other
uthors  also  observed  similar  results.202

There  is  an  important  relationship  between  environmen-
al  air  pollution  and  forest  fires  with  the  development  of
hronic  Rhinosinusitis  (CRS)  in  healthy  individuals,  as  well
s  an  increase  in  the  severity  of  symptoms  in  patients  with
RS.203

Review  article  demonstrated  that  early  exposure  to  air
ollution  in  the  prenatal  period  and  in  early  childhood  may
e  associated  with  the  development  of  long-term  AR  and
hat  chronic  exposure  to  air  pollution  is  associated  with  the
isk  of  increased  exacerbations  and  urgent  hospital  visits.204

Lu  et  al.  evaluated  the  effects  of  intrauterine  and  early
ostnatal  exposure  to  outdoor  air  pollution  in  children  with
edically  Diagnosed  AR  (MDAR).  The  authors  demonstrated
hat  MDAR  was  associated  with  intrauterine  exposure  to  CO,
t  different  moments  of  exposure.  Early  postnatal  exposure
o  PM2.5,  PM10,  and  in  the  first  year  of  life  has  also  been
ssociated  with  the  development  of  MDAR.205
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Environmental,  domestic  and  occupational  irritants  and
ollutants  also  stimulate  the  nasal  mucosa  to  release  inflam-
atory  mediators  that  increase  nasal  hyperreactivity  that
verlaps  with  rhinitis  symptoms.206

Internal  pollution  caused  by  the  burning  of  cooking  fuel
biomass,  wood,  liquefied  petroleum  gas),  tobacco  smoke,
xposure  to  air  pollutants  from  traffic  and  the  burning  of
ossil  fuels,  as  well  as  bioparticles,  such  as  aeroallergens,
re  factors  known  to  cause  respiratory  diseases.  Other  rele-
ant  components  are  chemical  air  pollutants,  such  as  gases,
articulate  matter,  formaldehyde  and  Volatile  Organic  Com-
ounds  (VOCs).206,207

Prenatal  exposure  to  indoor  pollution,  emitted  by
ontemporary  furniture  or  redecoration,  as  well  as  moisture-
elated  allergens  for  a  period  of  one  year  before  conception
nd  pregnancy  was  significantly  associated  with  increased
R.187

Indoor  environments  in  homes,  schools,  daycare  cen-
ers  and  social  recreation  environments  can  have  a  high
oncentration  of  particulate  matter  from  motor  vehicle
oads.208

obacco  smoke
xposure  to  cigarette  smoke  increases  allergic  airway
nflammation.  However,  some  studies  have  shown  a  con-
roversial  association  between  this  pathological  finding  and
urrent  exposure  to  cigarette  smoke.20

Observational  studies  on  smoking  and  risk  of  hay  fever
nd  asthma  have  shown  inconsistent  results,  as  they  may
e  influenced  by  confounding  and  reverse  causality.  Skaaby
nd  colleagues  suggest  that  smoking  may  be  causally
elated  to  a  higher  risk  of  asthma  and  a  lower  risk  of  hay
ever.209

It  is  known  that  maternal  exposure  to  tobacco  during
regnancy  poses  a  potential  health  risk  to  children.  Zhou  and
olleagues  demonstrated  that  maternal  exposure  to  smok-
ng  during  pregnancy  can  increase  the  risk  of  AR  in  the
ffspring.210

Pooled  analysis  of  five  European  birth  cohorts  found  that
hildren  with  high  early  exposure  were  more  likely  than
nexposed  children  to  have  transient  asthma  and  persistent
hinoconjunctivitis.194

Although  pediatric  data  show  a  trend  towards  a  higher
revalence  of  rhinitis  in  association  with  higher  levels  of
xposure  to  secondhand  smoke,  adult  data  are  less  consis-
ent.  The  exact  biological  mechanism  for  these  associations
s  multifactorial  but  does  not  appear  to  be  driven  by  an
gE-mediated  allergic  reaction.211,212

The  effects  of  new  tobacco  products  such  as  Electronic
igarettes  (EC)  and  Heated  Tobacco  Products  (HTP)  on  AR
nd  asthma  are  not  well  known.  The  use  of  EC  and/or  HTP
ncreased  the  risk  of  AR  and  asthma  in  Korean  adolescents.213

Among  Swiss  adolescents  who  combined  EC  and  hookah
se  with  conventional  cigarettes,  current  respiratory  symp-
oms  such  as  rhinitis,  dyspnea,  and  wheezing  were  more
ommon  among  frequent  smokers  (44%,  30%,  12%,  respec-
ively)  than  among  those  who  never  smoked.214
A  cohort  study  of  patients  treated  at  an  otorhinolaryn-
ology  clinic  with  known  use  of  EC  found  that  chronic  otitis
edia  (17.4%)  and  AR  (13.0%)  were  the  most  common  inflam-
atory  diagnoses.215
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ocioeconomic  factors

he  role  of  socioeconomic  factors  in  the  development  of
R  has  complex  underpinnings.  They  include  housing  con-
itions,  air  quality,  water  supply,  education  and  access  to
ealthcare.20

Recent  studies  have  proposed  that  excessive  handwash-
ng  may  lead  to  the  development  of  allergic  diseases  by
educing  the  integrity  of  the  skin’s  epithelial  barrier.  Wee
nd  colleagues  demonstrated  that  among  Korean  adoles-
ents,  having  a  high  socioeconomic  status,  better  father
nd  mother  education  were  associated  with  a  high  hygiene
core,  which  was  associated  with  the  presence  of  AR.216

A  cross-sectional  study  analyzed  the  association  between
ocioeconomic  level  and  hay  fever  in  adolescents  and
bserved  that  parental  education  level  was  a  socioeconomic
actor  associated  with  an  increased  risk  of  hay  fever,  but  not
amily  income.217

Penaranda  and  collaborators  in  a  study  in  Colombia,
ound  that  the  factors  associated  with  AR  in  chil-
ren/adolescents  were  a  family  history  of  paracetamol
onsumption  and  high  socioeconomic  level.218 Lee  and
ollaborators  identified  as  risk  factors  among  Korean  adoles-
ents,  having  a  good  socioeconomic  level  and  high  academic
erformance.219

A  study  on  the  prevalence  of  AR  in  Brazilian  adolescents,
s  part  of  the  Global  Asthma  Network  (GAN),  demonstrated
hat  lower  education  among  parents/guardians  was  a  factor
egatively  associated  with  the  occurrence  of  AR.152

Although  available  evidence  indicates  that  higher  socioe-
onomic  status  is  associated  with  an  increased  risk  of  AR,  the
ata  are  conflicting.

Not  all  studies  demonstrated  a  positive  relationship
etween  AR  and  higher  socioeconomic  status.  A  cross-
ectional  study  carried  out  in  Turkey  found  that  poor  living
onditions  and  income  were  associated  with  a  higher  risk  of
R.220

A  cohort  study  carried  out  by  Grabenhenrich  and
olleagues  in  Germany  found  no  relationship  between
ocioeconomic  status,  lifestyle  and  the  development  of
R.221

On  the  other  hand,  Barreto  and  collaborators  found  that  a
igher  educational  level,  better  socioeconomic  level,  enable
atients  to  have  better  knowledge  and  better  understanding
f  the  symptoms  and  the  disease,  better  opportunities  for
iagnosis  and  access  to  adequate  medical  treatment.222

Tan  and  collaborators  found  a  sad  reality,  especially
mong  the  poorest  populations,  as  70%  of  patients  who
urchased  nasal  treatment  at  a  community  pharmacy  self-
dministered  their  AR  with  medications  sold  without  a
rescription.  Of  all  the  patients  they  analyzed  with  AR
ymptoms,  only  44.3%  had  a  medical  diagnosis,  due  to  the
ifficulty  in  accessing  healthcare.223

rotective  factors

reastfeeding

lthough  exclusive  Breastfeeding  (BF)  is  known  to  bring
umerous  benefits  to  the  child’s  health,  there  is  still  no
onsensus  that  it  is  capable  of  preventing  the  development
f  AR.224
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Some  prospective  cohort  studies  carried  out  between
016  and  2022  demonstrated  that  longer  BF  (over  6  or  12
onths)  was  associated  with  a lower  risk  of  developing
R.225---227 However,  a  population-based  cohort  study,  on  the
ontrary,  pointed  out  to  an  increased  risk  of  hay  fever  asso-
iated  with  MA,228 while  another  study  demonstrated  only
rotection  for  recurrent  rhinitis.152

A  2022  systematic  review  concluded  that  breastfeeding
or  at  least  six  months  is  capable  of  protecting  against  the
evelopment  of  allergic  rhinitis  up  to  18  years  of  age.229

The  mechanisms  involved  are  not  exactly  known,  but  it  is
nown  that  breast  milk  has  a  series  of  elements  that  stimu-
ate  the  immune  system  and  have  a  beneficial  effect  on  the
ntestinal  microbiota  of  infants.230---232

It  is  necessary  to  consider  that  the  studies  carried  out
nd  those  included  in  the  systematic  reviews  are  observa-
ional  and  it  is  quite  possible  that,  due  to  the  difficulty  in
istinguishing  viral  infections  of  the  upper  airway  from  aller-
ic  rhinitis  in  young  children,  the  prevention  of  infections
romoted  by  breastfeeding  has  been  confused  with  rhinitis
revention.20

What  can  be  concluded  so  far  is  that  exclusive  breast-
eeding  should  be  encouraged  due  to  its  numerous  beneficial
ffects  for  breastfeeding  women  and  infants  and  that  it  pos-
ibly  has  a  protective  effect  on  the  development  of  AR.20

xposure  to  animals  in  childhood
he  association  between  exposure  to  animals,  allergic  sensi-
ization  and  the  presence  of  allergic  diseases,  such  as  rhini-
is,  is  complex  and  not  yet  fully  understood.  There  is  solid
vidence  that  sensitization  to  domestic  animals,  particularly
ogs  and  cats,  is  a risk  factor  for  the  development  of  allergic
hinitis  and  asthma,  and  exposure  to  domestic  animals  is  rec-
gnized  as  an  important  trigger  for  symptoms  and  exacerba-
ions  in  sensitized  patients.233 Cross-sectional  studies  have
ound  a  positive  association  between  exposure  to  domestic
nimal  allergens  and  the  presence  of  allergic  sensitization
nd/or  rhinitis  in  adults,  but  not  in  children.234 The  age  of
xposure  to  domestic  animals  appears  to  be  decisive  in  the
irection  of  its  association  with  development  of  allergic  dis-
ases.  Despite  some  conflicting  results,  several  studies  have
ocumented  that  early  exposure  to  domestic  animals,  in  the
rst  years  of  life  and  before  the  appearance  of  symptoms,
an  help  prevent  the  development  of  allergic  diseases.235,236

he  mechanisms  involved  in  this  prevention  are  not  com-
letely  known,  with  evidence  of  modification  of  the  Th2
esponse  with  high  rates  of  exposure  to  allergens  and  modifi-
ation  of  the  Th1/Th2  balance  by  microbiological  products,
uch  as  endotoxins,  in  line  with  the  hygiene  theory.233

iodiversity/Barrier  theory/Hygiene  hypothesis
n  1989,  David  Strachan  presented  the  ‘‘hygiene  hypothe-
is’’  to  try  and  explain  the  increase  in  allergic  diseases  that
ad  been  occurring  and  hypothesized  that  fewer  infections
ould  cause  a  shift  towards  allergic  responses.  Recurrent
icrobial  exposure  would  initiate  a Th1  response  rather  than

 Th2-mediated  immune  response  associated  with  elevated

evels  of  interleukin  IL-4  and  IL-5  and  eosinophilia.102

Later  came  the  ‘‘biodiversity  theory’’  which  postulates
hat  reduced  environmental  biodiversity,  resulting  from
ecreased  diversity  of  environmental  and  human  micro-
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iota,  would  increase  the  risk  of  allergic,  autoimmune,
nd  other  inflammatory,  immunological,  and  metabolic
onditions.237

The  microbiota  hypothesis  considers  that  the  balance  of
he  intestinal  microbiota  (eubiosis)  with  adequate  biodiver-
ity  becomes  a  dominant  factor  of  epigenetic  adaptation  and
revents  the  development  of  allergies  and  allows  resilience
o  change  arising  from  environmental  challenges.113,162

Adaptation  to  modern  life,  characterized  by  accentuated
nd  disordered  population  growth;  increased  urbanization,
ndustrialization  and  environmental  pollution;  increased  use
f  monocultures,  pesticides  and  antimicrobials;  increased
onsumption  of  processed,  energy-dense,  nutrient-poor
nd  less  diverse  diets;  and  decreased  physical  activity,  may
esult  in  substantial  dysregulation  of  the  environmental  and
uman  microbiota  in  many  countries,  potentially  explaining
at  least  partially)  the  current  global  pandemic  of  chronic
on-Communicable  Diseases  (NCDs),  including  allergic
iseases.238

Increasing  levels  of  air  pollutants  are  associated  with  a
ower  abundance  of  Corynebacterium  and  increasing  levels
f  colonization  by  pathogens  such  as  Hemophilus  influenzae,
oraxella  catarrhalis,  Streptococcus  pneumoniae  and  Pseu-
omonas  aeruginosa  and  Acinetobacter  baumannii,  altering
he  incidence  and  clinical  course  of  respiratory  infectious
iseases,  leading  to  excess  morbidity  and  mortality  due  to
ntimicrobial  resistance.239

Indoor  microbiome  exposure  is  associated  with  asthma,
hinitis  and  eczema.  Increased  exposure  to  Aspergillus  sub-
ersicolor,  Collinsella,  and  Cutibacterium  were  positively
ssociated  with  rhinitis.240 Abundance  of  Staphylococcus
pp.  has  also  been  reported  in  the  anterior  portion  of
he  nostrils  and  in  the  hypopharyngeal  region  of  children
nd  adolescents  who  have  AR,  passive  exposure  to  tobacco
moke  and  allergic  rhinoconjunctivitis.241

In  recent  decades,  several  shortcomings  of  the  hygiene
nd  biodiversity  hypotheses  have  been  discussed,  suggesting
hat  these  hypotheses  do  not  fully  explain  the  increase  in
llergic  diseases.130

Recent  publications  highlight  that  climate  change,  air
ollution,  microplastics,  tobacco  smoke,  changes  and  loss  of
iodiversity,  changes  in  eating  habits  and  the  microbiome,
re  factors  that  disrupt  the  epithelial  barriers  of  the  skin
nd  mucosal  surfaces.  These  ruptures  have  been  associated
n  recent  decades  with  an  increase  in  the  prevalence  and
everity  of  allergic  and  inflammatory  diseases,  including  AR
nd  CRS.242

The  epithelial  barrier,  with  its  physical,  chemical  and
mmunological  properties,  is  the  first  line  of  defense  of  the
nnate  immune  system.  It  covers  the  gastrointestinal  system,
he  skin,  the  urogenital  system  and  the  respiratory  tract.
pithelial  cells  are  tightly  adhered  to  each  other  by  tight
unctions  and  are  well-organized  with  the  contribution  of
ucus  and  microbiota.  Its  immunological  functions  include
liminating  particles  and  activating  immune  cells  through
he  production  of  antimicrobial  peptides  and  cytokines.243

In  addition  to  its  antimicrobial  action,  the  epithelial
arrier  is  also  essential  for  prompt  tissue  repair.  Once  com-

romised,  in  addition  to  tissue  damage,  an  inflammatory
tate  occurs  that  worsens  epithelial  damage.  Healthy  tight
unctions  prevent  the  entry  of  foreign  substances,  while  the
roken  barrier  allows  passage  to  both  sides,  whether  through
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he  entry  of  foreign  substances,  the  exit  of  immune  cells
rom  the  subepithelium  to  the  surface  or  the  translocation  of
icrobiota  to  deeper  tissues,  favoring  the  inflammation.244

Consequently,  an  inflammatory  microenvironment  dis-
upts  the  epithelial  barrier  and  epithelial  stem  cell
egeneration.  This  sequence  of  events  determines  a  local  or
ystemic  inflammatory  state  that  can  be  the  cause  of  many
isorders  related  to  the  immune  system.  Local  epithelial
amage  to  the  skin  and  mucosa  can  determine  the  devel-
pment  of  type  2  inflammation,  which  manifests  as  atopic
ermatitis,  asthma,  AR  and  eosinophilic  esophagitis.245,246

Several  features  of  the  epithelial  barrier  are  impaired  in
R  and  may  contribute  to  the  inflammatory  cycle  at  distinct
evels  of  the  epithelium.  Understanding  the  underlying  fac-
ors  that  affect  the  integrity  of  epithelial  barriers  is  essential
o  determine  preventative  measures  or  effective  treatments
o  restore  their  function  and  thus  contribute  to  reducing  the
revalence  of  allergic  diseases  worldwide.

itamin  D
itamin  D  (VD)  is  a  fat-soluble  prohormone  with  endocrine,
utocrine  and  paracrine  functions,  being  paramount  in  bone
etabolism.247 It  increases  the  absorption  of  phosphorus  and

alcium  from  the  intestine,  reducing  their  excretion  by  the
idneys  and  promoting  osteogenesis.248 The  National  Insti-
utes  of  Health  and  Nutrition  Research  (NIHNR)  revealed
hat  the  average  serum  25(OH)D3  level  fell  from  30  ng/mL
n  1988---1994  to  24  ng/mL  in  2001---2004.  Population  stud-
es  have  observed  that  both  VD  deficiency  and  allergic
iseases  have  increased  year  after  year,  due  to  greater
esternization,248 with  a  sedentary  lifestyle,  with  less  sun
xposure  and  lower  skin  metabolism  of  VD.249

The  term  VD  refers  to  the  presence  of  two  types  of
itamin,  D2  (ergocalciferol)  and  D3  (cholecalciferol).  Both
orms  can  be  obtained  through  food,  but  insufficiently.  VD  is
resent  in  small  quantities  in  butter,  peanuts  and  eggs,  and  is
resent  in  copious  quantities  in  fish  and  fish  oil.  Additionally,
oth  cow’s  milk  and  human  milk  are  deficient  in  VD.250

The  first  step  in  the  endogenous  production  of  VD
nvolves  the  absorption  of  Ultraviolet  radiation  (UVB)  by
-dehydrocholesterol  under  the  skin,  producing  previtamin
3,  which  is  converted  into  vitamin  D3.251 This  suggests  that

n  addition  to  being  a  vitamin,  VD  acts  as  a  prohormone.  The
etabolism  of  vitamin  D3  depends  on  the  ability  of  UVB  pho-

ons  to  penetrate  the  skin.  It  was  observed  that  the  entry  of
hotons  into  the  skin  is  significantly  reduced  when  there  is
ark  pigmentation  in  the  skin,252 senescence  and  obesity.253

The  portion  of  the  VD  that  is  directly  dosed  to  measure
itamin  D3  in  the  blood  is  25(OH)D3,  with  a  half-life  of  two
eeks.252

In  circulation,  cholecalciferol  and  ergocalciferol  are  con-
erted  in  the  liver  by  the  action  of  vitamin  D-25-hydroxylase
CYP2R1)  to  25-hydroxyvitamin  D  or  calcifidiol  [25(OH)D];
ubsequently,  25(OH)D  undergoes  a  second  hydroxyla-
ion,  by  the  enzyme  25-hydroxyvitamin  D-1�-hydroxylase
CYP27B1),  into  the  active  and  bioavailable  form  of  vita-
in  D  (1,25-dihydroxyvitamin  or  Calcitriol  ---  CT)  [1,25  (OH)2

].254 This  reaction  occurs  mainly  in  renal  tissue.  1,25  (OH)2

 exerts  its  function  by  binding  to  the  Vitamin  D  Recep-
or  (VDR),  expressed  in  the  cytoplasm  of  cells,  forming  the
ormonal  complex  VDR-RXR  (retinoid  ×  receptor).255 Once  in
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he  nucleus,  the  complex  regulates  the  expression  of  sev-
ral  genes,  increasing  or  decreasing  their  functions.256 A
.25  (OH)2  D  has  d  affinity  and  binding  to  the  VDR  receptor
000  times  greater  than  25(OH).  CYP27B1  hydroxylase  and
DR  are  expressed  in  various  tissues  such  as  the  pancreas,
idneys,  muscles,  liver,  parathyroid  glands,  breasts,  colon,
mong  others,  and  cells,  such  as  activated  macrophages,
icroglia,  and  keratinocytes,  hence  their  actions  beyond  the

keletal  tissues,  including  the  immune  system.257

Several  subtypes  of  allelic  polymorphisms  are  identi-
ed  in  the  gene  that  originates  VDR,  and  their  association
ith  different  allergic  conditions  is  being  investigated.258,259

owever,  studies  regarding  the  role  of  VDR  polymorphisms
n  AR  are  limited.

VD plays  a  key  role  in  innate  immunity,  stimulating  the
roduction  of  Pattern  Recognition  Receptors  (PRRs),  antimi-
robial  peptides  and  cytokines.  It  can  also  prevent  the
aturation  and  activation  of  dendritic  cells,  as  well  as  the
ifferentiation  of  monocytes  to  macrophages.  The  conver-
ion  of  25-OH-D3  to  1,25(OH)2-D3  is  stimulated  during  infec-
ion  as  a  result  of  increased  CYP27B1expression  in  activated
acrophages.  There  is  then  greater  antibacterial  activity
f  macrophages  and  monocytes  via  VDR-RXR.  Through  the
ction  of  VDR  receptors,  1,25  (OH)2  D3  increases  the  cyto-
oxic  activity  of  NK  cells  and  Lymphoid  Cells  (ILCs).

Regarding  acquired  immunological  responses,  VD  induces
h2  type  responses  and  the  inhibition  of  Th17  and  regula-
ory  T  lymphocytes.260 1,25-(OH)2  D3  inhibits  the  synthesis
f  pro-inflammatory  cytokines  IL-2  and  IFN�,  as  well  as  Th1-
ediated  responses.  1,25-(OH)2  D3  also  causes  an  increase

n  the  production  of  Th2-type  anti-inflammatory  cytokines
including  IL-3,  IL-4,  IL-5,  and  IL-10),  while  there  is  less
roduction  of  cytokines  pro-inflammatory  IL-9  (Th9)  and
L-22  (Th22).261  IL-9  is  essential  for  chemotaxis  mainly  of
ast  cells  and  is  produced  by  regulatory  T  cells.  B  lym-
hocyte  homeostasis  is  directly  impacted  by  membrane  VDR
xpression.  Clinical  significance  can  be  seen  in  the  reduction
f  autoimmune  diseases  in  patients  with  normal  vitamin  D
evels.262 In  fact,  1,25(OH)2  D3  suppresses  the  proliferation
f  B  lymphocytes,  modulating  their  response.  The  vitamin
lso  suppresses  and  modulates  T  lymphocyte  responses  by
ower  expression  of  CD40,  CD80,  CD86,  and  MHC  class-II  on
ntigen-presenting  cells.263

Furthermore,  by  participating  in  the  regulation  of  the
unction  and  composition  of  the  intestinal  microbiome,
D  and  its  levels  play  a  relevant  role  in  the  pathogenic
rocesses  of  immunological  diseases  related  to  the  dysbiosis
f  this  system.264

Although  many  studies  show  a  strong  correlation
etween  VD  and  the  innate  and  acquired  immune  systems,
uggesting  that  low  levels  of  VD  may  contribute  to  immune
ysregulation,  more  clinical  studies  are  needed  to  deter-
ine  the  precise  impact  of  VD  supplementation  on  the
athophysiology  of  AR.

linical picture

iagnostic  features
tiological  diagnosis
he  clinical  suspicion  of  AR  begins  with  the  medical  inter-
iew,  with  the  main  symptoms  being  runny  nose,  sneezing,
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tching  and  periodic  nasal  obstruction,  in  the  absence  of  viral
nfections.  Eye  symptoms  of  itching,  hyperemia  and  tearing
ay  also  occur.  Other  potential  symptoms  include  itching
n  the  palate,  in  the  ear  canal,  post-nasal  secretion  and
ough.265 Anamnesis  is  essential  for  the  suspected  diagno-
is  of  AR  and  the  identification  of  the  phenotype  involved,
nabling  an  appropriate  treatment  plan.266,267

Most  patients  with  AR  have  their  onset  in  childhood.
hen  they  occur  in  adulthood,  other  rhinitis  phenotypes

hould  be  investigated.  Patients  with  AR  often  have  a  fam-
ly  history  of  allergies  and,  when  they  present  symptoms
pon  exposure  to  domestic  animals,  sensitization  to  them
ay  be  observed  (prick  tests  or  determination  of  specific

gE  in  vitro).  In  contrast,  patients  with  non-allergic  rhini-
is  are  older,  mostly  middle-aged  women  with  obstructive
omplaints  and  posterior  rhinorrhea,  often  accompanied  by
ecurrent  headache  and  olfactory  dysfunction.268

Symptoms  of  AR  appear  quickly  (within  the  first  hour)
fter  allergen  exposure.269 Late  manifestations  of  AR  include
asal  congestion,  hyposmia,  nasal  hyperreactivity,  and
ost-nasal  drainage.  The  time  after  exposure,  location
f  symptoms,  factors  that  alleviate  or  exacerbate  them
smoke,  inhalation  of  chemical  elements)  and  triggers  such
s  pollens,  household  dust,  fungi,  dust  mites  and  pets  are
ey  elements.

AR  is  often  associated  with  other  allergic  conditions
uch  as  asthma,  conjunctivitis  and  atopic  dermatitis,  with
haracteristic  symptoms.  The  identification  of  comorbidi-
ies  is  essential  for  simultaneous  treatment,  for  example,
f  asthma,  allergic  conjunctivitis,  atopic  dermatitis,  mouth
reathing  and  consequent  sleep  disorders.  Patients  with  RA
nd  mouth  breathing  may  experience  learning  and  concen-
ration  disorders,  often  accompanied  by  changes  in  sleep
rchitecture.  Hearing  changes  (conduction)  may  occur  due
o  chronic  rhinosinusitis,  secretory  otitis  media  and  adenoid
ypertrophy.266

Additionally,  AR  is  a  risk  factor  for  the  onset  of  asthma,
nd  on  the  other  hand,  poorly  controlled  severe  AR  affects
sthma  control.270

The  physical  examination  must  include  anthropomet-
ic  measurements  and  a  complete  clinical  assessment  with
xamination  of  the  skin,  ears,  nose,  mouth,  the  oropharynx
nd  chest.  Typical  findings  include  the  double  infrapalpe-
ral  line  of  Dennie---Morgan,  the  horizontal  line  on  the
asal  dorsum  (nasal  groove,  allergic  greeting),  the  pres-
nce  of  infrapalpebral  darkening  (vasodilation  and  venous
ongestion,  allergic  dark  circles),  conjunctival  hyperemia
nd  mouth  breathing,  with  changes  to  specific  skeletal  mus-
les  on  the  face  (mouth  breathing).271

Anterior  rhinoscopy  can  be  performed  with  the  help  of  a
ocused  headlight,  with  visualization  of  the  head  of  the  infe-
ior  turbinates,  which  may  be  enlarged,  pale  (chronicity  of
he  inflammatory  process)  and  in  cases  of  acute  infection,
yperemic.  There  may  be  clear  or  dense  and  dark  secre-
ion  in  cases  of  infection  in  addition  to  the  visualization  of
arge  nasal  polyps  (grade  IV),  foreign  bodies,  deviated  nasal
eptum  (anterior),  valve  collapse  and  mucosal  edema.271

Endoscopic  visualization  is  of  great  value,  especially  in

ases  of  symptoms  refractory  to  treatment.  In  these  cases,
everal  anatomical  abnormalities  can  be  seen,  such  as  the
resence  of  nasal  polyps,  the  volume  of  adenoids  and  the
resence  of  nasal  lesions.  In  some  cases,  academically,
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unctional  assessment  (rhinometry  and  rhinomanometry)  of
ilateral  nasal  patency  complements  and  guides  the  best
anagement.272

Regarding  etiology,  anamnesis  often  guides  the  search  for
ensitizations,  as  in  the  case  of  seasonal  symptoms  or  symp-
oms  caused  by  inhalation  of  dog  or  cat  allergens.  In  these
ases,  the  patient  reports  a  direct  and  rapid  relationship
etween  contact  and  the  appearance  of  symptoms,  which
oes  not  occur,  for  example,  with  chronic  inhalation  and  in
mall  quantities  of  house  dust  mite  allergens.273 As  studies
oint  to  the  importance  of  sensitization  to  mites  in  patients
ith  AR,  this  studied  must  be  carried  out,  regardless  of  clin-

cal  history.  It  is  also  common  for  the  patient  to  complain
f  symptoms  when  inhaling  airway  irritants,  and  this  occurs
ue  to  the  direct  stimulation  of  autonomic  nervous  system
bers,  present  in  the  nasal  cavity.274

When  investigating  the  etiology  of  AR,  the  patient  with
hinitis  must  undergo  verification  of  allergic  sensitization
sing  immediate  hypersensitivity  skin  tests  (IHST  or  skin
rick  test,  SPT)  or  laboratory  methods  for  in  vitro  mea-
urements  of  specific  serum  IgE  (e.g.,  ImmunoCap®)  to
eroallergens.  The  determination  of  specific  IgE  to  inhalant
llergens  is  necessary  to  define  the  patient’s  atopic  condi-
ion  and,  once  associated  with  anamnesis  and  physical
xamination,  the  diagnosis  of  AR  is  inferred.275 The  diag-
osis  of  sensitization  to  aeroallergens  allows  for  targeted
herapeutic  options,  such  as  specific  immunotherapy.

Some  patients  with  symptoms  characteristic  of  AR  may
resent  negative  SPT  to  aeroallergens.  Ruling  out  the  possi-
ility  that  the  patient  has  received  antihistamines,  is  under
ve  years  of  age  and  is  sensitized  to  other  aeroallergens
ot  present  in  the  chosen  battery  of  extracts,  other  rhini-
is  phenotypes  should  be  investigated:  non-allergic  or  local
R.276

If  the  IHST  is  negative,  but  the  clinical  history  suggests
he  involvement  of  aeroallergens,  Intracutaneous  Testing
ICT)  can  be  performed.  However,  in  practice  this  does  not
appen,  since  ICTs  have  high  sensitivity,  but  low  specificity,
ompared  to  IHST.276

Regarding  differential  diagnoses,  it  is  essential  to  rule
ut  other  diseases  with  symptoms  similar  to  those  of  AR.
nfectious  rhinitis  often  occurs  on  the  background  of  viral
nfections  of  the  upper  respiratory  tract.  The  spectrum
f  non-allergic  and  Non-Infectious  Rhinitis  (NAR)  comprises
onditions  that  manifest  as  rhinitis  due  to  exposure  to  irri-
ants  such  as  cigarette  smoke,  environmental  pollutants,
ormonal  dysfunction  (subclinical  hypothyroidism),  expo-
ure  to  medications  and  idiopathic  rhinitis.  The  differential
iagnosis  may  include  Local  AR  (LAR),  dual  AR  (with  systemic
ensitization  to  one  allergen  and  only  local  to  another),
ixed  rhinitis  (allergic  and  non-allergic),  anatomical  abnor-
alities,  adenoid  hypertrophy  and  other  conditions,  which

an  present  similar  manifestations.  These  include  inborn
rrors  of  immunity,  cystic  fibrosis  and  primary  ciliary
yskinesia.21 The  presence  of  unilateral  symptoms,  nasal
bstruction  as  an  isolated  symptom,  mucopurulent  posterior
asal  discharge,  pain,  epistaxis  and  isolated  anosmia  directs
he  differential  diagnosis  to  other  clinical  entities.
In  conclusion,  patients  with  AR  require  a  proactive  and
ndividualized  assessment,  combining  accurate  etiological
iagnosis  with  individualized  therapy.  Etiological  diagno-
is,  identifying  the  allergen  or  allergens  that  are  clinically
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elevant  or  causing  allergic  symptoms,  is  essential  for
he  prescription  of  personalized  treatment  with  allergen-
pecific  immunotherapy.

mmediate  hypersensitivity  skin  tests
he  Immediate  Hypersensitivity  Skin  Test  (IHST)  is  the  main
n  vivo  method  recommended  by  international  guidelines  for
iagnosing  atopy.277,278 It  has  high  sensitivity  and  specificity.
he  IHST  modified  by  Pepys  is  used  as  a  reference  to  this
ay.279

In  these  tests,  small  portions  of  natural  or  synthetically
repared  allergens  are  deposited  on  the  patient’s  skin  (on
he  ventral  surface  of  the  forearm).  Next,  a  superficial  punc-
ure  is  made,  sufficient  for  the  penetration  of  allergens
nto  the  subcutaneous  tissue,  where  in  contact  with  mast
ells,  if  sensitized,  inflammatory  mediators  will  be  quickly
eleased,  with  the  formation  of  erythema  and  formation
f  local  papules.280 Controls  must  be  applied.  positive  (his-
amine  0.1%)  and  negative  (saline),  to  rule  out  false  positive
nd  negative  results.  The  size  of  the  papule  can  be  measured
fter  15  min,  and  the  result  is  positive  when  the  mean  diam-
ter  of  the  papules  greater  than  3  mm  of  that  produced  by
he  negative  control.281

The  choice  of  allergenic  extracts  to  be  tested  must  be
elective;  In  the  case  of  AR,  aeroallergens  related  to  the
atient’s  history  will  be  chosen  (e.g.,  domestic  animal  aller-
ens)  or  if  there  is  no  clinical  suspicion,  the  allergens  of  the
ain  house  dust  mites  found  in  Brazil  must  be  evaluated:
ermatophagoides  pteronyssinus  (Dp),  Dermatophagoides
arinae  (Df)  and  Blomia  tropicalis  (Bt).282 In  addition  to
hese,  cockroach,  fungus  and  pollen  allergens  can  be  tested,
epending  on  the  region  of  Brazil.  Therefore,  the  allergens
sed  for  IHST  must  be  individualized  and  selected,  based
n  the  prevalence  in  the  geographic  area  where  the  patient
ives  and  goes  to.

Mites  of  the  genus  Dermatophagoides  represent  the  most
mportant  sources  of  allergens  in  allergic  respiratory  dis-
ases,  with  great  similarity  between  their  allergens,  leading
o  high  cross-reactivity  between  specific  IgEs  for  Dp  and
f.283 Der  p  1  and  Der  p  2  are  considered  major  Dp  aller-
ens,  that  is,  80%---85%  of  individuals  sensitized  to  Dp  have
pecific  IgE  to  at  least  one  of  these  allergens.284 In  2013,
eghofer  and  colleagues  identified  Der  p  23  as  a  new
ajor  Dp  allergen  located  on  the  surface  of  dust  mite  fecal
articles.285

Although  IHST  can  be  performed  at  any  age,  children
nder  one  year  of  age  may  not  show  positive  reactions  to
eroallergens.  Children  with  seasonal  respiratory  allergies
nly  test  positive  after  two  seasons  of  exposure.  To  avoid
alse  negative  results,  first  generation  antihistamines  must
e  suspended  between  36  and  48  h  before  the  test.  On  the
ther  hand,  second-generation  antihistamines  should  be  sus-
ended  one  week  before  the  test,  always  observing  the
eactivity  obtained  with  histamine  (positive  control).  Posi-
ive  IHST  mean  that  the  patient  is  sensitized  to  the  allergens
n  question,  is  an  atopic  patient  and  does  not  necessarily
ffer  a  diagnosis  of  allergic  disease.286 For  the  diagnosis  of

llergic  disease  it  is  necessary  to  combine  a)  Positive  history;
)  The  presence  of  specific  IgE  antibodies  and  c)  Demon-
tration  that  the  symptoms  are  the  result  of  IgE-mediated
nflammation.  For  the  diagnosis  of  AR,  it  is  necessary  to  have
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 medical  history  consistent  with  the  results  of  IHST  and/or
pecific  serum  IgE.287

etermination  of  total  and  specific  serum  IgE
otal  serum  IgE  is  increased  in  atopy  but  it  is  not  specific
or  any  of  the  atopic  diseases.  Additionally,  except  for  aller-
ic  bronchopulmonary  aspergillosis,  there  is  no  relationship
etween  the  IgE  value  and  disease  severity.  Therefore,  total
gE  measurement  is  not  necessary  for  the  diagnosis  or  mon-
toring  of  AR.  It  may,  however,  be  useful  to  point  out  the
ossibility  of  atopy  in  the  face  of  a  suggestive  respiratory
ondition.20,274

The  determination  of  specific  serum  IgE  by  serological
mmunoassays  is  relevant  for  the  diagnosis  of  atopic  dis-
ases,  even  if  it  is  not  specific  to  AR.  The  use  of  purified  and
ecombinant  allergens  promotes  greater  sensitivity,  speci-
city  and  accuracy  of  this  dosage.288

Serum  quantification  shows  good  correlation  with  in  vivo
kin  testing  for  the  diagnosis  of  AR;  however,  it  is  accepted
hat  skin  tests  are  more  sensitive  and,  therefore,  first-line
or  diagnosis.20,274

Advantages  in  relation  to  skin  tests  are  the  non-
nterference  of  medications  and  clinical  conditions  such  as
ermographism,  as  well  as  greater  safety,  without  the  risk  of
naphylaxis.  However,  measuring  specific  IgE  is  more  costly
nd  requires  blood  collection.20

There  are  five  types  of  assays  for  identifying  specific
gE,  some  qualitative  and  semiquantitative,  rarely  used.
econd  generation  quantitative  assays  (ImmunoCAP® and
mmunolite®)  are  the  most  commonly  used.  There  is  no  good
orrelation  between  the  results  obtained  by  the  different
uantification  methods,  and  it  is  essential  to  pay  attention
o  the  method  used  when  interpreting  the  results.289

There  are  single-platform  (quantitative)  assays,  which
llow  the  physician  to  choose  the  allergens  to  be  tested
ccording  to  the  patient’s  history,  as  well  as  multiple-
latform  (semi-quantitative)  assays  that  provide  results  for
everal  pre-selected  allergens.20,289

However,  it  is  important  to  emphasize  that  the  presence
f  positive  specific  IgE  means  the  presence  of  sensitization
nd  not  necessarily  the  presence  of  an  allergic  disease.  The
resence  of  characteristic  symptoms  of  AR  when  identifying
llergen  sensitization  allows  the  diagnosis  to  be  confirmed
nd  treatment  to  be  directed.289

The  relationship  between  specific  serum  IgE  and  total
erum  IgE  has  been  proposed  as  a  marker  of  good  response
o  allergen-specific  immunotherapy.  A  cutoff  value  of  16.2%
as  able  to  predict  success  in  immunotherapy  with  sensi-

ivity  of  97.2%  and  specificity  of  88.1%.290 However,  these
esults  could  not  be  reproduced  and  it  is  still  necessary  to
xplore  and  validate  this  finding.291

iagnosis  by  allergenic  molecular  components
microarray)
n  the  early  2000s,  proteomic  microarray  platforms  (chips)
or  the  diagnosis  of  allergic  sensitization  emerged.  The
mmunoCAP  ISAC  platform  initially  composed  of  74  proteins

components),  currently  consists  of  112  allergens.  There  is
lso  a  platform  (ALEX)  made  up  of  282  proteins,  in  addition
o  a  platform  based  on  immunoblotting  (MAST).  Highly  puri-
ed  natural  or  recombinant  molecules  are  used,  allowing  the
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dentification  of  specific  IgE  with  a small  amount  of  blood,
ut  without  being  able  to  select  the  allergens  to  be  tested
ccording  to  the  patient’s  condition.  Another  disadvantage
s  the  cost,  which  is  still  high  in  our  country,  in  addition  to
he  production  of  a  large  amount  of  information  that  may
ot  be  easy  to  interpret.  There  is  no  good  correlation  with
he  IgE  dosage  for  allergenic  extracts,  and  the  sensitivity  of
ingle  platforms  is  considered  greater  than  that  of  multiple
latforms.274,289

In  relation  to  mites,  most  patients  are  sensitized  to  Der
 1  and/or  Der  p  2,  and  the  response  to  immunotherapy
eems  to  be  better  when  there  is  sensitization  to  just  one
f  them.292 Sensitization  to  Der  p  23  is  implicated  in  greater
isk  of  developing  asthma.293 Der  p  10  is  a  tropomyosin  and
ndicates  the  possibility  of  cross-reaction  with  crustaceans
nd  molluscs.294

Dog  and  cat  allergen  extracts  for  testing  and
mmunotherapy  are  heterogeneous  and  may  not  con-
ain  the  most  relevant  allergens  for  some  patients  with
nimal  allergies.  In  this  sense,  knowing  the  sensitization
o  specific  components  can  help  predict  the  response  to
pecific  immunotherapy.295,296

Therefore,  the  investigation  of  specific  IgE  for  the
omponents  enables  us  to  better  define  sensitization  (dif-
erentiating  cross-reactions  from  co-sensitization),  predict
he  severity  of  symptoms,  better  select  the  indication  for
pecific  allergen  immunotherapy,  as  well  as  better  predict
he  response  to  it,  being  particularly  relevant  in  polysensi-
ized  individuals.  However,  due  to  the  cost  and  difficulty  of
ccess,  the  wide  use  of  this  method  in  clinical  practice  is
urrently  not  recommended.20

asal  provocation  test
he  Nasal  Provocation  Test  (NPT)  is  considered  a  simple
nd  safe  procedure,  capable  of  objectively  evaluating,  in  a
afe  and  controlled  environment,  the  responses  of  the  nasal
ucosa  after  contact  with  substances  and/or  external  stim-
li  applied  locally.297 It  is  considered  a  one  of  the  only  tools
apable  of  establishing  a  direct  correlation  between  expo-
ure  to  suspected  allergens  and  clinical  symptoms,  that  is,
efining  the  diagnosis  of  allergy  to  a substance  and  not  just
ensitization  to  it.  Despite  being  simple,  NPT  must  be  car-
ied  out  in  an  appropriate  environment,  with  a  well-trained
echnical  team  and  using  well-established  protocols.64,298

We  can  classify  NPT  as  nonspecific  or  specific,  depend-
ng  on  the  characteristic  of  the  stimulus  that  will  be  used.
he  first  use  pharmacological  agents  such  as  histamine,
ethacholine  or  physical  stimuli  (e.g.,  cold  air),  capable
f  triggering  a nasal  response  in  all  individuals  (allergic
nd  non-allergic)  in  some  concentration.  When  positive
esponses  are  triggered  at  low  concentrations,  nonspecific
PT  only  helps  in  the  diagnosis  of  nasal  hyperreactivity,

 common  feature  in  patients  with  rhinitis  (approximately
0%),69 but  not  pathognomonic  of  the  disease.299

Specific  NPT  (sNPT)  use  stimuli  such  as  medications,
ollens  and  mites,  triggering  a  positive  response  only  in
atients  allergic  to  the  antigen  used.  The  main  indications

nd  contraindications  of  sNPT  are  presented  respectively  in
ables  3  and  4.64,298 Validated  and  individualized  protocols
or  each  allergenic  extract  are  essential  for  carrying  out  and
orrectly  interpreting  the  procedure,64,298 as  some  allergens
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Table  3  Main  indications  for  specific  Provocation
Tests.64,298

Help  understand  the  pathophysiological  mechanisms  of
rhinitis;

Investigation  of  drug  efficiency  and  mechanism  of  action;
Confirmation  of  the  AR  etiology;
Confirming  the  relevance  of  specific  allergens  in

polysensitized  patients;
Follow-up  of  treatment  with  specific  immunotherapy;  and
Diagnostic  confirmation  of  local  and  occupational  allergic

rhinitis

Table  4  Main  contraindications  of  specific  Provocation
Tests.64,298

Local  infectious  processes  (rhinitis  or  sinusitis);
Worsening  of  chronic  cardiopulmonary  conditions;
Anaphylaxis  prior  to  the  substance  being  tested;
Gestation;
Nasal surgery  less  than  6---8  weeks  ago;
Use  of  medication  to  control  rhinitis  in  the  last  two  weeks

(antihistamines  or  nasal  corticosteroids);
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Recent  vaccination
Children  under  5years  of  age

an  act  irritatingly  on  the  nasal  mucosa,  not  making  it  pos-
ible  to  diagnose  allergy  as  they  would  trigger  a  response  in
ll  patients  (sensitized  and  non-sensitized).64,298

To  date,  NPTs  have  remained  as  tools  for  laboratory  inves-
igation  and  research,  but  with  the  description  of  Local
llergic  Rhinitis  (LAR),  the  development  of  multiple  NPT  pro-
ocols  (in  which  a  series  of  different  allergens  are  applied
equentially  on  the  same  day)  may  simplify  and  improve
creening  of  patients  with  this  specific  rhinitis  phenotype.

asal  cavity  assessment

asal  cytology
imple  and  easy-to-perform  exam  that  detects  the  cellular-
ty  of  the  nasal  mucosa  at  a  given  moment.  It  allows  the
dentification  of  normal  ciliated  and  mucinous  and  inflam-
atory  cells  (eosinophils,  neutrophils,  lymphocytes,  mast

ells),  fungi  and  bacteria,  thus  facilitating  the  differentia-
ion  of  numerous  pathological  conditions  of  the  nasal  mucosa
r  the  effects  of  different  stimuli  on  it.  They  should  be
equested  when  there  is  a  need  to  evaluate  specific  inflam-
atory  or  biological  markers.300 It  can  help  in  cases  of
on-allergic  rhinitis  to  check  for  local  allergic  rhinitis  or
ven  in  cases  of  allergic  rhinitis  to  rule  out  mixed  rhinitis.
o  define  Non-Allergic  Rhinitis  with  Eosinophilic  syndrome
NAER),  the  cutoff  point  values  have  not  yet  been  defined.20

The  normal  nasal  mucosa  is  made  up  of  ciliated  cells,
ucinous  cells,  striated  basal  cells  and  rare  neutrophils.
Pathological  aspects:  The  correlation  of  findings  and  the

linical  aspects  are  fundamental.300
 Infectious  rhinitis:  substantial  number  of  neutrophils,
with  intra  or  extracellular  bacteria  and  reduction  of  hair
cells;

a
c

c
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 Allergic  rhinitis:  Intense  infiltrate  of  eosinophils  and  mast
cells,  related  to  allergen  exposure;

 Non-infectious  non-allergic  rhinitis:
 With  Eosinophilic  Syndrome  (NAER):  eosinophilic  infil-
tration  (50---70%),  which  may  be  associated  with  nasal
polyposis,  asthma  or  sensitivity  to  Acetylsalicylic  Acid
(ASA)  or  Non-Steroidal  Anti-Inflammatory  Drugs  (NSAIDs);

 2  - Without  eosinophilic  syndrome:  pseudo-allergic  symp-
toms  in  the  presence  of  non-specific  stimuli  (cold  air,
humidity,  cigarette  smoke,  nasal  irrigation,  smells,  etc.)
with  the  presence  of  neutrophils,  mast  cells  or  associated

 Mixed  rhinitis:  cytology  is  important  for  understanding
cell  predominance  and  directing  treatment  in  the  most
appropriate  way.

acteriological  and  bacterioscopic  examination
he  purpose  of  bacteriological  and  bacterioscopic  exami-
ation  is  to  identify  pathological  bacteria  in  the  nose  or
aranasal  sinuses,  with  consequent  appropriate  antimicro-
ial  treatment.3

Nasal  secretion  collection  for  culture  exams  can  be  per-
ormed  by  several  methods:  blowing,  swab,  nasal  wash,
iddle  meatus  swab  under  endoscopic  vision  for  sinus

ecretion,  direct  collection  from  the  maxillary  sinus.  When
lowing  the  nose  with  secretion,  there  is  high  agreement
ith  nasal  swab  collection  (>90%).  However,  if  there  is  no

ecretion,  this  rate  reduces  to  <50%  agreement.  Comparing
irect  sinus  collection  with  swabs  under  nasal  endoscopy,
igh  agreement  was  observed  between  the  two  methods.
tudies  that  evaluated  nasal  lavage  with  a  middle  mea-
us  swab,  guided  by  an  endoscope,  demonstrated  a  greater
ssessment  of  bacteria  and  anaerobic  pathogens,  appearing
o  be  more  sensitive  for  detection  in  cases  of  less  bacterial
ontamination.

In  patients  with  chronic  rhinosinusitis  who  do  not  respond
o  the  established  treatment,  a  microbiological  study  may
e  requested.

Nasal  cytology  is  not  effective  in  distinguishing  non-
acterial  infections  from  bacterial  rhinosinusitis,  and
ositive  cultures  for  bacteria  from  the  nose  or  sinuses  often
epresent  colonization  rather  than  infection.36

pecific  nasal  permeability  tests
arious  aspects  of  nasal  obstruction  can  be  assessed  using
unctional  nose  exams  such  as  peak  inspiratory  flow,  comput-
rized  rhinomanometry  and  acoustic  rhinometry.  In  addition
o  evaluating  nasal  airflow,  they  can  be  used  to  monitor  the
esponse  to  medical  or  surgical  treatment.301

 Computerized  rhinomanometry

The  simultaneous  measurement  of  nasal  airflow  and  the
ressure  required  for  flow  defines  nasal  resistance  to  air
assage.301 Types  of  measurements:  anterior  or  posterior,
ctive  or  passive,  with  active  anterior  rhinomanometry
eing  the  most  frequently  used.  Nasal  resistance  (R  =  P/F)
s  measured  in  Pa/cm3 per  sec.  The  more  obstructed  the

irway  is,  the  greater  pressure  is  necessary  to  generate  a
ertain  flow.

Initially  measured  at  a  standard  of  150  Pa,  the  latest
onsensus  recommended  the  use  of  four-phase  rhinomanom-
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try  in  which  resistance  is  calculated  using  hundreds  of
esistances  recorded  continuously  throughout  the  respira-
ory  cycle.302 Despite  the  differences  between  measurement
echniques,  there  does  not  appear  to  be  significant  differ-
nces  between  the  results.303

Reference  values  are  defined  for  children  and  adults,  as
ell  as  normal  values  for  four-phase  rhinomanometry.20

 Acoustic  rhinometry

Evaluates  the  geometry  of  the  nasal  cavity.  Through  the
coustic  reflection  of  sound  waves  that  pass  through  the
asal  cavity,  it  measures  areas  and  volumes  at  different
oints,  which  provides  information  about  the  structure  and
imensions  of  the  nasal  cavity.301

Acoustic  rhinometry  is  more  useful  in  research  than  as  a
linical  diagnostic  tool.20

 Peak  nasal  flow  (PNF)

Cheap,  fast,  portable  and  simple  method  for  nasal
ssessment.  Performed  with  three  deep  and  quick  breaths,
hrough  the  nose  and  with  the  mouth  closed.  The  measure
ith  the  highest  value  will  be  considered  the  PNF.  Normal
alues  for  adults  and  children,  as  well  as  unilateral  PNF
alues  for  adults,  are  already  defined.20

Although  they  evaluate  various  aspects  of  nasal  function,
 correlation  between  the  tests  is  observed.  Thus,  PNF  and
our-phase  Rhinomanometry  showed  a  moderately  signifi-
ant  correlation,  but  PNF  showed  a  significant  correlation
ith  nasal  symptom  scores.304 Thus,  nasal  patency  tests  can
e  used  individually  or  combined  to  provide  objective  infor-
ation  about  nasal  function.

mage  exams
maging  exams,  except  for  the  diagnosis  of  sinonasal
iseases  (Computed  Tomography  ---  CT  ---  in  rhinosinusi-
is/polyposis  and  magnetic  resonance  imaging  in  tumors)
nd  associated  rhinopharynx  diseases  (simple  cavum  radio-
raphy  for  adenoid  hyperplasia),  are  not  useful  in  AR.305

oday,  experience  with  third-generation  cone-beam  CT
echnologies  provides  precise  information  about  bones,
aking  it  possible  to  demonstrate  anatomical  variants

nvolving  bony  sinonasal  structures.  However,  it  is  not  yet
ossible  to  make  a  qualitative  assessment  of  soft  tissues,  as
here  are  no  Hounsfield  levels  (relative  quantitative  measure
f  radiodensity,  derived  from  the  absorption/attenuation
oefficient  within  the  tissue  to  produce  a  gray  scale  in  the
mage)  in  the  Cone-beam  CT,  as  we  have  in  conventional
T  techniques.  However,  this  is  a  new  area  of  research
nd  its  application  is  developing  in  an  interesting  way,
specially  for  inflammatory-allergic  soft  tissue  diseases.  An
nitial  study  used  Micro-CT  to  quantify  the  edema  of  the
inonasal  mucosa  after  nasal  provocation  with  methacholine
n  rats.  A  dose-dependent  edema  of  the  nasal  mucosa  was

bserved  with  the  use  of  methacholine  in  genetically  allergic
ats,  which  did  not  happen  in  control  rats,  and  this  edema
as  completely  abolished  with  the  use  of  corticosteroids
re-nasal  challenge.306

i
T

p

25
ngology  2025;91():101500

omplementary  tests

asal  mucosa  biopsy
egarding  nasal  biopsy,  although  informative,  it  is  not  clin-
cally  indicated.  However,  initial  evidence  points  to  a  high
orrelation  between  brushing  the  nasal  mucosa  and  biopsy
f  the  inferior  nasal  turbinate  in  order  to  detect  allergen-
pecific  IgE,  being  a  less  invasive  procedure.  In  the  future,
rushing  the  anterior  third  of  the  nasal  fossa  (lateral  sur-
ace  of  the  nasal  turbinate  and  juxtaposed  septum)  could
e  indicated  as  an  alternative  method  of  obtaining  a  sample
f  the  nasal  epithelium,  which  could  be  useful,  for  example,
n  the  diagnosis  of  local  allergic  rhinitis.307

mell  assessment  tests
lfactory  changes  are  quite  common  symptoms  in  sinonasal
nd  neurodegenerative  diseases  and,  when  present,  have  a
ignificant  impact  on  quality  of  life.  The  recognition  of  such
hanges,  whether  qualitatively  or  quantitatively,  is  funda-
ental  for  the  diagnosis,  treatment  and  follow-up  of  the
nderlying  disease  causing  these  olfactory  disorders.

Old  studies  have  shown  that  AR  affects  the  sense  of  smell
n  many  patients,  including  children.  The  global  prevalence
f  olfactory  dysfunction  due  to  AR  has  been  reported  to  be
1.5%---23%.308---310 A  national  study  retrospectively  analyzed
utpatients  with  primary  complaints  of  olfactory  disorders
nd  found  19%  of  AR  as  the  cause.311 In  studies  using  Accord-
ng  to  the  most  recent  ARIA  classification,  patients  with
ersistent  moderate/severe  AR  were  found  to  have  a  higher
revalence  of  hyposmia.312,313 Although  olfactory  dysfunc-
ion  does  not  appear  to  be  very  severe  in  patients  with  AR,
ts  presence  appears  to  increase  with  the  severity  of  the
isease.314

Given  the  above,  it  is  clear  that  documentation  of  olfac-
ory  function  is  of  fundamental  importance  in  cases  of
atients  with  AR.  The  systematic  application  of  a  test  to
valuate  the  olfactory  thresholds  of  patients  with  AR  who
omplain  of  hyposmia,  or  anosmia  is  mandatory  not  only  as  a
efinitive  diagnosis,  but  also  to  monitor  and  verify  improve-
ent  after  treatment.

ubjective  assessment  instruments

isual  analogue  scale  (VAS)
he  application  of  VAS  can  be  useful  for  how  the  patient
erceives  the  loss  of  smell,  quantifying  it  between  0  and  10,
ith  ‘‘0’’  being  absence  of  smell  and  ‘‘10’’  normal  smell
r  as  before  the  disease.  It  is  not  always  possible  to  rely
n  a  subjective  self-report  from  the  patient,  but  rather,  to
rove  the  patient’s  complaint  objectively  when  performing
he  test.  It  should  always  be  done  before  nasofibroscopy,
ither  due  to  possible  local  irritation  generated  by  the  exam,
r  due  to  the  anesthetic  used  by  some  otorhinolaryngologists
efore  this  procedure.

ests  validated  in  Brazil
1)  UPSIT  test:  Currently,  the  most  widely  used  test  globally

s  the  UPSIT  (University  of  Pennsylvania  Smell  Identification
est),  already  validated  in  Brazil.315

UPSIT  consists  of  four  cards  with  10  odors  each.  The
atient  uses  an  object  to  scrape  a  silver  strip  that  contains
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he  odor  to  be  detected,  brings  the  block  one  centimeter
rom  the  nose  and  responds,  obligatorily,  among  four  alter-
atives,  choosing  a  forced  option  among  four  possibilities.
he  score  ranges  from  0  to  40  and  the  olfactory  function  is
lassified  as  anosmia,  microsmia  or  hyposmia  (mild,  moder-
te  and  severe).  A  score  below  5  indicates  possible  simulated
lfactory  loss.

The  patient  can  perform  it  himself  or  with  the  help  of
n  examiner  and  can  detect  simulators  and  classify  the
egree  of  olfactory  loss,  important  advantages.  The  price
till  makes  it  difficult  to  use  in  our  country,  especially  in
edical  residency  services  that  operate  through  the  Pub-

ic  Health  Care  System  and  in  other  services  with  financial
imitations,  but  it  is  currently  more  accessible.

(2)  Olfactory  threshold  and  odor  identification  test
eveloped  by  CCCRC  (Connecticut  Chemosensory  Clinical
esearch  Center):  The  Connecticut  or  CCCRC  test  includes

 threshold  test  and  an  odor  identification  test  and  has
een  validated  for  our  population.316 The  threshold  test  is
erformed  by  presenting  the  individual  with  two  identical
0  mL  bottles  simultaneously.  One  bottle  contains  only  dis-
illed  water  and  the  other  contains  a  solution  of  butanol
nd  distilled  water.  Individuals  are  instructed  to  occlude  one
ostril  and  position  the  vials,  one  at  a  time,  in  the  oppo-
ite  nostril,  thus  choosing  which  vial  has  something  other
han  water.  If  the  individual  does  not  get  it  right,  bottles
ith  the  most  concentrated  butanol  solution  are  presented
onsecutively  together  with  the  bottle  of  water  until  the
ndividual  gets  it  right.  Two  consecutive  hits  of  the  bottle
ontaining  the  odorant  determines  the  minimum  concentra-
ion  defined  as  the  individual’s  olfactory  threshold  for  the
ested  nostril.  The  other  nostril  is  tested  separately.  The
core  ranges  from  0  to  7  points,  with  0  being  the  individual
ho  was  unable  to  identify  the  bottle  containing  the  odor-
nt,  and  7  being  the  individual  who  identified  the  odorant
n  the  bottle  with  the  lowest  concentration.  The  odor  iden-
ification  test  is  also  carried  out  unilaterally  by  presenting

 bottles  with  odors  present  in  the  daily  lives  of  the  Brazil-
an  population:  coffee,  cinnamon,  Johnson  &  Johnson® talc,
eanut  paste,  chocolate,  Palmolive® soap  and  mothballs.

The  individuals  receive  a  list  of  substances  contained  in
he  test  and  distracting  substances  (peanut  paste,  pepper,
alc,  cigarettes,  soap,  tires,  coffee,  mothballs,  cinnamon,
ood,  garlic,  chocolate,  tomato  sauce,  sardines,  onions  and
ick®)  and  mark  the  one  they  found  correct  for  each  bottle
resented.  Each  odor  can  be  presented  more  than  once  to
he  individual,  reducing  errors  due  to  cortical  issues.  The
unction  of  the  trigeminal  nerve  is  tested  at  the  end  of  the
est  by  presenting  Vick® to  the  individuals,  but  the  identifi-
ation  of  this  substance  was  not  included  in  the  final  score.
he  final  score  of  the  identification  test  is  obtained  by  scor-
ng  from  0  to  7,  according  to  the  number  of  correct  odors.
he  final  score  composed  of  the  threshold  test  and  the  iden-
ification  test  is  obtained  by  the  arithmetic  mean  of  the
nal  score  of  both  tests  and  varies  from  0  to  7,  classify-
ng  each  nostril  separately:  normal:  6.0---7.0;  mild  hyposmia:
.0---5.75;  moderate  hyposmia:  4.0---4.75;  severe  hyposmia:
.0---3.75  and  anosmia:  0---1.75.
The  cost  of  raw  materials  to  create  a  kit  is  approximately
0  reais.  Considering  that  each  kit  can  be  used  for  multi-
le  patients,  with  reagents  being  replaced  ideally  every  3
onths  to  renew  the  odor  dispersion  capacity  of  the  sub-
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tances  present  in  the  test,  the  cost  per  test  is  extremely
ow.  The  ease  of  transport,  combined  with  the  possibility  of
t  being  applied  in  any  environment,  make  the  CCCRC  test  a
ractical  and  easy-to-install  assessment.  A relevant  advan-
age  is  the  fact  that  it  measures  both  the  threshold  and  the
dentification  of  odors.  One  of  the  disadvantages  in  relation
o  UPSIT  is  that  the  CCCRC  cannot  be  self-applied,  it  requires

 trained  person,  taking  on  average  15  min  to  apply.
(3)  Multiscent-20  digital  odor  identification  test:

ultiscent-20317,318 is  a  tablet  that  has  an  odor  storage  and
elease  system.  It  is  a  portable  hardware  device  with  a
ouch  screen,  integrated  with  a  system  of  microcapsules
apable  of  presenting  up  to  20  different  odors,  through  a
ow  of  dry  air  released  at  the  opening  of  the  odor  dispenser.
apsules  are  loaded  through  an  insertion  port  on  the  back  of
he  device.  The  software  application  presents,  controls  and
ecords  responses  in  an  automated  way.  The  digital  odor
dentification  test  uses  the  mandatory  response  paradigm
mong  four  alternatives.  The  olfactory  assessment  begins
ith  the  individual  receiving  instructions  presented  by  an

‘avatar’’,  as  described  below:  (1)  This  assessment  consists
f  a  test  containing  20  odors.  (2)  Sit  in  a  comfortable
osition  and  when  releasing  the  smell,  placing  the  device
0  cm  away  from  one’s  face.  (3)  The  next  screen  will  show
he  phrase  ‘‘This  smell  looks  like’’  and  with  four  answer
lternatives.  Read  all  options  before  pressing  the  ‘‘Release
mell’’  button.  (4)  When  pressing  the  ‘‘Release  smell’’
utton,  a  small  opening  on  the  top  front  of  the  device
ill  release  the  odor  for  five  seconds.  You  can  press  the

‘Release  smell’’  button  up  to  two  times.  (5)  After  noticing
he  odor,  select  the  option  corresponding  to  the  odor  you
melled,  and  press  the  ‘‘NEXT’’  button  to  continue.  If  the
dor  you  smell  is  not  among  the  alternatives,  select  the
lternative  that  comes  closest.  (6)  The  number  of  correct
nswers  will  be  displayed  after  completing  the  test.

The  number  of  correct  answers  corresponds  to  the  iden-
ification  test  score  and  the  olfactory  function  is  classified
s  normosmia  (≥15  points),  hyposmia  (14  to  11  points)  and
nosmia  (≤10  points).318

(4)  Assessment  of  smell  in  children:  Although  this  form  of
bjective  assessment  of  smell  is  also  important  in  children,
e  encounter  major  obstacles,  especially  in  children  under
ve  years  of  age:  the  tests  are  too  complex  for  the  pediatric
ge  group;  children  may  not  yet  have  been  introduced  to
he  odors  presented  in  the  tests;  the  assessment  is  very  long,
aking  the  test  very  tiring  for  children  in  certain  age  groups;

he  tests  were  not  validated  for  the  proposed  age  range.319

s  the  identification  test  includes  other  skills,  such  as  atten-
ion,  memory  and  linguistic  processing,  it  can  be  understood
nd  performed  in  older  children,  from  the  age  of  five.  Dis-
rimination  and  threshold  tests  are  not  as  dependent  on  age
s  they  do  not  involve  olfactory  memory.319

In  2015,  the  Sniffin’  Sticks,  a  16-odor  identification  test,
as  cross-culturally  adapted  for  the  pediatric  population

n  Brazil.  Children  between  three  and  18  years  old  were
elected  and  it  was  observed  that  older  children  performed
etter  on  the  test,  and  that  preschool-aged  children  had
ifficulty  understanding  the  exam.320
(5)  Assessment  of  interference  with  daily  activities:
lthough  AR  does  not  expose  the  patient  to  a  risk  of
eath,  regardless  of  its  intensity,  it  can  compromise  Health-
elated  Quality  of  Life  (HRQoL),  either  due  to  the  presence



olary

o
s
q

b
b
o
b
b
e
w
s

t

i
p
i
w
e
c
a

a
p
b
m
(
v
r
a
t
Q

l
c
w
c

s
m
l
w
P
p
W
s

c
c
B
f
s
t
p
e
l
p
t
b
a
s

s
s
s
(
f
t
A
C
r
w

o
d

d
S
(
t

S
1
s
(
(
s
a
r
w
t
g

C

R

R
m
p
q
a
a
v
(
a
c

t
t
1
o
c
5

1

Brazilian  Journal  of  Otorhin

f  comorbidities,  or  by  causing  school/work  absenteeism,
chool/work  presenteeism,  impairment  quality  of  sleep  and
uality  of  life.19,20,153

Over  the  years,  several  instruments  and  scores  have
een  developed  to  obtain  an  objective  measure  capa-
le  of  quantifying  the  repercussions  of  a  given  disease
r  its  treatment  on  the  patient’s  life.  HRQOL  is  assessed
y  physical,  psychological  and  social  components  that  can
e  affected  by  the  individual’s  perception  of  their  dis-
ase  and  clinical  conditions.321,322 Individual  experiences
ith  the  disease  can  influence  HRQOL  more  than  its

everity.323

In  patients  with  AR,  quality  of  life  and  sleep  have  been
he  most  evaluated.

(a)  Health-related  quality  of  life:  High-quality  evidence  is
ncreasingly  accumulating  that  confirms  the  impact  of  AR  on
atients’  Quality  of  Life  (QOL),  whether  assessed  by  generic
nstruments  (Short  Form  12  [SF-12]  and  36  [SF-36]),324,325

hether  by  those  specific  to  the  disease,326---328 as  well  as  in
valuating  the  benefit  of  established  treatments  (intranasal
orticosteroids,  oral  antihistamines,  allergen  immunother-
py,  among  others).329---331

QoL  questionnaires  are  short,  easy  to  understand,  self-
dministered  and  simple  to  execute.332 As  mentioned
reviously,  disease-specific  instruments  have  increasingly
een  used  to  assess  QoL  in  AR.  The  most  used  instru-
ent  is  the  Rhinoconjunctivitis  Quality  of  Life  Questionnaire

RQLQ),  developed  by  Juniper  and  collaborators.333 This
ersion  was  followed  by  one  intended  for  adults,334 a
educed  version:  the  MiniRQLQ,335 as  well  as  versions  for
dolescents  (12---17  years).336 and  children  (6---12  years  old)
he  PRQLQ  (Pediatric  Rhinoconjunctivitis  Quality  of  Life
uestionnaire).337

In  Brazil,  the  pediatric  version  of  the  RQLQ  was  trans-
ated,  adapted  and  validated  into  Portuguese  (Brazilian
ulture)  and  used  to  evaluate  children  and  adolescents
ith  AR,  before  and  after  treatment  with  intranasal
orticosteroids.338

Most  questionnaires  that  assess  QoL  in  patients  with  AR  do
o  in  association  with  conjunctivitis,  however  few  do  it  for
ore  severe  forms.339---341 Ferreira  and  collaborators  trans-

ated,  adapted  and  validated  the  Quality  of  life  in  children
ith  vernal  keratoconjunctivitis  questionnaire  (QUICK)  into
ortuguese  (Brazilian  culture)  and  applied  it  to  adolescent
atients  with  different  severities  of  allergic  conjunctivitis.
orse  quality  of  life  was  observed  among  patients  with  more

evere  forms.341

(b)  Quality  of  sleep:  Sleep-related  Disorders  (SD)  are
ommon,  with  a  prevalence  of  between  25%  and  40%  in
hildren,  especially  among  patients  with  nasal  problems.
ecause  they  are  not  frequently  reported,  they  are  not
requently  treated.  Normally,  parents  do  not  value  the
ymptoms  and/or  are  unaware  of  them  and  doctors  fail
o  investigate  them.20,342,343 As  it  is  an  objective  measure,
olysomnography  is  the  gold  standard  in  SD  evaluation;  how-
ver,  its  cost  is  high  and  it  is  difficult  to  perform,  which
imits  its  use  in  population  studies.  Sleep  diaries  are  inex-
ensive  but  require  time  to  complete  and  are  often  difficult

o  interpret.343 Written  questionnaires  to  assess  SD  have
een  developed  for  different  age  groups,  self-administered
nd  easy  to  apply,  bear  low  cost  and  useful  for  use  in  large
tudies.344,345

27
ngology  2025;91():101500

Questionnaire  with  seven  domains  (resistance  to  sleep,
leep  duration,  anxiety  about  sleeping,  night  waking,  para-
omnia,  change  in  breathing  during  sleep  and  daytime
leepiness)  was  designed  to  check  sleep  habits  in  children
CSHQ,  Children’s  Sleep  Habits  Questionnaire),346 validated
or  Portuguese  and  Spanish.347 This  instrument  was  applied
o  children  with  asthma  and/or  allergic  rhinitis  in  nine  Latin
merican  countries,  including  Brazil.  A  significantly  higher
SHQ  score  was  observed  in  children  with  asthma  and/or
hinitis  compared  to  healthy  children,  especially  in  those  in
hom  the  disease  was  poorly  controlled.348

The  same  instrument  was  applied  to  children  with  AR
f  different  intensities  and  greater  sleep  disturbances  were
ocumented  among  those  with  more  severe  forms.349

Other  instruments  have  been  applied  to  assess  sleep
isorders  in  patients  with  allergic  rhinitis:  Sleep  Disorders
cale  in  Children  (SDSC),350,351 Pittsburgh  Sleep  Quality  Index
PSQI)  and  Epworth  Sleepiness  Scale  (ESS),  both  validated  for
he  adult  population.352---354

Among  the  instruments  validated  for  Portuguese,  the
DSC  proved  to  be  the  most  comprehensive  in  children  under
8  years  of  age.352 It  consists  of  26  items  distributed  in  six
ubscales:  (a)  Sleep  initiation  and  maintenance  disorders;
b)  Sleep-disordered  breathing;  (c)  Awakening  disorders;
d)  Sleep-wake  transition  disorders;  (e)  Excessive  daytime
leepiness;  and  (e)  Sleep  hyperhidrosis.  This  scale  was
pplied  to  patients  with  isolated  allergic  rhinitis  and  mixed
hinitis  (allergic  + non-allergic).  Among  the  latter,  there
ere  more  important  values  in  relation  to  the  total  score  and

he  subscales  compared  to  those  with  isolated  AR,  reflecting
reater  severity  of  the  former.

omorbidities

hinoconjunctivitis

hinoconjunctivitis  is  characterized  by  simultaneous  inflam-
ation  of  the  nasal  and  conjunctival  mucosa.  It  is  a
revalent  condition  that  significantly  affects  an  individual’s
uality  of  life.  The  causes  of  rhinoconjunctivitis  are  diverse,
nd  can  be  allergic  (the  most  usual  form,  triggered  by
llergens  such  as  pollen,  dust  mites  and  animal  dander),
iral  (rhinovirus,  adenovirus,  influenzae  virus),  bacterial
rare,  the  most  common  agent  is  Staphylococcus  aureus)
nd  irritative  (irritating  agents  such  as  smoke,  chemicals  and
hlorine).

The  most  common  cases  are  linked  to  allergic  conjunc-
ivitis.  Brazilian  data  report  a  prevalence  of  rhinoconjunc-
ivitis  of  15%---28%.355 Up  to  44%  of  asthmatic  children  under
4  years  of  age  report  at  least  one  ocular  symptom,  although
nly  a  third  of  them  have  a  medical  diagnosis  of  allergic
onjunctivitis.356 We  can  basically  classify  ocular  allergy  in

 types:357

 Seasonal  and  Perennial  Allergic  Conjunctivitis  (SAC,  PAC):
SAC  is  the  most  prevalent  form  of  ocular  allergy,  affecting
22%  of  the  population.  Its  symptoms  appear  seasonally  and

last  less  than  four  weeks.  PAC  is  characterized  by  signs  and
symptoms  that  persist  for  days,  a week  and  for  more  than
four  consecutive  weeks.  Patients  present  with  pruritus,
hyperemia,  papillary  conjunctival  reaction,  tearing  and
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eyelid  edema.  Chemosis  and  serous  and  mucous  discharge
may  be  present.

 Atopic  keratoconjunctivitis:  It  is  severe  and  chronic,  and
it  mainly  affects  men  in  the  third  to  fifth  decades  of  life.
It  is  associated  with  atopic  dermatitis  in  almost  100%  of
cases.  Common  signs  are  gelatinous  hyperplasia  of  the
limbus  (Horner---Trantas  nodules)  and  papillary  hypertro-
phy,  in  the  inferior  tarsal  conjunctiva.  There  may  be
complications  such  as  eyelid  changes  and  corneal  opac-
ities.

 Vernal  keratoconjunctivitis:  Rare  and  severe  form  of
ocular  allergy  that  occurs  in  the  first  decade  of  life
in  approximately  80%  of  the  patients,  with  a  predom-
inance  of  males.  It  is  self-limiting,  with  significant
improvement/cure  until  puberty.  Typical  findings  include
giant  papillae,  limbal  Horner-Trantas  nodules,  and  shield
ulcers.

 Giant  papillary  conjunctivitis:  Is  induced  by  mechanical
irritation  from  contact  lenses,  ocular  prostheses  or  ocular
sutures.

 Allergic  contact  conjunctivitis:  Occurs  after  sensitization
of  the  eye  with  some  substances.

SAC  and  PAC  are  the  forms  most  commonly  linked  to
hinoconjunctivitis  and  represent  more  than  90%  of  all
ases  of  allergic  conjunctivitis.  Allergic  rhinoconjunctivi-
is  is  caused  by  an  IgE  antibody-mediated  hypersensitivity
eaction,  provoked  by  aeroallergens  in  most  cases.358 The
athognomonic  sign  is  pruritus.  Treatment  consists  of  non-
harmacological  measures  that  seek  to  prevent  or  minimize
ontact  between  the  allergen  and  the  conjunctiva.  Topical
harmacological  treatment  is  indicated,  starting  with  anti-
istamine  eye  drops  or  cell  membrane  stabilizing  agents
mast  cells),  multiple  action  medications,  non-steroidal
nti-inflammatory  drugs  and  corticosteroids.  Immunother-
py  can  be  used  to  suppress  or  regulate  the  response
nd  slow  the  allergy  progression.359 In  summary,  allergic
hinoconjunctivitis  represents  a  common  disease  pattern
hat  can  be  treated  effectively.  Once  correctly  diagnosed,
argeted  treatment  quickly  results  in  improved  quality  of
ife  for  patients.

outh  breather  and  apnea  syndrome,  obstructive
leep hypopnea

here  is  a  consensus  that  rhinitis  has  a  significant  asso-
iation  with  sleep  disorders.  Once  again,  this  concept,
idespread  among  healthcare  professionals,  is  based  on
revalence  studies  where  the  population  with  rhinitis  has
ore  sleep-related  problems  than  individuals  without  this

ype  of  disorder.353 This  correlation  is  also  supported  by
he  reasoning  that  the  nose  would  be  one  of  the  main
auses  of  cranio-facial  changes,  therefore  causing  mouth
reathing  and  its  obvious  consequences  in  several  disorders
ncluding  Obstructive  Sleep  Apnea  and  Hypopnea  Syndrome
OSAHS).360

However,  it  is  especially  important  to  make  it  clear,  as

tated  in  the  American  consensus,  that  inadequate  growth
f  the  craniomaxillofacial  complex  is  multifactorial,  as  a
esult  of  genetic,  functional  and  environmental  factors.  In
ther  words,  mouth  breathing  is  multifactorial  and  OSAHS
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tself  has  a  complex  etiopathogenesis.20 That  is,  the  nose  is
mportant  in  this  context,  but  with  some  variations  in  terms
f  degree  of  impact  depending  on  age  (children  would  be
ore  sensitive),  it  is  not  a  factor  alone  or  a  main  factor  in

he  genesis  of  these  problems.  Although  it  is  not  the  specific
ocus  of  this  topic,  it  is  worth  noting  that,  sometimes,  the
asal  function  is  overvalued  in  relation  to  sleep  disorders,
specially  snoring.

In  any  case,  this  warning  does  not  change  the  fact  that
hinitis  is  undoubtedly  one  of  the  causes  of  nasal  obstruc-
ion  and  unsatisfactory  airflow  related,  at  the  very  least,  to
he  worsening  of  sleep  disorders  as  well  as  making  it  diffi-
ult  to  treat  appropriately.  Therefore,  the  correct  diagnosis
f  rhinitis  and  therapeutic  control  is  important  in  patients
ith  OSAHS  and  other  sleep  disorders.19,20 The  literature

ince  the  last  publication  does  not  present  any  innovative
ndings  in  this  context.  Systematic  reviews,  always  overly
ritical  in  relation  to  the  quality  of  available  studies,  rein-
orce  the  correlation  of  AR  not  only  with  OSAHS,  but  also
ith  other  disorders  such  as:  greater  use  of  sleeping  med-

cations,  insomnia,  nocturnal  enuresis  and  snoring.  There
re  gaps  in  the  search  for  other  relationships  between  these
asal  inflammatory  disorders,  atopic  or  not,  and  sleep  dis-
rders  that  do  not  exclusively  worsen  nasal  function.

It  is  important  to  insist  on  guidance  for  the  investiga-
ion  of  rhinitis  among  patients  with  sleep  disorders,  as  well
s  always  diagnosing  and  treating  these  problems,  both
ecause  of  the  important  impact  on  quality  of  life  per  se,
nd  because  of  the  possibility  of  minimizing  and/or  prevent-
ng  worsening  of  nocturnal  respiratory  issues  determined
y  other,  more  well-established  factors,  such  as  craniomax-
llofacial  changes,  neuromuscular  problems,  genetic  issues,
mong  others.361

titis  media  with  discharge

uman  hearing  depends  on  the  complex  energy  transduc-
ion  function  provided  by  the  outer,  middle  and  inner  ears.
he  fundamental  energy  enhancement  made  possible  by  the
iddle  ear  depends  on  a  tympanic  cavity  continuously  filled
ith  air  and  a  balance  of  gaseous  components  physiologically
aintained  between  the  absorption  of  the  mucoperiosteal

ining  of  the  Middle  Ear  (ME)  and  mastoid  and  its  greater
eplacement  through  the  auditory  tube.  Therefore,  tubal
ysfunction  is  one  of  the  main  etiological  factors  related
o  the  development  of  chronic  otitis,  especially  Otitis  Media
ith  Effusion  (OME).  Within  this  reasoning,  any  element  that

eads  to  worsening  of  nasal  function  is  automatically  related
o  poor  tubal  function  and  as  a  factor  related  to  changes  in
he  ME.

Based  on  this  maxim,  historically,  allergic  rhinitis  and
topy  have  been  considered  as  risk  factors  for  the  devel-
pment  of  OME.362---364 This  view,  also  proposed  in  the  2018
onsensus,  continues  without  being  refuted  by  the  new  evi-
ence  published  in  recent  years,  as  follows  without  assuming

 main  role  in  the  pathophysiology  of  OME.19,364---367 There  are
uch  more  complex  issues  than  adequate  tubal  function  in
he  genesis  of  this  disease,  among  which  there  is  still  a  need
or  studies  understanding  the  role  of  inflammatory  disorders
aused  by  atopy,  not  only  in  the  tube  itself,  as  in  the  context
f  the  function  of  the  respiratory  epithelium,  gas  exchange
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nd  mucus  type.  Only  then  there  will  be  room  to  believe  that
he  management  of  allergic  processes  alone  can  resolve  the
ccumulation  of  fluid  in  the  middle  ear.

On  the  other  hand,  it  is  important  to  emphasize  that  the
iagnosis  of  atopy  among  these  patients  continues  to  be  indi-
ated,  as  well  as  its  appropriate  management,  due  to  all
ther  well-defined  factors  that  have  a  positive  impact  on
he  quality  of  life  of  these  individuals.

cute  rhinosinusitis

he  role  of  AR  in  Acute  Rhinosinusitis  (ARS)  is  the  subject
f  several  studies.  Assuming  that  inflammation  of  the  nasal
ucosa  resulting  from  allergic  rhinitis  is  a  risk  factor  for

he  development  of  ARS  is  tempting  and  seems  logical.368

espite  this,  according  to  the  EPOS-2020,  there  appears  to
e  little  evidence  to  define  AR  as  a  risk  factor  for  the  devel-
pment  of  ARS.369 A  systematic  review  published  in  2014
ound  no  evidence  that  correlated  ARS  with  AR.370 In  2020,
nother  systematic  review  in  children  correlated  AR  with  a
reater  predisposition  to  viral  infections  in  the  airway,  such
s  ARS.371

Allergy  can  cause  inflammation  of  the  nasal  mucosa,
mpairing  the  function  of  the  epithelial  barrier  as  well  as
ucociliary  clearance  and,  in  addition,  secondary  impair-
ent  of  the  local  immune  response.  The  mucosa  not  only
as  a  mechanical  barrier  function,  but  also  an  immuno-
ogical  barrier,  modulating  the  innate  immune  response
hrough  the  production  of  cytokines/alarmins.  Furthermore,
nflamed  mucosa  may  have  increased  expression  of  Inter-
ellular  Adhesion  Molecules  1  (ICAM-1),  which  is  a  receptor
or  90%  of  rhinoviruses,  and  deficiency  in  the  production  of
nterferon,  which  has  an  apoptosis  effect  on  infected  cells
nd  promotes  phagocytosis  of  these  infected  cells.371

Fasce  and  colleagues  demonstrated  that  children  treated
ith  cetirizine  had  a  significant  reduction  in  ICAM-1  expres-

ion  in  epithelial  cells,  thus  preventing  relapse  of  rhinovirus
nfections  and  decreasing  the  number  and  severity  of  recur-
ent  respiratory  infections  in  children.372

Barberi  and  colleagues  demonstrated  that  children
reated  with  sublingual  immunotherapy  had  significantly
ewer  respiratory  infections  than  children  treated  for  their
ymptoms  alone.373

According  to  the  International  consensus  statement  on
llergy  and  rhinology:  rhinosinusitis  2021,  AR  contributes  to
RS,  bearing  a  level  of  evidence  C.374

One  caveat  is  that  these  two  diseases  can  coexist  in  the
atient  at  the  same  time  and,  to  confuse  the  diagnosis,
ome  symptoms  overlap  (e.g.,  nasal  congestion,  hyposmia,
ressure  on  the  face).374

hronic  rhinosinusitis  (CRS)

he  role  of  AR  in  CRS  as  a  whole  ---  both  in  CRS  without  Nasal
olyps  (CRSwoNP)  and  in  CRS  with  Nasal  Polyps  (CRSwNP)  ---
s  controversial.375 According  to  the  International  Consensus
tatement  on  Allergy  and  Rhinology:  allergic  rhinitis  2023

ICAR-2023),  the  level  of  evidence  for  the  association  of  AR
nd  CRSwNP  and  AR  with  CRSwoONP  is  D.20

However,  recent  studies  that  used  CRS  subclassification
riteria  into  phenotypes/endotype  point  to  the  CRSwNP  phe-
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otypes  associated  with  the  type  2  inflammatory  response
or  the  possibility  of  association  with  IgE-mediated  allergy.
xamples  of  this  are  Allergic  Fungal  Rhinosinusitis  (AFRS)
nd  Central  Compartment  Atopic  Disease  (CCAD).369,376 For
hese  subtypes,  ICAR-2023  classifies  the  level  of  evidence  as
rade  C.20

Since  AR  is  also  characterized  by  type  2  inflammation  and
his  resembles  eosinophilic  CRSwNP,  a  comparison  between
he  diseases  is  inevitable.  However,  despite  this  overlap  of
mmunological  pathways,  the  mechanisms  by  which  allergy
ay  influence  CRS  are  not  completely  clear.377

entral  Compartment  Atopic  Disease  (CCAD)

CAD  is  a  more  recently  described  variant  of  CRS  and  is
trongly  associated  with  allergy.20 First  described  by  White
nd  colleagues  in  2014  (at  that  time  it  was  not  yet  known
s  CCAD,  this  variant  includes  polypoid  degenerations  of
he  middle  turbinate.378 An  etiological  justification  was  that
llergens  adhered  to  the  anterior  surface  of  the  middle
urbinate  during  the  respiratory  process.  In  this  study,  with
nly  25  patients,  all  tested  positive  for  aeroallergens.  Such
ata  were  confirmed  by  Hamizan  and  collaborators  in  a  sub-
equent  study  with  a  larger  number  of  patients.379

Brunner  and  colleagues  documented  a  greater  associa-
ion  of  sensitization  to  allergens  in  patients  with  isolated
hanges  of  the  middle  turbinate  than  in  those  with  diffuse
olyposis.380 Subsequently,  DelGaudio,  in  2017,  published
n  additional  clinical  description  of  this  disease,  includ-
ng  more  advanced  forms  demonstrating  that  other  central
tructures,  including  the  posterosuperior  nasal  septum,  mid-
le  turbinates  and  superior  turbinates,  are  involved.381 In
his  study,  almost  all  patients  demonstrated  sensitization
o  inhalable  allergens  and  the  term:  ‘‘central  compartment
topic  disease’’  was  introduced.374

A  study  of  radiological  findings  associated  with  CCAD  doc-
mented  that  a  central  pattern  of  mucosal  disease  had  the
reatest  association  with  allergy.382 Overall,  this  central  pat-
ern  of  inflammatory  changes  was  shown  to  have  a  high
ssociation  with  allergy.

llergic  fungal  rhinosinusitis

ungi  are  present  in  all  nasal  passages  of  healthy  individuals
ithout  causing  disease.  In  immunocompetent  individuals,

hey  can  become  pathogenic  when  mucociliary  clearance  is
ompromised,  allowing  them  to  multiply  and  form  a  fungal
all.369

The  immune  response  to  this  fungal  ball  is  similar  to  the
oreign  body  reaction  in  the  affected  paranasal  sinus  (no
pecific  IgE  involved).  However,  another  situation  is  possi-
le  in  predisposed  individuals:  a  hypersensitivity  immune
esponse  may  occur.  Thus,  fungi  can  induce  a  strong  Th2
mmune  response  and,  consequently,  lead  to  a  polypoid
nflammatory  phenotype,  known  as  allergic  fungal  rhinosi-
usitis  (AFRS).369

AFRS  is  a  non-invasive  subtype  of  CRSwNP  that  is  asso-

iated  with  specific  IgE  hypersensitivity  to  fungi.383 The
ost  accepted  criteria  are  the  5  elements  established  by
ent  and  Kuhn:384 (1)  Presence  of  nasal  polyps,  (2)  IgE-
ediated  hypersensitivity  to  fungi  (skin  or  serum  test),  (3)
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osinophilic  mucin  (commonly  there  is  intense  eosinophilic
egranulation  with  formation  of  Charcot-Leyden  crystals),
4)  Presence  of  non-invasive  fungal  structures  and  (5)  radio-
ogical  changes  characteristic  of  the  presence  of  fungi,  such
s  compact  hyperdensities  in  the  paranasal  sinuses.376

Therefore,  according  to  the  criteria  mentioned  above,
ll  patients  with  AFRS  are  allergic  to  fungi.383 Atopy  is  a
re-defining  condition  and  allergic  diseases  such  as  allergic
hinitis  are  quite  common  in  this  group.369 However,  allergic
hinitis  to  fungi  should  not  be  confused  with  AFRS.384

denoid  hypertrophy  and  allergic  rhinitis

haryngeal  tonsil  (adenoid)  hypertrophy  is  considered
athological  when  it  causes  symptoms  of  nasopharyngeal
bstruction.385 Because  adenoids  naturally  shrink  during
dolescence,  children  aged  1---6  years  are  most  commonly
ffected  by  adenoid  diseases.20,385

The  causes  of  adenoid  hypertrophy  in  children  are  not
ully  known.386 They  are  associated  with  immunological
eactions,  hormonal  and  genetic  factors.387 Gastroe-
ophageal  reflux  in  newborns  and  younger  children  may
ontribute  to  adenoid  hypertrophy  as  well  as  passive
moking.387,388

The  question  that  has  been  asked  for  a  long  time  is:
an  allergies  cause  adenoid  hypertrophy?  Many  studies  eval-
ated  the  association  between  adenotonsillar  hypertrophy
nd  allergy,  but  often  reached  inconclusive  results.389

In  a  systematic  review,  De  Corso  and  collaborators
ound  some  flaws  in  previous  studies,  such  as  failure  to
ifferentiate  adenotonsillar  hypertrophy  from  recurrent
onsillitis,  failure  to  discriminate  adenotonsillar  hypertro-
hy  from  isolated  adenoid  hypertrophy  and  isolated  tonsillar
ypertrophy.389 Correcting  these  flaws,  this  review  system-
tically  confirmed  a  link  between  allergy  and  adenotonsillar
ypertrophy  and  isolated  adenoid  hypertrophy;  while  stud-
es  have  described  a  mainly  negative  correlation  between
llergy  and  isolated  tonsillar  hypertrophy.

According  to  ICAR  2023,  the  correlation  between  allergic
hinitis  and  adenoid  hypertrophy  has  grade  C  evidence.20

aryngeal  disease  and  allergic  rhinitis

R  and  inhalant  allergy  have  been  associated  with  laryn-
eal  diseases;  however,  understanding  of  its  precise  role  in
aryngeal  disease  is  limited.388

Allergic  laryngitis  presents  as  laryngeal  inflammation
nduced  by  allergens,  manifesting  with  symptoms  of  cough,
ysphonia,  throat  clearing,  laryngeal  edema  and  globus
haryngeus.20,388

A  South  Korean  national  cohort  study  on  the  risk  of  laryn-
eal  disease  in  patients  with  AR  confirmed  that  AR  is  a  risk
actor.390

The  correlation  between  AR  and  laryngitis  can  be
ttributed  to  the  following  mechanisms:  (1)  Direct  inflam-
atory  reaction  in  the  larynx,  (2)  Increased  mucus
roduction  and  its  passage  through  the  larynx  and  (3)  Sec-

ndary  edema  in  the  vocal  folds.390

Allergic  laryngitis  associated  with  AA  can  be  difficult  to
istinguish  from  other  inflammatory  diseases  such  as  Laryn-
opharyngeal  Reflux  (LPR).  Laryngeal  findings  in  LPR  and
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llergic  laryngitis  may  be  similar.  Laryngeal  edema  and  ery-
hema  and  excessive  thick  mucus  are  often  seen.  However,
hick  endolaryngeal  mucus  may  predict  allergy.20

According  to  a recently  published  review  article,  the
uthors  suggest  that  allergic  sensitization  should  be  consid-
red  in  the  differential  diagnosis  of  patients  with  symptoms
f  chronic  laryngitis  and  LPR  should  not  be  the  only  diagnosis
uggested.391

According  to  ICAR-2023,  the  association  of  AR  and  allergic
aryngitis  is  of  grade  Cevidence.20

sthma  (associated  with  AR  and  non-allergic
hinitis)

he  concept  that  the  upper  and  lower  airway  are  part  of
he  same  anatomical  and  functional  unit  is  consolidated  and
cientifically  supported.153

The  concomitant  presence  of  rhinitis  and  asthma  diseases
nd  characteristics  of  this  relationship,  were  documented
y  the  Allergic  Rhinitis  and  Its  Impact  on  Asthma  (ARIA)  ini-
iative  in  an  international  guideline  published  for  the  first
ime  in  2001.153 Among  other  objectives,  the  ARIA  Guideline
einforces  the  concept  of  united  airway  and  proposes  the
issemination  of  this  knowledge  among  generalists  and  spe-
ialists,  in  addition  to  a  standardized  therapeutic  approach
o  rhinitis.153

More  than  20  years  after  this  hypothesis,  the  same  group
as  recently  discussed  that  rhinitis  associated  with  asthma  is
ifferent  from  rhinitis  alone  and  postulated  it  as  the  ‘‘ARIA-
eDALL  Hypothesis’’.  The  ‘‘Epithelial  Barrier  Hypothesis’’

s  a recent  concept  that  proposes  that  diseases  of  the  upper
nd  lower  airway,  allergic  skin,  intestinal  and  neuropsy-
hiatric  diseases  are  multimorbidity  that  go  together.  This
as  been  demonstrated  by  (a)  Clinical  observations  that  led
o  ARIA;  b)  New  insights  into  polysensitization  and  multi-
orbidity;  (c)  Advances  in  mHealth  for  new  definitions  of
henotypes;  (d)  Confirmation  in  epidemiological  studies;
e)  Genomic  discoveries,  (f)  Treatment  approaches  and  g)
ew  concepts  about  the  emergence  of  rhinitis  and  mul-
imorbidity.  This  hypothesis  has  defined  new  phenotypes,
hich  include  an  extreme  ‘‘allergic’’  phenotype  (asthma)

hat  combines  asthma,  rhinitis  and  conjunctivitis.  Isolated
hinitis  and  the  multimorbidity  of  rhinitis  and  asthma  repre-
ent  two  distinct  diseases  with  the  following  differences:  (a)
enomic  and  transcriptomic  background  (Toll-Like  receptors
nd  IL-17  only  for  rhinitis  as  a  local  disease;  IL-33  and  IL-5
or  allergic  and  non-allergic  multimorbidity  as  a  systemic
isease),  (b)  Patterns  of  sensitization  to  allergens  (mono-
r  pauci-sensitization  vs.  polysensitization),  (c)  Severity  of
ymptoms  and  (d)  Response  to  treatment.392

topic  dermatitis

he  natural  course  of  atopic  diseases  can  be  characterized
y  a  progressive  sequence  of  clinical  signs  that  can  begin
n  the  first  months  of  life  with  Atopic  Dermatitis  (AD),  food
llergy  and  eventually  encompass  the  airway  with  asthma

nd  AR,  with  a  predominance  of  some  symptoms  more  than
thers,  the  so-called  atopic  march.393

AD  can  be  defined  as  a  common  chronic  inflammatory  skin
isease,  with  multifactorial  etiology,  which  manifests  clini-
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ally  with  intense  itching  and  recurrent  eczematous  lesions,
erosis  and  lichenification.  It  begins  in  children  under  two
ears  of  age,  with  a  family  history  of  atopy  and  is  often  the
eginning  of  the  atopic  march.394 Most  of  the  time,  its  diag-
osis  is  clinical  and  with  criteria  that  are  often  little  used
n  clinical  practice,  such  as  the  Hanifin  &  Rajka  criteria.
980  and  1994  UK  working  group  diagnostic  criteria,  among
thers.395,396

In  its  most  severe  and  early-onset  forms,  AD  can  per-
ist  and  reach  adults,  and  it  is  often  associated  with  food
llergies,  asthma  and  allergic  rhinitis.397,398

Many  patients  improve  from  AD  and  become  asymp-
omatic  in  adolescence  when  AR  already  predominates,
eaching  prevalences  of  up  to  60%  of  atopic  adults  followed
fter  15  years  by  Mortz  and  colleagues.399

In  general,  even  with  population  and  age  group  varia-
ions  in  diverse  types  of  studies,  the  latest  international  AR
uideline  concluded,  based  on  prospective,  cross-sectional,
opulation-based  and  observational  studies,  that  there  is  an
ssociation  between  AR  and  AD  with  risk  2---4  times  higher
R  in  patients  with  AD.20

ood  allergy

uspected  Food  Allergy  (FA)  is  a  common  situation  in
hildren,  and  it  can  be  triggered  by  IgE-mediated  or  non-IgE-
ediated  mechanisms.  In  IgE-mediated  cases,  the  history
ay  often  be  suggestive,  but  the  presence  of  IgE  to  the  aller-

ens  is  negative,  or  vice  versa.  In  these  cases,  oral  challenge
ith  the  suspected  food(s)  is  necessary  for  the  adequate
iagnosis  of  FA,  thus  avoiding  the  exclusion  of  foods  that
ay  be  nutritionally  important  for  children.400

The  presence  of  early  allergic  sensitization,  before  two
ears  of  age,  has  been  related  to  the  development  of  several
llergic  diseases,  including  AR  in  children.  More  recently,  it
as  been  observed  in  cohort  studies  that  the  finding  of  food
ensitization  associated  with  aeroallergens  shows  a  greater
isk  in  the  development  of  asthma  and  AR.401---404

Many  cross-sectional  and  even  longitudinal  studies  point
o  what  is  called  the  ‘‘atopic  march’’,  which  shows  the
ppearance  of  new  allergies  throughout  the  child’s  years  of
ife.  In  general,  this  process  begins  with  AD  and/or  FA  and
radually  develops  into  Asthma  (A),  AR  and  more  recently,
osinophilic  esophagitis  has  been  incorporated  into  this
volution.  The  sequence  does  not  always  occur  this  way,
here  may  be  different  initial  diseases  and  evolutions,  some
llergic  diseases  gradually  resolving  or  becoming  less  symp-
omatic  and  AR  tending  to  be  the  symptomatic  allergy  that
ost  predominates  after  adolescence.405

The  ancient  practice  of  excluding  allergenic  foods  (cow’s
ilk,  eggs,  peanuts  and  fish)  in  pregnant  women,  nursing
others  and  even  children  at  risk  has  not  been  shown  to
e  beneficial  in  the  development  of  allergies.  It  is  currently
elieved  that  the  early  introduction  of  certain  allergenic
oods  (peanuts,  eggs,  milk)  may  even  reduce  the  progression
o  FA  and  other  allergic  diseases  in  childhood.393,406

Family  genetics,  alone,  is  not  capable  of  explaining  the

topic  march,  and  epigenetics,  interference  by  environ-
ental  factors  and  the  microbiota  have  been  shown  to  be

mportant  in  this  evolution.  The  concomitant  presence  of
D  and  FA  seems  to  be  more  related  to  the  evolution  of  the
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topic  march  to  the  respiratory  tract  with  the  skin  barrier
reakdown,  the  increase  in  alarmins  (TSLP,  IL-25  and  IL-33),
eduction  of  filaggrins  and  changes  in  the  microbiome.393,407

n  the  case  of  AR,  older  children  and  adolescents  may  often
o  longer  express  the  AD  or  FA  of  early  childhood.393,407

Regardless  of  the  atopic  progression,  we  must  remem-
er  that  some  foods  can  trigger  symptoms  directly  in  the
ral  and  nasal  mucosae,  such  as  what  occurs  in  Oral  Allergy
yndrome  (OAS)  or  pollen-food  allergic  syndrome.  This  syn-
rome  begins  with  the  production  of  IgE  specific  to  pollens,
hich  cross-react  with  several  homologous  proteins  present

n  some  fruits,  vegetables  and  nuts.  The  best-known  pollen-
ruit  cross-reaction  is  related  to  the  presence  of  the  major
irch  pollen  allergen  (Bet  v  1)  and  the  apple  allergen  (Mal

 1).  Its  prevalence  varies  depending  on  the  geographic
egion  of  countries  with  a  predominance  of  pollination,
eing  between  4%  and  20%  among  children,  reaching  up
o  58%  among  adults  in  these  areas.  Anaphylactic  mani-
estations  are  rarer,  but  can  reach  2%---10%.408,409 Although
ncommon  in  Brazil,  this  reaction  should  be  remembered
hen  transient  symptoms  of  oral  and/or  nasal  itching,  local
ngioedema  and  rarely  systemic  symptoms  occur  not  only
ith  fruits,  but  also  with  vegetables,  legumes  and  nuts

carrots,  celery,  soybeans,  peanuts,  bananas,  tomatoes,
ucchini,  among  others)  in  patients  living  in  pollinosis  areas.
n  Brazil,  with  an  almost  exclusive  predominance  of  sen-
itization  to  grass  pollens,  with  little  presence  or  absence
f  exotic  trees  with  allergenic  potential,  the  risk  of  OAS  is
ower  than  where  birch  is  common.  Questionnaire  assess-
ent  among  allergists  in  southern  Brazil  identified  OAS  that
as  repeated  in  diverse  ways,  on  57  occasions,  among  those

tudied.  The  top  five  foods  responsible  were:  watermelon
 (39%),  banana  and  peach  6  (26%),  pineapple  5  (22%),  and
vocado  4  (17%).  Here  2  (9%)  are  associated  with  bee  honey,
elated  to  the  probable  presence  of  pollen.

The  diagnosis  of  OAS  requires  a typical  and  repetitive
istory,  aided  by  the  presence  of  specific  IgE  to  pollens
nd  fruits/foods  (often  using  the  ‘‘prick-to-prick’’  tech-
ique  (due  to  the  lack  of  allergenic  extracts  available  to
erform  the  prick  test)  and  in  some  cases  by  oral  provoca-
ion  test.  Cooking  can  change  the  conformation  of  several
ood  allergens  that  no  longer  cause  symptoms  and  can
ake  diagnosis  difficult  if  not  used  in  their  natural  form.
ore  recently,  the  search  for  specific  components  (CRD  ---
omponent-Resolved  Diagnostics)  may  be  useful  in  diagnos-

ng  cross-reaction  between  these  allergens.
The  exclusion  of  food,  greater  care  and  intensification  of

R  treatment  in  the  pollination  season  are  indicated.  Pollen
mmunotherapy  can  help  reduce  symptoms  in  specific  cases
ut  is  not  routinely  recommended.408,409

Cross-sectional  and  cohort  studies  show  the  association
etween  FA  and  the  progression  to  AR  in  atopic  progress,
specially  with  allergies  to  peanuts  and  fish,  the  persistence
f  which  is  more  common.410,411 IgE-mediated  FA  to  various
oods  may  present,  within  its  clinical  spectrum,  symptoms
f  AR.  The  most  common  symptoms  in  FA  include  skin
anifestations  (acute  urticaria,  erythema,  angioedema),

astrointestinal  manifestations  (diarrhea,  nausea,  vomiting,

bdominal  pain,  oral  itching),  airway  (runny  nose,  tearing,
asal  congestion,  ocular  congestion,  nasal/ocular  itching,
neezing,  wheezing,  coughing,  stridor,  hoarseness)  and  more
arely,  and  associated  with  anaphylaxis,  cardiovascular  and
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Fig.  4  Simplified  schematic  representation  

eurological  changes  (hypotension,  vertigo,  syncope,  tachy-
ardia).  Signs  and  symptoms  appear  within  minutes  to  a  few
ours  and  FA  is  rarely  manifested  solely  and  exclusively  by
asal  or  lower  airway  symptoms.410,411

ough  as  a  symptom  of  rhinitis

t  is  still  debated  whether  rhinitis  can  be  the  cause,  in  iso-
ation,  of  chronic  cough  in  adult  and  pediatric  patients.412

pidemiological  data  are  even  more  scarce,  especially  due
o  the  difficulty  in  demonstrating  rhinitis  as  a  cause  of  cough
n  individuals  where  asthma  may  be  a  reality.412,413

Data  collected  by  the  International  Study  of  Asthma
nd  Allergies  in  Childhood  (ISAAC)  showed  the  association
etween  rhinitis  and  night  cough,  which  was  even  more  sig-
ificant  in  children  who  did  not  have  asthma  (adjusted  OR
95%  CI]:  3.65  [3.36---3.97]  in  children  aged  6---7  years,  3.05
2.79---3.32]  in  those  aged  13---14  years  and  2.69  [2.51---2.88]
n  those  aged  16---17  years),  demonstrating  a  close  asso-
iation  between  rhinitis  and  nocturnal  cough  in  young
hildren  and  adolescents,  and  this  effect  was  independent
f  asthma.413

The  hypothesis,  previously  suggested,  to  explain  the
elationship  between  cough  and  rhinitis,  through  direct
timulation  of  the  nasal  mucosa,  has  been  abandoned,  since
tudies  have  shown  that  sensory  activation  directly  to  the
asal  mucosa  was  not  capable  of  initiating  cough.412,414 It
hould  be  noted  that  other  mechanisms,  other  than  local
timulation  itself,  such  as  post-nasal  drip,  microaspiration
f  inflammatory  aerosol  and  deficits  in  nasal  functions  with
old  and  dry  inhalation,  may  be  involved  in  the  genesis  of
ough  in  rhinitis.412,413

The  currently  most  accepted  mechanism  is  the  sensitiza-
ion  of  the  cough  reflex,  as  an  up-regulation  of  this  reflex,
here  its  activation  threshold  would  be  reduced  and  less

ntense  stimuli  would  be  sufficient  to  cause  or  intensify  the
ough.415,416

The  cough  reflex  sensitivity  threshold  is  measured  by
nhalations  of  increasing  concentrations  of  an  aerosolized
rritant,  commonly  capsaicin  or  acidic  solutions,414,416 and
efined  as  the  lowest  concentration  of  the  irritant  required
o  elicit  a  predetermined  number  of  coughs  (2  and  5
pisodes,  C2---C5).416

Cough  reflex  sensitivity  to  inhaled  capsaicin  is  increased
n  adult  AR  patients  with  normal  lung  function  and
ncreased  further  during  the  pollen  season  in  pollen-

ensitive  patients417 and  also  in  response  to  inhalation  of
arm  humidified  air.418

Repeated  exposure  to  the  allergen  induces  inflamma-
ion  of  the  nasal  mucosa,  with  the  release  of  inflammatory
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e  coughing  mechanism  in  allergic  rhinitis.415

ediators,  which  stimulate  the  neural  pathway  at  multi-
le  levels.  It  is  not  known  exactly  which  afferent  nerves
ediate  the  sensitization  of  the  cough  reflex  from  the  nose.

t  is  believed  that  the  cell  bodies  of  these  nerves  are  the
rimary  afferent  neurons  located  in  the  trigeminal  ganglia
nd  projecting  to  the  nasal  mucosa.  This  afferent  pathway
ould  be  represented  by  C  fibers  (chemoreceptors,  which
xpress  TRPV1)  sensitive  to  capsaicin,  histamine,  and  A�
mechanoreceptors),  starting  a  circuit  that  will  involve  the
NS  and  the  efferent  pathway,  culminating  in  the  ‘‘coughing
ffect’’,  characterized  by  voluntary  and  involuntary  cough-
ng  and  the  urge  to  cough  (Fig.  4).412,415,416

This  ‘‘neuroimmune  communication’’  and  its  involve-
ent  in  the  pathogenesis  of  cough  in  RA  has  been  highlighted

n  the  literature.  The  idea  would  be  that  the  development
f  nasal  hyperresponsiveness  is  linked  to  the  modulation  and
eflexes  of  immune  cells,  where  the  formation  of  ‘‘axonal
eflexes’’  and  ‘‘central  sensitization’’  would  promote  the
evelopment  of  ‘‘neurogenic  inflammation’’.  In  the  last
ecade,  at  the  basic  science  level,  cough  research  has  been
edicated  to  studying  ‘‘cough  plasticity’’,  that  is,  the  mod-
lation  of  the  reflex  response  at  both  peripheral  and  central
evels.412,415,416,419,420

With  this  knowledge  clarified,  studies  have  shown
hat  treatment  of  nasal  inflammation  with  local  corticos-
eroids,  cis-LT1  leukotriene  receptor  antagonists  or  oral
utinoscorbin  significantly  decreased  the  magnitude  of  nasal
ymptoms,  leading  to  desensitization  of  the  cough  reflex  to
re-illness  values.412,415,416,419,420

In  practice,  success  in  treating  coughs  associated  with
hinitis  would  be  achieved  by  ‘‘desensitizing’’  the  cough
eflex  by  controlling  local  inflammation.  Local  corticos-
eroids,  antihistamines  or  cis-LT1  leukotriene  receptor
ntagonists  act  on  most  nasal  symptoms,  reducing  secretion
nd  the  extent  of  nasal  obstruction,  therefore  influencing
ll  the  mechanisms  discussed  (Fig.  4).412,415,416,419,420

reatment

on-pharmacological  treatment

xposure  avoidance  and  environmental  hygiene
R  affects  approximately  400  million  people  worldwide  and

s  a  worldwide  health  concern.421 The  development  of  AR  in
eople  with  atopic  tendencies  is  strongly  influenced  by  their

xposure  to  various  internal  and  external  environmental
actors.422 Hence  the  concern  about  establishing  effective
easures  to  control  environmental  factors,  especially  within

he  home.
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Brazilian  Journal  of  Otorhin

ouse  dust  mites  and  their  allergens
he  ubiquity  of  house  dust  mites  and  their  allergens  in
ust  particles  on  beds,  carpets  and  upholstery  highlights
hem  as  the  most  important  source  of  household  allergens.
he  most  common  mite  species  in  Brazilian  homes  are:
ermatophagoides  farinae,  Dermatophagoides  pteronyssi-
us  and  Blomia  tropicalis.423 In  addition  to  the  predominance
f  HDM,  there  is  a  high  prevalence  of  mite  sensitization  on

 global  basis.424

Like  cockroach  allergens,  and  unlike  pet  allergens,  HDM
llergens  are  carried  in  large  particles  that  deposit  quickly
n  surfaces  (after  15  min),  and  therefore  the  use  of  air  puri-
ers  has  limited  effects  on  their  control.425

HDM  produce  and  excrete  numerous  allergens  into  the
nvironment,  including  cysteine  proteases  such  as  Der  p  1,
er  p  2  and  serine  proteases  such  as  Der  p  3,  6  and  9.
here  is  cross-reactivity  between  allergens  from  various  dust
ite  species  (Dp  and  Df),  and  because  mites  are  members
f  the  arthropod  family,  they  contain  tropomyosin  (Der  p
0),  which  is  cross-reactive  with  other  arthropods,  such  as
rustaceans  and  cockroaches.422

The  mechanisms  by  which  HDM  allergens  can  provoke
llergic  and  inflammatory  reactions  or  even  facilitate  sensi-
ization  to  other  allergens  include  the  rupture  of  epithelial
ight  junctions,  the  activation  of  the  innate  and  adaptive
mmune  system  and  the  promotion  of  a  Th2  response.426,427

Reducing  the  concentration  of  HDM  and  its  allergens  is
he  first  line  of  measures  that  must  be  implemented,  and
he  focus  must  be  directed  to  mattresses  and  bedding.
attresses  are  considered  the  largest  reservoir  of  HDM  aller-
ens,  as  they  are  the  place  where  individuals  spend  most
f  their  time.428 Waterproof  covers  for  mattresses  and  pil-
ows  serve  to  keep  dust  mites  and  their  allergens  away  from
ontact  with  the  airway.  The  best  dust  mite  covers  are  made
f  fabrics  with  pores  small  enough  to  prevent  the  passage  of
DM  and  its  allergens  (<10  microns),  but  which  allow  the
assage  of  steam,  providing  greater  comfort  to  the  user.
overs  with  pores  <6  microns  are  also  capable  of  blocking
he  passage  of  cat  allergens,  Fel  d  1.429

Washing  bedding  weekly  in  hot  water  removes  new  aller-
ens  and  is  acaricidal.  Warm  water  already  removes  most
DM  allergens,  without  the  risk  of  burns.430 An  effective
caricide  strategy  is  drying  clothes  in  a  dryer.431

HDMs  survive  in  humid  environments  as  they  are  a source
f  water  for  them  and  reducing  humidity  to  levels  of  45%
r  less  drastically  reduces  mite  proliferation.432 If  indoor
umidity  increases  for  at  least  1.5  h  per  day,  such  as  occurs
uring  cooking  or  bathing,  dust  mites  can  survive.  If  high
umidity  in  the  home  persists  for  3  h/day,  dust  mites  can  lay
heir  eggs  in  the  environment.  To  determine  indoor  humidity,
ndividuals  must  have  a  hygrometer  in  the  room.422

The  second  line  of  interventions  includes  work  on  carpets
nd  upholstery.  Weekly  vacuuming  is  essential  in  preventing
he  accumulation  of  HDM  and  other  aeroallergens.  Vacuum-
ng  does  not  remove  all  live  HDM,  but  it  does  remove  its
llergens  in  the  form  of  fecal  particles.433

The  use  of  acaricides  and  tannic  acid  has  limited  effects
nd  is  difficult  to  use.  Miticides  kill  surface  mites  when

pplied  to  carpets,  mattresses  and  upholstery  surfaces.
owever,  apart  from  a  modest  drop  in  the  total  amount
f  HDM  allergens,  the  effects  last  for  a  maximum  of  three
onths.422
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Physical  measures  such  as  freezing,  heating  and  desicca-
ion  are  only  theoretical,  without  scientific  proof.

ets  (furry  pets)
he  most  common  pets  are  cats  and  dogs,  although  the
resence  of  hamsters,  pigs,  cockatiels,  among  others,  is
bserved  in  some  homes.  Domestic  animal  allergens  are
arried  into  the  environment  in  small  particles  and  most
emain  suspended  in  the  air,  even  with  little  movement
n  the  environment.  The  main  dog  and  cat  allergens,  Can

 1  and  Fel  d  1,  respectively,  in  developed  countries,  are
biquitous  in  homes  and  public  environments,  most  likely
ue  to  the  passive  transfer  of  the  clothing  of  the  person  in
ontact  with  the  animal  to  other  environments.434 There-
ore,  allergy  to  these  proteins  is  considered  a  public  health
roblem.435

Fel  d 1  is  produced  in  the  sebaceous,  anal  and  sali-
ary  glands  and  transferred  to  the  hair  by  animal’s  licks.436

hile  Fel  d  1  suspended  in  the  air  is  mainly  associated  with
arge  particles  (>9  �m),  around  23%  of  the  suspended  por-
ion  it  is  carried  in  small  particles  (<4.7  �m  diameter)  that
emain  in  the  air  for  days.437 In  any  case,  homes  where
here  is  a  domestic  animal  have  much  higher  levels  of  aller-
ens  than  homes  without  pets.  There  is  great  variability
n  Can  f  1  levels  according  to  the  breed  of  the  animal,
ut  there  is  no  evidence  that  a  hypoallergenic  dog  breed
xists.438

Among  environmental  interventions  to  control  domestic
nimal  allergens,  the  first  recommendation  would  be  not  to
eep  the  animal  in  the  patient’s  home.  This  attitude  sig-
ificantly  reduces  the  concentration  of  allergens,  and  it  is
ssociated  with  a  drop  in  airway  hyperresponsiveness,  with  a
eduction  in  the  dose  of  inhaled  corticosteroid  for  control.439

he  substantial  reduction  in  the  levels  of  pet  allergens  in
he  environment  can  take  up  to  six  months,  for  example:
bility  of  the  allergen  in  question  to  remain  in  suspension
nd  also  adhere  to  surfaces.  The  doctor  must  be  sensitive
hen  proposing  the  separation  of  the  animal  as  this  is  often

mpossible.  Therefore,  other  recommendations  (with  less
ffectiveness)  follow,  such  as  keeping  the  animal  outside
he  patient’s  bedroom  and  the  use  of  high-power  air  purifiers
ith  HEPA  filters.425 It  is  necessary  to  ensure  that  the  puri-
er  used  does  not  cause  the  movement  of  particles  already
ettled  on  surfaces,  into  the  environment.440

The  relationship  between  exposure  to  cat  allergens  and
llergic  sensitization  is  complex.  Some  variables  in  this
ase  are  related  to  the  allergen  itself,  such  as  its  biolog-
cal  activity,  the  moment  of  contact  and  the  duration  and
ntensity  of  exposure.441 A  recent  study  found  a  connection
etween  exposure  to  pet  allergens  in  children  and  epige-
etic  modifications,  with  a  lower  probability  of  developing
R  in  preschool  children.442 The  main  explanation  regarding
llergy  prevention  in  children  exposed  to  dogs  and  cats  in  the
rst  years  of  life  is  that  early  exposure  to  large  quantities
f  aeroallergens  could  train  the  immune  system  to  become
olerant  (to  the  allergen  in  question).443
ockroaches
ermanic  and  American  cockroaches  are  common  in  urban
reas  and  produce  the  main  allergens  Bla  g  1,  Bla  g  2  and
er  a 1,  respectively.
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Measures  in  the  integrated  management  of  these  insects
nclude  closing  drains  and  gaps,  eliminating  sources  of  water
nd  food  and  applying  baits  and  products  licensed  for  use.444

ungi
he  fungi  most  detected  in  homes  are:  Cladosporium
pp,  Penicillium  spp,  Aspergillus  spp  and  some  species  of
lternaria  spp.445 The  genera  Alternaria  and  Cladosporium
re  also  found  in  external  environments.  Sensitization  and
xposure  to  fungi  are  associated  with  the  development  of
sthma  and  rhinitis,  as  well  as  ‘‘epidemics’’  of  asthma
ttacks.446

Measures  to  control  fungi  in  homes  involve  good  ven-
ilation,  sunny  environments,  cleaning  visible  fungi  with
hlorine  and  controlling  indoor  humidity.  This  control  can
e  done  with  air  purifiers  with  a  filter.446

ollutants
limate  change  and  pollutants  can  alter  plant  physiology,
esulting  in  longer  pollination  duration  and  more  allergenic
ollens.447 These  factors  can  increase  patient  sensitization
nd  symptoms  in  allergic  patients.

The  most  common  air  pollutants  in  urban  areas  are  Nitro-
en  dioxide  (NO2),  Ozone  (O3)  and  Particulate  Matter  (PM,
hile  Sulfur  dioxide  (SO2)  originates  from  industrial  activi-

ies  and  traffic  energy  sources  (combustion  of  coal  and  oil).
It  is  estimated  that  diesel  exhaust  represents  up  to  80%  of

he  material  to  which  humans  are  exposed.448 Exposure  to
nvironmental  elements,  considered  as  ‘‘the  exposome’’,
reatly  affects  the  balance  of  mucous  membranes.449 Air
ollution,  particulate  materials  from  Diesel  Exhaust  (DEP),
elated  air  pollutants  (TRAPs),  O3,  NO2 and  SO2 can  cause
rritation  to  the  mucous  membranes,  increased  mucosal
ermeability  (barrier  breakdown)  and  impaired  mucocil-
ary  transport,  facilitating  the  penetration  of  allergens  and
reater  interaction  with  immune  system  cells.450

Individuals  with  AR  exhibit  nasal  hyperreactivity,  making
hem  more  responsive  to  inhaled  irritants.  Smoke  generates

 lot  of  Particulate  Matter  (PM)  in  the  environment,  as  do
as  stoves,  which  are  the  biggest  sources  of  NO2 within  the
ome.

Interventions  in  homes  to  reduce  PMs  include  smoking
essation  guidelines.  When  this  is  not  possible,  we  advise
ou  to  use  air  purifiers  with  a  HEPA  filter.  Reductions  in  NO2

an  be  achieved  by  placing  gas  ovens  and  stoves  outdoors  or
witching  to  electric  stoves.

Many  controlled  studies  show  the  importance  of  envi-
onmental  control  of  aeroallergens  in  previously  sensitized
ndividuals  with  asthma  and/or  rhinitis.  There  is  evidence
f  lower  exposure  to  allergens  when  multifaceted  methods
re  used  with  a  combination  of  techniques  in  environmental
ontrol.  These  techniques  involve  repetitive  and  sequen-
ial  interventions  and  should  be  recommended  for  patients
ensitized  to  HDM,  with  allergic  manifestations.  Combined
nterventions  to  reduce  HDM  allergens  from  environments
nclude  maintaining  indoor  humidity  at  35%---50%,  weekly

ashing  of  bedding  to  remove  dust  mites  and  allergens,

egular  vacuuming  (HEPA  filters),  use  of  special  covers  in
attresses  and  pillows  and  air  purifiers  (HEPA  filters),  when
ecessary.422
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asal  Wash
asal  lavage  with  saline  solution  has  been  used  empirically
or  centuries  to  treat  various  nasal  and  sinus  conditions.
s  it  is  a  cheap,  practical  and  well-tolerated  method,  it
as  become  widespread,  and  in  recent  years  there  has
een  growing  interest  in  studying  its  mechanisms  of  action.
he  main  and  clearest  thing  is  cleaning  the  nasal  cavities,
acilitating  the  removal  of  pathological  secretions  and  con-
equently  promoting  symptomatic  relief  to  patients.369

In  inflammatory  and  allergic  rhinitis,  nasal  washing  also
romotes  the  removal  of  inflammatory  mediators  present  in
he  nasal  mucus  and  allergens  present  in  the  nasal  cavity,
hus  reducing  the  allergic  stimulus.369 The  regular  use  of
asal  saline  solutions  improves  nasal  symptoms,  the  duration
f  mucociliary  clearance  and  the  quality  of  life  of  patients
ith  allergic  rhinitis.20

Saline  solutions  for  nasal  use  differ  from  each  other  in
elation  to  osmolarity,  and  can  be  hypotonic  (<0.9%),  iso-
onic  (0.9%),  or  hypertonic  (>0.9%,  the  most  used  being  those
t  2%  and  3%).  Furthermore,  the  pH  can  be  adjusted,  ideally
t  should  remain  neutral  or  slightly  alkaline  (between  7  and
).  Saline  solution  (water  and  sodium  chloride  only,  at  0.9%)
as  a  pH  of  around  6,  that  is,  slightly  acidic.20,369,374

In  general,  the  most  widely  used  solution  is  isotonic,
hich  guarantees  a  good  cleaning,  humidifying  effect  and

 certain  decongestant  effect  on  the  mucosa,  being  the
ost  comfortable  to  use,  as  it  does  not  cause  nasal  burning.
asal  lavage  with  hypertonic  solution  also  causes  an  effect
f  increasing  mucociliary  clearance  and  some  studies  claim
hat  this  effect  is  superior  to  that  of  isotonic  solution,  but  it
s  uncertain  whether  this  in  vitro  superiority  translates  into
linical  superiority.  Hypertonic  solutions  also  have  a  superior
ffect  on  mucosal  humidification,  as  they  cause  the  trans-
ort  of  water  molecules  from  the  cells  of  the  nasal  mucosa
rom  the  intracellular  to  the  extracellular  environment.  For
he  same  reason,  the  decongestant  effect  is  more  intense  by
educing  mucosal  edema.  On  the  other  hand,  use  in  patients
ithout  edema,  and/or  for  a  prolonged  period  of  time,  can
ause  dehydration  and  mucosal  irritation.  Therefore,  the
se  of  hypertonic  solution  is  usually  reserved  for  patients
ith  intense  edema  (e.g.,  acute  rhinosinusitis,  rhinitis  drug)
r  need  for  intense  humidification  (e.g.,  presence  of  crusts),
nd  normally  for  a  shorter  period  of  time  (days  to  a  few
eeks).451,452

The  major  limitation  in  the  use  of  hypertonic  solutions
s  the  patients’  discomfort,  burning,  which  becomes  more
ntense  as  the  sodium  concentration  increases.  The  age
roup  of  the  patients  is  also  a  crucial  factor,  as  children  are
enerally  less  compliant  with  the  use  of  the  hypertonic  solu-
ion.  For  the  treatment  of  rhinitis,  isotonic  solutions  with  a
eutral  pH  or  buffered  with  a  slightly  alkaline  pH  have  been
hown  to  be  better  for  nasal  symptoms  and  mucociliary  func-
ion  than  hypertonic  solutions,451 especially  for  long-term
se.

Regarding  volume,  nasal  lavage  can  be  low  or  high  vol-
me,  with  high  volume  being  considered  for  adults  when
round  100  mL  per  nostril  is  used.  To  date,  there  are  no
andomized,  placebo-controlled  clinical  trials  that  have

ompared  the  effects  in  the  treatment  of  rhinitis  when  using
pray  washing  or  high-volume  devices.  Considering  that  the
asal  secretion  of  patients  with  rhinitis  is  usually  fluid  and
asy  to  eliminate,  the  most  recommended  wash  is  the  one
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hat  the  patient  feels  comfortable  performing,  facilitating
reatment  compliance.

A  recent  meta-analysis  confirmed  the  benefits  of  nasal
ashing  in  the  control  of  patients  with  rhinitis,  includ-

ng  in  association  with  drug  treatment,  as  the  combination
f  washing  and  corticosteroid  sprays  was  superior  to  the
solated  use  of  medication.453 Nasal  washing  with  saline  solu-
ion  also  plays  an  important  role  in  prevention,  as  it  can
romote  a  substantial  reduction  in  the  use  of  medications
o  control  the  condition,  and  the  improvement  in  symptoms
an  be  similar  to  the  use  of  antihistamines.19 Therefore,  the
egular  use  of  nasal  saline  solutions  can  contribute  to  the
eduction  in  episodes  of  rhinitis,  preventing  disease  recur-
ence.

In  summary,  considering  that  to  date  there  are  several
tudies  demonstrating  the  benefit  of  using  nasal  washes  in
atients  with  allergic  rhinitis,  their  use  is  strongly  recom-
ended  for  these  patients.20,451,454

robiotics
ccording  to  the  hygiene  hypothesis,  signals  from  environ-
ental  exposure  (rural,  farm  environment)  and  microbiota

ontaining  more  abundant  and  diverse  bacteria  would  pro-
ide  intense  signals  for  the  development  of  a  regulatory
esponse  (tolerance),  while  the  urban  environment  and/or

 ‘‘Westernized’’  microbiota  would  not  induce  this  type  of
esponse,  directing  the  immune  balance  towards  an  inflam-
atory  response.  Tolerance  promotes  a  healthy  immune

esponse,  while  in  its  absence  an  inflammatory  profile  devel-
ps  that  can  lead  to  inflammatory  airway  disease,  such  as
llergic  rhinitis  and  asthma.455,456

Probiotics  induce  immunomodulatory  effects  on  gut-
ssociated  lymphoid  tissue.  The  gut  microbiome  and  the
mmune  system  interact  through  dendritic  cells,  regulatory
-cells,  bacterial  metabolites,  and  cytokines.  Exposure  to
robiotics  induces  a  Th1  response  via  IL-12,  IFN-�, with
pregulation  of  Treg  cells  via  IL-10  and  TGF-�. Furthermore,
he  allergy-associated  Th2  pathway  is  suppressed  by  down-
egulation  of  IL-4,  tIgE,  IgG1,  and  IgA.457

Numerous  randomized  controlled  trials  have  examined
he  therapeutic  role  of  probiotic  administration  for  con-
rolling  AR  symptoms.  Several  high-quality  meta-analyses
ave  been  performed  with  aggregated  data  from  random-
zed  controlled  trials.  Results  in  children  and  adults  have
een  mixed.

Systematic  review  with  meta-analysis  evaluated  whether
he  use  of  probiotics  in  patients  with  AR  was  capable
f  modifying  the  Total  Nasal  Symptoms  Score  (TNSS),  the
uality-of-life  score  (Rhinitis  quality  of  life  questionnaire;
QLQ),  the  eosinophil  count  in  the  blood,  the  levels  of
pecific  and  total  IgE.  A  total  of  2,708  patients  were
ncluded  in  30  randomized  trials.  The  results  of  the  meta-
nalysis  showed  significant  improvement  in  RQLQ  scores,
QLQ  nasal  scores  and  TNSS  in  the  probiotic-treated  group.
owever,  there  were  no  differences  in  serum  eosinophil
ounts,  RQLQ  ocular  scores,  TNSS  ocular  scores,  total  and
pecific  serum  IgE  levels.458 Thus,  the  authors  conclude

hat,  in  comparison  with  the  placebo  group,  quality  of
ife  and  symptoms  of  patients  with  AR  improved  signifi-
antly  in  the  probiotic  group.  However,  due  to  limited
vidence  for  study  results,  research  heterogeneity,  and  dif-
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erences  in  research  results,  more  high-quality  studies  are
eeded.

Another  systematic  review  with  meta-analysis  aimed
o  verify  the  efficacy  and  safety  of  probiotics  in  AR.
wenty-eight  studies  were  included.  The  results  showed
hat  probiotics  significantly  alleviated  the  symptoms  of  AR,
ecreased  the  RQLQ  score,  increased  the  proportion  of  T
elper  cells,  but  without  differences  in  serum  levels  of  total
nd  specific  IgE.459 The  authors  concluded  that  supplemen-
ation  with  probiotics  appears  to  be  effective  in  improving
R  symptoms  and  quality  of  life,  but  there  is  great  hetero-
eneity  in  some  results  after  subgroup  analysis  and  clinicians
hould  be  cautious  when  recommending  probiotics  in  the
reatment  of  AR.

harmacological  treatment

ntihistamines  (Anti-H1)
1  anti-H1  drugs  are  considered  first-line  medications  in  the
reatment  of  AR.21,28,275,460 They  interfere  with  the  action  of
istamine  on  sensory  nerve  endings,  the  parasympathetic
eflex  stimulation  of  glandular  secretions,  vasodilation
nd  the  increase  in  post-capillary  permeability,  effectively
elieving  the  main  symptoms  of  the  immediate  phase  of  AR
uch  as  nasal  itching,  sneezing,  rhinorrhea  and  associated
ye  symptoms.  On  the  other  hand,  they  have  negligible
ffect  on  nasal  blockage,  a  characteristic  symptom  of  the
ate  stage  of  the  disease.  In  addition  to  these  actions,  they
egatively  regulate  nasal  allergic  inflammation  by  redu-
ing  the  expression  of  inflammatory  cytokines,  adhesion
olecules  and  the  activation  of  epithelial  cells,  eosinophils,
asophils,  mast  cells  and  T  cells.461---463

Due  to  their  mechanism  of  action,  they  are  defined  as
istamine  reverse  agonists,  shifting  the  balance  of  their
eceptor  to  an  inactive  state  and,  as  a  consequence,  redu-
ing  their  constitutive  activity.464

They  have  been  used  since  the  1940s  and  numerous
ontrolled  clinical  studies,  meta-analyses  and  systematic
eviews  have  established  their  effectiveness  in  children  and
dults  for  relieving  the  symptoms  of  AR,  whether  intermit-
ent/persistent  and/or  mild/moderate.327,463---471

H1  anti-H1s  can  be  classified  as  classic  or  first  generation
sedating)  and  non-classic,  or  second,  or  third  generation
non-sedating)  based  on  their  passage  through  the  Blood-
rain  Barrier  (BBB)  and  consequent  activity  on  the  central
ervous  system.431---463

Compared  to  first  generation  oral  H1  anti-H1s  (e.g.,
iphenhydramine,  hydroxyzine  and  chlorpheniramine),  the
ewer  compounds  have  low  passage  through  the  BBB  with
ew  adverse  effects  on  the  central  nervous  system,  high
otency  and  long  duration  of  action.  Furthermore,  they  have

 high  affinity  for  H1  receptors,  with  little  or  no  anticholin-
rgic,  antidopaminergic  and  antiserotonergic  effects.  The
ide  effects  of  the  first  generation  of  H1  anti-H1s  may  be
ven  more  pronounced  in  the  elderly,  where  polypharmacy
epresents  an  additional  problem  for  their  use.461---463,472---474

Considering  their  excellent  safety  profile  and  therapeutic

dvantages  in  the  treatment  of  rhinitis,  different  evidence-
ased  guidelines  recommend  that  new  generation  H1  anti-
1s  should  always  be  prioritized  over  older  compounds,  in
ll  age  groups.20,21,275,280,460,475,476
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Table  5  Main  second-generation  antihistamines  for  oral  use.

Anti-H1 Description
Dosage  and  administration

Children  Adults

Cetirizine
Oral  solution  1  mg/mL  2---6  years:  2.0  mg/12  h

>12  years:
10 mg/day

Drops 10  mg/mL  6  to  12  years:  5  mg/12  h
Pills. 10  mg

Levocetirizine
Drops  5  mg/mL

2---6  years:  5  drops/12  h
>6  years:  20  drops  or  1  pill
1×/dayPills. 5  mg

Loratadine
syrup  1  mg/mL Older  than  2  years ≥30  kg:  10  mg/day
Pills. 10  mg <30  kg:  5  mg/day

Desloratadine

Syrup  0.5  mg/mL
6  months  and  2  years:  1  mg
1×/day  (2  mL  or  16  drops)

6---12  years:  2.5  mg
1×/day  (5  mL  or  40  drops)

Drops 1.25  mg/mL

Pills.  5  mg
2---6  years:  1.25  mg  1×/day
(2.5  mL  or  20  drops)

>12  years:  5  mg/day  (10  mL
or 80  drops)

Fexofenadine
Oral suspension  6  mg/mL 6  months  to  2  years:  15  mg

(2.5  mL)/12  h
6---12  years:  60  mg/day

Pill. 60,  120  and  180  mg  2---11  years:  30  mg
(5  mL)/12  h

>12  years:  120  mg/day

Ebastine
Oral solution  1  mg/mL  2---6  years:  2.5  mg  1×/day

>12  years:  10  mg/day
Pills 10  mg  6---12  years:  5  mg  1×/day

Bilastine
Pills.  20  mg  ≥12  years:  20  mg/day 1h  before  or  2  h  after

meals*Oral solution  4  mg/mL  >6  years  and  >20  Kg:
10mg/day
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Rupatadine  Pill.  10  mg  

In  2021,  a  regulatory  instruction  from  the  Brazilian  Min-
stry  of  Health  approved  most  new  generation  H1  anti-H1s  as
ver-the-counter  formulations,  making  them  available  with-
ut  a  prescription.  This  change  could  promote  a  reduction
n  the  cost  of  these  medications  for  patients  and  improve
ccess  as  a  treatment  option  for  AR.477

The  doses  of  the  main  second-generation  H1  anti-H1s
sed  in  the  treatment  of  AR  in  adults  and  children  and  their
linical  and  pharmacological  characteristics  are  described
espectively  in  Tables  5  and  6.

In  addition  to  oral  formulations,  H1  anti-H1s  for  topical
asal  and  ocular  use  are  therapeutic  alternatives  for  the
reatment  of  AR  and  associated  ocular  symptoms.  Intranasal
1  anti-H1s  (INS)  have  similar  efficacy  to  oral  compounds,
ut  have  the  therapeutic  advantage  of  a  faster  onset  of
ction  (up  to  15  min)  and  greater  effectiveness  in  controlling
asal  obstruction,  and  may  be  beneficial  in  some  types  of
on-infectious  allergic  rhinitis  (e.g.,  drug-induced  rhinitis,
ustatory).478---481

Most  studies  show  that  anti-H1  INS  are  superior
o  Intranasal  Corticosteroids  (INC)  in  controlling  sneez-
ng,  itching,  rhinorrhea  and  ocular  symptoms,  but  less
ffective  than  the  latter  in  reducing  nasal  obstruction.
he  reported  adverse  effects  are  mild  and  uncom-
on  (e.g.,  drowsiness,  headache,  epistaxis)  occurring  in

ess  than  10%  of  patients  treated  with  azelastine  or
lopatadine.  However,  compliance  to  treatment  may  be
ompromised  due  to  the  bitter  taste  and  altered  taste

dysgeusia).482---484

The  main  representatives  of  this  group  of  anti-H1  are  aze-
astine,  olopatadine  and  levocabastine.  We  currently  do  not
ave  isolated  intranasal  antihistamine  formulations  on  the
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≥12  years:  10  mg/day

razilian  market,  only  azelastine  hydrochloride  in  combina-
ion  with  fluticasone  propionate  (Table  7).

econgestants
asal  decongestants  are  drugs  belonging  to  the  group  of
drenergic  or  adrenomimetic  stimulants,  whose  main  action
s  vasoconstriction  that  produces  rapid  relief  of  nasal  block-
ge  in  AR.485 According  to  the  route  of  application,  they  are
ivided  into  two  groups:  oral  (systemic)  and  nasal  topical
intranasal).

ystemic
he  most  commonly  used  compounds  are  pseudoephedrine
nd  phenylephrine.  Both  are  vasoconstrictor  sympath-
mimetics  that  differ  in  their  selectivity  for  adrenoceptors.
hen  acting  systemically,  they  can  lead  to  side  effects  such

s  insomnia,  headache,  nervousness,  anxiety,  tremors,  pal-
itations,  urinary  retention,  increased  blood  pressure  and
ther  adverse  effects.486,487

Pseudoephedrine  belongs  to  the  amphetamine  family  and
hould  be  used  with  caution  due  to  its  psychotropic  action
nd  potential  cardiovascular  side  effects.  In  general,  its  use
s  not  recommended  for  patients  under  four  years  of  age,
ue  to  the  greater  risk  of  toxicity,  and  extended-release  for-
ulations  with  doses  of  120  mg  are  not  recommended  for

hildren  under  12  years  of  age.485,488 Study  in  adults  with
easonal  AR,  the  use  of  different  doses  of  phenylephrine,
ssociated  with  anti-H1  did  not  show  a  decongestant  effect

uperior  to  placebo.489

In  summary,  although  not  recommended  as  a  routine
edication,  pseudoephedrine  may  be  effective  in  reducing
asal  congestion  in  patients  with  AR.  However,  it  should  only
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Table  6  Clinical  profile  and  pharmacological  characteristics  of  second-generation  anti-H1  agents.

Name  Action  onset
(h)

Action
duration  (h)

½ life
clearance
(h)

Interaction
with  food

Interaction
with  drugs

Dose
adjustment
conditions

Contra-
indications

Use  in
pregnancyc

Cetirizine  0.7  >24  6.5  +  10  NO  Unlikely  LF,  KF  Severe  RF  B
Levocetirizine 0.7  >24  7  +  1.5  NO  Unlikely  LF,  KF  Severe  RF  B
Loratadine 2  >24  7.8  NO  Unlikely  LF,  KF  NO  B
Desloratadine 2  >24  27  NO  Potential  (CYP3A4,  CYP2D6)  LF,  KF  NO  C
Fexofenadine 1---3  >24  11---15  May  happena May  happenb NO  NO  C
Bilastine 1  24  14.5  May  happena May  happenb NO  NO  Caution  Limited  data
Ebastine 2  >24  15---19  NO  Caution  Caution  LF,  KF  Severe  LF  C
Rupatadine 0.75  >24  6  (4.3---13.0)  NO  N/A  G,  LF,  KF  G,  KF,  LF  C

G, Geriatric Population; LF, Liver Failure; KF, Kidney Failure; N/A, Not Available.
a Fexofenadine and bilastine are substrates for P-glycoprotein (Pgp) and concomitant ingestion with some foods that serve as a substrate for Pgp (grapefruit, bitter orange juice) can

modify its bioavailability.
b It is recommended to wait a period of approximately 2 h between administrations of fexofenadine hydrochloride and antacids containing aluminum and magnesium hydroxide. The

concomitant use of ritonavir or rifampicin can reduce the plasma concentration of bilastine, and rupatadine may interact with ketoconazole and erythromycin.
c Pregnancy risk category according to the North American FDA. Adapted from references.473,474

Table  7  Main  second-generation  H1  anti-H1s  for  topical  nasal  and  ocular  use.

Anti-H1 Description
Dosage

Children  Adults

Nasal  topical  Spray
Azelastinea 1  mg/mL  ≥6  years:  1  squirt  in  each  nostril  12/12  h  1  squirt  in  each  nostril  2/12  h
Levocabastinea 0.5  mg/mL  ≥6  years:  1  squirt  in  each  nostril  12/12  h  ≥12  years:  2  squirts  in  each  nostril  2/12  h
Olopatadine 6---11  years:  1  squirt  in  each  nostril12/12  h  ≥12  years:  2  squirts  in  each  nostril  2/12  h
Fluticasone +  azelastine
association

50  mcg/FLU ≥6  years:  1  squirt  in  each  nostril
12/12  h

1  squirt  in  each  nostril  12/12  h
137 mcg/AZE/dose

Topical  eye  drops
Ketotifen  0.25  and  0.5  mg/mL  >3  years:  1  drop  on  each  eye  2  to  3×/day  (maximum  6  weeks)  1  drop  on  each  eye  2  to  3×/day
Emedastine 0.5  mg/mL  Older  than  3  years:  1  drop  on  each  eye  2×/day  1  drop  on  each  eye  2×/day
Olopatadine 1  mg/mL  Older  than  3  years:  1  drop  on  each  eye  2×/day  1  drop  in  each  eye  2×/day
Alcaftadine 2.5  mg/mL  ≥2  years:  1  drop  on  each  eye  1×/day  1  drop  in  each  eye  1×/day

FLU, Fluticasone; AZE, Azelastine.
a Not available in Brazil.
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be  used  as  a  short-term  treatment  or  as  rescue  therapy  after
evaluating  the  risks  and  benefits  for  each  patient  (comor-
bidities),  or  as  an  alternative  for  those  using  intranasal
decongestant  therapy.20

In  Brazil,  systemic  decongestants  are  only  available  in
combination  with  first  or  second  generation  H1  antihis-
tamines  as  shown  in  Tables  8  and  9.

Intranasal
Intranasal  Decongestants  (INDCs)  such  as  oxymetazoline,
xylometazoline  and  phenylephrine  are  �-adrenergic  agonists
that  act  as  topical  vasoconstrictors,  reducing  edema  of  the
nasal  mucosa.  When  used  in  the  short  term,  they  reduce
nasal  congestion/blockage,  with  little  or  no  effect  on  other
AR  symptoms.  The  onset  of  action  occurs  within  10  min,  and
the  duration  of  the  effect,  depending  on  the  drug,  can  last
up  to  12  h.490,491

These  medications  can  cause  important  cardiovascular
effects,  as  well  as  on  the  central  nervous  system,  and  are
contraindicated  in  children  under  six  years  of  age.  They
should  also  be  avoided  in  the  elderly,  due  to  the  higher  inci-
dence  of  hypertension  and  urinary  retention  with  their  use
in  this  age  group.485

Although  effective  for  the  short-term  relief  of  nasal
congestion  in  patients  with  AR  during  an  acute  attack,  INDCs
should  be  used  for  a  maximum  of  five  days  as  the  risk
of  rebound  medicinal  rhinitis,  which  is  often  difficult  to
resolve,  increases  after  longer  use.492

Association  of  H1  antihistamines  and  oral  decongestants
Antihistamines  can  be  administered  in  combination  with
Systemic  Decongestants  (SD)  when  nasal  obstruction  con-
trol  is  not  achieved.  In  general,  these  combinations  are
more  effective  than  any  oral  H1  anti-H1  or  SD  alone,
as  they  improve  nasal  congestion  and  total  AR  symptom
scores.493---496

On  the  other  hand,  the  addition  of  a  SD  to  an  anti-H1,
especially  first  generation,  can  cause  or  amplify  side  effects

Table  8  First  generation  H1  antihistamines  associated  with  oral  

Association Description

Azatadine  +
Pseudoephedrine

Tablets  1  mg  azatadine  +120  mg
pseudoephedrine
Syrup 0.5  mg  azatadine  +30  mg
pseudoephedrine/mL

Brompheniramine
+ Phenylephrine

Syrup  5  mL  c/2  mg  bromphenirami
+  5  mg  phenylephrine
Drops 1  mL  c/2  mg  bromphenirami
+  2.5  mg  phenylephrine
Pills: 12  mg  brompheniramine  + 15
phenylephrine

Brompheniramine
+ Pseudoephedrine

Syrup  1  mL  c/2  mg  bromphenirami
+  3  mg  pseudoephedrine
Tablets with  4  mg  brompheniramin
60 mg  pseudoephedrine

Triprolidine +  Pseudoephedrine  Pill:  2.5  mg  triprolidine  +  60  mg
pseudoephedrine
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uch  as  insomnia,  headache,  dry  mouth  and  nervousness,
ypertension,  benign  prostatic  hypertrophy,  and  should  be
voided  in  patients  younger  than  12  years  or  during  preg-
ancy.  Furthermore,  it  can  induce  tolerance  through  its
hronic  use.497

The  main  combinations  of  first  and  second  generation
1  antihistamines  and  oral  decongestants  are  listed  in
ables  8  and  9.

pratropium  bromide
t  is  a  synthetic  quaternary  ammonium  derivative  related  to
tropine  that  has  anticholinergic  action  on  trigeminal  secre-
omotor  fibers,  reducing  hypersecretion  of  the  nasal  glands.
n  AR,  its  main  indication  is  for  those  patients  whose  pri-
ary  symptom  is  rhinorrhea,  as  it  does  not  act  on  the  other

ymptoms  of  the  disease  or  on  the  nasal  airwayresistance.498

herefore,  the  IB  formulation  in  intranasal  spray  can  be  used
s  an  adjuvant  medication  to  intranasal  corticosteroids  in  AR
atients  with  persistent  rhinorrhea.20,499 The  administration
f  IB  is  also  capable  of  reducing  rhinorrhea  after  exposure
o  cold  air  and  ingestion  of  hot  or  spicy  foods,  and  may  be
ndicated  for  other  types  of  rhinitis,  such  as  rhinitis  of  the
lderly  and  gustatory  rhinitis,  where  this  is  the  predominant
ymptom.38,500

IB  is  effective  in  adults  and  children  with  perennial  rhini-
is  and  the  common  cold.3,4 It  has  a  rapid  onset  of  action  and

 short  half-life;  it  can  be  administered  up  to  six  times  a  day.
t  has  an  excellent  safety  profile,  with  less  than  10%  dose
bsorption;  however,  it  should  be  avoided  or  used  with  cau-
ion  in  patients  with  prostatic  hypertrophy  and  angle-closure
laucoma.20 Currently,  presentations  for  topical  nasal  use  of
B  are  not  available  in  Brazil.

ystemic  corticosteroid
lucocorticosteroids  (GCS)  are  the  oldest  and  most  widely
decongestants.

Dosage

Children  Adults

---  1  Pill  every  12  h

1---6  years:  2.5  mL  12/12  h 10---20  mL  every
12  h>6 years:  5  mL  Every  12  h

ne >2  years:  2.5---5  mL  Every  6  h  15---  30  mL  every  6  h

ne >2  years:  2  drops/kg  Every  8  h

 mg ---  1  Pill  every  12  h

ne >6  months:
0.---0.30  mL/kg/dose  every  6  h

20  mL  every  6  h

e  + --- 1  tablet  Every  6  h

---  1  pill  Every  6  h

sed  anti-inflammatory  therapy.  Since  their  introduction  in
he  1950s,  they  have  played  a  key  role  in  the  treatment  of
arious  diseases,  both  allergic  and  immunological.501 Years
go,  it  was  not  uncommon  for  seasonal  AR  to  be  treated  with
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Table  9  Second  generation  H1  antihistamines  associated  with  oral  decongestants.

Association Description
Dosage

Children  Adults

Cetirizine+  PSE  Tablets  5  mg/120  mg  ---  ≥12  years:  1  tablet  Every  12  h

Loratadine+PSE
Syrup 1  mg/120  mg/mL Adults  and

children  >6  years
>30  kg:  5  mL  Every
12  h.

≥12  years:  1  pill  Every  12  h
Pill 5  mg/120  mg ≥12  years:  1  pill

Every  24  hPills. 10  mg/240  mg
Desloratadine  +  PSE  Tablet.  2.5  mg/120  mg  ---  ≥12  years:  1  tablet  Every  12  h
Fexofenadine +  PSE Pills.60  mg/120  mg --- ≥12  years  1  tablet  Every  12  h
Ebastine +  PSE Pills.10  mg/120  mg --- ≥12  years:  1  pill  Every  24  h
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PSE, Pseudoephedrine.

 short  course  of  oral  steroids  or  injectable  depot  formula-
ions,  but  due  to  adverse  events  associated  with  Systemic
orticosteroids  (CS),  their  use  was  gradually  reduced,  being
roscribed  in  children  and  adolescents.  Potential  adverse
ffects  of  prolonged  or  recurrent  use  include  infections,
yopathies,  osteoporosis,  aseptic  necrosis  of  the  femur,

hinning  of  the  skin,  hyperglycemia,  weight  gain,  fluid  reten-
ion,  cushingoid  appearance,  neuropsychiatric  disorders,
ataracts,  glaucoma,  and  hypertension.502

Regarding  the  use  of  systemic  GCS  in  AR,  current  evi-
ence  is  scarce.  Hox  and  colleagues  in  a  systematic  review
f  the  literature  report  on  three  studies  that  compared  the
ffect  of  systemic  GCS  in  patients  over  15  years  of  age  with
R  and  evaluated  its  efficacy  and  adverse  events.501 Borum
nd  colleagues  in  a  randomized  clinical  trial  demonstrated

 beneficial  effect  of  a  single  intramuscular  dose  of  80  mg
ethylprednisolone  (MP)  compared  to  placebo  for  both  nasal
bstruction  and  ocular  symptoms  in  48  patients  with  AR,
asting  four  weeks.503 Subsequently,  Brooks  and  colleagues
nvestigated  the  efficacy  of  different  doses  of  oral  MP  ver-
us  placebo  in  patients  not  treated  with  other  medications.
ral  GCS  produced  a  reduction  in  all  symptoms,  and  they
ere  related  to  the  dose  used.504 Laursen  and  collaborators
ompared  prednisone  7.5  mg,  orally,  for  three  weeks,  with

 single  intramuscular  injection  of  betamethasone  dipropi-
nate,  both  in  patients  not  treated  with  other  medications
nd  demonstrated  a  therapeutic  index  in  favor  of  depot  cor-
icosteroid  versus  oral  treatment  in  AR.505

Recently,  Skröder  and  collaborators  evaluated  the  role  of
ethylprednisolone  in  improving  the  symptoms  of  pollen-

nduced  AR  and  the  concomitant  reduction  in  the  use  of
edications  considered  standard  in  its  treatment.506 The

esults  demonstrated  that  the  group  treated  with  80  mg,
ntramuscularly,  in  a  single  dose  of  Methylprednisolone
erformed  little  better  than  the  placebo  group,  but  no
ignificant  difference  between  groups  was  observed  and
ecorded  side  effects  were  few  and  mild.  However,  the
uthors  report  that  the  limited  beneficial  effects  of  systemic
teroids  when  added  to  standard  treatment,  in  combination
ith  their  potential  risk  of  side  effects,  speak  against  their
se  in  the  treatment  of  severe  seasonal  allergic  rhinitis.506

In  conclusion,  Oral  Corticosteroids  (OC)  produce  a  dose-

elated  reduction  in  certain  AR  symptoms.  The  use  of  low
oses  of  OC  was  able  to  significantly  reduce  nasal  obstruc-
ion,  secretion  and  ocular  symptoms,  but  not  pruritus,
hinorrhea  and  sneezing.  However,  it  has  been  demonstrated

i
a
o

39
hat  the  plasma  cortisol  level  measured  at  three  weeks  was
ignificantly  reduced  after  daily  administration  of  oral  pred-
isolone.  The  beneficial  effects  of  oral  or  depot  steroids  on
R  symptoms  and  quality  of  life  are  significant  when  com-
ared  with  placebo  and  oral  antihistamines.  Systemic  and
opical  nasal  corticosteroids  have  similar  efficacy  in  con-
rolling  AR  symptoms,  although  ocular  symptoms  respond
etter  to  systemic  corticosteroids.  Despite  certain  benefits
f  systemic  corticosteroids  (oral  and  depot)  in  the  treatment
f  AR,  international  guidelines  strongly  recommend  against
heir  use  due  to  concerns  about  adverse  effects.20,502

ntranasal  corticosteroid
hese  are  the  most  effective  medications  for  treating  all
R  symptoms.  Its  onset  of  action  is  variable  and,  depend-

ng  on  the  compound,  can  occur  between  three  and  36  h
fter  the  first  dose.  Clinical  control  of  symptoms  can  be
apid/however,  to  suppress  chronic  nasal  inflammation  it
ust  be  used  for  a  minimum  period  of  60---90  days.  The

ystemic  bioavailability  of  Intranasal  Corticosteroids  (ICS)  is
ery  low,  especially  in  relation  to  fluticasone,  mometasone
nd  ciclesonide.  Table  10  presents  the  pharmacokinetic  and
harmacodynamic  characteristics  of  IC.507

They  rarely  present  adverse  effects,  the  most  common
eing  those  of  a  local  nature  such  as  irritation,  epistaxis,
neezing,  dryness  and  burning  which,  in  general,  depend
n  the  dose  used  and  the  application  technique.  Therefore,
atients  should  be  instructed  not  to  direct  the  spray  towards
he  nasal  septum,  pointing  the  spray  towards  the  nasal  wings
n  order  to  avoid  local  irritation  and  bleeding.507

In  Table  11  we  present  the  main  formulations  available
n  Brazil.  We  highlight  the  withdrawal  from  the  Brazilian
arket,  in  2023,  of  topical  nasal  ciclesonide  50  mcg.

ntihistamine  and  topical  nasal  corticosteroid
ombination
he  combination  of  antihistamine  and  topical  nasal  corti-
osteroid  in  the  same  device  aims  to  obtain  synergistic  and
omplementary  effects  of  the  medications,  inhibiting  the
elease  of  inflammatory  mediators  in  the  immediate  and
ate  phases  of  the  allergic  response  and  presenting  anti-
nflammatory  action.508
In  Brazil,  the  only  combination  of  antihistamine  and  top-
cal  nasal  corticosteroid  marketed  is  Fluticasone  Propionate
nd  Azelastine  hydrochloride  (PF  +  AZE),  at  a  dose  of  50  mcg
f  fluticasone  and  137  mcg  of  azelastine  per  dose.  This  com-
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ination  is  approved  for  use  in  AR  from  the  age  of  six,  in  a
xed  dose  of  one  spray  in  each  nostril  twice  a  day.

Randomized  clinical  trials  demonstrated  that  the  PF  +  AZE
ombination  is  clinically  superior  to  placebo  and  to  aze-
astine  and  fluticasone  alone  for  the  total  nasal  symptom
core,  for  the  main  symptoms  of  allergic  rhinitis  alone  (nasal
tching,  runny  nose,  sneezing  and  nasal  obstruction)  and
or  ocular  symptoms.508---510 Data  from  clinical  trials  indicate
hat  more  than  70%  of  patients  treated  with  the  PF  +  AZE
ombination  show  clinically  relevant  improvement  after
wo  weeks  of  treatment  and,  in  real-life  studies,  around
0%  show  improvement  clinically  relevant  in  one  week  of
reatment.489 Faster  onset  of  action  than  other  drugs  used  in
he  treatment  of  AR  is  highlighted  as  one  of  the  advantages
f  the  combination  of  antihistamine  and  topical  nasal  corti-
osteroid.  In  a  study  with  nasal  provocation  in  an  exposure
hamber,  the  combination  PF  +  AZE  showed  improvement  in
asal  symptoms  after  5  min,  significantly  higher  than  the
50  min  observed  for  the  combination  of  nasal  fluticasone
nd  oral  loratadine.510

The  PF  +  AZE  combination  also  demonstrated  action  on
ther  outcomes  related  to  allergic  rhinitis,  such  as  improve-
ent  in  smell,  nasal  hyperreactivity  and  quality  of  life.508

dverse  events  resulting  from  the  use  of  the  PF  +  AZE  com-
ination  have  been  infrequent  and  the  report  of  serious
dverse  event,  non-existing.  The  most  common  adverse
vents  have  been:  dysgeusia,  nausea,  sneezing,  nasal  dis-
omfort  and  epistaxis.511

A  second  combination  of  antihistamine  and  topical  nasal
orticosteroid,  containing  mometasone  and  olopatadine,
as  developed,  but  is  not  yet  marketed  in  Brazil.51---513 Stud-

es  with  this  combination  have  demonstrated  superior  action
o  placebo  in  perennial  allergic  rhinitis513 and  superior  to
solated  drugs  in  rhinitis  seasonal  allergy.514,515

isodiumchromoglycate
isodium  Cromoglycate  (DSC)  is  a  mast  cell  stabilizer,  which
revents  the  release  of  inflammatory  mediators,  such  as  his-
amine,  and  does  not  have  bronchodilator,  antihistamine  or
ntrinsic  anti-inflammatory  activity.20

By  stabilizing  mast  cells,  DSC  blocks  actions  triggered
y  them,  such  as  bronchospasm  induced  by  allergens.  It  is
erived  from  the  Amni  visnaga  plant  and  traditionally  used
y  ancient  Egyptians  for  its  antispasmodic  properties.502

DSC  blocks  the  function  of  chloride  channels,  which  serve
o  regulate  cell  volume  and  prevents  the  influx  of  extracel-
ular  calcium  into  the  cytoplasm  of  mast  cells.  Reduces  the
elease  of  inflammatory  mediators  by  inhibiting  the  degran-
lation  of  sensitized  mast  cells.  It  has  been  demonstrated
hat  DSC  has  anti-inflammatory  properties  unrelated  to  the
ctivation  of  mast  cells,  which  prevents  the  action  of  inflam-
atory  mediators,  specifically  macrophages,  eosinophils,
onocytes  and  platelet-activating  factor.516

In  treating  patients  with  seasonal  AR,  4%  DSC  adminis-
ered  four  times  daily  for  four  weeks  significantly  improved
asal  symptom  scores  compared  to  placebo  when  used  in
atients  with  house  dust  mite  allergy,  as  well  as  the  influx

f  neutrophils  and  reduction  of  platelet  activating  factor.502

DSC  is  less  effective  than  topical  nasal  corticosteroids,
s  safe  in  children  and  approved  for  use  in  the  first  year
f  age;  viable  as  a  4%  nasal  spray  solution,  but  with  a
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Table  11  Intranasal  corticosteroids  available  in  Brazil.19

Drug  Description  Dosage

Beclomethasone Spray  50  mcg/dose
6---12  years:  1---2  spray/nostril  every  12  h
>12 anos:  2  sprays/nostril  each  12  h

Budesonide
Spray 32/50  mcg/dose

Children  >6  years:
1---2  sprays/nostril  1×/day

32/50/100  mcg/dose
32/50/64  mcg/dose

Fluticasone
propionate

Spray  50  mcg/dose
4---11  years:  1  spray/nostril,  1---2×/day
>11  years:  2  sprays/nostril,  1---  2×/day

Fluticasone  furoate Spray  27.5  mcg/dose
2---  11  years:  1  spray/nostril  1×/day
>12  years:  2  sprays/nostril  1×/day

Mometasone  furoate Spray  50  mcg/dose
2--- 11  years:1  spray/nostril  1×/day
>12  years:  2  sprays/nostril  1×/day

Spray  55  mcg/dose  4---  12  years:  1  spray/nostril  1×/day
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Triamcinolone Spray 50  mcg/dose  

hort  half-life  that  requires  administration  three  to  six  times
er  day.  There  are  no  reports  of  major  adverse  effects
eported.  Minor  adverse  effects  include  nasal  irritation,
urning,  sneezing,  epistaxis,  and  unpleasant  taste.502

eukotriene  receptor  antagonists
eukotrienes  (LTs)  are  lipid  mediators  formed  from  the
nzymatic  metabolism  of  arachidonic  acid.  LTs  that  con-
ain  cysteine  amino  acids  (LTC4,  LTD4,  LTE4)  are  called
T-cysteines  (cis-LT1)  and  constitute  important  mediators  of
he  inflammatory  response  in  asthma  and  AR.  They  cause
asodilation,  plasma  exudation,  mucus  secretion,  in  addi-
ion  to  eosinophilic  inflammation,  with  consequent  nasal
bstruction.517

Montelukast  Sodium  (MS)  is  currently  the  only  compound
f  this  class  available  in  Brazil,  and  has  recognized  supe-
iority  to  placebo  in  controlling  symptoms  and  improving
he  quality  of  life  of  patients  with  AR.518,519 A  systematic
eview,  with  the  inclusion  of  six  randomized  clinical  trials,
howed  that  the  association  of  ALTs  with  topical  nasal  cor-
icosteroids,  compared  to  the  latter  as  monotherapy,  was
uperior  in  controlling  ocular  symptoms,  showing  no  signifi-
ant  impact  on  nasal  symptoms  and  the  patient’s  quality  of
ife.520

Other  studies  point  to  divergent  results,  with  research
howing  that  ALTs  have  comparable  efficacy  to  oral  antihis-
amines,  while  others  do  not  confirm  this  superiority,  similar
o  the  results  of  studies  comparing  ALTs  with  topical  nasal
orticosteroids  in  the  treatment  of  AR.268,521

ALTs  should  not  be  used  as  the  first  choice  in
onotherapy.20

ALTs  could  be  an  option  for  patients  who  have  diffi-
ulty  adapting  and  adhering  to  topical  nasal  treatment.
urthermore,  they  can  be  considered  in  cases  of  chronic
hinosinusitis  with  nasal  polyposis,  in  Aspirin-Exacerbated
espiratory  disease  (ASR),  where  the  exacerbated  expres-
ion  of  LTC4  synthetase  leads  to  excessive  production  of
eukotrienes  and  exacerbation  of  rhinitis  and/or  rhinosi-

usitis.  Despite  the  limited  level  of  evidence,  ALTs  improve
ymptoms  and  CT  scores  in  these  patients.522

MS  is  available  in  the  following  presentations:  4 mg  (gran-
lated  powder  sachet  or  chewable  tablet)  for  children
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>12  years  2  sprays/nostril  1×/day

etween  6  months  and  5  years;  5  mg  (chewable  tablet)  for
hildren  between  six  and  14  years  old,  and  10  mg  (tablet)
or  those  aged  15  and  over.  It  is  well  tolerated,  and  adverse
eactions  are  mild  and  do  not  require  discontinuation  of
reatment.518,519

Recently  neuropsychiatric  adverse  reactions  have  been
ssociated  with  the  use  of  MS,  despite  conflicting  results.
leep  disturbances  are  especially  described,  including
ightmares,  insomnia,  sleepwalking;  anxiety,  agitation,
ggressive  behavior  or  hostility;  depression;  psychomotor
yperactivity,  restlessness  and  tremors.523

eukotriene  receptor  antagonists  associated  with  oral
ntihistamine
n  the  market  for  a  few  years,  the  association  of  ATLs  with
ntihistamines  has  shown  good  acceptance  by  clinicians  and
atients  and,  to  date,  is  approved  for  use  in  people  over  18
ears  of  age.524

Studies  show  that  combined  therapy  is  superior  to  both
edications  when  administered  alone.268,525

A  systematic  review  with  meta-analysis,  comparing  dif-
erent  combinations  of  drugs  for  the  treatment  of  AR
ompared  to  the  use  of  antihistamines  alone,  showed  that
onotherapy  with  antihistamines  is  not  competent  and  that

he  association  with  ALTs  can  significantly  improve  ocular
ymptoms.526

We  currently  have  on  the  Brazilian  market,  a  presentation
hat  combines  montelukast  10  mg  +  levocetirizine  5  mg.

llergen  immunotherapy

fficacy  in  the  treatment  of  allergic  rhinitis
llergen  Immunotherapy  (AIT)  is  a  precision  medicine  strat-
gy  used  for  more  than  a  century527 to  treat  atopic  diseases
uch  as  rhinitis  and  asthma.  The  guidelines  of  the  Ameri-
an  Academy  of  Allergy,  Asthma  and  Immunology  (AAAAI),
uropean  Academy  of  Allergy  and  Clinical  Immunology,  and
he  World  Allergy  Organization  (WAO)  are  classic  docu-

ents  that  define  the  scientific  standards  for  the  use  of
IT.528---532 The  Allergic  Rhinitis  and  its  Impact  on  Asthma
ARIA)  initiative,532 took  place  during  a  World  Health  Orga-
ization  workshop  in  1999  and  established  guidelines  for
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D.  Solé,  F.C.  Kuschn

he  treatment  of  AR  based  on  allergic  tests  and  a  ther-
peutic  approach  using  Evidence-Based  Medicine  ---  EBM
trategies  (GRADE  approach,  Grading  of  Recommendations,
ssessment  Development  and  Evaluation).  The  ARIA  rec-
mmendations  recommend  that  AIT  represents  one  of  the
illars  in  the  treatment  of  AR  with  a  high  GRADE  level.  In
razil,  recently,  the  parameters  of  good  clinical  practices
nd  the  Brazilian  AIT  guidelines  in  the  treatment  of  AR  were
stablished,  guiding  and  adapting  the  use  of  this  therapeutic
odality  to  the  reality  of  our  country.533,534

Specialized  clinical  evaluation  and  identification  of  aller-
ic  sensitization,  through  the  immediate  reading  prick  test
nd/or  investigation  of  allergen-specific  serum  IgE,  repre-
ent  the  pillars  of  this  precision  medicine  strategy  enables
he  personalization  of  AIT  treatment.  House  dust  mites
Dermatophagoides  pteronyssinus,  Dermatophagoides  fari-
ae  and  Blomia  tropicalis)  are  the  most  important  allergens
ssociated  with  the  etiology  of  AR  in  Brazil.  However,  sensiti-
ation  to  pollens,  in  the  southern  region,  and  animal  dander
s  also  observed  in  the  Brazilian  population.533,534

The  effectiveness  of  the  treatment  is  only  achieved
n  carefully  selected  patients;  therefore,  adequate  pro-
essional  training  to  perform  and  interpret  allergy  tests
nd  treat  allergic  and  immunological  diseases  is  essen-
ial.  We  must  always  consider  that  patients  with  AR  often
ave  other  associated  atopic  diseases,  such  as  asthma
nd  AD,  which  must  be  investigated  and  treated  appropri-
tely.  Furthermore,  the  association  between  AR,  recurrent
pper  airway  infections  and  primary  immunodeficiencies
ay  occur.  Therefore,  in  particular  cases,  the  assessment
f  the  immunological  response  through  specific  tests  is  nec-
ssary  to  carry  out  a  careful  assessment  based  on  knowledge
f  clinical  immunology.531---534

Several  studies  using  the  concepts  of  Evidence-Based
edicine  (EBM)  have  demonstrated  the  effectiveness  of  AIT,
oth  Subcutaneously  (SCIT)  and  Sublingually  (SLIT).529---537

he  Brazilian  Guidelines  for  AIT  in  the  treatment  of  AR  were
ecently  published.534 This  systematic  review  included  25
andomized  Clinical  Trials  (RCTs),  double  blind,  placebo-
ontrolled,  with  a  total  of  4,518  patients  with  perennial  AR
ith  or  without  asthma  that  underwent  SCAIT  with  house
ust  mites  (Dermatophagoides  pteronyssinus  and  D.  fari-
ae,  in  a  1:1  ratio)  and  3,887  control  patients  treated  with
lacebo.  The  effectiveness  of  the  treatment  was  proven,
ith  a  high  GRADE  level  of  evidence.  For  SCIT  with  grass
r  tree-derived  pollen  allergens,  22  RCTs  were  included.
he  joint  analysis  of  these  clinical  studies  using  the  GRADE
pproach  revealed  a  level  of  efficacy  considered  moderate
RADE.

The  effectiveness  of  SLAIT  was  also  verified  in  21  clini-
al  trials  analyzed  in  the  Brazilian  Guidelines  for  AIT534 in
he  treatment  of  AR  containing  a  proportional  mixture  of
he  Dermatophagoides  pteronyssinus  and  Dermatophagoides
arinaemites.  All  RCTs  showed  clinical  efficacy  by  reducing
ymptom  and/or  medication  scores  relative  to  the  placebo
roup.  The  effectiveness  of  the  treatment  was  proven,  with

 high  GRADE  level  of  evidence  being  observed.  In  this  same
ystematic  review,  SLIT  with  grass  and  tree  pollens  also  had

roven  efficacy  (moderate  GRADE).

In  conclusion,  all  consensus  in  the  field  considers  AIT  to
e  the  only  treatment  capable  of  modifying  the  allergen-
pecific  immunological  response,  promoting  robust  and
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ong-lasting  desensitization  and  a  state  of  tolerance  in
atients  with  AR.528---536 Unlike  the  use  of  pharmacological
herapy  and  biologicals,  this  immunomodulatory  strategy
an  promote  remission  and  control  of  allergic  diseases  for
rolonged  periods,  even  after  its  administration  has  ended.
dditionally,  the  use  of  AIT  in  patients  with  AR  has  preven-
ive  potential  for  the  development  of  asthma.  AR  control
ymptoms  remain  satisfactory  in  the  long  term,  even  after
he  end  of  AIT,  reducing  or  even  abolishing  the  use  of  drugs.
emission  of  the  disease  lasts  for  at  least  seven  to  10  years
nd  can  last  throughout  the  individual’s  life.  Therefore,  we
an  consider  this  therapy  potentially  capable  of  promoting
otal  remission  of  the  disease.534,535

llergen  immunotherapy  methods
urrently  in  our  country533,534 there  are  two  forms  of
reatment  administration:  Sublingual  Immunotherapy  Drops
SLIT)  and  Subcutaneous  Immunotherapy  (SCIT).  SCIT  is  the
ain  type  of  treatment  carried  out  in  the  United  States  of
merica  (USA).  However,  from  1990  onwards,  when  SLIT  was
uccessfully  introduced  in  Europe,  American  doctors  became
nterested  in  this  new  form  of  application.  Despite  this  inter-
st,  SLIT,  as  it  was  not  approved  by  the  North  American  FDA,
as  little  used  in  that  country  for  many  years,  exclusively
ff  label.  Since  April  2014,  when  the  FDA  approved  SLIT
n  pill  form,  American  doctors  have  become  more  comfort-
ble  prescribing  SLIT,  which  continues  to  be  used  off-label
n  drops.535,536

The  European  Academy  of  Allergy  and  Clinical  Immunol-
gy  (EAACI)  guidelines  recommend  both  forms  of  application
SCIT  and  SLIT)  for  the  treatment  of  AR  or  allergic  rhinocon-
unctivitis,  perennial  or  seasonal,  in  children  and  adults.
llergic  disease  must  necessarily  be  mediated  by  IgE  anti-
odies  to  clinically  relevant  allergens,  to  one  or  more
llergen  groups,  especially  in  patients  with  moderate  or
evere  allergies,  whose  symptoms  affect  quality  of  life
r  nighttime  sleep.  The  recommendations  for  good  clini-
al  practices  in  AIT  from  ASBAI  (Brazilian  Association  of
llergy  and  Immunology)  are  in  accordance  with  these  EAACI
uidelines.533---535,537

For  indication  and  better  treatment  efficacy,  the  etiologi-
al  diagnosis  of  AR,  responsible  for  sensitization  mediated  by
gE  antibodies,  is  crucial,  determining  its  clinical  relevance.
he  appropriate  choice  and  adequate  management  of  aller-
enic  extracts  to  be  used  in  the  personalized  vaccine  used  in
IT  is  a  fundamental  condition  for  achieving  the  expected
esults  in  clinical  practice.  In  Brazil,  CFM  RESOLUTION  no

,215/2018,  regulates  the  use  of  allergenic  extracts  for  diag-
ostic  and  therapeutic  purposes  in  allergic  diseases.538 The
pecialist  physician,  holder  of  Specialist  Certificate  -EQR  in
llergy  and  immunology  and/or  area  of  expertise  in  pediatric
llergy,  must  carry  out  the  formulation  of  the  components
f  the  allergenic  extracts  and  their  use  in  different  dilu-
ions  appropriately  for  the  appropriate  choice  of  the  route
f  administration  (SCIT  or  SLIT)  and  its  application  scheme,
hich  must  be  personalized  for  each  patient,  according  to

he  results  of  the  allergic  tests  and  clinical  evaluation.533,534
lso,  it  is  fundamentally  important  to  know  the  proper-
ies  of  allergens  so  that  the  specialist  can  choose  whether
r  not  to  mix  certain  allergens  in  cases  of  polysensitized
atients.533---537
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Regarding  age,  AIT  is  indicated  from  two  years  of  age  for
ublingual  treatment  and  over  five  years  of  age  for  subcuta-
eous  treatment,  up  to  approximately  65  years  of  age,  for
oth  routes  of  application.  The  doctor  must  carefully  ana-
yze,  using  his  technical  knowledge,  each  case  individually
nd,  together  with  the  patient  or  his  guardian,  choose  and
ecide  the  best  route  of  administration  of  immunotherapy
ith  allergens.528---534

mmunological  effects
urrently,  several  mechanisms  of  action  are  known  to  act
ogether  to  promote  immunomodulation  and  generate  a
tate  of  specific  allergen  immunological  tolerance.36,539---547

his  specificity  of  the  AIT  effects  and  the  personalized  indi-
ation  based  on  the  results  of  allergic  tests  interpreted  by  a
pecialist  physician  in  allergy  and  immunology  configure  this
herapy  as  a  precision  medicine  strategy.548,549

The  initial  response  to  both  types  of  AIT  application
outes  occurs  through  the  induction  of  phenotypic  changes  in
irculating  dendritic  cells,  which  contributes  to  the  suppres-
ion  of  the  inflammatory  allergic  response  via  the  action  of
he  population  of  allergen-specific  regulatory  T-cells  (Treg),
nhibiting  type  2  inflammation.  AIT  reduces  both  the  activity
f  type  2  Innate  Lymphoid  Cells  (ILC2),  in  innate  immunity,
nd  of  Th2  cells,  in  acquired  immunity.  The  production  of
nterleukin  10  (IL-10)  and  Transformed  cell  Growth  Factor
TGF-beta)  by  Treg  cells  are  key  events  in  the  inhibition  of
ype  2  inflammation.  This  immunomodulation  promoted  by
reg  cells  is  observed  between  three  and  six  months  after
he  start  of  SCIT  or  SLIT.533,534,543---547

Accelerated  SCIT  regimens  (cluster  or  rush)  can  induce
mmunological  tolerance  earlier.  The  shift  towards  allergen-
pecific  responses  with  a  Th1  profile,  with  increased
roduction  of  gamma  Interferon  (IFN-�) occurs  approx-
mately  12  months  after  the  onset  of  AIT.  In  the
ntibody-mediated  immune  response,  the  effects  observed
re  increases  in  allergen-specific  IgA  and  IgG4.  Regarding
hese  mechanisms  of  induction  of  allergen-specific  desensi-
ization,  no  important  differences  were  detected  regarding
he  immunomodulation  pathways  observed  in  SCIT  and
LIT.533,543,545---547,550

The  duration  of  treatment  is  three  to  five  years,  defined
s  the  period  necessary  for  the  effects  to  be  achieved
nd  maintained  in  the  long  term,  even  after  the  end  of
he  AIT.528,531,533,534 The  recommended  treatment  duration  is
ounted  from  the  maintenance  phase,  corresponding  to  the
oment  at  which  the  effective  dose  capable  of  controlling

ymptoms  was  reached.  Currently,  studies  with  immunolog-
cal  biomarkers  such  as  IgG4  and  specific  IgE  still  present
onflicting  results  and  are  not  used  in  clinical  practice
o  monitor  efficacy  or  even  to  suspend  treatment,  being
estricted  to  the  field  of  research.

IT  safety
xperimental  studies,  clinical  trials  and  real-life  experience
eports  have  revealed  a  good  safety  profile  of  SCIT.  Around

%  of  injections  may  present  adverse  reactions,  whether  in
hildren  or  adults.  The  most  common  are  at  the  injection
ite,  such  as  discomfort,  erythema,  edema,  pain  and  itching;
hese  are  generally  mild  reactions.529---531,533---535

p
S
t
a

43
ngology  2025;91():101500

However,  systemic  reactions  may  also  occur,  most  often
ild,  including  sneezing,  itching,  nasal  congestion  and/or
ives,  which  are  easy  to  control  and  do  not  impede  the  conti-
uation  of  SCIT.  Patients  who  present  frequent  and  extensive
ocal  reactions  should  be  evaluated  with  caution,  as  they
ay  eventually  be  at  greater  risk  of  systemic  reactions.
In  patients  with  AR  and  concomitant  asthma,  it  is  always

ecommended  to  evaluate  an  acute  exacerbation  of  asthma
ymptoms  as  well  as  measure  the  peak  flow  before  apply-
ng  SCIT  and  this  should  be  suspended  in  the  presence  of
n  acute  asthma  exacerbation.  The  safety  assessment  car-
ied  out  in  the  systematic  review:  Brazilian  Guidelines  for
TA  in  the  treatment  of  AR534 revealed  that  SCIT  with  house-
old  dust  mites  is  safe  in  the  treatment  of  AR  in  children  and
dults  (high  GRADE).  Additionally,  SCIT  with  pollens  also  pre-
ented  evidence  of  safety  in  its  use  in  children  and  adults
moderate  GRADE).

There  can  be  serious  systemic  reactions,  although  rare.
naphylaxis  and  even  death  have  been  reported  in  the  liter-
ture.  Therefore,  SCIT  applications  require  a  location  with
ppropriate  infrastructure,  in  accordance  with  the  Annex  to
esolution  CFM2,215/2018  (Federal  Council  of  Medicine)538

nd  immediate  medical  care.  In  cases  of  anaphylaxis,  the
reatment  of  choice  is  the  intramuscular  application  of
pinephrine/millesimal  adrenaline  (1/1000).  Antihistamines
nd  systemic  corticosteroids  are  considered  secondary  med-
cations.  The  application  of  SCIT  must  always  be  carried
ut  under  medical  supervision  and  the  patient  must  remain
nder  observation  for  a  minimum  period  of  30  min.  It  is  rec-
mmended  that  the  SCIT  be  performed  at  the  prescribing
hysician’s  unit.528,531,533,545,546

Meta-analyses  and  systematic  reviews  have  postulated
hat  SLIT  is  safe  and  effective  in  children  and  adults.  SLIT  is
ell  tolerated,  even  at  high  doses,  with  good  clinical  safety.
erious  systemic  reactions  are  exceedingly  rare  with  few
eports  in  the  literature.528---535,545,546 The  safety  assessment
arried  out  in  the  review:  The  systematic  Brazilian  Guide-
ines  for  AIT  in  the  treatment  of  AR534 revealed  that  SLIT  with
ouse  dust  mites  is  safe  in  the  treatment  of  AR  in  children
nd  adults  (GRADE  high).  Additionally,  SLIT  with  pollens  is
lso  safe.  SLIT  with  pollens  is  safe  in  the  treatment  of  AR  in
hildren  and  adults  (moderate  GRADE).

In  most  patients  undergoing  SLIT,  the  predominant
dverse  effects  are  mild  or  moderate  oral  reactions,  such
s  itching  and  irritation  in  the  mouth  and  throat.  Many
f  these  effects  are  observed  at  the  beginning  of  treat-
ent  (in  the  induction  phase).  Also,  tingling  sensations

oral  paresthesia),  lip  edema,  tongue  edema,  glossodynia,
ysgeusia,  abdominal  pain,  diarrhea  and  headache  have
een  reported.  Cough  and  dyspnea  are  likely  to  occur  in
atients  who  present  allergic  rhinitis  concomitantly  with
sthma.534,536,538,551 Due  to  the  excellent  safety  profile,  SLIT
an  be  administered  at  home.  It  is  recommended  that  the
rst  dose  be  administered  under  medical  supervision,  espe-
ially  at  the  beginning  of  a  new  concentration.  Most  adverse
eactions  are  mild  (itching  of  the  oral  mucosa,  lip  edema,
unny  nose  and  nausea).  However,  even  with  a  high  safety
rofile,  SLIT  can  cause  systemic  reactions,  particularly  in
atients  with  asthma.528,531,533 In  conclusion,  the  safety  of
LIT  depends  on  specific  indications,  careful  evaluation  of

he  clinical  history  and  a specialized  professional  clinical
pproach.
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ontraindications
he  contraindications  of  AIT  are:

 All  patients  with  a  history  of  asthma  should  be  care-
fully  evaluated  and  lung  function  measured  by  spirometry
with  bronchodilator  testing.  Poorly  controlled  asthma  and
patients  with  Forced  Expiratory  Volume  in  one  second
(FEV1)  below  70%  are  absolute  indications.

 Serious  active  diseases  (especially  immunological,  infec-
tious  and  neoplastic  diseases)  are  absolute  contraindica-
tions  to  the  use  of  AIT.  Controlled  cardiovascular  diseases,
use  of  ACE  inhibitors,  beta  blockers,  controlled  chronic
diseases,  mild  psychiatric  illnesses,  are  relative  con-
traindications  where  the  risk  versus  benefit  must  be
assessed  individually.

 Pregnancy  and  lactation  are  conditions  that  absolutely
contraindicate  the  beginning  of  treatment,  but  not  its
continuation,  when  increasing  AIT  concentration  is  con-
traindicated  if  it  is  in  the  induction  phase.

 Individuals  with  eosinophilic  esophagitis  have  an  absolute
contraindication  for  the  use  of  SLIT.

mmunobiological  agents

nti-IgE
atients  with  asthma  have  a  high  prevalence  of  type  2
mmunological  diseases,  of  which  AR  is  the  most  prevalent
omorbidity,  but  chronic  rhinosinusitis  and  atopic  dermatitis
re  also  common.551

These  inflammatory  conditions  that  occur  with  high  T2
re  characterized  by  infiltration  of  eosinophils,  basophils,
ast  cells  and  other  inflammatory  cells,  and  are  recognized
y  the  robust  expression  of  cytokines  associated  with  Th2
ffector  cells,  specifically  the  Interleukins  (IL)  IL-4,  IL-5  and
L-13,  and  alarmins  TSLP  (Thymic  Stromal  Lymphopoietin),
L-33  and  IL-25.  The  term  T2  high  is  considered  the  preferred
erm  for  this  inflammatory  phenotype,  in  recognition  of  the
umerous  additional  sources  of  Th2  effector  cytokines,  such
s  Innate  Lymphoid  2  Cells  (ILC2s),  eosinophils,  mast  cells,
nd  many  others.552---554

At  least  80%  of  patients  with  CRSwNP  (chronic  rhinosi-
usitis  with  nasal  polyps)  in  Western  countries  have  type

 inflammation  in  nasal  polyps,  and  biologics  are  able  to
educe  polyps  by  blocking  elements  of  this  type  of  immune
esponse.552

It  has  been  shown  by  cluster  analyses,  biological  assays
nd  animal  studies  that  eosinophils  are  elevated  in  at  least
wo  subtypes  of  asthma:  one  represented  by  allergic  asthma
ith  a  strong  adaptive  immune  response  and  the  other  with
n  intense  response  driven  by  ILC2.  These  analyzes  have  not
een  conclusively  conducted  on  AR.553

Although  only  approved  for  the  treatment  of  moderate  to
evere  persistent  asthma  and  chronic  idiopathic  urticaria,
malizumab  has  been  extensively  studied  in  the  treat-
ent  of  RA,  both  as  direct  therapy  and  as  complementary

herapy.555---559

With  the  aim  of  examining  whether  the  response  to

malizumab  in  terms  of  asthma  control  is  associated  with

 greater  probability  of  a  good  response  to  rhinitis  in
atients  with  both  conditions,  it  was  demonstrated  that
he  probability  of  improvement  in  rhinitis  was  significantly
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reater  among  patients  who  used  omalizumab.  This  study
emonstrates  that  good  asthma  control  after  omalizumab
herapy  was  associated  with  a greater  likelihood  of  rhinitis
mprovement.560

Meta-analysis  published  in  2014  selected  352  citations,
ith  78  papers  eligible  for  review.  Of  these  studies,  11
ere  qualified  for  evaluation,  with  2,870  patients  random-

zed.  In  the  nine  studies  that  measured  daily  symptom
cores,  omalizumab  significantly  reduced  these  scores.  The
se  of  rescue  medication  also  decreased  in  studies  that
valuated  this  outcome.  There  were  no  significant  differ-
nces  in  adverse  effects  when  comparing  omalizumab  with
lacebo.561

Meta-analysis  identified  83  papers  on  omalizumab  for  the
reatment  of  AR  and,  of  these,  16  were  randomized  clin-
cal  trials.  The  latter  were  the  focus  of  the  analysis  and
nvolved  a  total  of  3,458  patients  (1,931  omalizumab  and
,527  controls).  The  results  showed  statistically  significant
ifferences  in  favor  of  the  group  that  used  omalizumab,
oth  in  the  daily  score  of  nasal  symptoms  and  ocular
ymptoms  in  the  proportion  of  days  using  medication  for
ttacks,  quality  of  life  questionnaires  specific  to  rhinocon-
unctivitis  and  global  assessment  by  investigators.  It  is
mportant  to  highlight  that  there  was  no  statistically  sig-
ificant  difference  in  terms  of  adverse  events  between  the
roups.562

ther  biological  agents
ther  than  omalizumab,  none  of  the  other  biologics  tar-
eting  T2  inflammation  have  been  studied  specifically  in
R.  However,  several  studies  have  evaluated  the  effective-
ess  of  these  medications  in  treating  AR  in  the  context
f  comorbid  asthma.  No  convincing  studies  on  biolog-
cs  targeting  IL-5/IL-5R  have  been  performed  in  AR.  In
ne  study,  although  no  specific  analysis  of  nasal  symp-
oms  was  reported,  mepolizumab  (humanized  anti-IL-5
ntibody)  significantly  reduced  not  only  asthma  exac-
rbations  but  also  improved  assessment  of  quality  of
ife  in  patients  with  severe  asthma  and  upper  airway
isease.554

Dupilumab  is  a  fully  human  mAb  that  targets  the  IL-4
eceptor  alpha  subunit  (IL-4R�) and  therefore  inhibits  the
ignaling  of  IL-4  and  IL-13  that  share  this  same  receptor.
n  a  phase  2b  study  subanalysis,  the  efficacy  and  safety
f  this  biological  product  were  examined  in  a  subgroup  of
sthmatic  patients  with  perennial  AR,  totaling  241  (61%)
atients.  In  these,  dupilumab  300  mg  subcutaneously  every
wo  weeks  versus  placebo  significantly  improved  the  total
NOT-22  score  and  the  four  symptoms  associated  with  AR
ssessed  (nasal  obstruction,  runny  nose,  sneezing,  and  post-
asal  secretion).  Although  promising,  these  results  need  to
e  confirmed  in  additional  studies  to  evaluate  the  efficacy,
afety  and  cost-effectiveness  of  dupilumab  for  the  treat-
ent  of  AR.563

A  clinical  trial  involving  adults  with  seasonal  AR  caused
y  grass  pollen  evaluated  the  hypothesis  that  the  addi-
ion  of  dupilumab  to  SCIT  would  increase  its  efficacy  and

mprove  its  tolerability  in  these  patients.  Participants  under-
ent  nasal  allergen  challenge  before  and  after  treatment
ith  dupilumab  300  mg  every  two  weeks  for  16  weeks.
upilumab  improved  the  tolerability  of  SCIT  but  did  not
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Table  12  Main  needs  for  the  use  of  biologicals  in  allergic
rhinitis.

IgE-mediated  allergy  diagnosis
Severe  cases,  uncontrolled  with  the  recommended

treatment
Better  patient  phenotype  and  endotype  characterization
T2-inflammatory  biomarkers  --- peripheral  blood  and  nasal

eosinophils,  IgE  serum  levels
Having  comorbidities
Accessibility  and  cost
Treatments  approved  by  the  National  Health  Surveillance

Agency
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Other  complementary  modalities
Some  studies  have  shown  that  complementary  and  alter-
educe  post-allergen  challenge  nasal  symptoms  compared
ith  SCIT  alone.564

Post-hoc  analysis  evaluated  the  efficacy  of  Tezepelumab
n  PATHWAY  trial  participants  with  perennial  allergy.
ezepelumab  treatment  reduced  asthma  exacerbations,
mproved  lung  function,  and  reduced  type  2  biomarkers  in
atients  with  severe,  uncontrolled  asthma,  with  or  without
erennial  allergy.  However,  around  50%  of  participants  had
hinitis,  the  results  of  treatment  in  this  specific  group  were
ot  analyzed.565

TSLP  inhibition  increases  the  efficacy  of  SCIT  in  patients
ith  cat  allergy  during  therapy  and  may  promote  tol-
rance  after  one  year  of  treatment  verified  by  nasal
hallenge  and  skin  testing.  Transcriptomic  analysis  of  nasal
pithelial  samples  demonstrated  that  treatment  with  the
CIT/Tezepelumab  combination  caused  persistent  downreg-
lation  of  a  genetic  network  related  to  type  2  inflammation
hat  was  associated  with  improvement  in  nasal  challenge
esponses.1

Blocking  the  main  transcription  factors  involved  in
ype  2  inflammation,  GATA3  and  Signal  Transducer  and
ctivator  of  Transcription  (STAT)  6,  is  not  a  straight-
orward  process  to  achieve  with  low  molecular  weight
rugs.553

However,  the  development  of  a  GATA3-specific  DNase
hat  inhibits  type  2  inflammation  and  experimental  allergic
sthma  in  humans  increases  future  prospects  for  treatment
or  allergic  diseases.567

Janus  Kinase  (JAK)-STAT  inhibitors  are  effective  in  atopic
ermatitis  and  other  immunological  diseases.  According  to
ome  authors,  inhibition  of  this  signaling  pathway  could  be
seful  in  chronic  rhinosinusitis.568

Therapy  with  selective  immunomodulators,  such  as
iologic  agents,  allows  for  systemic  treatment  that
ould  potentially  cover  multiple  concomitantly  occurring
topic/allergic  conditions.  Furthermore,  personalized  treat-
ents  have  the  potential  to  reduce  side  effects  while

mproving  therapeutic  results  and,  in  general,  have  an
cceptable  safety  profile.569,570 Because  current  AR  treat-
ents  are  satisfactory,  the  cost  of  biologics  makes  their  use

n  the  management  of  AR  unfeasible.  AR  as  a  stand-alone
edication  unless  indicated  for  comorbidities  such  as  AD

nd  asthma.

Table  12  presents  the  main  perspectives  and  needs  for

he  use  of  biologicals  in  AR.
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lternative  and  non-traditional  therapies

cupuncture
cupuncture  is  a  traditional  method  of  Chinese  medicine,

ts  basic  principle  being  the  insertion  of  fine  needles  into
pecific  points  that  regulate  the  flow  of  vital  energy  (known
s  Qi)  and  which  flow  along  meridians  just  underneath  the
kin.  Once  stimulated,  they  can  cause  the  restoration  of  bal-
nce  due  to  a  disease  or  energy  imbalance.571,572 In  Chinese
edicine,  it  has  been  used  in  many  diseases  and  in  otorhino-

aryngology  since  the  5th  century  BC,  being  recommended  as
 complementary  treatment  in  international  rhinitis  guide-
ines  since  2015.20,573,574

Several  studies  have  shown  that  acupuncture  can  modu-
ate  some  biomarkers  such  as:  neuropeptides  (substance  P
nd  vasoactive  intestinal  peptide  VIP),  in  addition  to  other
nflammatory  mediators,  regulating  the  Th1/Th2  imbalance
nd  consequently  the  levels  of  total  IgE  and  IL-10.575---577

Despite  being  a  risk-free  therapy  with  few  side  effects,
he  practice  of  acupuncture  in  AR  appears  to  be  very  het-
rogeneous  and  with  results  that  are  often  inconsistent.  In
his  way,  it  has  been  tested  in  diverse  ways,  in  particular
sing  application  points  outside  those  recommended  by  tra-
itional  Chinese  medicines,  placebo,  the  so-called  ‘‘Sham
oints’’.  Some  systematic  review  studies,  with  or  without
eta-analysis,  have  shown  improvements  in  symptom  and
uality  of  life  scores  and  a  reduction  in  the  use  of  rescue
edications,576,578 when  compared  with  conventional  treat-
ent.
He  and  colleagues  conducted  a  recent  Cochrane  system-

tic  review  of  30  randomized  studies  with  4413  participants,
ostly  adults.  The  duration  of  the  study  varied  between  two

nd  12  weeks,  comparing  the  use  of  acupuncture  vs  not  using
ny  medication,  or  vs  the  use  of  Sham  points  (acupuncture
lacebo)  or  vs  antihistamines  or  associated  with  antihis-
amines  vs  just  antihistamines.579 The  results  showed  that
cupuncture  was  superior  to  the  non-use  of  medication  and
cupuncture  placebo  (Sham  points)  both  in  the  intensity  of
asal  symptoms  and  quality  of  life  and  that  the  effects  of
cupuncture  were  comparable  to  the  use  of  antihistamines.
t  was  not  possible  to  establish  the  effects  of  acupuncture
n  AR  in  children  and  adolescents  due  to  the  small  number
f  studies  in  this  age  group.

The  most  recent  data  on  the  use  of  acupuncture  in  AR
ave  sought  to  understand  the  best  method  for  selecting  Qi
timulation  points  to  be  used,  the  type  of  needles  or  even
he  use  of  other  forms  of  stimulation  (moxibustion,  pres-
ure  on  the  ear,  fine  needles  in  the  sphenopalatine  ganglion,
mong  others).580,581

Studies  show  that  care  must  be  taken  in  terms  of  side
ffects  when  using  electro  acupuncture  in  patients  with
acemakers  and  other  devices,  and  in  pregnant  women
here  it  can  induce  labor.

In  conclusion,  acupuncture  has  a  role  in  the  treatment
f  AR  as  an  adjuvant  treatment,  especially  in  patients  who
efuse  conventional  treatment.20
ative  therapies,  such  as  moxibustion  (Thunder  Fire
oxibustion)  can  improve  the  clinical  symptoms  of  patients
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ith  AR  and  reduce  the  incidence  of  adverse  reactions.
oxibustion,  a  resource  of  Traditional  Chinese  Medicine

TCM),  is  a  type  of  thermal  acupuncture,  made  by  burn-
ng  the  Artemisia  sinensis  and  Artemisia  vulgaris  herbs,
hich  involves  burning  these  leaves  for  caloric  stimulation
f  acupuncture  points  and  meridians,  to  adjust  functions,
hysiological  and  biochemical  disorders  of  the  human  body,
o  as  to  achieve  the  objective  of  treating  diseases.582

A  systematic  review  carried  out  in  2022  demonstrated
hat  moxibustion  is  a  safe  and  effective  treatment  for  AR.
ue  to  the  low  quality  of  eligible  trials  and  the  low  level  of
vidence,  caution  should  be  taken  with  conclusions.  More
igh-quality,  multicenter,  randomized  controlled  clinical  tri-
ls  with  larger  sample  sizes  will  be  needed  in  the  future  to
erify  its  clinical  efficacy  in  the  treatment  of  AR.582

erbal  therapy
raditional  Chinese  herbal  medicine  has  been  practiced  for
ver  80  centuries  and  continues  to  evolve.  The  Chinese  phar-
acopoeia  has  more  than  13  thousand  medicines  and  more

han  100  thousand  herbal  combinations  recorded  in  ancient
iterature.  Although  the  prevalence  and  use  of  traditional
hinese  herbal  formulations  increases  globally,  there  are

imited  high-quality,  large-scale  multicenter  trials  validating
heir  safety  and  effectiveness.573

Traditional  Chinese  medicine  studies  have  revealed  pos-
tive  benefits  in  treating  AR;  however,  many  have  small
ample  sizes,  investigate  different  medications,  and  have
otential  methodological  problems.583

Chinese  herbal  medicine  has  enormous  potential  in
elieving  symptoms,  modulating  the  levels  of  immunological
actors  and  reducing  relapses  in  rhinitis.  However,  its  effi-
acy  and  safety  in  treating  rhinitis  still  need  to  be  confirmed.
ore  high-quality  research  is  needed  to  provide  reliable  evi-
ence  for  the  clinical  application  of  this  therapy.584,585

linical  control  assessment

isual  Analogue  Scale  (VAS)
he  VAS  is  a  simple  and  widely  used  tool  to  assess  the
everity  of  symptoms  and  the  impact  of  AR.  The  VAS  had  a
ignificant  correlation  with  other  rhinitis  severity  indicators
uch  as  the  Quality-of-Life  Questionnaire  Score  (QLQS)  and
he  rhinitis  severity  classification  by  the  ARIA  initiative.  The
AS  is  usually  graduated  from  0  to  100  mm  or  10  cm,  with

 being  the  absence  of  symptoms/discomfort.  The  VAS  can
e  used  for  different  questions,  the  most  common  being
ontrol  of  rhinitis  symptoms  in  the  last  day  or  last  week.
n  a  validation  study,  VAS  demonstrated  to  be  sensitive  in
etecting  changes  in  symptoms  and  quality  of  life  and  the
mallest  clinically  important  difference  was  23  mm  (scale
rom  0  to  100).586 Several  medical  societies  recommend
he  use  of  VAS  in  monitoring  symptoms  of  AR  using  the  fol-
owing  classification:  mild/controlled  symptoms  0---20  mm;
oderate/partially  controlled  symptoms  21---49  mm;

ntense/uncontrolled  symptoms  50---100  mm.587,588
uestionnaires

everal  questionnaires  or  assessment  scores  for  rhinitis  con-
rol  have  been  proposed  in  recent  years.  In  general,  these
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uestionnaires  differ  in  the  focus  given  to  the  concept  of
ontrol,  sometimes  addressing  more  intensely  the  symptoms
f  the  disease,  sometimes  valuing  the  impact  of  AR  con-
equences  on  activities  and  daily  life.  Furthermore,  there
re  specific  questionnaires  for  the  assessment  of  rhinitis
nd  questionnaires  that  simultaneously  addressing  allergic
hinitis  and  asthma.

hinitis  Control  Assessment  Test  (RCAT)
he  RCAT  is  a  simple,  self-administered  questionnaire  with
ix  questions  that  assesses,  in  the  last  week,  the  intensity  of
asal  and  ocular  symptoms,  the  interference  of  rhinitis  on
leep  and  activities  and  the  patient’s  personal  assessment  of
he  control  of  their  disease.589 This  questionnaire  was  vali-
ated  in  adults,  proving  to  be  reliable  and  reproducible.589

ach  question  is  scored  from  1  to  5  and  the  questionnaire
core  varies  from  6  to  30  points,  with  scores  equal  to  or  lower
han  21  indicating  non-control  of  rhinitis.589 The  RCAT  was
ranslated  into  Portuguese  (Brazilian  culture)  and  validated
n  adolescents  with  good  discriminatory  power  to  separate
atients  with  controlled  and  uncontrolled  AR.590

sthma  and  Allergic  Rhinitis  Control  Test  ---  Control  of
llergic  Rhinitis  and  Asthma  Test  (CARAT)
ARAT  is  a  questionnaire  that  jointly  assesses  asthma  and
R  control.  This  questionnaire,  originally  developed  in  Por-
uguese  (Portuguese  culture),  has  10  questions  that  address
pper  and  lower  airway  symptoms,  sleep  changes,  activity
imitations  and  medication  use.  CARAT  evaluates  the  period
f  the  last  four  weeks,  varies  from  0  to  30  points  and  scores
bove  24  indicate  good  control  of  rhinitis  and  asthma.591

he  minimum  clinically  significant  difference  is  3.5  points.
he  questionnaire  has  good  psychometric  properties,  such
s  internal  consistency,  reliability  and  responsiveness.592

A  pediatric  version  of  this  questionnaire,  called
ARATKids,  was  developed  for  use  in  children  aged  six  to
2  years.  This  version  has  13  questions  with  affirmative  or
egative  answers,  eight  for  children  and  five  for  parents.
he  CARATKids  total  score  ranges  from  0  to  13  points,  a
core  equal  to  or  greater  than  points  indicating  no  control
f  asthma  and  rhinitis  and  the  minimum  clinically  crucial
ifference  is  3  points.593,594 CARATKids  was  adapted  and  val-
dated  for  Brazilian  Portuguese.595

ASK-air
ASK-air  is  an  application  for  mobile  devices  that  contains
aily  questionnaires  to  record  the  impact  of  AR  symptoms.
his  app  was  developed  in  2015  and  is  available  in  many
ountries  like  Brazil.  MASK-air  uses  the  visual-analog  scale
VAS,  scale  0---100  mm)  to  measure  several  issues,  such  as  the
mpact  of  nasal  and  ocular  symptoms  and  sleep  quality.  In  a
alidation  study,  MASK-air  proved  to  be  an  accurate  instru-
ent  for  daily  assessment  of  the  AR  impact.596 In  recent

ears,  this  instrument  has  been  used  in  several  real-life
tudies  on  allergic  rhinitis  and  in  comparing  the  therapeutic
ction  of  medications.596,597
hinitis  control  scoring  system
he  Rhinitis  Control  Scoring  System  (RCSS)  is  a  questionnaire
eveloped  to  quantitatively  assess  the  control  of  allergic
hinitis  over  a  week.  In  this  questionnaire,  five  symptoms
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sneezing,  anterior  rhinorrhea,  nasal  obstruction,  nasal  itch-
ng  and  signs  of  conjunctivitis)  are  evaluated  individually
oth  in  intensity  (in  percentage)  and  frequency,  each  item
as  a  score  of  2%---10%.  The  sum  of  these  scores  provides  a
nal  score  that  represents  the  patient’s  percentage  of  con-
rol,  ranging  from  20%  (worst  control)  to  100%  (best  control).
his  score  was  validated  in  adults,  showing  a  strong  corre-
ation  with  a  specific  quality  of  life  questionnaire  and  nasal
ymptoms  score  and  a  moderate  correlation  with  the  visual
nalogue  scale.597

llergic  rhinitis  control  test
he  Allergic  Rhinitis  Control  Test  (ARCT)7 is  a  self-
dministered  questionnaire  that  assesses  allergic  rhinitis
ontrol  based  on  symptoms  over  the  last  two  weeks.  It  con-
ists  of  five  questions  scored  individually  from  1  to  5,  which
re  added  together  to  obtain  a  score  that  varies  from  5
worst  score)  to  25  (best  score).598

The  questions  consider  impaired  quality  of  life,  irritabil-
ty,  impact  on  sleep,  use  of  additional  medications  to  control
hinitis  and  the  patient’s  perception  of  disease  control.
hinitis  is  considered  controlled  when  the  sum  reaches  a
core  ≥20.  This  cutoff  point  has  a  sensitivity  of  55%,  speci-
city  of  90%  and  a  positive  predictive  value  of  94%.599

The  ARCT  has  already  been  used  in  prospective  studies
n  adults,  demonstrating  that  it  is  a  good  objective  tool  for
irecting  pharmacotherapy  in  AR.600

ther rhinitis

nfectious  rhinitis  ---  viral/bacterial/fungal

iral  and  bacterial
or  many  authors  and,  in  the  daily  practice  of  clinicians
nd  specialists,  viral  rhinitis  is  synonymous  with  the  com-
on  cold,  and,  in  fact,  they  are  ways  of  reporting  the  same

ondition.1 The  term  viral  rhinitis  should  be  used  to  describe
he  involvement  of  the  nasal  mucosa  by  virus,  in  the  clinical
llness  of  the  common  cold.601

The  same  difficulty  in  understanding  occurs  in  bacterial
hinitis,  which,  given  the  lack  of  direct  evidence  of  bacte-
ial  infection  of  the  nasal  mucosa,  is  defined  as  a  bacterial
omplication  of  viral  rhinitis,  affecting  the  nasal  cavity  and
djacent  compartments,  such  as  the  paranasal  sinuses.601

These  are  common  conditions,  especially  in  children  with
even  to  10  episodes  per  year.602

It  is  worth  remembering  that  the  antiviral  and  antibacte-
ial  host  defense  mechanisms  available  to  the  nasal  mucosa
re  competent.  For  this  reason,  nasal  infection  by  extracel-
ular  bacterial  pathogens  is  rarely  established  and  infection
y  respiratory  viruses  is  self-limited,  with  short-term  mor-
idity  and  no  mortality.2 However,  for  at-risk  populations,
hese  infections  predispose  to  more  serious  complications
nvolving  the  sinuses,  the  face,  middle  ear  and  lungs.602

In  terms  of  etiology,  viral  rhinitis/common  colds  are
aused  by  a  diversity  of  viruses,  including  multiple  strains
f  rhinovirus,  coronavirus,  influenza  virus,  parainfluenza

irus,  respiratory  syncytial  virus,  adenovirus,  enterovirus,
mong  others.  In  total,  it  is  estimated  that  more  than  200
iral  strains  are  involved.603,604 Incubation  typically  lasts  2---4
ays.605
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Nasal  symptoms  may  be  related  to  the  direct  action  of
he  virus  on  the  mucosa,  but  also  to  an  immune-mediated
esponse,606,607 and  include  typical  nasal  congestion,  sneez-
ng,  runny  nose,  cough  - sometimes  productive,  sore  throat
f  varying  intensity  and  malaise,  which  causes  a  negative
ffect  on  general  well-being.607 Often,  and  depending  on
he  etiological  agent,  symptoms  are  not  restricted  to  the
espiratory  tract  (Table  13).602,606,607

It  has  been  demonstrated  that  upper  airway  infections
aused  by  rhinoviruses  play  an  important  role  in  the  eti-
logy  of  acute  rhinosinusitis,  due  to  decreased  mucociliary
ransport,  mucosal  edema  and  obstruction  of  paranasal  sinus
stiae.602,608 A  possible  complication  of  acute  viral  rhinitis
hould  be  suspected  for  post-viral  rhinosinusitis  if,  in  the
ourse  of  the  common  cold,  symptoms  worsen  after  the
fth  day  of  illness  or  symptoms  persist  for  more  than  10
ays.602,608

Infection  with  the  influenza  virus  (type  A)  is  related  to
omplications  in  children  under  two  years  of  age,  elderly
atients,  patients  with  heart  disease,  nephropathy,  liver
isease,  hematological  diseases,  lung  disorders,  metabolic
isorders  or  immunodeficiency.609

Seeking  to  reduce  the  morbidity  and  mortality  of  these
omplications,  effective  prevention  and  treatment  mea-
ures  have  been  sought.  As  the  viruses  that  cause  rhinitis
re  transmitted  through  interpersonal  contact,  the  most
ppropriate  prophylactic  measures  are  good  hygiene  and
voiding  symptomatic  contacts.  The  prophylactic  efficacy  of
accination  and  passive  immunoglobulin  therapy  has  been
emonstrated  for  influenza,  SARS-CoV2,  and  RSV  infections,
espectively.601,602

Existing  pharmacological  treatments  for  viral  rhinitis
re  palliative,  while  antiviral  treatment  has  theoretical
fficacy  and  has  not  been  shown  to  reduce  the  risk  of
omplications.602

Studies  have  not  shown  significant  evidence  of  benefit  in
sing  antibiotics  for  the  common  cold  (viral  rhinitis)  or  even
or  acute  purulent  rhinitis  (bacterial  rhinitis)  even  with  per-
istent  symptoms  in  children  or  adults  (four  studies  with  723
articipants  ---  RR  =  0.73,  95%  CI  0.47---1.13).610 Given  the  evi-
ence  that  these  drugs  cause  significant  adverse  effects  in
dults  and  children,  their  use  is  not  routinely  recommended.

ungal
s  fungi  are  present  throughout  the  environment,  human
xposure  is  inevitable  and  normal  breathing  will  routinely
eposit  fungal  elements  in  the  nose  and  paranasal  sinuses,
hich,  usually,  have  no  relevant  consequences.611

In  certain  situations,  fungal  species  can  cause  sinonasal
isease,  with  clinical  results  ranging  from  mild  to  severe
ymptoms,  such  as  invasive  intracranial  infection  and  even
eath.611,612

The  involvement  of  the  nose  and  paranasal  sinuses  by
ungi  is  categorized  based  on  the  degree  of  fungal  invasion
n  local  tissues.611,612

It  is  worth  mentioning  that  epidemiological  studies,  com-
aring  patients  with  rhinosinusitis  and  normal  controls,

howed  high  rates  of  fungi  identification  in  both  groups,
tressing  the  idea  that  the  simple  identification  of  fungus
oes  not  determine  the  disease,  but  it  is  rather  a  result  of
he  host’s  immunological  status.611---613
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Table  13  Viral  infectious  rhinitis.

Common  viruses  Influenza  SARS-CoV-  2  Allergic

Symptoms  duration Gradual  onset
duration  <14  days

Sudden  onset
duration  7---14  days

Variable  evolution
duration  7---25  days

Sudden  onset
duration:  many  weeks

Sneezing Common  No  No  Common
Nasal secretion  and

obstruction
Common  Sometimes  Rare  Common

Sore throat  Common  Sometimes  Sometimes  Sometimes  (mild)
Cough Common  (humid)  Common  (dry)  Common(dry)  Rare  (dry)
General pain  Common  Common  Sometimes  No
Loss of  smell  and  taste Sometimes  Sometimes  Common  Rare
Fever Rare  Common  

Table  14  Clinical  and  laboratory  characteristics  of  allergic
and eosinophilic  fungal  rhinosinusitis.611,612,616

Fungal  allergic  rhinosinusitis  Eosinophilic  allergic
rhinosinusitis

Polyps Polyps
Eosinophilic  mucin Eosinophilic  mucin
Fungal  hyphae  (+)  Fungal  hyphae  (+)
(+) allergic  test  (−)  allergic  test
IgE-mediated  inflammation  Non-IgE  mediated

inflammation
Immunotherapy  may  be

effective
Non-effective
Immunotherapy
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NAER  may  occur  in  isolation  but  may  be  associated  with
llergic  fungal  rhinosinusitis
ndividuals  with  suspected  fungal  AR  present  symptoms
ypical  of  other  chronic  rhinosinusitis,  including  nasal
ongestion,  facial  pain/pressure,  nasal  discharge  and
ecreased  sense  of  smell.  From  an  epidemiological  stand-
oint,  patients  with  allergic  fungal  rhinosinusitis  are
ounger,  more  likely  to  be  male,  and  more  likely  to  be
f  African  descent.614,615 Most  patients  have  an  intact
mmune  system  and  often  a  history  of  atopy,  including
llergic  rhinitis  and/or  asthma.  The  diagnosis  of  allergic  fun-
al  rhinosinusitis  is  often  suspected  based  on  radiographic
haracteristics.614,615

More  recently,  the  Working  Group  of  the  International
ociety  of  Human  and  Animal  Mycology  clarified  the  patho-
hysiology  of  fungal  allergic  rhinosinusitis,  where  the
ondition  would  be  a  subtype  of  chronic  rhinosinusitis  with
asal  polyps.616 Histologically,  the  patient  with  chronic  rhi-
osinusitis  with  nasal  polyps  presents  eosinophilic  mucin,  in
ases  where  fungal  hyphae  are  detectable  within  the  mucin,
he  diagnosis  of  fungal  rhinosinusitis  is  considered,  fungal
llergic  rhinosinusitis,  if  there  is  proven  type  1  hypersensi-
ivity  to  fungi,  if  there  is  no  involvement  of  IgE  mediation,
t  is  characterized  by  a  eosinophilic  fungal  rhinosinusitis
Table  14).611,612,617

From  the  point  of  view  of  the  clinical  approach,  this
istinction  is  only  important  to  the  extent  that  immunother-
py  (subcutaneous  or  sublingual)  could  be  considered  in

llergic  fungal  rhinosinusitis,  whereas  it  would  not  be  indi-
ated  in  eosinophilic  fungal  rhinosinusitis.616 Apart  from
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Common  No

mmunotherapy,  the  clinical  treatment  of  the  two  conditions
s  not  distinguished.

on-allergic  eosinophilic  rhinitis
on-Allergic  Eosinophilic  Rhinitis  (NAER)  is  one  of  the  most
ommon  types  of  inflammatory  non-allergic  rhinitis,  first
escribed  in  1981.20 The  presence  of  eosinophils  in  the  nasal
espiratory  mucosa  and  mucus  identifies  the  cause  of  inflam-
ation  in  this  location.  It  is  characterized  by  symptoms

onsistent  with  perennial  allergic  rhinitis,  without  atopy,
ut  with  the  presence  of  local  eosinophilia  observed  on
asal  cytology.  The  pathophysiology  of  NAER  is  not  well
nderstood,  but  a  key  component  involves  ongoing  chronic
ocal  eosinophilic  inflammation  with  non-specific  release  of
istamine.20

Patients  with  NAER  report  symptoms  similar  to  those  of
erennial  AR:  nasal  congestion,  abundant  rhinorrhea,  sneez-
ng,  and  nasal  and  ocular  itching.  A  prominent  feature  of
AER  is  olfactory  dysfunction.  Patients  with  NAER  demon-
trate  significantly  higher  thresholds  on  smell  tests  than
atients  with  seasonal  and  perennial  AR.20

The  diagnosis  is  made  based  on  a careful  history.  The
ndings  on  physical  examination  are  not  quite  different
rom  those  found  in  patients  with  perennial  AR  (pale  and
ypertrophied  turbinates),  and  negative  skin  or  in  vitro  tests
or  allergy.  Nasal  cytology  is  characterized  by  prominent
osinophilia,  3%---25%  in  nasal  smears,  depending  on  the
tudies.  Furthermore,  nasal  biopsies  from  these  patients
ommonly  show  an  increase  in  the  number  of  mast  cells  with
rominent  degranulation.20

Studies  have  proven  the  role  of  chronic  inflamma-
ion  in  the  development  of  NAER  with  an  increase  in
rans-endothelial  migration  of  eosinophils  in  nasal  lavage,
hich  are  attracted  and  activated  by  chemokines  and
ytokines.  Specifically,  NAER  is  characterized  by  elevated
evels  of  tryptase  and  eosinophilic  cationic  protein  in  nasal
uid.  Elevated  levels  of  Interleukin  (IL)-1�, IL-17,  Inter-
eron  (IFN)-�, Tumor  Necrosis  Factor  (TNF)-�, Monocyte
hemoattractant  Protein  (MCP)-1,  and  RANTES  (expressed
nd  presumably  secreted  after  normal  activation  of  T
ells)  in  nasal  fluid  were  found  in  NAER  compared  to
r  be  a  precursor  to  Aspirin-Associated  Respiratory  disease
ASR),  a  risk  factor  for  the  induction  or  exacerbation  of
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bstructive  sleep  apnea,  and  a  greater  tendency  for  lower
irway  hyperreactivity.20

NAER  is  primarily  treated  with  intranasal  corticosteroids,
hich  decrease  neutrophil  and  eosinophil  chemotaxis,

educe  mediator  release  from  mast  cells  and  basophils,  and
esult  in  reduced  mucosal  edema  and  local  inflammation.624

 pooled  analysis  of  three  prospective,  double-blind  studies
andomized,  placebo-controlled  trials  of  983  patients,  309
f  whom  were  classified  as  NAER,  demonstrated  a  positive
reatment  effect  using  ICS  with  improvement  in  symp-
oms  of  nasal  obstruction,  post-nasal  drip  and  rhinorrhea.625

dditionally,  the  intranasal  antihistamine  azelastine  and
eukotriene  Receptor  Antagonists  (LTRA)  have  been  shown
o  reduce  symptoms  of  rhinitis,  including  postnasal  drip,
neezing,  rhinorrhea,  and  congestion.626

rug-induced  rhinitis

rug-induced  rhinitis  is  one  in  which  symptoms  are  sec-
ndary  to  systemic  medications.  Classically  it  can  be
lassified  into  three  types:20

 Local  inflammatory:  Occurs  when  the  use  of  a  medication
causes  a  direct  change  in  inflammatory  mediators  in  the
nasal  mucosa;

 Neurogenic:  Occurs  after  the  use  of  a  medication  that
systemically  modulates  neural  stimulation,  leading  to  sub-
sequent  changes  in  the  nasal  mucosa;  and

 Idiopathic:  Applied  when  a  well-defined  mechanism  has
not  been  elucidated.

Local  inflammatory  type:  Systemic  ingestion  of  Non-
eroidal  Anti-Inflammatory  Drugs  (NSAIDs)  in  specific
atients  can  cause  respiratory  symptoms  and  be  associ-
ted  with  nasal  polyposis  and  asthma  due  to  abnormal
etabolism  of  arachidonic  acid.  NSAIDs  inhibit  Cyclooxy-

enase  (COX)-1,  leading  to  decreased  production  of
rostaglandin  E2  and  increased  production  of  Leukotrienes
LT)  due  to  an  imbalance  towards  the  lipoxygenase  pathway.
educed  PGE2  and  increased  production  of  LTC4,  LTD4,  and
TE4  contribute  to  eosinophilic  and  mast  cell  inflammation
n  the  upper  and  lower  respiratory  tract.20,627

Neurogenic  type:  Non-allergic  rhinitis  of  the  neurogenic
ype  is  caused  by  drug-induced  modulation  of  the  auto-
omic  nervous  system.  Antihypertensives  and  vasodilators
re  among  the  many  classes  of  drugs  that  cause  drug-
nduced  non-allergic  rhinitis  of  the  neurogenic  type.  Other
on-specific  drugs,  such  as  psychotropics  and  immuno-
uppressants,  have  unknown  direct  mechanisms  and  are
ategorized  as  idiopathic,  but  they  can  also  cause  neu-
omodulatory  effects  of  these  same  drugs.  Examples
re  alpha  and  beta-adrenergic  modulators,  phosphodi-
sterase  inhibitors,  and  angiotensin-converting  enzyme
nhibitors.2,627

)  Alpha  and  beta-adrenergic  modulators:  They  are  indi-
cated  for  various  cardiovascular  and  respiratory  diseases.

The  mechanism  of  action  is  due  to  the  direct  action
of  the  drugs  on  the  sympathetic  and  parasympa-
thetic  innervation,  which  influences  nasal  physiology
during  the  use  of  these  medications.  Alpha  and  beta-
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adrenergic  antagonists  and  presynaptic  alpha  agonists
cause  decreased  sympathetic  tone  and  parasympathetic
stimulation,  producing  mucous  edema,  nasal  congestion
and  rhinorrhea.2,627

)  Phosphodiesterase  Inhibitors  (PDI):  Prevent  the  enzy-
matic  degradation  of  cyclic  nucleotides.  This  inhibition
has  diverse  effects,  including  smooth  muscle  relax-
ation,  vasodilation,  and  bronchodilation,  making  these
agents  useful  for  the  treatment  of  numerous  dis-
eases.  PDE-3  and  PDE-5  inhibitors  are  commonly  used
to  treat  intermittent  claudication,  heart  failure,  pul-
monary  hypertension,  lower  urinary  tract  symptoms,
and  erectile  dysfunction.  Nonselective  PDE-3  inhibitors
inhibit  the  hydrolysis  of  cyclic  adenosine  Monophosphate
(cAMP),  which  eventually  prevents  platelet  aggregation
and  encourages  vasodilation  with  increased  blood  flow  to
the  extremities.2,627,628

)  Angiotensin-Converting  Enzyme  Inhibitors  (ACEIs):  inhibit
the  conversion  of  angiotensin  I  to  angiotensin  II  in
the  lungs  and  are  commonly  used  for  heart  and  kid-
ney  diseases.  ACE  inhibitors  increase  the  production  of
bradykinin,  an  inflammatory  peptide  that  causes  vasodi-
lation  and  smooth  muscle  contraction.  Bradykinin  B1
and  B2  receptors  have  been  demonstrated  in  the  nasal
mucosa,  and  application  of  bradykinin  to  the  nasal
mucosa  has  resulted  in  increased  sneezing,  as  well  as
coughing,  rhinorrhea,  and  nasal  congestion.2,627

rug-induced  rhinitis

t  is  drug-induced  and  resulting  from  prolonged  use  of  Topi-
al  Intranasal  Decongestants  (TIDs).  Topical  TIDs  are  readily
vailable  without  a  prescription  and  often  lack  appropriate
arnings  about  prolonged  use,  which  can  result  in  overuse
nd  dependence.20

Although  there  are  no  consensual  diagnostic  criteria,
rug  rhinitis  was  originally  associated  with  the  triad  of
rolonged  use  of  TIDs,  persistent  nasal  obstruction  and
ebound  edema  of  the  nasal  mucosa.  Patients  experience
asal  congestion,  often  without  rhinorrhea  or  sneezing,  and
ay  notice  reduced  efficacy,  or  tachyphylaxis,  with  addi-

ional  use  of  TIDs.  The  physical  examination  is  variable,  but
ften  reveals  edema,  erythema  and  hyperemia  of  the  nasal
ucosa.629

Drug  rhinitis  can  cause  mucous  edema,  vasodilation  and
roduction  of  inflammatory  mediators.  Vasoconstriction  and
ucosal  damage  frequently  accompany  the  use  of  these
edications,  and  we  cannot  fail  to  emphasize  this,  espe-

ially  in  the  use  of  illicit  topical  drugs.  Drug-induced  rhinitis
iffers  from  AR  in  that  it  is  not  induced  by  allergens  or
ependent  on  IgE  mechanisms,  although  symptoms  may  be
imilar.20

Stimulation  of  �-adrenergic  receptors  results  in  vasocon-
triction  with  a  consequent  increase  in  nasal  permeability
ue  to  decreased  blood  flow  and  increased  sinusoid
mptying.  The  two  most  commonly  used  classes  of
asal  decongestants  are  imidazolines  and  sympathomimetic

mines.  Imidazolines  are  �-2  receptor  agonists,  while  sym-
athomimetic  amines  stimulate  the  presynaptic  release
f  norepinephrine.  Norepinephrine  stimulates  �-adrenergic
eceptors  and  weakly  stimulates  �-adrenergic  receptors.
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oth  classes  of  medications  are  rapid-onset,  potent,  and
ong-lasting.2,629

The  exact  pathophysiological  mechanism  that  causes
rug  rhinitis  is  unclear,  although  there  are  several
ypotheses:20 (1)  Chronic  vasoconstriction  causes  hypoxia
nd  recurrent  nasal  tissue  ischemia,  which  can  cause  inter-
titial  edema;  (2)  Changes  in  endothelial  permeability  can
esult  in  increased  edema;  and  (3)  Continuous  use  of  TIDs  can
ecrease  endogenous  norepinephrine  and  negatively  regu-
ate  �-receptors,  through  negative  neural  feedback,  causing

 decrease  in  adrenergic  response.
Inflammatory  cells,  local  inflammatory  mediators,  unin-

ibited  parasympathetic  stimulation,  and  increased  mucus
roduction  also  contribute  to  symptoms.

Histological  changes  in  the  mucosa  after  prolonged  use
f  TIDs  include  ciliary  injury  and  loss,  epithelial  cell  injury,
pithelial  metaplasia  and  hyperplasia,  dilated  intercellular
paces,  goblet  cell  hyperplasia,  and  edema.

Benzalkonium  chloride,  an  antimicrobial  preservative
sed  in  some  nasal  sprays,  has  been  implicated  in  the  mecha-
ism  of  rhinitis  drugs.  Studies  have  shown  that  benzalkonium
hloride  is  toxic  to  the  nasal  epithelium  and  induces  mucous
dema,  propagating  drug-induced  rhinitis,  although  the  data
re  inconclusive.630

Neither  the  duration  nor  the  cumulative  dose  of  TIDs
equired  to  initiate  rhinitis  drugs  are  known.  Rebound
ongestion  may  develop  after  three  to  10  days  of  taking  the
edication  but  may  not  occur  until  after  30  days.  Other

tudies  have  demonstrated  a  lack  of  rebound  congestion
fter  eight  weeks  of  continuous  use.  Furthermore,  dou-
ling  the  dose  of  intranasal  imidazoline  did  not  increase
he  extent  of  rebound  edema.  Although  inconclusive,  stud-
es  suggest  that  use  of  TIDs  should  be  stopped  after  three
ays  to  prevent  rebound  congestion.2,629

Treatment  of  drug-induced  rhinitis,  despite  the  lack
f  formal  treatment  guidelines,  discontinuation  of  TIDs
s  essential.  Patients  should  be  educated  about  over-the-
ounter  products  containing  decongestants,  as  information
n  packaging  may  be  inadequate.20

Several  treatments  have  been  tested,  including  nasal
romolyn,  nasal  saline  solutions,  oral/intranasal  anti-
istamines,  steroid  injections  into  the  turbinates’,  and
ral/intranasal  corticosteroids.  Intranasal  corticosteroids
re  the  most  common  drug-treatment  for  rhinitis.  Many  start
ntranasal  corticosteroids  while  reducing  TID  use.625,626,631

Often  there  is  an  undiagnosed  underlying  rhinitis  and/or
n  anatomical  problem  that  initiated  decongestant  use,  and
his  must  be  addressed  to  alleviate  the  patient’s  impulse
o  use  TIDs.  For  refractory  cases,  oral  steroids  and  inferior
urbinate  reduction  may  be  considered.20

Rhinitis  drug  is  typically  associated  with  repeated  expo-
ure  to  TIDs,  with  an  increase  in  symptoms  when  the
edication  is  discontinued.  In  contrast,  AR  is  classically

ssociated  with  an  allergic  trigger,  with  similar  symptoms
nd  increase  following  allergen  exposure  and  depending  on
gE-mediated  inflammation.  It  is  possible  that  both  may
oexist,  and  a  careful  history  must  be  taken  regarding  these
riggers  to  obtain  an  accurate  diagnosis  and  provide  appro-

riate  treatment.632 1
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diopathic  rhinitis

t  is  a  chronic  rhinopathy  diagnosed  by  exclusion  of  other
hinitis.  It  can  be  described  as  a  chronic  non-inflammatory
on-allergic  rhinitis,  defined  by  some  authors  as  non-allergic
hinopathy.633 Clinical  features  include  primary  symp-
oms  of  nasal  congestion  and  rhinorrhea,  post-nasal  drip,
hroat  clearing,  cough,  Eustachian  auditory  tube  obstruc-
ion,  sneezing,  hyposmia,  facial  pressure  and  headache.
hese  symptoms  may  be  perennial,  persistent,  or  sea-
onal,  and  are  typically  triggered  by  defined  stimuli  such
s  cold  air,  weather  changes,  temperature  changes,  humid-
ty,  barometric  pressure,  strong  odors,  tobacco  smoke,
hanges  in  sex  hormone  levels,  environmental  pollutants,
hysical  exercise  and  alcohol.  Notably,  the  lack  of  a
efined  trigger  does  not  exclude  the  diagnosis  of  idiopathic
hinitis.20

The  prevalence  of  idiopathic  rhinitis,  the  second  most
ommon  form  of  rhinopathy,  is  between  7%  and  9.6%  in  the
dult  population  in  the  United  States  and  Europe  and  is
ound  in  71%  of  cases,  occurring  with  a  female:male  ratio
f  2:1---3:1  and  appears  after  20  years  of  age.  It  is  defined
y  the  absence  of  an  IgE-mediated  immune  response.  The
erm  idiopathic  rhinitis  has  been  suggested  to  replace  vaso-
otor  rhinopathy,  as  allergic  inflammation  is  absent  in  the
athogenesis,  and  the  vasomotor  cause  does  not  explain  the
athogenesis  of  all  cases.20,633

The  nasal  mucosa  of  patients  with  idiopathic  rhinitis  may
xhibit  erythema  and  clear  rhinorrhea.  Allergy  testing  can
e  used  to  differentiate  between  idiopathic  rhinitis  and  AR.
diopathic  rhinopathy  has  been  associated  with  autonomic
ysfunction  and  attributed  to  an  imbalance  between  the
arasympathetic  and  sympathetic  systems.20,633

Neurosensory  abnormalities  are  considered  important  in
he  development  of  idiopathic  rhinitis.  In  previous  reviews
f  central  responses  to  olfactory  stimuli,  individuals  with
diopathic  rhinitis  underwent  functional  magnetic  resonance
maging  after  exposure  to  different  odors  (vanilla  and  wal-
ut  smoke).  Findings  included  increased  blood  flow  to  the
lfactory  cortex,  leading  to  the  hypothesis  of  an  altered
eurological  response.20,633

Clinical  treatment  of  idiopathic  rhinitis  includes  topi-
al  nasal  sprays  with  variable  responses,  used  alone  or  in
ombination.  The  most  commonly  used  are  IC,  topical  aze-
astine  and  ipratropium  bromide.  Additionally,  additional
reatments  include  saline  nasal  sprays  or  washes,  especially
hen  there  is  significant  postnasal  drip.624,626

For  symptomatic  patient’s  refractory  to  medical  treat-
ent,  surgical  approaches  targeting  the  Vidian  nerve,

nd  its  branches  have  shown  symptom  control.  These
nclude  botulinum  toxin  injections,  endoscopic  vidian
eurectomy,  endoscopic  posterior  nasal  neurectomy,  and
osterior  nasal  nerve  cryosurgery.  We  must  emphasize  that
hese  procedures  are  not  free  from  undesirable  adverse
ffects.  Posterior  nasal  neurectomy  is  associated  with
ower  rates  of  dry  eye  complications  than  vidian  neurec-
omy.  Recent  studies  show  that  in-office  cryotherapy  can
chieve  improvement  in  rhinorrhea  and  congestion  for  up  to
 year.20
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desensitization  in  patients  with  AERD.  Patients  with  AERD
have  elevated  baseline  levels  of  cysteine  leukotrienes,
Brazilian  Journal  of  Otorhin

rritant  rhinitis

lso  known  as  chemical  rhinitis,  it  occurs  due  to  exposure
f  the  nasal  mucosa  to  irritating  agents,  or  irritating  chem-
cals.  Exposures  to  chemicals  and  environmental  pollutants
ncrease  every  day,  and  patients  may  experience  rhinitis
ymptoms  that  do  not  necessarily  fit  a  traditional  allergy
rofile.20

Chemicals  can  cause  neural  irritation,  generating  typical
ymptoms  of  irritation,  such  as  congestion,  sneezing,  runny
ose,  nasal  discomfort,  post-nasal  drainage,  headache,
lfactory  dysfunction  and  epistaxis,  and  conjunctival  irrita-
ion.  These  upper  symptoms  may  be  associated  with  lower
irway  symptoms.  The  diagnostic  differentiation  of  irritative
hinitis  is  wide,  including  occupational  rhinitis,  but  not  all
rritative  rhinitis  is  occupational.  Typically,  differentiation
hould  include  causes  of  both  AR  and  non-allergic  rhinitis,
s  well  as  mixed  rhinitis,  recurrent  acute  rhinosinusitis,  and
hronic  rhinosinusitis.20

Exposures  at  home  and  at  work  are  essential  elements
o  obtain  in  the  clinical  history.  There  are  many  chemicals
ith  which  specific  occupations  are  strongly  associated,  and
ousehold  chemicals  may  also  play  a  role.20

Volatile  organic  compounds  such  as  benzene,  toluene  and
he  secondary  production  of  formaldehyde  can  be  found  in
leaning  products,  furniture,  plastics,  flooring  and  can  cause
arrier  dysfunction  and  inflammation  in  both  the  upper  and
ower  airway.  Chemicals  known  to  cause  respiratory  inflam-
ation  and,  in  some  cases,  allergic  sensitization,  include
iisocyanatos,  acid  anhydrides,  some  platinum  salts,  reac-
ive  dyes,  and  many  cleaning  products  used  in  hospitals
nd  in  the  pandemic  era,  including  glutaraldehyde,  qua-
ernary  ammonium  compounds  and  chloramine.  In  general,
sking  about  exposure  to  vapors,  smoke,  and  dust  can  be
elpful  in  determining  whether  a  patient  has  contact  with
rritants.634

Larger  chemical  particles  with  a  diameter  greater  than
0  �m  are  deposited  in  the  upper  airway  and  agents
uch  as  ammonia,  formaldehyde,  nitrogen  dioxide  or
ulfur  dioxide,  among  others,  can  easily  alter  the  respira-
ory  epithelial  barrier.20 These  changes  are  generally  not
ediated  by  IgE,  but  by  a  reflex  response  often  called
eurogenic  inflammation.  A  subset  of  these  individuals
nvolved  in  single  exposure  incidents  may  develop  persis-
ent  and  chronic  symptoms.  This  phenomenon  has  been
escribed  as  reactive  upper  airway  dysfunction  syndrome
hen  only  rhinitis  symptoms  are  present  and  reactive  air-
ay  dysfunction  syndrome  when  asthma-like  symptoms  are
resent.20

There  is  still  debate  about  the  exact  mechanism  behind
ensitization  to  these  chemicals.  However,  smaller  chemical
ompounds  must  associate  with  larger  protein  molecules  to
nduce  an  immune  response.  As  a  result,  assessment  of  sen-
itization  through  skin  testing  and/or  IgE  assessment  may
e  useful  and,  in  the  future,  immunoassays  based  on  cellu-
ar  responses  may  serve  as  better  biomarkers  of  chemical
xposure.20

The  treatment  aims  at  environmental  hygiene,  avoiding
rritating  and/or  chemical  agents.  The  use  of  nasal  lavage
elps  to  clean  the  nasal  mucosa  and  consequently  reduce

ontact  with  agents.  ICs  are  indicated  for  their  potent  anti-
nflammatory  action  on  the  nasal  mucosa.626
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ustatory  and  food-associated  rhinitis

t  is  characterized  by  watery  rhinorrhea,  unilateral  and/or
ilateral,  a  few  minutes  after  ingesting  food,  spicy  foods
uch  as  peppers  and  others  that  contain  capsaicin.  Rhinor-
hea  lasts  as  long  as  food  is  ingested.20

Gustatory  rhinitis  may  be  mistakenly  confused  with  IgE-
ediated  allergy,  but  there  is  no  sneezing,  itching,  or  facial
ain,  and  the  course  of  rhinorrhea  is  self-limiting.  There  is
o  associated  disturbance  of  smell  or  taste.  Gustatory  rhini-
is  occurs  more  frequently  in  patients  with  AR  and  patients
ho  have  a  history  of  smoking,  but  not  in  those  with  asthma
r  food  allergies.20,635

Its  pathophysiology  was  confirmed  by  pharmacological
bservations  and  immunohistology  studies,  where  symptoms
ccur  due  to  activation  of  a  neural  reflex  arc  initiated  after
timulation  of  afferent  sensory  nerves.  This  leads  to  stimula-
ion  of  the  parasympathetic  efferent  nervous  system  to  the
ubmucosal  glands  of  the  nasal  mucosa.  It  is  also  possible
hat  interactions  between  the  sympathetic  and  parasym-
athetic  nervous  systems  may  lead  to  uninhibited  activity
f  the  parasympathetic  system  with  resultant  rhinorrhea.
.g.,  the  chemical  capsaicin  is  known  to  cause  gustatory
hinitis.  The  capsaicin  receptor  is  a  Transient  Receptor
otential  Vanilloid  subtype  1  (TRPV1)  present  in  neuronal
nd  non-neuronal  cells  throughout  the  nasal  mucosa  and  oral
pithelium.  A  direct  effect  on  goblet  cell  secretion  can  be
riggered  when  capsaicin  is  ingested.635,636

The  treatment  of  gustatory  rhinitis  consists  of  avoid-
ng  the  triggering  food.  Topical  anticholinergic  medications,
uch  as  ipratropium  bromide,  are  used  when  contact
ccurs.625 The  use  of  topical  capsaicin  and  Posterior  Nasal
erve  (PNN)  resection  have  been  proposed  as  a  last  resort
or  intractable  gustatory  rhinitis.635

lcohol-induced  rhinitis

xacerbation  of  respiratory  symptoms  after  alcohol  inges-
ion  occurs  in  3%---4%  of  the  general  population.  Among
asal  symptoms,  obstruction  is  the  most  common  and  can
e  accompanied  by  rhinorrhea,  sneezing  and  lower  airway
ymptoms.  This  is  reported  in  patients  with  AR,  asthma,
hronic  obstructive  pulmonary  disease,  and  emphysema.  Up
o  75%  of  patients  with  AERD  experience  exacerbations  of
espiratory  symptoms  when  they  consume  alcohol.  Symptom
xacerbations  occur  soon  after  alcohol  ingestion,  are  often
ssociated  with  ingestion  of  small  volumes,  and  appear  to
orrelate  with  peak  blood  alcohol  levels.  Such  symptoms
an  appear  regardless  of  the  type  of  alcohol  consumed.
hese  reactions  to  alcohol  consumption  are  more  prevalent
n  patients  with  chronic  rhinosinusitis  with  nasal  polyps  who
uffer  from  severe  and  recurrent  disease  and  are  related  to
he  severity  of  upper  airway  inflammation.  In  patients  with
ERD,  the  severity  of  aspirin-induced  respiratory  symptoms

s  positively  related  to  the  severity  of  alcohol-induced  reac-
ions.  Exacerbations  of  respiratory  symptoms  in  response
o  alcohol  have  been  shown  to  be  decreased  after  aspirin
hich  are  proposed  to  mediate  upper  and  lower  airway  reac-
ions  to  aspirin.  Cardet  and  colleagues  propose  that  cysteine
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eukotrienes  are  also  mediators  of  the  response  to  alcohol
n  these  patients,  although  this  mechanism  is  not  yet  fully
nderstood.  High  alcohol  consumption  is  observationally  and
enetically  associated  with  high  serum  IgE  levels,  although
ot  with  allergic  disease.636---638

Two  possible  mechanisms  have  been  proposed  as  the
tiology  for  this  observation:636,637 (1)  Alcohol  shifts  the
alance  of  Th1  and  Th2  responses  toward  a  Th2  immune
esponse  with  a  direct  effect  on  B  cells;  (2)  Alcohol  induces
ncreased  uptake  of  endotoxins  from  the  intestine,  resulting
n  elevated  levels  of  IgE.

ormonal  and  gestational

ormonal  changes  that  occur  during  the  menstrual  cycle,
uberty,  pregnancy  and  menopause  have  been  considered
s  potential  triggers  of  non-allergic  rhinitis.  Although  the
ssociation  between  certain  endocrine  conditions,  such  as
ypothyroidism  and  acromegaly,  and  this  subtype  of  rhinitis
s  classic,  the  evidence  in  favor  of  this  link  is  still  limited.638

The  pathophysiology  of  hormonal  rhinitis  is  not  yet  com-
letely  understood,  but  some  of  the  mechanisms  by  which
ifferent  hormones  act  are  known.  Estrogens,  by  inhibiting
he  activity  of  acetylcholinesterase,  increase  the  production
f  acetylcholine  by  the  parasympathetic  nervous  system,
esulting  in  vascular  engorgement  that  manifests  as  nasal
bstruction  and/or  rhinorrhea.  Both  beta  estradiol  and  pro-
esterone  not  only  increase  the  expression  of  histamine
1  receptors  in  the  nasal  epithelium  and  microvascular
ndothelial  cells,  but  also  play  a  role  in  the  migration  and/or
egranulation  of  eosinophils.639 On  the  other  hand,  testos-
erone  decreases  the  activation  and  eosinophil  survival.638

The  most  generic  form  of  hormonal  rhinitis  is  known  as
‘pregnancy  rhinitis’’  or  ‘‘vasomotor  rhinitis  of  pregnancy’’.
his  condition  is  characterized  by  the  presence  of  rhini-
is  without  an  identified  cause  such  as  allergic,  infectious
r  medication-related,  and  presents  with  watery  rhinorrhea
nd  nasal  congestion  as  predominant  symptoms.638

The  symptoms  present  in  the  patient  are  edema  of  the
asal  mucosa,  congestion  and  sneezing  and  the  optimization
f  local  vasodilation  due  to  the  increase  in  circulating  blood
olume.  Such  manifestations  remain  for  a  period  of  six  weeks
r  more  during  pregnancy  and  disappear  completely  within
wo  weeks  after  the  birth.638

The  diagnosis  of  this  form  of  rhinitis  is  clinical,  while
nvestigation  of  the  causes  can  be  delayed  in  most  cases
ntil  the  postpartum  period.638

Pregnant  rhinitis  in  its  milder  forms  can  be  treated  with
on-pharmacological  measures,  such  as  physical  exercise,
levating  the  head  of  the  bed  and  nasal  irrigation  with  saline
olution.  However,  in  moderate  or  severe  cases,  it  may  be
ecessary  to  use  courses  of  nasal  corticosteroids  or  apply
asal  decongestants  for  short  periods.638

motional  rhinitis

motional  rhinitis  is  a  condition  that  manifests  itself  in  sus-

eptible  individuals  in  times  of  stress,  such  as  psychological,
hysical,  intellectual  and  emotional  distress.  This  disorder
an  also  appear  in  other  circumstances,  such  as  during  sex-
al  intercourse,  due  to  stimulation  of  the  parasympathetic
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utonomic  nervous  system.  Psychiatric  disorders  can  resem-
le  medical  conditions  such  as  asthma,  stridulous  laryngitis,
nd  even  panic  syndrome.19

The  pathophysiology  of  these  symptoms  may  be  related
o  a  response  from  the  autonomic  nervous  system,  specifi-
ally  to  the  activation  of  the  parasympathetic  branch,  which
an  cause  vasodilation  and  increased  production  of  nasal
ucus.19

In  situations  of  emotional  stress,  the  body  can  release
hemicals  such  as  histamine  and  other  inflammatory  media-
ors,  which  can  lead  to  inflammation  of  the  nasal  mucous
embranes  and  nasal  congestion.  Additionally,  emotional

tress  can  increase  the  central  nervous  system’s  sensitivity
o  perceptions  of  nasal  discomfort,  making  symptoms  even
ore  prominent.19

The  main  symptom  is  nasal  obstruction  due  to  mucosal
ongestion.  Other  symptoms  may  include  a  clear  nose,  prob-
ems  with  smell,  anxiety  and  depression.19

Diagnosis  is  usually  made  by  complete  medical  evalua-
ion,  which  may  include  a  detailed  medical  history,  physical
xamination  and,  in  some  cases,  additional  tests  such  as
llergy  tests  or  sinus  imaging  studies.19

If  there  is  no  identifiable  underlying  medical  cause  for
asal  symptoms  associated  with  emotions,  treatment  may
ocus  on  managing  emotional  distress  and  taking  steps  to
elieve  nasal  congestion,  such  as  nasal  rinsing  with  saline,
sing  nasal  decongestants,  or  in  some  cases,  cognitive
ehavioral  therapy  to  address  the  emotional  component  of
ymptoms.19

The  objective  of  the  treatment  is  to  promote  a  better
alance  between  work  and  leisure,  incorporating  physical
xercises  and  activities  to  relax  and  improve  self-esteem.
n  some  cases,  the  use  of  appropriate  medications  and  psy-
hiatric  counseling  may  be  necessary.19

zonous  atrophic  rhinitis

trophic  rhinitis  is  characterized  by  the  progressive  loss  of
he  upper  airway  lining,  accompanied  by  the  formation  of
asal  crusts,  bone  destruction,  mucosal  atrophy  and  para-
oxical  nasal  congestion.638

In  the  pathophysiology  of  atrophic  rhinitis,  histological
hanges  are  noted  that  include  the  transformation  of  pseu-
ostratified  columnar  epithelium  into  squamous  epithelium,
hanges  in  blood  vessels,  loss  of  sensitivity,  loss  of  goblet
ells  and  mucus-producing  cells.  This  leads  to  stagnation  and

 poor  mucociliary  barrier,  often  resulting  in  colonization  by
athogenic  organisms.638,639

Clinically,  atrophic  rhinitis  presents  with  nasal  obstruc-
ion,  purulent  posterior  rhinorrhea,  crusting,  epistaxis,  loss
f  smell  and  sensation  of  facial  pressure.  It  is  common  for  it
o  be  associated  with  sinusitis.  There  are  two  specific  clin-
cal  presentations  identified:  the  dry  form,  which  occurs  in
ong-lasting  cases,  characterized  by  nasal  dryness  and  pale
nd  atrophic  nasal  mucosa,  with  adhesion  of  crusts;  the  wet
orm,  which  occurs  during  active  inflammation  and  is  cha-

acterized  by  the  presence  of  mucopurulent  rhinorrhea.  It  is
ommon  for  these  two  forms  to  coexist  in  the  nasal  mucosa,
lthough  there  is  a  tendency  for  them  to  evolve  into  the  dry
orm.637
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Presentation  at  rhinoscopy  may  vary  depending  on  the
uration  of  the  disease  and  the  presence  of  inflammation  or
ctive  technology  employed.  In  terms  of  imaging,  it  is  com-
on  to  observe  thickening  of  the  paranasal  sinuses  lining,

oss  of  definition  of  the  ostiomeatal  complex,  hypoplasia  of
he  maxillary  sinus,  enlargement  of  the  nasal  cavities  and
estruction  of  the  inferior  and  middle  turbinates.638

The  diagnosis  is  established  by  clinical  criteria,  includ-
ng  the  presence  of  at  least  two  of  the  following  symptoms:
pistaxis,  anosmia,  purulent  rhinorrhea,  formation  of  nasal
rusts,  chronic  inflammatory  disease  of  the  airway  and  two
r  more  nasal  surgeries,  lasting  at  least  six  months.  It  can
e  confirmed  by  biopsy  of  the  nasal  mucosa  and  imaging
ests.640

Treatment  of  atrophic  rhinitis  aims  to  control  symptoms
nd  involves  maintaining  nasal  hygiene  with  regular  use  of
aline  solutions  and  nasal  hydration.  Topical  or  systemic
ntibiotic  therapy  may  be  necessary  in  cases  of  puru-
ent  secretions,  as  indicated  by  microbiological  results.  In
atients  with  conventional  response  to  medical  treatment,
urgical  therapy  may  be  considered.638

econdary  atrophic  rhinitis

econdary  Atrophic  Rhinitis  (SAR)  is  the  most  prevalent
orm  of  atrophic  rhinitis  in  developed  countries,  being  clin-
cally  distinct  from  the  primary  form.  This  is  frequently
bserved  in  clinics  specializing  in  otorhinolaryngology  and
mmune  allergology.  SAR  is  less  severe  than  primary  atrophic
hinitis,  resulting  in  less  impact  on  patients’  quality  of
ife.641

The  association  of  SAR  with  chronic  nasal  inflamma-
ion  or  other  forms  of  injury  to  the  nasal  mucosa  (such  as
rauma,  surgery,  antiangiogenic  therapies,  among  others)
uggests  that  the  development  of  SAR  is  a  common  con-
equence  resulting  from  various  forms  of  aggression  to  the
asal  mucosa.  Histopathological  studies  have  shown  that  in
AR  there  is  gradual  loss  of  the  nasal  ciliated  pseudostrat-
fied  columnar  epithelium,  with  metaplasia  to  a  squamous
pithelium  devoid  of  cilia,  loss  of  goblet  cells  and  of  mucus-
roducing  cells.641

Therefore,  the  pathophysiology  of  SAR  is  believed  to
e  based  on  the  change  of  normal  respiratory  epithe-
ium,  with  transition  to  a  non-ciliated  squamous  epithelium,
hich  reduces  mucociliary  clearance  capacity  and  leads

o  the  subsequent  accumulation  of  stagnant  mucus.  These
hanges  create  a  favorable  environment  for  chronic  bacte-
ial  superinfection.641

The  main  symptoms  of  SAR  may  include  persistent  nasal
bstruction;  nasal  discharge,  usually  thick  and  with  an
npleasant  odor;  decreased  sense  of  smell  (hyposmia)  or
hanges  in  the  sense  of  smell  (parosmia  or  cacosmia);  dry
r  moist  crusts  inside  the  nose;  feeling  of  nasal  dryness;
ccasional  epistaxis  (nosebleed);  feeling  of  nasal  conges-
ion,  even  without  evidence  of  mucus  and  chronic  coughing,
specially  at  night,  due  to  post-nasal  drainage.641

Diagnosis  of  SAR  usually  involves  a  complete  clinical  eval-

ation,  which  may  include:641

•  Clinical  history:  The  doctor  will  ask  about  the  symptoms
he  patient  is  experiencing,  their  duration  and  severity,  as
ell  as  any  triggering  or  aggravating  factors;
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•  Physical  examination:  The  doctor  will  examine  the
nside  of  the  nose  using  an  otoscope  or  nasal  endoscope
o  evaluate  the  nasal  mucosa,  looking  for  signs  of  atrophy,
rusts,  secretions  or  other  changes;

 Assessment  of  smell:  Smell  tests  can  be  performed  to
assess  the  patient’s  olfactory  function,  as  loss  or  alter-
ation  of  smell  is  common  in  secondary  atrophic  rhinitis,
and

 Complementary  tests:  In  some  cases,  additional  tests
may  be  necessary  to  confirm  the  diagnosis  or  evaluate
complications.  This  may  include  allergy  testing,  nasal
secretion  cultures  to  identify  bacterial  or  fungal  infec-
tions,  or  sinus  imaging  to  assess  the  extent  of  nasal
changes.

SAR  treatment  aims  to  alleviate  symptoms,  reduce
omplications  and  improve  the  patient’s  quality  of  life.
herapeutic  approaches  may  include:641

 Nasal  hydration:  The  use  of  saline  solutions  for  nasal  irri-
gation  can  help  moisten  and  clean  the  nasal  passages,
reducing  the  formation  of  crusts  and  improving  nasal
breathing;

 Nasal  lubrication:  The  use  of  nasal  gels  or  ointments  based
on  mineral  oil  or  other  lubricating  agents  can  help  relieve
the  sensation  of  nasal  dryness  and  reduce  discomfort;

 Topical  medications:  Using  topical  nasal  corticosteroids
can  help  reduce  nasal  inflammation  and  relieve  symp-
toms.  In  some  cases,  the  doctor  may  prescribe  topical
antibiotics  to  treat  secondary  infections;

 Treatment  of  infection:  If  there  is  evidence  of  bacterial  or
fungal  infection,  treatment  with  antibiotics  or  antifungals
may  be  necessary;

 Vitamin  and  mineral  supplementation:  In  some  cases,  sup-
plementation  with  vitamins  and  minerals,  such  as  vitamin
A,  zinc  and  omega-3  fatty  acids,  can  help  promote  the
health  of  the  nasal  mucosa;

 Avoid  nasal  irritants:  Avoiding  factors  that  can  irritate  the
nasal  mucosa,  such  as  cigarette  smoke,  air  pollution  and
irritating  chemicals,  can  help  reduce  symptoms;  and

 Medical  follow-up:  It  is  important  to  have  regular  follow-
up  with  a  doctor  specializing  in  otolaryngology  to  monitor
the  response  to  treatment,  adjust  as  necessary  and  detect
and  treat  complications  early.

hinitis  secondary  to  structural  anatomical
ariations

hinitis  secondary  to  structural  anatomical  variations  refers
o  a  form  of  rhinitis  that  is  caused  by  specific  anatomi-
al  characteristics  of  the  nose  and  paranasal  sinuses.  These
natomical  variations  may  include  deviated  nasal  septum,
nlarged  turbinates,  nasal  polyps  or  narrowing  of  the  nasal
assages.642

The  pathophysiology  of  rhinitis  secondary  to  struc-
ural  anatomical  variations  involves  a  complex  interaction

etween  the  anatomical  characteristics  of  the  nose  and
aranasal  sinuses,  and  the  physiological  processes  that  occur
n  these  structures.  These  anatomical  variations  can  inter-
ere  with  normal  airflow  through  the  nostrils,  resulting  in
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asal  obstruction,  difficulty  breathing,  and  chronic  inflam-
ation  of  the  nasal  mucosa.  Additionally,  obstruction  of

he  nasal  passages  can  predispose  to  secondary  infection
nd  chronic  inflammation,  contributing  to  persistent  rhinitis
ymptoms.642

Symptoms  of  rhinitis  secondary  to  structural  anatomical
ariations  may  be  similar  to  those  of  allergic  rhinitis  and
nclude  nasal  congestion;  runny  nose;  difficulty  breathing;
acial  pressure;  sneezing;  itchy  nose;  loss  of  smell;  snoring;
ry  mouth;  chronic  cough  and  sleep  apnea.642

The  diagnosis  of  rhinitis  secondary  to  structural  anatomi-
al  variations  involves  a  comprehensive  medical  evaluation,
hich  may  include:642

 Clinical  history  and  physical  examination:  The  doctor  will
review  the  patient’s  symptoms,  including  the  nature  of
the  nasal  obstruction,  the  presence  of  congestion,  runny
nose,  facial  pain,  and  breathing  difficulties.  The  phys-
ical  examination  may  include  inspection  of  the  nostrils
and  palpation  of  the  nasal  region  and  paranasal  sinuses  in
search  of  signs  of  inflammation  or  anatomical  variations;

 Nasal  endoscopy:  This  procedure  enables  the  doctor  to
directly  examine  the  inside  of  the  nose  and  sinuses  using  a
flexible  endoscope.  This  may  reveal  the  presence  of  nasal
polyps,  deviated  septum  or  other  anatomical  variations
that  contribute  to  rhinitis  symptoms;

 Computed  tomography  of  the  paranasal  sinuses:  This
exam  may  be  requested  to  evaluate  the  nasal  and
paranasal  sinus  structures  in  more  detail,  especially  if
significant  anatomical  anomalies  are  suspected;

 Allergy  testing:  Although  rhinitis  secondary  to  structural
anatomical  variations  is  not  caused  by  allergies,  some
patients  may  have  concomitant  allergies  that  exacerbate
symptoms.  Therefore,  allergy  testing  can  be  performed
to  determine  whether  allergens  are  contributing  to  symp-
toms;  and

 Nasal  sensitivity  assessment:  In  some  cases,  doctors  may
perform  nasal  sensitivity  tests  to  evaluate  the  response  of
the  nasal  passages  to  different  stimuli,  such  as  chemical
irritants  or  changes  in  air  temperature  and  humidity.

Based  on  the  results  of  these  tests  and  general  clinical
ssessment,  the  doctor  can  diagnose  rhinitis  secondary  to
tructural  anatomical  variations  and  recommend  an  appro-
riate  treatment  plan,  which  may  include  conservative
easures,  medication  and,  in  some  cases,  surgical  interven-

ion  to  correct  the  underlying  anatomical  variations.
Treatment  of  rhinitis  secondary  to  structural  anatomi-

al  variations  generally  involves  a  multifaceted  approach,
hich  may  include:642

 Medication:  Taking  medication  can  help  relieve  symp-
toms  such  as  nasal  congestion  and  inflammation.  This  may
include  nasal  decongestants,  antihistamines,  nasal  corti-
costeroids,  and  saline  nasal  sprays  for  irrigation;

 Treatment  of  anatomical  variations:  In  cases  where
anatomical  variations,  such  as  a  deviated  nasal  sep-

tum,  enlarged  turbinates  or  nasal  polyps,  are  causing
significant  nasal  obstruction,  surgical  correction  may  be
necessary.  This  may  involve  procedures  such  as  septo-
plasty  (correction  of  a  deviated  septum),  turbinectomy
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(removal  of  part  of  the  nasal  turbinate)  or  polypectomy
(removal  of  nasal  polyps);

 Complementary  therapy:  In  addition  to  medication  and
surgery,  some  people  may  benefit  from  complementary
therapies,  such  as  saline  nasal  irrigation,  which  can  help
clear  the  nasal  passages  and  reduce  congestion.  Breathing
therapies  and  relaxation  techniques  can  also  be  helpful  in
relieving  symptoms;  and

 Medical  follow-up:  It  is  important  to  have  regular  follow-
up  with  a  doctor  to  monitor  treatment  effectiveness  and
adjust  as  necessary.  If  symptoms  persist  or  worsen,  it  may
be  necessary  to  reevaluate  the  diagnosis  and  consider
other  treatment  options.

pecial considerations

ocal  allergic  rhinitis

ver  the  last  few  decades,  studies  have  demonstrated  that
 considerable  number  of  patients  with  rhinitis  and  neg-
tive  responses  to  systemic  sensitization  tests  present  an
xclusively  nasal  allergic  inflammatory  response,643 con-
rmed  by  the  specific  Nasal  Provocation  Test  (sNPT)  with
ollens  and/or  dust  mites.644,645 Based  on  these  findings,
he  concept  of  a  new  rhinitis  phenotype  was  created,  called
ocal  Allergic  Rhinitis  (LAR).646

In  adults,  LAR  is  a  stable  phenotype647 that  predomi-
antly  affects  young,  healthy,  non-smoking  women  with  a
amily  history  of  atopy,  in  addition  to  being  associated  with
onjunctivitis  and  asthma.648 It  affects  around  25%  of  the
opulation  with  rhinitis  and  may  correspond  to  Up  to  50%  of
dult  patients  previously  diagnosed  with  Non-Allergic  Rhini-
is  (NAR),  approximately  one  third  of  whom  present  with
nset  of  symptoms  in  childhood.649

We  know  that  although  the  inflammatory  response  is  only
ocal,  this  phenotype  does  not  represent  an  initial  or  tran-
itional  stage  for  Allergic  Rhinitis  (AR)650 and  presents  a
everity  similar  to  that  of  other  rhinitis  phenotypes,  includ-
ng  those  in  the  pediatric  range.  Although  there  are  few
tudies  in  this  age  group,  a  recent  review651 demonstrated  a
ide  variation  in  the  prevalence  rates  of  LAR  (3.7%---83.3%)

n  patients  previously  classified  as  NAR.  Markedly  lower
ates  were  found  in  Eastern  countries  (3.7%---16.6%),  when
ompared  to  Western  countries  (22.3%---83.3%),  but  with-
ut  identifying  relevant  clinical  characteristics  that  could
xplain  this  discrepancy  or  differentiate  between  the  dif-
erent  phenotypes  of  childhood  rhinitis.

After  a positive  sNPT,  patients  with  LAR  present  local
roduction  of  IgE,  immediate  activation  of  mast  cells  and
osinophils  with  local  release  of  pro-inflammatory  media-
ors  such  as  tryptase  and  eosinophilic  cationic  protein.652

he  presence  of  local  IgE  also  occurs  during  periods  of  non-
xposure  to  the  allergen,  demonstrating  persistent  local
roduction  of  the  antibody.  Several  possible  mechanisms
o  explain  the  local  production  of  IgE  have  already  been
eported;652 however,  it  is  still  unknown  whether  there
re  differentiating  factors  in  the  local  synthesis  of  IgE  in

atients  with  AR  and  LAR.652 Despite  these  pathophysio-
ogical  changes,  to  date,  due  to  limitations  in  carrying  out
pecific  IgE  measurement  in  nasal  secretion,  this  is  not  yet
onsidered  essential  for  the  diagnosis  of  LAR.  Therefore,
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NPT  continues  to  be  the  diagnostic  gold  standard  for  this
ondition.64,298

Regarding  treatment,  as  in  AR,  LAR  symptoms  tend  to
ecrease  with  the  use  of  topical  nasal  corticosteroids  and
dministration  of  systemic  H1  anti-H1s.648,653 Another  possi-
le  therapeutic  approach  would  be  the  institution  of  specific
mmunotherapy,  since  this  type  of  treatment  has  already
emonstrated  effectiveness  in  adults.653---655

Thus,  it  is  possible  to  state  that  LAR  presents  a  frequency
nd  intensity  of  symptoms  similar  to  other  rhinitis  pheno-
ypes  in  all  age  groups,  and  differentiation  between  them  is
nly  possible  by  monitoring  nasal  responses  after  performing
NPT.20

ixed  rhinitis

ixed  rhinitis  can  be  considered  in  those  patients  who
resent  symptoms  both  after  exposure  to  allergens  and
fter  non-specific  stimuli  (chemical  or  physical),  that  is,
hey  present  an  overlap  of  allergic  rhinitis  and  different
henotypes  of  non-allergic  rhinitis.  In  mixed  rhinitis,  in
ddition  to  chronic  allergic  inflammation,  other  neurovas-
ular  mechanisms  contribute  to  nasal  hyperreactivity273 and
he  consequent  triggering  of  symptoms  after  exposure  to
onspecific  stimuli.  It  is  estimated  that  around  30%---50%
f  patients  with  chronic  rhinitis  present  this  overlap  in
iagnoses,25 and  clinical  history,  the  presence  of  subjective
ymptoms  and  systemic  sensitization  tests  are  essential  to
orrectly  make  the  diagnosis.

ual  rhinitis

ecent  evidence  suggests  that  local  and  systemic  sensiti-
ation  to  different  aeroallergens  can  coexist  in  the  same
atient.  This  phenotype  is  described  as  dual  rhinitis  (conco-
itant  presence  of  AR  and  LAR)  and  can  be  diagnosed,

or  example,  in  patients  who  present  perennial  symptoms
ith  seasonal  exacerbation,  being  systemically  sensitized
nly  to  seasonal  allergens,  but  who,  when  subjected  to
NPT,  present  results  positive  also  for  perennial  allergens.23

ts  relevance  has  been  demonstrated  in  both  adults  and
hildren  and  its  diagnosis  should  be  considered  in  atopic
ndividuals  with  systemic  sensitization  to  a  certain  aeroal-
ergen,  but  who  do  not  present  adequate  clinical-laboratory
orrelation  to  the  pattern  of  nasal  symptoms  reported  after
xposure  to  it.24 Fig.  5  shows  the  approach  to  the  differential
iagnosis  of  the  various  types  of  chronic  rhinitis

hildren

he  term  rhinitis  in  the  pediatric  age  group  has  some  par-
icularities  that  make  the  infectious  aspects  stand  out,  with
iral  infections  being  the  most  common  causes  of  nasal
ymptoms  in  the  first  two  years  of  life,  due  to  greater
mmunological  immaturity  and  greater  contact  in  daycare
enters  and  schools.
Symptoms  of  obstruction  and  secretion  in  children  may
e  due  to  other  differential  diagnoses  including:  anatomi-
al  changes  such  as  cleft  palate,  unilateral  choanal  stenosis
r  atresia,  adenoid  enlargement,  laryngopharyngeal  reflux,
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iliary  dyskinesia,  presence  of  polyps  that  lead  us  to  the
iagnosis  of  cystic  fibrosis,  and  even  a  foreign  body  retained
n  one  of  the  nasal  passages  with  unilateral  purulent
ecretion.657 There  may  be  coexistence  of  infectious  rhini-
is  with  AR,  which  often  makes  the  initial  diagnosis  of  AR
ifficult.

If  we  consider  the  progression  of  the  atopic  march  and
llergic  sensitization,  the  characteristic  signs  and  symptoms
f  Allergic  Rhinitis  (AR)  become  more  frequent  with  high
revalence  of  AR  in  adolescence  and  young  adults.393

The  cohort  study  in  Germany  (Multicenter  Allergy  Study
--  MAS)  provided  evidence  that  sensitization  for  at  least
wo  consecutive  years  to  aeroallergens,  especially  pollens,
ncreased  the  prevalence  of  new  cases  of  AR  between  three
nd  12  years  of  age  by  2%  per  year.240,658

Typical  symptoms  of  AR:  sneezing,  anterior  and/or  pos-
erior  secretion,  nasal  obstruction  and  itching  become
ore  frequent  with  age  and  may  be  associated  with  snor-

ng,  throat  clearing,  coughing,  oral  breathing,  eye  itching,
nfraorbital  darkening,  elongated  and  pale  facies,  dental
alocclusion,  arched  and  high  palate,  double  infraorbital

old  (Dennie-Morgan  lines),  transverse  nasal  groove,  in  addi-
ion  to  the  presence  of  other  signs  and  symptoms  of  allergic
iseases  such  as  atopic  dermatitis  and  asthma.476 Anterior
hinoscopy  may  show  hypertrophy  and  pallor  of  turbinates  in
ddition  to  clear  secretion,  independent  of  viral  symptoms.

The  diagnosis  of  AR  is  based  on  clinical  history  and  tests
hat  can  identify  allergic  sensitization  due  to  the  presence
f  specific  IgE,  especially  to  mites,  domestic  animals,  cock-
oaches  and  pollens  in  areas  where  pollination  exists.  Rarely,
ood  allergies  alone  cause  AR  symptoms.  The  search  for  nasal
osinophils  is  not  performed  routinely,  in  addition  to  being
ifficult  to  obtain  and  analyze  due  to  the  high  number  of
iral  infections  in  this  age  group.

Other  rhinitis  endotypes  such  as  idiopathic  rhinitis  and
on-allergic  eosinophilic  rhinitis  are  less  common  in  child-
ood,  but  Local  AR  (LAR)  has  been  demonstrated  in  up  to  47%
f  pediatric  cases  previously  diagnosed  as  non-allergic  rhini-
is.  Some  authors  associate  environmental  changes  such  as
emperature,  humidity  and  greater  exposure  to  pollutants
s  risk  factors  for  LAR.20,659---671

All  of  these  symptoms  may  be  underappreciated  in  chil-
ren  and  often  lead  to  changes  in  sleep,  sleep  apnea,
atigue,  irritability  in  the  morning,  reduced  school  perfor-
ance,  interfering  with  the  quality  of  life  of  the  child  and

heir  families.
Treatment  before  the  age  of  two  is  limited  and  often

nly  includes  the  use  of  second-generation  antihistamines
pproved  for  that  age  range.  Intranasal  corticosteroids  such
s  mometasone  furoate,  triamcinolone  acetonide  and  fluti-
asone  furoate  can  now  be  used  in  preschool  children.  In
ndicated  cases,  allergen  immunotherapy  can  be  useful  and
ven  reduce  the  risk  of  progression  to  respiratory  symptoms
uch  as  asthma.476

lderly
opulation  aging  has  resulted  in  an  increase  in  the  preva-
ence  of  chronic  diseases  in  the  elderly.  The  prevalence  of
asal  symptoms,  including  rhinorrhea,  congestion,  sneezing,
asal/ocular  itching  and  post-nasal  drainage  affects  up  to
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ig.  5  Chronic  rhinitis  diagnostic  algorithm.  Prick  Test,  Imme
pecific Nasal  Provocation  Test;  TAB,  Basophil  Activation  Test.  A

2%  of  elderly  people  and  can  have  a  significant  impact  on
uality  of  life.  Several  factors  associated  with  aging  may
ontribute  to  the  pathogenesis  of  rhinitis  in  the  elderly.662,663

The  physiological  aging  process  causes  changes  in  nasal
natomy  and  physiology  that  impact  the  presence  and  wors-
ning  of  rhinitis  symptoms.  The  weakening  of  connective
issue  and  atrophy  of  collagen  fibers  in  the  nasal  cartilages
ause  a  decrease  in  nasal  flow  and  symptoms  of  nasal  conges-
ion.  Changes  also  occur  in  the  nasal  epithelium,  which
ecomes  atrophic  and  dry.  The  decrease  in  nasal  flow  con-
ributes  to  the  reduction  of  humidification  and  heating  of
he  inspired  air,  leading  to  dryness,  crusting  and  nasal  irri-
ation.  Nasal  mucus  changes  and  becomes  thicker,  which,
ssociated  with  a  decrease  in  mucociliary  function,  causes
ncreased  nasal  drainage,  post-nasal  drainage  and  coughing.
ging  is  also  associated  with  increased  cholinergic  activ-

ty  and  reduced  olfaction.  Furthermore,  immunosenescence
lso  contributes  to  rhinitis  symptoms,  increasing  vulnerabil-
ty  to  infectious  rhinitis.662

It  is  important  in  the  elderly,  especially  in  cases  of  late-
nset  AR,  to  conduct  the  diagnosis  carefully  and  consider
everal  conditions  in  the  differential  diagnosis,  includ-
ng  non-allergic  rhinitis,  hormonal  rhinitis,  drug-induced
hinitis,  atrophic  rhinitis,  inflammatory  immunological  dis-
rders  (e.g.,  granulomatous  diseases,  amyloidosis),  nasal
eakage  of  cerebrospinal  fluid  and  malignancies  in  the
asopharynx.  The  elderly  due  to  several  comorbidities,
re  subject  to  ‘‘polypharmacy’’  and  several  medications
idely  used  in  this  age  group  cause  or  contribute  to

he  worsening  of  rhinitis,  such  as  non-steroidal  anti-

nflammatory  drugs,  alpha-blockers,  beta-blockers,  ACE
nhibitors,  calcium  channel  blockers,  diuretics,  oxymeta-
oline,  phosphodiesterase  inhibitors  and  psychotropic
rugs.
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e  Hypersensitivity  Skin  test;  CRS,  Chronic  Rhinosinusitis;  sNPT,
ed  from  Eguiluz-Gracia  I.656

Comorbidities  of  special  interest  include  depression,
hich  is  associated  with  anosmia,  rhinitis  and  chronic  rhi-
osinusitis  disease;  gastroesophageal  reflux  disease,  with

 strong  association  with  the  development  of  rhinitis;  and
leep  apnea  syndrome,  with  a  high  prevalence  in  the  elderly.
t  is  important  to  highlight  that  several  psychiatric  medica-
ions  can  cause  dry  nasal  mucosa  and  rhinitis.662,664,665

The  treatment  of  AR  in  the  elderly  is  carried  out  in
n  analogous  way  to  that  in  the  adult  population,  with
ntranasal  corticosteroids,  antihistamines  (topical  and  oral)
nd  immunotherapy  with  allergens.  In  cases  of  rhinorrhea
ssociated  with  age  and  idiopathic  rhinitis,  the  recom-
ended  therapy  is  nasal  lavage  with  saline  solution  and

opical  anticholinergics.  It  is  important  to  highlight  that
he  elderly  may  be  more  susceptible  to  adverse  events
rom  some  medications.  First-generation  antihistamines
hould  be  avoided  due  to  the  risk  of  adverse  events,  espe-
ially  urinary  retention,  dry  eyes/mouth,  constipation  and
rrhythmias.  Intranasal  corticosteroids  are  well  tolerated,
lthough  there  is  a  theoretical  risk  of  osteoporosis  with  high
oses  for  a  prolonged  period  of  time.  The  patient  must
e  monitored  for  glaucoma,  especially  if  they  are  simul-
aneously  using  inhaled  corticosteroids  or  taking  courses
f  oral  corticosteroid  therapy.  The  impact  of  intranasal
orticosteroids  on  the  risk  of  cataracts  is  not  clear  and
efined.20,662,666

Finally,  it  is  important  to  remember  that  treatment
ompliance  may  be  compromised  by  memory  loss,  cogni-
ive  decline  and  motor  changes.  It  is  estimated  that  memory
oss  affects  37%  of  elderly  people  over  85  years  of  age.

onsidering  this  aspect,  it  is  recommended  to  adopt  strate-
ies  to  maximize  compliance,  which  include  the  following:
rescribing  the  smallest  number  of  medications  possible,
djusting  the  dosage  schedule  to  the  patient’s  daily  habits
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nd  coordinating  the  administration  of  all  medications  for
he  patient(s),  whenever  feasible.  In  addition  to  mem-
ry  loss,  other  factors  can  impair  compliance,  related  to
ow  motor  coordination,  such  as  Parkinson’s  disease,  stroke
equelae,  arthritis  and  weakness  in  the  hands,  which  can
ompromise  the  ability  to  use  nasal  sprays.662

regnant  and  nursing  mothers

estational  rhinitis  affects  around  20%  of  pregnant  women
nd  it  is  defined  as  a  nasal  obstruction  that  typically  occurs  in
he  second  or  third  trimester  of  pregnancy  in  women  with  no
istory  of  rhinitis  prior  to  pregnancy.  This  nasal  obstruction
asts  for  six  weeks  and  has  no  allergic  cause  or  signs  of  upper
irway  infection.  Symptoms  cease  two  weeks  after  delivery.

The  pathogenesis  suggests  that  placental  trophoblastic
ormone  can  induce  hypertrophy  of  the  nasal  mucosa  and
rogesterone  increases  the  expression  of  H2  receptors  in  the
asal  epithelium  and  microcirculation  endothelium,  promot-
ng  eosinophilic  migration  and  degranulation.31,639

The  diagnosis  is  clinical,  characterized  by  nasal  obstruc-
ion.  Mouth  breathing  may  be  associated  with  worsening
leep  quality  with  snoring  and  obstructive  apnea.639

In  treatment,  non-pharmacological  measures  must  be
mplemented,  such  as  nasal  washing  with  saline  solution,
asal  dilators,  postural  guidance  and  physical  exercises.
egarding  the  use  of  medications,  FDA  regulations  for  preg-
ant  women  must  be  followed,  observing  risks  from  A  to  D,
s  well  as  category  X.  In  2015,  new  rules  describing  potential
rug  effects  on  pregnancy  and  lactation  were  implemented.

During  pregnancy,  topical  nasal  corticosteroids  are
onsidered  safe,  including  fluticasone,  mometasone  and
udesonide.  As  for  oral  medications,  notably  in  the  first
rimester,  they  are  related  to  the  risk  of  increased  cleft  lip,
ith  or  without  cleft  palate.

Second  generation  antihistamines  are  the  most  rec-
mmended  (e.g.,  loratadine,  cetirizine,  fexofenadine,
zelastine).  First  generation  drugs  should  be  avoided  due
o  their  anticholinergic  effects.

Intranasal  chromones  have  no  contraindication,  as  they
re  not  absorbed  by  the  nasal  mucosa  (category  B).667

Oral  decongestants  should  be  avoided  in  the  first
rimester,  due  to  the  risk  of  congenital  malformations.667

Few  antihistamines  have  been  studied  in  nursing  moth-
rs,  trying  to  evaluate  their  transfer  into  breast  milk  and
ossible  adverse  effects  on  infants.  Second  generation  anti-
istamines  such  as  loratadine  and  cetirizine  are  the  most
ecommended,  with  lower  transfer  levels  and  a  higher  safety
rofile.

Newborns,  particularly  premature  ones,  eliminate  med-
cations  more  slowly,  due  to  liver  and  kidney  immaturity;
herefore,  the  half-life  of  the  medication  and  the  length  of
ime  the  nursing  mother  uses  the  medication  must  always
e  considered.668

thletes
hinitis  is  the  most  common  nasal  condition  in  athletes,  with
n  estimated  prevalence  between  27%  and  74%.669 This  wide
ariation  occurs  due  to  differences  between  the  popula-
ions  studied  and/or  the  diagnostic  criteria  used.  Systematic
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eview  that  evaluated  the  prevalence  of  rhinitis  in  athletes,
ccording  to  the  sport  environment  (land,  water  and  cold
ir),  concluded  that  swimmers  are  the  most  affected  pop-
lation  (40%---74%),  followed  by  snow  skiers  (46%)  and  track
thletes  (21%---49%).670

The  acute  effects  of  exercise  on  the  nose  are  well  defined
--  vasoconstriction  of  the  capacitance  vessels,  resulting  in
n  increase  in  nasal  volume.  Under  normal  circumstances,
here  is  no  rebound  effect  and  vasoconstriction  lasts  for
bout  one  hour  after  exercise.  The  impact  on  nasal  physiol-
gy  of  continuous  physical  training  is  not  well  established.
everal  environments  in  which  athletes  practice  their  phys-
cal  activities  have  the  potential  to  harm  the  nasal  mucosa.
or  example,  sports  that  are  practiced  in  environments  with
hilly  air  (snow  skiing,  snowboarders  and  ice  hockey)  or  in
hlorinated  water  (swimming,  diving  and  water  polo)  expose
he  nasal  mucosa  to  local  chemical  and  physical  irritants.
utdoor  aerobic  exercise  may  also  result  in  inhalation  of

arge  volumes  of  aeroallergens  or  air  pollutants  due  to  the
ncreased  minute  ventilation  required  to  support  intense
hysical  activity.670

Physical  exercise  can  be  a trigger  or  aggravating  fac-
or  for  rhinitis.  Exercise-Induced  Rhinitis  (EIR)  has  been
dentified  with  progressive  frequency  and  it  is  characte-
ized  by  rhinorrhea,  congestion  and  sneezing  during  intense
xercise  such  as  running,  cycling  and  winter  sports.  How-
ver,  the  underlying  pathophysiology  remains  unclear.  EIR
n  athletes  with  and  without  allergies  is  associated  with
ggression  of  the  nasal  epithelium,  influx  of  neutrophils,
ncreased  release  of  vasoactive  mediators  (histamine  and
eukotrienes)  and  reduced  mucociliary  clearance,  but  the
rigger  for  the  release  of  these  inflammatory  markers  in  ath-
etes  remains  undefined.671,672 However,  it  has  been  reported
hat  EIR  is  more  common  among  elite  athletes  and  high-
evel  athletes  compared  to  individuals  who  participate  in
ecreational  sports,  which  suggests  that  the  pathophysiol-
gy  may  be  related  to  increased  oxygen  demand  and  the
eed  corresponding  to  greater  inspiratory  air  flow.673

Athlete  performance  requires  optimal  levels  of  health
nd  fitness.  Rhinitis  has  a  negative  impact  on  an  athletes’
leep,  well-being,  performance  and  quality  of  life.  Fur-
hermore,  rhinitis  has  a  strong  association  with  bronchial
yperresponsiveness  and  asthma,  implying  potential  impair-
ent  of  the  athlete’s  lung  capacity.  Sleep  impairment
egatively  affects  athletes’  performance,  including  deficits
n  aerobic  capacity,  isometric  strength,  cortisol  levels,  and
printing.674

Doctors  who  care  for  athletes  with  rhinitis,  at  any  level
f  competition,  must  take  several  factors  into  consider-
tion  when  prescribing  therapy;  including  the  profile  of
dverse  events,  effectiveness  for  the  preponderant  symp-
om(s),  individual  response,  route  of  administration,  costs
nd  restrictions  imposed  by  the  World  Anti-Doping  Agency
WADA)  regarding  the  use  of  medications  during  competi-
ions  (Table  15).  Special  attention  should  be  given  to  nasal
econgestants  and  oral  corticosteroids.674
urgical treatment

urgery  is  recommended,  in  particular,  for  patients
ith  nasal  obstruction  refractory  to  drug  treatment  and
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Table  15  Therapeutic  options  for  the  treatment  of  rhinitis  in  athletes  and  the  restrictions  established  by  the  World  Anti-Doping
Agency (WADA).674,675

Medication  WADA  rules  Remarks

Saline  solution  Allowed  Widely  available  and  of  low  cost.
Oral and  nasal  antihistamine  agents  Allowed  Choose  second  Generation  anti-H1  with

less sedative  effects.

Decongestants

Allowed:  phenylephrine,
phenylpropanolamine,  synephrine  and
oxymetazoline

Mainly  indicated  for  rhinosinusitis.

No  indication  for  allergic  and
non-allergic  rhinitis.

Allowed  with  limited  urinary
concentrations:
Cathine  <5  mcg/mL
Ephedrine  <10  mcg/mL
Pseudoephedrine  <150  mcg/mL

Intranasal  corticosteroids  Allowed  First  line  of  treatment  for  persistent
and/or  moderate/severe  allergic  rhinitis

Oral corticosteroids  Allowed  in  competitions  only  with
exemption  for  therapeutic  use
(Therapeutic  use  exemption  ---  TUE)

Use  indicated  only  for  severe  allergic
rhinitis  resistant  to  standard  therapy

Disodium cromoglycate  Allowed  Effective  mainly  for  histamine-induced
symptoms  (itching,  sneezing  and
rhinorrhea)

Montelukast  Allowed  Risk  of  psychiatric  adverse  events
(anxiety,  depression)

Intranasal anticholinergics  Allowed  Effective  for  histamine-induced
symptoms  (itching,  sneezing  and
rhinorrhea)
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Table  16  Shows  the  main  techniques  used  to  perform  infe-
rior turbinate  surgery.

With  mucosa
preservation

Conventional  turbinoplasty
Turbinoplasty  with  microdebrider
Radiofrequency
Coblation

Without  mucosa
preservation

Conventional  turbinectomy  (partial
or total)
Turbinectomy  with  electrocautery
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and  control  of  the  disease.573
hose  with  inferior  turbinate  hypertrophy.20,573,676,677 The
ollowing  surgical  treatment  options  are  considered:  sep-
oplasty/rhinoseptoplasty  for  patients  with  obstructive
eviation  of  the  nasal  septum.  In  patients  with  significant
nd  persistent  rhinorrhea,  resistant  to  clinical  treatment,
reatment  options  include  vidian  neurectomy  or  posterior
asal  neurectomy,  and  cryoablation  or  radiofrequency  of  the
osterior  nasal  nerves.20

Many  patients  require  a  combination  of  surgeries,  such
s  septoplasty  and  turbinectomy.678,679 Various  surgical
echniques  are  used,  from  simpler  procedures,  such  as
ubmucosal  cauterization  associated  with  lateral  disloca-
ion  of  the  inferior  turbinate,  to  procedures  with  more
ophisticated  equipment,  such  as  radiofrequency,  coblation,
aser  and  microdebrider.680 However,  there  are  few  ran-
omized  comparative  studies,  with  longer  follow-up,  that
llow  defining  a  technique  as  the  gold  standard  for  nasal
urbinate  surgery.680 From  a  practical  point  of  view,  expe-
ience  of  the  surgeon,  the  available  materials,  the  cost,
nd  the  local  anatomy  of  the  nose,  end  up  defining  the
echnique  to  be  used.681 Factors  such  as  the  anatomy  of
he  inferior  turbinate  (if  the  hypertrophy  is  more  bony
nd/or  more  mucosal)  and  the  middle  turbinate,  the  extent
f  the  hypertrophy  (if  more  anterior  and/or  posterior),
nd  the  response  to  previous  interventions,  if  performed,
ust  be  considered  when  choosing  the  technique  to

ollow.

Regardless  of  the  technique  and  equipment,  creating

ore  space  for  air  passage  and  minimizing  complications
re  the  desired  goals.

b
o

58
Laser  turbinectomy
Cryoturbinectomy

It  is  important  to  highlight  those  aggressive  procedures,
uch  as  extended  or  even  total  turbinectomies,  do  not  pro-
ide  better  results.  Complications  related  to  nasal  turbinate
urgery  are  usually  nasal  bleeding  and  temporary  crust  for-
ation.  Techniques  that  preserve  the  nasal  mucosa  are
sually  preferred  by  surgeons,  due  to  the  lower  potential  for
rust  formation  (Table  16).  More  radical  procedures  or  those
ith  large  mucosal  resections  should  be  avoided,  due  to
ases  of  empty  nose  syndrome  described  in  the  literature.682

Nasal  turbinate  surgery,  when  well  indicated,  improves
he  quality  of  life  of  patients  with  allergic  rhinitis,  enables
etter  distribution  of  topical  medications  in  the  nasal  cavity
Regardless  of  the  surgical  technique  used,  patients  must
e  alerted  to  the  need  to  continue  monitoring  and  clinical
r  immunotherapy  treatment.683
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reatment compliance

ompliance  is  defined  as  the  extent  to  which  a  per-
on’s  behavior  (taking  medication,  following  a  diet,  and/or
aking  lifestyle  changes)  matches  a  healthcare  provider’s

ecommendations  and  involves  patient  decisions  about  their
reatment.  Compliance  to  AR  treatment  recommendations
s  variable  and  factors  related  to  AR  treatment  compliance
re  not  well  characterized  in  the  literature.684

When  approaching  this  topic  there  is  a  difficulty  in  defin-
ng  it  due  to  (1)  Many  treatments  are  carried  out  as  needed;
2)  Many  patients  treat  themselves  with  medicines  sold  with-
ut  a  prescription,  without  consulting  a  doctor;  and  (3)
esearchers  more  interested  in  life-threatening  conditions
ay  consider  non-compliance  to  AR  treatment  as  a  less

mportant  topic  to  study.  For  these  reasons,  understanding
R  treatment  noncompliance  and  effective  interventions  to
esolve  it  often  lag  behind  other  conditions.685,686

Regarding  established  clinical  treatments,  Intranasal  Cor-
icosteroids  (ICS),  as  they  are  a  prescribed  daily  treatment,
ave  received  greater  attention  regarding  compliance.  It
s  reported  that  between  28%  and  77%  of  patients  with  AR
eport  compliance  to  the  recommended  ICS  treatment  reg-
men  all  or  most  of  the  time.  Twenty  percent  of  patients
eport  compliance  only  for  a  brief  period  or  only  when  they
xperience  symptoms.685

Rejection  of  ICS  treatment  has  been  attributed  to
he  aftertaste,  irritation  to  the  nose  and  oropharynx,
ide  effects  such  as  nosebleeds  and  the  cost  of  the
edication.685,686

Compliance  to  Allergen  Immunotherapy  (AIT)  has
eceived  greater  attention  than  other  treatments  target-
ng  AR,  both  because  it  is  prescribed  at  specific  intervals
nd  because  benefits  depend  on  long-term  compliance.685

IT  compliance  is  variable  and  depends  on  the  route  of
dministration,  Subcutaneous  Immunotherapy  (SCIT)  versus
ublingual  (SLIT),  frequency/dosage  regimen,  patient  char-
cteristics,  in  addition  to  characteristics  and  adverse  events
ssociated  with  the  immunotherapy.20

Literature  data  secondary  to  various  publications  on  SCIT
nd  SLIT  report  variable  overall  compliance  rates.  Studies
xamining  SCIT  compliance  have  shown  mixed  results,  with
ompliance  rates  ranging  between  23%  and  89%.  For  SLIT,
ates  varied  between  64%  and  more  than  95%.687

A  German  study  evaluated  compliance  to  SCIT  and  SLIT
n  330  patients,  including  children  and  adults,  enabling  a
omplete  three-year  cycle  of  treatment  to  be  considered
or  each  patient  investigated.  The  dropout  rate  for  the
ntire  patient  cohort  was  34.8%.  Overall,  patients  with  SLIT
ad  a  slightly  higher  dropout  rate  (39.0%)  than  those  with
CIT  (32.4%),  but  with  no  statistically  significant  difference
etween  the  two  groups.  The  majority  of  patients  who  dis-
ontinued  AIT  did  so  during  the  first  year  of  treatment.688

Another  single-center  study  evaluated  325  children  who
nderwent  SCIT  or  SLIT,  according  to  their  parents’  wishes.

hey  reported  compliance  rates  as  well  as  adverse  events
hroughout  the  treatment.  The  compliance  rate  was  higher
n  the  SCIT  group,  despite  the  greater  occurrence  of  adverse
ffects  in  this  group.689

59
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A  study  followed  treatment  with  AIT  for  three  years
n  children,  adolescents  and  adults.  There  was  a  gradual
ear-on-year  decline  in  compliance  to  SCIT  and  SLIT  and
ompliance  at  the  end  of  the  third  year  of  treatment  was
7%  and  53%  for  SCIT  and  SLIT,  respectively.690

The  reasons  why  one  type  of  AIT  overlaps  the  other  are
till  controversial:  SCIT  would  provide  greater  compliance
ue  to  regular  visits  to  the  doctor’s  office  to  perform  it,
hile  others  assume  that  SLIT  would  result  in  better  compli-
nce  due  to  its  greater  convenience.20

To  improve  compliance  there  are  four  points  considered
o  be  of  particular  importance,  described  as  follows:  (1)
mproving  patients’  knowledge  about  the  treatment  and
heir  disease;  (2)  Strengthen  the  partnership  between  doc-
ors  and  patients;  (3)  Provide  reliable  data  in  the  form  of
eal-life  studies  and  multicenter  studies  with  large  numbers
f  participants;  and  (4)  Standardization  of  measurement
ethods.688

inal remarks

his  consensus  brings  together  the  most  up-to-date  infor-
ation  on  rhinitis,  especially  allergic  rhinitis.  Despite  the

reat  strides  made  in  recent  years,  anamnesis  remains  the
undamental  point  in  the  suspected  diagnosis  of  AR  and  the
dentification  of  the  phenotype  involved,  enabling  an  appro-
riate  treatment  plan.

Patients  with  AR  require  an  initiative-taking  and  individu-
lized  assessment,  combining  accurate  etiological  diagnosis
ith  individualized  therapy.  It  is  especially  important  to

ecognize  comorbidities  that  can  negatively  impact  the
atient’s  AR  early  on.

One  aspect  that  impacts  adequate  treatment  is  low
atient  compliance,  as  well  as  self-medication.  A  complete
pproach  to  one’s  disease,  the  importance  of  learning  about
ts  control,  making  the  best  use  of  medications  in  relation  to
he  correct  technique  and  time  of  use  will  increase  patient
ompliance,  guaranteeing  better  results.
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