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Objective.  –  To  investigate  the  changes  of  basophil  activation  before  and  after  treatment  of children  with
allergic  rhinitis  and  its clinical  significance.
Methods.  –  A  total  of  18  children  with  moderate  to  severe  persistent  allergic  rhinitis  in  the  acute  phase
were  included  as the  subjects  of this  study.  Based  on  the  conventional  therapy  for  allergic  rhinitis,  2  mL
of anticoagulated  peripheral  blood  was  taken  before  the treatment  (acute  phase)  and  after  the  remission
of clinical  symptoms  and  signs  (remission  period),  respectively.  Inhalant  allergen  stimulation  was  per-
formed  in  vitro and  basophil  activation  status  (expressions  of  CD63  and  CD203c)  was detected  by  flow
cytometry  so  as  to analyze  the  changes  of basophil  activation  before  and  after  treatment.
Results.  – 1.  The  mean  value  of VAS  score  in  children  with  allergic  rhinitis  before  treatment  was  8  (6,  9),
while  that  in  the  post-treatment  remission  period  was  2 (0,  3.2).  The symptoms  were  greatly  improved
after  treatment  and  the VAS  score  was  decreased  significantly.  The  differences  were statistically  sig-
nificant  (P  < 0.0001).  2. The  mean  expression  rate of  basophil  CD63  (%  CCR3+  CD63+)  and  CD203c  (%
CCR3+  CD203c+)  was  74.35%  (52.0%,  81.8%)  and  69.2%  (43.7%,  81.3%),  respectively  in  pre-treatment  acute
phase,  while  that  of  CD63  (%  CCR3+  CD63+)  and  CD203c  (%  CCR3+  CD203c+)  was  41.5%  (24.5%,  80.4%)  and
42.1%  (15.2%,  81.0%),  respectively  in  post-treatment  remission  period.  The  differences  were  statistically
significant  (P  <  0.05).
Conclusion.  – According  to the published  basic  and  clinical  researches,  basophils  may  be  important
immune  cells  involved  in  allergic  rhinitis.  Basophil  activation  test  can  be used  as  an  effective  tool  for
allergen  detection.  The  dynamic  observation  of  basophil  activation  can  provide  an  immunological  basis
for  the  clinical  control  of  allergic  rhinitis.

© 2021  Published  by  Elsevier  Masson  SAS.
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r  é  s  u  m  é

Objective.  – Étudier  les  changements  de  l’activation  des  basophiles  avant  et après  le traitement  des  enfants
atteints  de  rhinite  allergique  et  sa signification  clinique.
Test d’activation des basophiles Méthodes.  – Au  total,  18  enfants  atteints  de  rhinite  allergique  persistante  modérée  à sévère  en  phase
aiguë  ont  été  inclus  comme  sujets  de  cette  étude.  Sur  la  base  du  traitement  conventionnel  de  la  rhinite
allergique,  2  mL  de  sang périphérique  anticoagulé  ont  été  prélevés  avant  le traitement  (phase  aiguë)
et  après  la  rémission  des  symptômes  et signes  cliniques  (période  de  rémission),  respectivement.  Une
stimulation  allergène  inhalante  a été  réalisée  in  vitro  et le statut  d’activation  des  basophiles  (expressions
de  CD63  et  CD203c)  a été  détecté  par  cytométrie  de  flux afin  d’analyser  les  changements  de  l’activation
des  basophiles  avant  et  après  le  traitement.
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Résultats.  –  1. La  valeur  moyenne  du  score  VAS  chez  les enfants  atteints  de  rhinite  allergique  avant  le
traitement  était  de 8 (6,  9),  tandis  que  celle  de  la  période  de  rémission  après  le  traitement  était  de  2  (0,  3,2).
Les  symptômes  ont  été  grandement  améliorés  après  le traitement  et  le score  VAS  a diminué  de  manière
significative.  Les  différences  étaient  statistiquement  significatives  (p  <  0,0001).  2. Le  taux  d’expression
moyen  des  basophiles  CD63  (% CCR3+  CD63+)  et CD203c  (%  CCR3+  CD203c+)  était  de  74,35  % (52,0  %,
81,8 %)  et  69,2  % (43,7  %,  81,3 %),  respectivement  dans  la  phase  aiguë  avant  le  traitement,  tandis  que
celle de  CD63  (%  CCR3+  CD63+)  et CD203c  (% CCR3+  CD203c+)  était  de 41,5  % (24,5  %,  80,4  %)  et  42,1  %
(15,2  %,  81,0  %), respectivement  dans  la  période  de rémission  après  le traitement.  Les  différences  étaient
statistiquement  significatives  (p  <  0,05).
Conclusion.  –  Sur  la base  des  recherches  fondamentales  et cliniques  publiées,  les basophiles  peuvent
être des  cellules  immunitaires  importantes  impliquées  dans  la rhinite  allergique.  Le test  d’activation
des basophiles  peut  être  utilisé  comme  un outil  efficace  pour  la  détection  des allergènes.  L’observation
dynamique  de  l’activation  des  basophiles  peut  fournir  une  base  immunologique  pour  le  contrôle  clinique
de  la rhinite  allergique.
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1. Introduction

The incidence of allergic rhinitis (AR) is increasing globally and
the incidence of self-reported allergic rhinitis ranges from 2–25%
[1,2]. The traditional diagnosis of allergic rhinitis is mainly com-
bined with medical history and allergen examination, such as skin
prick test and specific IgE test [3]. The relationship between aller-
gen exposure and symptoms is the necessary condition not only for
the diagnosis of allergic rhinitis, but also for the initiation of specific
immunotherapy [4].

Currently, symptoms, allergic history and specific IgE test are
still main diagnostic method. Most AR patients do not need to
detect allergens, but can be relieved by empirical symptomatic
treatment [3,5]. According to WHO  guidelines, allergens are often
detected in AR patients whose symptoms cannot be controlled
by oral antihistamines and moderate doses of nasal hormone [6].
Among diagnostic methods for allergic rhinitis, skin prick test and
serum IgE test are the main examinations for allergy at present,
but both of them have certain limitations [7,8]. IgE-mediated aller-
gic inflammation is the immunological basis of allergic rhinitis [9].
Basophils are important immune cells for IgE-mediated allergic
reactions [10]. After allergen/IgE stimulation, basophils activate
degranulation and the expression of surface antigens CD63 and
CD203C will be elevated [11]. The basophil activation test (BAT)
is a method for analyzing the activation degree of basophils after
allergen stimulation based on flow cytometry [12]. As reported, the
expression levels of CD63 and CD203c in basophils after allergen
stimulation could be detected by flow cytometry [13]. However,
role of basophil activation in severe allergic rhinitis is still inade-
quate.

In this study, BAT was  used to monitor the activation status of
basophils in 18 children with clinically diagnosed allergic rhinitis
before and after treatment. The clinical value of BAT in evaluating
the therapeutic effect on allergic rhinitis was discussed.

2. Materials and methods

2.1. Case data

The subjects were patients with moderate to severe aller-
gic rhinitis who were clinically diagnosed in the Department of
Otorhinolaryngology, Shanghai Children’s Medical Center, Shang-
hai Jiaotong University School of Medicine from December 2017 to

December 2018. According to the Chinese society of allergy guide-
lines for diagnosis and treatment of allergic rhinitis for allergic
rhinitis [5], patients had 2 or more symptoms of repeated sneezing,
watery discharge, nasal congestion and nasal itching. Pale edema
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ould be observed in nasal examination and the patients were
ested positive for at least one serum inhaled allergen-specific IgE.
here were 11 males and 7 females aged 3–13 years old. Among
hem, there were 3 allergic rhinitis cases combined with asthma
nd 10 allergic rhinitis cases with a history of atopic dermati-
is. All patients included in this study were positive for inhalant
llergens. And skin prick test was  conducted for all patients. The
tudy was  approved by the Ethics Committee of Shanghai Children’s
edical Center affiliated to Shanghai Jiaotong University School of
edicine and the informed consent was obtained from all patient’s

uardians.

.2. Treatment and follow-up

All patients received routine treatment for allergic rhinitis
ccording to the Chinese Society of Allergy Guidelines including
nvironmental control, pharmacotherapy (like antihistamines and
eukotriene receptor antagonists), allergen specific immunother-
py and patient education. All patients were followed up every 2
eeks for 6 months. The symptoms of rhinitis were evaluated and

isual analogue scale (VAS) was  used in patients at study entry and
fter remission of the clinical symptoms. Besides, 2 mL  of blood
as collected in anticoagulant tube from the patients for BAT. At

tudy entry, 2 mL  of serum was taken for total IgE and inhalant
house dust, house dust mite, pollen, cat fur, dog fur, mulberry,
ockroach, Ambrosia) and food-specific (green shellfish, beef, mut-
on, egg white, milk, shrimp, crab, fish, mango, grass powder, mold,
ashew nuts, amaranth) IgE tests (ImmunoCAP). The detection was
erformed by using an Allergy Screen allergen detector and the
atching allergen diagnosis and detection kits (Mediwiss, Ger-
any) strictly according to the manufacturer’s instruction. The

isease remission was defined according to the Chinese society of
llergy guidelines for diagnosis and treatment of allergic rhinitis
sing the scores of symptoms and scores of clinical characteris-
ics (Tables 1 and 2). The treatment effective index was  defined
y formula: ([scores of symptoms+ scores of clinical character-

stics before treatment] − [scores of symptoms + scores of clinical
haracteristics after treatment])/(scores of symptoms + scores of
linical characteristics before treatment) × 100%. When the treat-
ent effective index was within 26∼66%, it was considered as

ffective and the disease was  considered as remission.

.3. BAT
The blood sample was stored at 4 ◦C immediately after collection
n anticoagulant tube and underwent BAT within 8 h. The BAT was
erformed using the BÜHLMANN Flow CAST Basophil Activation
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Table  1
The scores of symptoms.

Scores Nasal itching Sneeze Shed tears Nasal congestion

0 No No No No
1  Occasionally 3∼5/once Blow nose ≤ 4/d When inhaling consciously
2  Ant sense but able to bear 6∼10/once Blow nose 5∼9/d Intermittent
3  Ant sense and not able to bear ≥ 11/once Blow nose ≥ 10/d Almost all day

Table 2
The scores of clinical characteristics.

Scores Nasal examination Nasal mucosa Nasal secretions

0 Normal Normal Normal
1  The inferior turbinate is slightly swollen, and the nasal

septum and middle turbinate are visible
Mild pale edema A little

2  The inferior turbinate is close to the nasal septum or nasal
base, and there is a small gap between the inferior
turbinate and the nasal base or nasal septum

Pale edema Moderate
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3  The inferior turbinate is close to the nasal septum or nasal
base, and no middle turbinate or polyps are found in the
middle turbinate mucosa

Test kit according to the instructions on the kit. A total of 100 �L of
blood with heparin was distributed into three 5 mL  flow tubes (pos-
itive control, negative control and allergen stimulation sample) and
fluorescent antibodies of anti-CCR3 (FITC), anti-CD63 (FITC) and
anti-CD203c (FITC) were added into each tube. At the same time, the
positive sample was added with anti-FceRI Ab (10 �L) stimulation,
the negative control was added with PBS as the stimulation control,
while the allergen stimulation was added with the inhalant allergen
mixture (Inhalant Mix, BÜHLMANN). After incubation at 37 ◦C for
25 min, the red blood cells were lysed by Red Blood Cell Lysis Buffer
(Biyuntian Biotechnology Research Institute Co., Ltd.) for 5 min
and washed by PBS. The activation status (SSClowCCR3+ CD63+
SSClowCCR3+ CD203c+ cell ratio) of basophils were examined using
Flow cytometry in a FSCAN flow cytometer (BD Biosciences, USA).
Flow data analysis was performed using Cell Quest software under
the instructions of BÜHLMANN Flow CAST Basophil Activation test
kit. The SSClowCCR3+ cell population was identified as basophils
in flow cytometry plots in which CD63+ or CD203c+ cells were
analyzed as activated basophils.

3. Statistical analyses

All statistical analyses were performed using the SPSS V23.0
software. All date including VAS scores, ratios of cells with positive
CCR3+CD63+ (% CCR3+CD63+) and % CCR3+CD203c+ were expressed
as median (range). Comparisons of VAS scores, % CCR3+ CD63+
and % CCR3+ CD203c+ between the acute phase and the remission
phase were performed using a two-sample Wilcoxon rank sum test.
P < 0.05 was considered statistically significant.

4. Results

4.1. Analysis of serum inhalant allergens

Eleven cases were positive for dust mite allergen, 8 for mixed
mold allergens, 3 for mixed tree pollen allergens, 3 for dog dander
allergens, 2 for cat dander allergens, 12 for food allergens and 10
cases for 2 kinds of inhalant allergens.

The mean VAS score for children with allergic rhinitis before
treatment was 8 (6, 9), and was 2 (0, 3.2) at 6 months after treat-
ment. The symptoms were significantly improved after treatment

and the VAS score was significantly decreased (P < 0.0001, Table 3
and Fig. 1A).

The median value of CD63 expression rate (% CCR3+ CD63+) and
CD203c expression rate (% CCR3+ CD203c+) in basophils stimulated

e
b
m
w

3

Obvious pale edema or purplish edema Filling the nasal cavity

y allergens at the acute phase was  74.4% (52.0%, 81.8%) and
9.2% (43.7%, 81.3%) respectively before treatment, and were 41.5%
24.5%, 80.4%) and 42.1% (15.2%, 81.0%) at the remission phase after
reatment, respectively (P < 0.05, Table 3 and Fig. 1B and C).

. Discussion

Despite numerous studies for allergic inflammation, the alter-
tion of basophil activation in allergic rhinitis is still unclear and
he diagnostic methods for allergic rhinitis still need development.
ome studies have confirmed that basophils have antigen-
resenting function, express costimulatory molecules and secrete

arge amounts of IL-4 [14–18]. Basophils can independently pro-
ote Th2 cell differentiation in the absence of exogenous IL-4

19–21]. In this study, we found that patients with allergic rhinitis in
cute phage had significantly higher levels of CD63 expression rate
% CCR3+ CD63+) and (% CCR3+ CD203c+) in basophils than aller-
ic rhinitis patients in remission phase, which suggested that the
lteration of basophils might be associated with patients’ disease
rogression in allergic rhinitis. Further researches are still needed
o reveal the role of basophil in allergic rhinitis and allergic inflam-

ation.
Since basophils play an important role in allergic inflammation,

AT based on the responsiveness of basophils to specific allergens
ave been applied to allergen testing. A large number of clini-
al studies have confirmed that basophil activation status can be
sed for allergen diagnosis for allergic rhinitis [22–24], food allergy
25,26], drug allergy [27] and atopic dermatitis [28,29], especially
hen the results of routine allergen tests such as local allergic rhini-

is are inconsistent with clinical symptoms [22]. Since inhalant
llergens are the major allergens causing allergic rhinitis, a mix-
ure of various inhalant allergens (pollen, tree powder, dust mites,
og dander, cat dander and mold) were used as stimulants for
asophil activation test in this study. We  found that patients aller-
ic to dust mites, mold, dog dander, cat dander, pollen, tree powder
nd specific IgE were tested positive, which have important diag-
ostic value for allergic rhinitis. Considering the advantages of low
olume of blood sampling (only 0.3 mL)  and short test time (1–2 h),
AT may  be a potential approach for evaluating the patients’ disease
rogression.

In addition, basophil activation status has also been applied to

valuate the efficacy of the specific immunotherapy [30–32]. Since
asophils are important immune cells involved in allergic inflam-
ation, the decrease of the activated basophils after stimulation
ith specific allergens often indicates that the body is less sensitive
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Table  3
VAS scores and basophil activation status before and after treatment of allergic rhinitis.

n VAS score CCR3+CD63+ CCR3+CD203c+

Acute phase 18 8 (6,9) 74.35 (52.0,81.8) 69.2 (43.7,81.3)
Remission phase 18 2 (0,3.2) 41.5 (24.5,80.4) 42.1 (15.2,81.0)
P  0 0.011 0.039

Statistical analyses were performed using a two-sample Wilcoxon rank-sum test with P < 0.05 for statistical differences; VAS: visual analogue scale.
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Fig. 1. A. Changes of VAS score before and after treatment of allergic rhinitis. B. Ch
of  allergic rhinitis. C. Changes of CD63 expression rate (% CCR3+ CD203c+) in basoph

or is tolerant to the corresponding allergens, which is often sugges-
tive of effective control of the allergic inflammation. In this study,
the degree of activated basophil was also reduced as the clinical
symptoms and signs were improved significantly, suggesting that
basophils can be evaluated for the efficacy of allergen therapy.

The present study also has some limitations. This research
mainly concerned about the alteration of basophil activation. How-
ever, further studies are still needed to find a general standard for
basophil activation in diagnosis and prognosis of allergic rhinitis.

In conclusion, our study suggests that basophils may  be impor-
tant immune cells involved in allergic rhinitis and basophil
activation against allergen stimulation can be a biological indica-
tor for therapeutic effects. However, the number of cases included
in this study is relatively limited and the conclusions of this study
need to be further confirmed in large-sample, multi-center studies.
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