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Abstract
Background ‒ Few studies investigated the eﬀects of
sublingual immunotherapy (SLIT) on the peripheral regulatory T cells (Tregs)/Th17 ratio.
Objective ‒ To investigate the eﬀectiveness of SLIT in
children with allergic rhinitis (AR) and the eﬀects on the
Tregs/Th17 ratio.
Methods ‒ This was a retrospective study of children
who were treated for AR between April 2017 and March
2018 at one hospital. The patients were grouped according
to the treatments they received: SLIT + pharmacotherapy
vs pharmacotherapy alone.
Results ‒ Eighty children (51 boys and 29 girls; 40/
group) were included. The visual analog scale (VAS)
and medication scores at 1 year in the SLIT + pharmacotherapy group were 2.70 ± 1.08 and 1.1 ± 0.8, respectively, which were lower than at baseline (7.7 ± 1.2 and
3.6 ± 1.0, respectively) (both Ps < 0.05). For the pharmacotherapy group, the VAS score was decreased at 1 year
vs baseline (3.3 ± 1.2 vs 7.4 ± 1.0; P < 0.05), but the
medication score did not change (P > 0.05). In the SLIT +
pharmacotherapy group, the Treg percentage increased,
while the Th17 percentage decreased at 1 year (both Ps <
0.01). The percentages of Tregs and Th17s did not change in
the pharmacotherapy group (both Ps > 0.05).
Conclusions ‒ SLIT + pharmacotherapy can increase
the Treg percentage and decrease the Th17 percentage
in the peripheral blood of children with AR.
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1 Introduction
Allergic rhinitis (AR) is the most common noninfectious
inﬂammatory disease of the nasal mucosa and is mainly
mediated by IgE after exposure to allergens [1,2]. The
prevalence of AR is very high and still increasing [3,4].
According to a recent study, the average prevalence of AR
is as high as 17.6% in 17 central cities in China [5,6].
The increase in AR prevalence in children is even faster
than in adults, and AR in some children can progress to
bronchial asthma [7].
Allergen-speciﬁc immunotherapy (AIT), also known
as speciﬁc immunotherapy (SIT), is currently the only
etiological treatment able to alter the natural course of
AR through immunoregulation. AIT improves the clinical
and immune tolerance of the patients and reduces the
risks of new sensitization and progression from AR to
asthma. The eﬀectiveness, long-term eﬀects, and safety
proﬁles of SIT have already been conﬁrmed by various
studies [8–11]. Therefore, this treatment has been recommended by several guidelines, including the Chinese AR
diagnosis and treatment guidelines [12], the latest Chinese
AIT guidelines [13], and the European AIT guidelines [14].
The most common methods for SIT include subcutaneous
immunotherapy (SCIT) and sublingual immunotherapy
(SLIT). Although SLIT has already been used in clinical
practices for over three decades, it is still a “new” method
compared with SCIT, which has over 100 years’ history of
clinical application [15–17]. Studies have shown that SLIT
has evident eﬃcacies for patients with IgE-mediated
airway allergic diseases. Due to the good safety proﬁles
and tolerability, SLIT is especially suitable for the treatment of AR and asthma in children [15–17].
Previous studies suggested that AR is an allergic
inﬂammation associated with nasal mucosal Th2 immunity
caused by the imbalance of Th1/Th2 cells [18]. Regulatory
T cells (Tregs) participate in allergic diseases and can
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suppress the immune responses regulating pathological
and physiological events, therefore, leading to autoimmune tolerance and maintenance of immune balance
[19]. CD4+ CD25+ Treg is among the major types of Tregs.
CD4+ CD25+ Tregs secrete cytokines such as TGF-β-1 and
IL-10 and receive regulatory signals mainly from Foxp3
[20]. Th17 cells are another group of T cells that play
important roles in promoting inﬂammatory responses
and autoimmune diseases. Th17 cells mainly secrete
IL-17, and RORγt is the major nuclear transcription
factor of Th17 [21,22].
To date, most studies on the eﬃcacy of immunotherapy in children with AR focused on the assessment
of the changes in clinical symptoms before and after
treatment, while only very few studies investigated the
changes in Tregs and Th17 cells. Previous studies have
shown that SCIT could induce the production of Treg cells
and suppress the proliferation of Th17 cells and that
immunotherapy can lead to increase in the Treg/Th17
ratio in the peripheral blood [10,23–25]. On the other
hand, few studies investigated the eﬀects of SLIT on the
peripheral Treg/Th17 ratio. Therefore, the aim of the present study was to investigate the eﬀectiveness of SLIT +
pharmacotherapy in children with AR, the eﬀects on the
Treg/Th17 ratio, and the underlying mechanisms.

2 Methods
2.1 Study design and patients
This was a retrospective cohort study of children who
were treated between April 2017 and March 2018 at
one hospital for symptoms including nasal congestion,
sneezing, water-like snot, and rhinocnesmus and diagnosed with perennial AR. This study was approved by the
ethics committee of the hospital. The requirement for
informed consent was waived by the committee.
The inclusion criteria were (1) 4–14 years of age and
(2) diagnosed with AR, with the symptoms of nasal congestion, sneezing, water-like snot, or rhinocnesmus, and
combined with skin prick test (SPT) or IgE positivity. The
exclusion criteria were (1) severe or uncontrolled bronchial asthma, (2) treatment with β-blocker, (3) severe
cardiovascular diseases, (4) any other immunological
diseases or immunodeﬁciency diseases, (5) systemic or
local glucocorticoid therapy within the last month, or
(6) unavailable clinical data or lost to follow-up.
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AR was diagnosed according to the Tianjin Guidelines for the Diagnosis and Treatment of Allergic Rhinitis
(2015, Tianjin) [26]. The children were divided into the SLIT +
pharmacotherapy group (received SLIT with standardized
dust mite drops combined with pharmacotherapy) and
pharmacotherapy group, according to the treatments they
received. The main reasons why some parents did not
choose SLIT include a lack of understanding of the advantages, risks, and limitations of SLIT, concerns with the
ﬁnancial burden, and lack of compliance over 1–2 years.
The children were matched 1:1 according to age and gender.

2.2 Treatment methods
For the children in the pharmacotherapy group, the
second-generation antihistamines (oral, once per day)
and nasal corticosteroids (nasal spray, 1–2 times per day)
were administrated for conventional pharmacotherapy
according to the Tianjin guidelines (2015) [12].
For the children in the SLIT + pharmacotherapy
group, conventional pharmacotherapy combined with
SLIT of standardized dust mite drops (No. 1–4, Changdi®;
Wolw Pharmaceuticals, Zhejiang, China) was given for SIT.
In the increasing dose period (weeks 1–3), Changdi®
No. 1–3 was applied (protein concentrations of 1, 10,
and 100 μg/mL, respectively; the doses during a week
were 1, 2, 3, 4, 6, 8, and 10 drops, respectively, once
per day). Changdi® No. 4 was administrated starting on
the 4th week (protein concentration of 333 μg/mL, once
per day, 3 drops/administration, sublingual administration). Conventional pharmacotherapy based on antihistamines and nasal corticosteroids was also applied. The
children were treated for 1 year.

2.3 Clinical assessment
The visual analog scale (VAS) score was used to determine the severity of the symptoms. The VAS score ranges
from 0 to 10. An analog scale of 10 cm was used for
scoring, with 0 indicating no symptom and 10 indicating
the most severe symptoms. The children or the guardians
marked the corresponding score on the scale according to
the symptoms in the last week.
The use of antihistamines and nasal corticosteroids
were scored by the children. The score ranged from 0 to 5:
where 0 indicated no need for medication; 1 indicated
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occasional use of medication; 2 indicated often using
medication; 3 indicated using medication almost every
day; 4 indicated using medication every day; and 5 indicated using medication every day and at the highest dose.

2.4 Flow cytometry
Peripheral venous blood (2 mL) was obtained from all
children before and at 12 months of treatment, using an
aseptic technique. Flow cytometry for Th17 cells was conducted using the Th17 kit from eBioscience, Inc. (San
Diego, CA, USA) according to the instructions of the manufacturers. The PerFix-NC test kit (no centrifuge assay
kit; Beckman Coulter, Brea, CA, USA) was used for the
staining of IL-17 according to the instructions of the manufacturers. CD3+ CD4+ IL-17+ cells were considered Th17
cells. CD4+ CD25+ CD127low cells were considered Treg
cells.

2.5 Follow-up
All children were routinely followed by telephone or SMS
once per month. The follow-ups included the improvement in symptoms, nasal signs, and drug use. The drugs
for the following month were also prescribed, and the
children were informed to come back to the hospital for
blood examinations after 12 months of treatment. All children
were followed for at least 1 year. The children lost to followup were not included in the analysis.

3 Results
3.1 Characteristics of the patients
Eighty children (51 boys and 29 girls) were included in
this study. They were 8.0 ± 2.5 years of age. Age, VAS
score, medication score, Th17 percentage, and Treg percentage before treatment were not signiﬁcantly diﬀerent
between the SLIT + pharmacotherapy and pharmacotherapy groups (all Ps > 0.05; Table 1).

3.2 VAS score and medication score
Table 2 showed the VAS score of the AR symptoms and
the medication score in the two groups before and after
treatment. For the children in the SLIT + pharmacotherapy group, the VAS and medication scores after 6
and 12 months of treatment were signiﬁcantly diﬀerent
from the baseline scores (all Ps < 0.05). For the children
in the pharmacotherapy group, the VAS scores at 6 and
12 months were also signiﬁcantly diﬀerent from the baseline score (both Ps < 0.05), but the medication score did
not change signiﬁcantly (both Ps > 0.05).

3.3 Treg and Th17 cells
The Treg percentage in the peripheral blood in the SLIT +
pharmacotherapy group increased after treatment, compared with baseline (from 7.26 ± 0.92% to 8.23 ± 0.85%;
P < 0.01) but remained unchanged in the pharmacotherapy

2.6 Statistical analysis
SPSS 21.0 (IBM, Armonk, NY, USA) was used for statistical analysis. Categorical data were presented as n (%).
Continuous data were tested for normal distribution
using the Kolmogorov–Smirnov test. Normally distributed data were presented as means ± standard deviations and were tested using Student’s t test (intergroup
comparisons) or the paired t test (pre-/posttreatment
comparisons). Continuous data with a skewed distribution were presented as medians (interquartile ranges)
and were analyzed using the rank-sum test (intergroup
comparisons) or the signed-rank test (pre-/posttreatment
comparisons). Two-sided P values < 0.05 were considered
statistically signiﬁcant.

Table 1: Baseline data according to the SLIT + pharmacotherapy and
pharmacotherapy groups
Variable

SLIT +
pharmacotherapy
(n = 40)

Pharmacotherapy
(n = 40)

P

Male, n (%)
Age (years)
VAS score
Medication
score
Th17 (%)
Treg (%)

24 (60.0%)
8.1 ± 2.5
7.7 ± 1.2
3.6 ± 1.0

27 (67.5%)
7.8 ± 2.5
7.4 ± 1.0
3.6 ± 0.6

0.487
0.480
0.266
0.89

1.54 ± 0.41
7.26 ± 0.92

1.71 ± 0.38
7.32 ± 1.06

0.10
0.80

All continuous data were normally distributed and are presented as
means ± standard deviation.

Sublingual immunotherapy for AR
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Table 2: Comparisons of the VAS score of AR symptoms and medication score before and after treatment in two groups
Variable

VAS score
Before
6 months
1 year
Medication
Before
6 months
1 year

SLIT + pharmacotherapy
(n = 40)
7.7 ± 1.2
2.7 ± 1.1
2.7 ± 1.1
score
3.6 ± 1.0
2.0 ± 0.9
1.1 ± 0.8

P (pre-/posttreatment
comparisons)

Pharmacotherapy
(n = 40)

P (pre-/posttreatment
comparisons)

P (between
groups)

<0.01
<0.01

7.4 ± 1.0
3.5 ± 1.2
3.3 ± 1.2

<0.01
<0.01

0.266
0.827
0.022

<0.01
<0.01

3.6 ± 0.6
3.5 ± 0.7
3.5 ± 0.9

0.58
0.43

0.893
<0.01
<0.01

All continuous data were normally distributed and are presented as means ± standard deviation.

Table 3: Comparisons of the Treg and Th17 percentages in peripheral blood before and after treatment in two groups
Variable

Treg (%)
Before treatment
1 year after
treatment
Th17 (%)
Before treatment
1 year after
treatment
Treg/Th17 ratio
Before treatment
1 year after
treatment

SLIT +
pharmacotherapy
(n = 40)

P (pre-/
posttreatment
comparisons)

7.26 ± 0.92
8.23 ± 0.85

<0.01

7.32 ± 1.06
7.41 ± 0.79

0.68

0.794
<0.01

1.54 ± 0.41
1.06 ± 0.21

<0.01

1.71 ± 0.38
1.64 ± 0.94

0.28

0.097
<0.01

5.06 ± 1.56
8.09 ± 2.00

<0.01

4.40 ± 1.38
4.55 ± 0.63

0.54

0.061
<0.01

group (P = 0.68). In contrast, the Th17 percentage in the
peripheral blood in the SLIT + pharmacotherapy group
decreased after treatment, compared with baseline (from
1.54 ± 0.41% to 1.06 ± 0.21%; P < 0.01) but remained
unchanged in the pharmacotherapy group (P = 0.28). The
Treg/Th17 ratio increased after treatment in the SLIT + pharmacotherapy group (from 5.06 ± 1.56% to 8.09 ± 2.00%;
P < 0.01) but did not change signiﬁcantly in the pharmacotherapy group (P = 0.54; Table 3). The representative dot
plot images for Th17 and Treg cells in the SLIT + pharmacotherapy and pharmacotherapy groups are shown in
Figure 1.

4 Discussion
Few studies investigated the eﬀects of SLIT on the peripheral Tregs/Th17 ratio in children with AR. This study

Pharmacotherapy
(n = 40)

P (pre-/
posttreatment
comparisons)

P (between
groups)

aimed to investigate the eﬀectiveness of SLIT + pharmacotherapy in children with AR, the eﬀects on Tregs/Th17
cells, and the underlying mechanisms. The results suggested that SLIT + pharmacotherapy can increase the
Treg percentage and decrease the percentage of Th17 in
the peripheral blood of children with AR. The symptoms
of the children with AR in both SLIT + pharmacotherapy
and pharmacotherapy groups were improved by the
respective treatments.
The treatments of AR in children mainly include
symptomatic pharmacotherapy and SIT. This study showed
that after 1 year of SLIT + pharmacotherapy treatment, the
VAS and medication scores of the children signiﬁcantly
decreased compared with the baseline. On the other hand,
for the children who received only pharmacotherapy, the
VAS score decreased compared with the baseline, but the
medication score did not signiﬁcantly change. These
ﬁndings strongly suggest that the application of either
pharmacotherapy alone or pharmacotherapy in combination
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Figure 1: Representative ﬂow cytometry dot plots for Th17 and Treg cells in the SLIT + pharmacotherapy and pharmacotherapy groups after
1 year of treatment. (a) Th17 cells before and after treatment in the pharmacotherapy group. (b) Th17 cells before and after treatment in the
SLIT + pharmacotherapy group. (c) Treg cells before and after treatment in the pharmacotherapy group. (d) Treg cells before and after
treatment in the SLIT + pharmacotherapy group.

with SLIT could improve the clinical symptoms of AR
children in certain degrees. Although antihistamines and
nasal corticosteroids could eﬀectively control the AR symptoms, they could not treat the disease, and thus longterm medication was required for children. In contrast,
concurrent treatment with SLIT for 1 year not only reduced
the consumption of medication but also resulted in the
induction of peripheral immune tolerance and thus could
be used as a strategy for the etiological treatment of AR.
The underlying cellular and immune mechanisms were
then explored.
The immune events causing the development and
progression of AR are very complex, involving Th1, Th2,
Tregs, and Th17 cells. IL-17 (secreted by Th17) is a proinﬂammatory cytokine that can activate pro-inﬂammatory factors and regulate IL-5, a Th2 cytokine, regulating
the development and progression of AR [10,24,25]. In
addition, IL-17 can induce the expression of chemokines
(such as monocyte chemoattractant protein-1 and macrophage inﬂammatory protein-2) and matrix metalloproteinase, which led to immune cell inﬁltration and inﬂammation [27]. Qu et al. [28] showed that SIT could downregulate the Th17 percentage in patients with AR, the
mRNA levels of the transcription factor RORγt receptor,
and the expression of cytokines, including IL-6, IL-17,

and IL-23. In the present study, Th17 cells decreased after
SLIT but not after pharmacotherapy alone.
Tregs are a group of CD4+ CD25+ T cells that have
negative regulatory eﬀects on inﬂammation and immune
activation. Foxp3 is the speciﬁc marker of Tregs and participates in the diﬀerentiation and development of Tregs
[29]. Tregs secrete cytokines such as IL-10 to induce
immune tolerance [30], suppress immune responses of
auto-reactive T cells, inhibit T-cell activation, and promote
the secretion of several inhibitory cytokines and thus play
important roles in the maintenance of peripheral immune
tolerance [31]. SLIT aims to induce the establishment of
peripheral T-cell tolerance, regulate the threshold of the
activation of mast cells and basophils, and reduce the
release of IgE-mediated histamines [24]. The induction of
peripheral T-cell tolerance is the key mechanism of SLIT.
Peripheral T-cell tolerance is characterized by the production of antigen-speciﬁc Treg cells, which could produce
anti-inﬂammatory factors such as IL-10 and TGF-β. Tregs
not only downregulate the activity of Th2 cells but also
directly inhibit the functions of eﬀector cells such as dendritic cells, mast cells, eosinophil, and basophils. Meiler
et al. [32] demonstrated that Tregs regulate the level of
antigen-speciﬁc IgE and induce the production of IgG and
IgA [32]. The present study showed that treating patients
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having dust mite allergy with SLIT + pharmacotherapy for
1 year could increase the Treg percentage, which is in agreement with the changes in the clinical symptoms and the
changes in Th17.
Previous studies showed that the production of Tregs
and Th17s is induced by TGF-β, but that naive CD4+ T
cells can be induced to diﬀerentiate into Tregs only in
the presence of TGF-G. On the other hand, the presence
of both TGF-β and IL-6 could coinduce the diﬀerentiation
of CD4+ T cells into Th17 cells. These ﬁndings demonstrate the reciprocal inhibition between the diﬀerentiation of Th17s and Tregs. In normal conditions, a balance
can be observed between the two cell types [33–35]. It has
been shown that compared with healthy controls, adult
patients with AR display higher levels of Th17 cells and
reduced Treg cells [36,37]. Similar result has also been
found in children with AR [38,39]. This study showed that
SLIT could induce the production of Treg cells and inhibit
the proliferation of Th17 cells. The Treg/Th17 ratio in the
peripheral blood of children with AR increased after SLIT,
but this ratio did not change signiﬁcantly in the children
who received only pharmacotherapy. Therefore, it can be
speculated that the treatment eﬀectiveness of SLIT +
pharmacotherapy on AR could be caused by the upregulation of the Treg/Th17 ratio, which mediated the recovery
of the Treg and Th17 cell percentages and functions.
The present study had limitations. The study was
retrospective, and the available data were limited to
those available in the charts. Only the percentages of
Tregs and Th17 cells were examined, while the cytokine
levels were not. Finally, SCIT and SLIT were not directly
compared. Additional studies are necessary to determine
the exact mechanisms of SLIT.
In conclusion, this study examined the Treg and Th17
percentages in the peripheral blood of children with AR
after SLIT + pharmacotherapy treatment and assessed the
symptom and medication scores. The ﬁndings showed
that SLIT and pharmacotherapy both improved the symptoms in children with AR. SLIT could reduce the medication administered to children while exerting a better
treatment eﬀect than pharmacotherapy alone. SLIT +
pharmacotherapy signiﬁcantly reduced the Th17 percentage in the peripheral blood and increased the Treg percentage. These ﬁndings provide data about the cellular
immunity in AR before and after immunotherapy, strongly
suggesting that SLIT + pharmacotherapy, similar to SCIT,
was also eﬀective for the treatment of AR in children.
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Project of the Department of Science and Technology of
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