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Abstract
Background ‒ Few studies investigated the effects of
sublingual immunotherapy (SLIT) on the peripheral reg-
ulatory 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 + pharma-
cotherapy group were 2.70 ± 1.08 and 1.1 ± 0.8, respec-
tively, which were lower than at baseline (7.7 ± 1.2 and
3.6 ± 1.0, respectively) (both Ps < 0.05). For the pharma-
cotherapy 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 recom-
mended 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 treat-
ment 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 auto-
immune 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 immuno-
therapy 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 pre-
sent 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 diag-
nosed 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 con-
gestion, sneezing, water-like snot, or rhinocnesmus, and
combined with skin prick test (SPT) or IgE positivity. The
exclusion criteria were (1) severe or uncontrolled bron-
chial 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.

AR was diagnosed according to the Tianjin Guide-
lines 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 advan-
tages, risks, and limitations of SLIT, concerns with the
financial burden, and lack of compliance over 1–2 years.
The children werematched 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 administra-
tion). Conventional pharmacotherapy based on antihis-
tamines 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 deter-
mine 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 indi-
cated 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 con-
ducted using the Th17 kit from eBioscience, Inc. (San
Diego, CA, USA) according to the instructions of the man-
ufacturers. 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 man-
ufacturers. 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 improve-
ment 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 12months of treatment. All children
were followed for at least 1 year. The children lost to follow-
up were not included in the analysis.

2.6 Statistical analysis

SPSS 21.0 (IBM, Armonk, NY, USA) was used for statis-
tical analysis. Categorical data were presented as n (%).
Continuous data were tested for normal distribution
using the Kolmogorov–Smirnov test. Normally distri-
buted data were presented as means ± standard devia-
tions and were tested using Student’s t test (intergroup
comparisons) or the paired t test (pre-/posttreatment
comparisons). Continuous data with a skewed distribu-
tion 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.

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 per-
centage before treatment were not significantly different
between the SLIT + pharmacotherapy and pharmaco-
therapy 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 + pharmaco-
therapy 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 base-
line 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, com-
pared with baseline (from 7.26 ± 0.92% to 8.23 ± 0.85%;
P < 0.01) but remained unchanged in the pharmacotherapy

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

Variable SLIT +
pharmacotherapy
(n = 40)

Pharmacotherapy
(n = 40)

P

Male, n (%) 24 (60.0%) 27 (67.5%) 0.487
Age (years) 8.1 ± 2.5 7.8 ± 2.5 0.480
VAS score 7.7 ± 1.2 7.4 ± 1.0 0.266
Medication
score

3.6 ± 1.0 3.6 ± 0.6 0.89

Th17 (%) 1.54 ± 0.41 1.71 ± 0.38 0.10
Treg (%) 7.26 ± 0.92 7.32 ± 1.06 0.80

All continuous data were normally distributed and are presented as
means ± standard deviation.
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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 + phar-
macotherapy group (from 5.06 ± 1.56% to 8.09 ± 2.00%;
P < 0.01) but did not change significantly in the pharmaco-
therapy group (P = 0.54; Table 3). The representative dot
plot images for Th17 and Treg cells in the SLIT + pharma-
cotherapy and pharmacotherapy groups are shown in
Figure 1.

4 Discussion

Few studies investigated the effects of SLIT on the peri-
pheral Tregs/Th17 ratio in children with AR. This study

aimed to investigate the effectiveness of SLIT + pharma-
cotherapy in children with AR, the effects on Tregs/Th17
cells, and the underlying mechanisms. The results sug-
gested 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

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

Variable SLIT + pharmacotherapy
(n = 40)

P (pre-/posttreatment
comparisons)

Pharmacotherapy
(n = 40)

P (pre-/posttreatment
comparisons)

P (between
groups)

VAS score
Before 7.7 ± 1.2 7.4 ± 1.0 0.266
6 months 2.7 ± 1.1 <0.01 3.5 ± 1.2 <0.01 0.827
1 year 2.7 ± 1.1 <0.01 3.3 ± 1.2 <0.01 0.022
Medication score
Before 3.6 ± 1.0 3.6 ± 0.6 0.893
6 months 2.0 ± 0.9 <0.01 3.5 ± 0.7 0.58 <0.01
1 year 1.1 ± 0.8 <0.01 3.5 ± 0.9 0.43 <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 SLIT +
pharmacotherapy
(n = 40)

P (pre-/
posttreatment
comparisons)

Pharmacotherapy
(n = 40)

P (pre-/
posttreatment
comparisons)

P (between
groups)

Treg (%)
Before treatment 7.26 ± 0.92 7.32 ± 1.06 0.794
1 year after
treatment

8.23 ± 0.85 <0.01 7.41 ± 0.79 0.68 <0.01

Th17 (%)
Before treatment 1.54 ± 0.41 1.71 ± 0.38 0.097
1 year after
treatment

1.06 ± 0.21 <0.01 1.64 ± 0.94 0.28 <0.01

Treg/Th17 ratio
Before treatment 5.06 ± 1.56 4.40 ± 1.38 0.061
1 year after
treatment

8.09 ± 2.00 <0.01 4.55 ± 0.63 0.54 <0.01
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with SLIT could improve the clinical symptoms of AR
children in certain degrees. Although antihistamines and
nasal corticosteroids could effectively control the AR sym-
ptoms, they could not treat the disease, and thus long-
term 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 pro-
inflammatory cytokine that can activate pro-inflamma-
tory 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 macro-
phage inflammatory protein-2) and matrix metalloprotei-
nase, which led to immune cell infiltration and inflam-
mation [27]. Qu et al. [28] showed that SIT could down-
regulate 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 par-
ticipates 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 produc-
tion 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 den-
dritic 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

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.
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having dust mite allergy with SLIT + pharmacotherapy for
1 year could increase the Treg percentage, which is in agree-
ment 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 demon-
strate the reciprocal inhibition between the differentia-
tion 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 upregu-
lation 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 symp-
toms in children with AR. SLIT could reduce the medica-
tion administered to children while exerting a better
treatment effect than pharmacotherapy alone. SLIT +
pharmacotherapy significantly reduced the Th17 percen-
tage in the peripheral blood and increased the Treg per-
centage. 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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