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Broncho-vaxom alleviates persistent allergic rhinitis in 
patients by improving Th1/Th2 cytokine balance of nasal 
mucosa*

Abstract
Background: Probiotics are mainly distributed in the mucosal system and have the ability to enhance mucosal barrier function 

and regulate immune responses. Broncho-Vaxom (BV), as a probiotic, has been applied to patients suffering from respiratory tract 

infections, but its potential effectiveness in allergic rhinitis (AR) has not been evaluated in human. This study aimed to investigate 

the clinical efficacy of BV in patients with persistent AR and to elucidate the underlying cellular mechanisms.

Methods: Sixty patients with AR were enrolled to this study and were randomly assigned to the BV group (n=30) and the placebo 

group (n=30). Changes of clinical symptoms and laboratory parameters of allergic inflammation were measured at baseline visit, 

immediately after BV treatment, four weeks, and eight weeks after the BV treatment.

Results: After BV treatment, medication score in the BV group was significantly decreased compared with placebo group, along 

with a significant drop of the total nasal symptom score and the individual nasal symptom scores (itching score: 23.72±5.32%; 

nasal rhinorrhea score: 18.59±4.83%; sneezing score: 23.08±4.98%). The levels of IL-4 and IL-13 in nasal lavage were diminished 

remarkably while the level of INF-γ was markedly increased in the BV group. This rendered a significant reduction of the ratio of 

IL-4/INF-γ. Moreover, a decrease of eosinophils in nasal smear was observed after BV treatment. The BV-induced favorable changes 

sustained for at least four to eight weeks post BV treatment.

Conclusion: Oral administration of BV offers remarkable and sustained efficacy in alleviating AR symptoms and may be conside-

red as an alternative therapeutic strategy for patients with persistent AR. BV acts by improving the overall mucosal immunity via 

restoring and maintaining the normal Th1/Th2 cytokine balance as an underlying cellular/signaling mechanism.
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Introduction
Allergic rhinitis (AR) is a common chronic respiratory disease 

characterized by mucus hypersecretion and airway hyperres-

ponsiveness with characteristic symptoms of sneezing, nasal 

pruritus, airflow obstruction, and mostly clear nasal discharge (1, 

2). AR brings about negative impacts on quality of life, perfor-

BV: Broncho-Vaxom, AR: allergic rhinitis, MS: medication score, TNSS: total nasal symptom score, INSS: individual nasal symptom score, ARIA: Allergic Rhinitis and its impact 

on Asthma, HE: Hematoxylin and Eosin, HPFs: high power fields, IL: interleukin, IFN: interferon, URIs: upper respiratory tract infections, PMBL: polyvalent mechanical bacte-

rial lysate, Th: T helper.
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mance and productivity at work, and significant cost to society 
(2, 3). The prevalence of AR has increased sharply over the past 2-3 

decades worldwide (20% of the global population), particularly 

in industrialized countries (e.g. >40% in many populations in the 

United States and Europe) (4). AR is thought to be caused by IgE-

mediated reactions against inhaled allergens. The characteristic 

eosinophilic inflammation in AR is believed to be driven by type 

2 helper T cell (Th2-type inflammation or Th2-type immune res-

ponse), or more precisely by the reduced Th1/Th2 ratio of nasal 

mucosa (5). Despite the tremendous advances in our understan-

dings of the cellular/molecular mechanisms of this disease, the 

exact pathogenesis of AR remains ambiguous and the currently 

available medications often do not optimally control symptoms 
(3, 6). 

In an attempt to explain the pathogenic basis of allergic 

diseases including AR, investigators formulated the hygiene 

hypothesis based on epidemiology studies (7, 8) and the microbial 

hypothesis as well (9, 10). According to the hygiene hypothesis, the 

prevalence of AR is a result of changes in environmental factors, 

primarily the reduced exposure to microbial antigens, which is 

closely linked to the development of the early immune system 

such that early exposure to microbial antigens prevent allergic 

disease. On the other hand, the microbial hypothesis proposed 

that microbial exposure during the perinatal period is linked to 

the epigenetic regulation of genes involved in allergic inflamma-

tion that determines the susceptibility to allergic diseases (9). The 

microbial hypothesis rests on two related yet distinct strategic 

considerations. The first of these two leads to the development 

of the intestinal flora theory that the make-up of intestinal mi-

croflora and the microbial flora in intestine contribute critically 

to allergic diseases through its substantial effect on mucosal im-

munity (11). Based on this strategy, probiotics are believed to be 

of enormous benefits to allergic diseases including AR. Indeed, 

evidences are mounting to incriminate environmental factors 

and an aberrant gut microbiota with a shift of the Th1/Th2 

balance towards a Th2 response as causes of allergic diseases. 

But reports on the clinical efficacy and usefulness of probiotics 

in treating AR have been controversial and conflicting (12, 13). Ap-

parently, the better understanding of AR in research models that 

are more closely relevant to clinical situations and the conti-

nuous exploration for the improvement of medications for AR 

are urgent tasks of both clinicians and researchers.

OM-85 Broncho-Vaxom (BV) was developed for application to 

patients suffering from upper respiratory tract infections (URIs), 

presumably based upon the second strategic consideration of 

the microbial hypothesis (14-16). BV is a mixture of lyophilized frac-

tionated alkaline extracting from eight most common bacteria 

strains in URIs: Haemophilus influenzae, Diplococcus pneumonia, 

Klebsiella pneumoniae, Klebsiella ozaenae, Staphylococcus aureus, 

Streptococcus pyogenes, Streptococcus viridans, and Neisseria 

catarrhalis. It has now become a widely used low-endotoxin 

immune modulator that acts through regulating macrophage 

activities and cytokine productions, which has been documen-

ted to efficiently reduce both the frequency and the duration of 

URIs (14-18). However, research focused on the potential of BV for 

the treatment of AR has been rather sparse. To our knowledge, 

the only one study in this regard has been published recently 

and the authors of this study elegantly demonstrated that 

OM-85 BV offers a simple, low-cost treatment of AR in a mouse 

model of ovalbumin-induced allergic inflammation in the nasal 

mucosa (19). Nevertheless, whether this result from mice can be 

extrapolated to human remained yet to be assessed. 

The present study was designed to shed light on this issue with 

two specific objectives: 1) to clarify whether BV possesses any 

anti-AR effects in patients with persistent AR and 2) to gain 

insight into the potential mechanisms underlying the actions 

of BV in human. The results from our combined clinical and 

experimental studies provided strong evidence for the useful-

ness of BV in the management of AR and a shift of the Th1/Th2 

balance towards a Th1 response as a mechanism accounting for 

the benefits of BV.

Materials and methods
Patients

Patients with moderate to severe perennial AR were recruited to 

our studies, and the diagnosis of moderate to severe perennial 

AR was based on the clinical criteria conforming to the guideline 

of Allergic Rhinitis and its impact on Asthma (ARIA) (20). Inclusion 

criteria included: 1) patients with moderate to severe perennial 

AR for >2 years, and 2) hypersensivity to inhaled allergen verified 

by CAP-Pharmacia score >Class 2 (Phadia, Uppsala, Sweden). Ex-

clusion criteria were: 1) having systemic immunologic disorders, 

2) subjects with intercurrent oral corticosteroid treatment and/

or β-blockers for the past 6 months, and 3) having received vac-

cination 3 months prior to this study, 4) subjects have received 

allergen specific immunotherapy for allergic disease before this 

study.

Outpatients suffering from AR were screened and enrolled. All 

subjects underwent a 4-week run-in observation in order to es-

tablish their baseline clinical evaluations. After 8-week screening 

and 4-week run-in, the patients were evaluated for eligibility 

prior to double-blind randomization into two groups with 

equal numbers: the Broncho-Vaxom (BV) group (n=30) and the 

placebo group (n=30). The patients were randomized according 

to the birth date (decade of month). Loratadine was allowed 

control the symptoms of AR. Nine patients had mild asthma and 

were maintained on low doses of inhaled steroids and broncho-

dilators as needed (Table 1). The medication score was assigned 

on a scale of 0~3 (0=no medication use; 1= medication use one 

to three days within one week; 2= medication use four to six 

days within one week; 3= medication use every day within one 

week). In order to avoid the interference of medication adminis-
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(for patients <18-years old) prior to the trial. All formulations 

were dispensed by a pharmacist not associated with the present 

study. The investigators and study subjects were both blinded to 

the identity and the interventions. 

Nasal lavage fluid sample collection

Nasal lavage fluid samples were collected at four time points as 

already mentioned above for our clinical observations, accor-

ding to the same procedures as previously described in detail (22). 

Briefly, 5 ml saline solution (pre-warmed to 37°C) was sprayed 

into the nasal cavities. Then, the subjects were asked to lean 

forward and to blow the nasal fluid into a collection container. 

After 20 sec, the nasal lavage fluid samples were filtered to 

remove nasal mucus, followed by centrifugation at 4000 rpm for 

5 min. The preparations were stored in graded test tubes and 

frozen at -80°C until the assays. 

Determination of eosinophil counts in nasal smears

Nasal smears were collected from the surface of inferior tur-

binate by cotton swabs dampened with physiological saline 

as described previously in detail (23). Briefly, the samples were 

tration for the evaluation of mucosal and systematic immune, 

patients who used oral or intranasal glucocorticoid steroids 

were excluded from the trial.

Study protocols

OM85-Broncho-Vaxom (BV) was purchased from OM-Pharma, 

Meyrin/Geneva, Switzerland. For BV administration, we followed 

the regimen reported by Fu et al. (21). Patients in the BV group 

received 3-cycles of BV treatment with each cycle consisting of 

oral administration of BV at a dosage of 7 mg/day for consecu-

tive 10 days followed by a 20-day resting period. The placebo 

group received a placebo with BV-matching shape following 

the same regimen as the BV group. After the baseline visit, drug 

treatments were initiated. Changes of clinical symptoms and la-

boratory parameters of allergic inflammation in nasal mucosa in 

all patients were measured and analyzed at the following time 

points: baseline visit, immediately after 3-cycles BV treatment, 4 

weeks post BV treatment, and 8 weeks post BV treatment. 

The study protocol was approved by the Ethics Committees 

of the Guangzhou First People’s Hospital. Written consent was 

obtained from each of the enrolled patients or their guardians 

Table 1. Clinical characteristics of patients at the baseline visit.

*+: SI < 0.5; ++: 0.5 ≤ SI < 1.0; +++: 1.0 ≤ SI < 2.0; ++++: SI ≥ 2.0. SI (skin index = Allergen diameter/Histamine diameter)

Characteristics BV treatment Placebo P-value

Gender (male/female) 11/17 14/12 NS

Ages (years) 33.34 ± 3.21 29.33 ± 4.13 NS

TIgE (KUA/L) 398.67 ± 26.04 411.32 ± 37.22 NS

Specific IgE D.f. (KUA/L) 50.32 ± 3.96 55.190 ± 5.51 NS

Specific IgE D.p. (KUA/L) 42.02 ± 11.71 46.64 ± 7.79 NS

Prick skin test (dust mite)*

  + ~ ++ 10 14 NS

  +++ ~ ++++ 18 12 NS

Total nasal symptom score (TNSS) 7.335 ± 1.02 7.62 ± 1.12 NS

Individual nasal symptom score (INSS)

  itching score 2.10 ± 0.34 2.01 ± 0.16 NS

  nasal rhinorrhea score 2.22 ± 0.31 2.03 ± 0.47 NS

  sneezing score 1.88 ± 0.68 2.10 ± 0.30 NS

  nasal congestion score 2.33 ± 0.24 2.42 ± 0.21 NS

Medication score (MS) 2.51 ± 0.38 2.26 ± 0.29 NS

Patients with asthma (yes/no) 5/23 3/23 NS

Patients with eczema (yes/no) 2/26 2/24 NS

Inhalation allergen (RAST)

  Dust mite 28 26 NS

  Mould 7 2 NS

  Pollen 7 4 NS

  Fur 3 1 NS
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transferred to slides by gently rolling. Following air drying, the 

samples were fixed with 90% ethanol and then subject to Hema-

toxylin and Eosin (HE) staining. A total of 100 cells per slide were 

evaluated for eosinophils in 5 high power fields (HPFs, magnifi-

cation, 400×) under light microscope (BHS, Olympas, Japan). The 

mean number of eosinophils in nasal smears was determined by 

counting their number in randomly selected high-power fields. 

The counting and calculation were performed by an assigned 

observer in a blinded manner and in a randomized order at the 

end of the study. 

Clinical evaluation

Clinical evaluation was carried out at four time points as des-

cribed above. Patients were required to record their symptom 

scores and medication score. Symptom scores included the 

individual nasal symptom score (INSS) and the total nasal symp-

tom score (TNSS) (24). INSS covered the nasal rhinorrhea score, 

sneezing score, itching score, and congestion score separa-

tely, which were assessed on a scale of 0 to 3 (0=no symptom, 

1=mild, 2=moderate, 3=severe). TNSS was defined as the sum of 

the four INSSs.

Measurements of cytokines by ELISA

The levels of interleukin (IL)-4, IL-13 and interferon (IFN)-γ in na-

sal lavage were measured with ELISA-kits (IL-4, IL-13 and IFN-γ: 

eBiosciences, San Diego, CA, USA) according to the manufactu-

rer’s instructions. Briefly, the nasal lavage samples were added 

in duplicate to 96-well plates at 100 μl per well. The appropriate 

biotin-conjugated antibodies included in the kits were added to 

each well. The samples were incubated at room temperature for 

2 h, aspirated, and then washed 5 times. The substrate solutions 

were added to each well, and the reactions were incubated for 

30 min at room temperature in the dark. Finally, the amounts 

of IL-4, IL-13 and INF-γ in the nasal lavage were determined by 

detecting the optical density (Synergy-Ht, BIO-TEK, USA). All 

measurements were conducted in a blinded fashion.

Serum IgE antibody assay

Serum total IgE and specific IgE to D.p. and D.f. were determined 

using the Phamacia UniCAP system (ImmunoCAP, Phadia, Up-

psala, Sweden).

Data analysis

The data are expressed as the mean ± SE. Statistical analysis was 

carried out using SPSS13. The chi-square test or Fisher’s exact 

test for nominal variables was used at the times of baseline 

assessment and each study visit between two groups. For 

continuous variables, the comparisons within groups were used 

a paired t-test for normal¬ly distributed data, or Wilcoxon’s 

Figure 1. Study protocols.

Figure 2. Change from baseline of medication and symptom scores. 

A: medication score of BV group significantly decreased; B: TNSS of 

BV group significantly decreased; C~E: itching score, nasal rhinorrhea 

score and sneezing score of BV group significantly decreased); F: nasal 

congestion score did not showed significant differences compared with 

placebo group.(*: P<0.01; **: P<0.05; ***: P>0.05).
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Figure 3. The expression of cytokine in nasal lavage fluid. The expression of cytokine in nasal lavage fluid. A,B: The levels of IL-4 and IL-13 in BV group 

significantly decreased; C: The levels of INF-γ in BV group significantly increased; D: The ratio of IL-4/ INF-γ in placebo group didn’t show significantly 

change; E: The ratio of IL-4/ INF-γ in BV group significantly decreased (*: P<0.01; **: P<0.05; ***: P>0.05).

matched-pairs signed-ranks test if the data were not normally 

distributed; the comparisons between groups were used 

independent-sample Student’s t-test for normally distributed 

data, or the Mann-Whitney U-test for non-normally distributed 

data. . All calculated P values were 2-tailed. The differences were 

considered significant at P<0.05. 

Results
Clinical characteristics of the study population

A total of 95 patients were screened in the Outpatient Clinics 

of the Department of Otolaryngology at our hospital and 60 

patients were recruited to this study. The enrolled patients were 

randomized equally into the BV group and the placebo group. 

Nine patients dropped out from our studies, of which three 

belonged to the BV group and six to the placebo group. Thus, 27 

BV and 24 placebo patients completed the present study (Figure 

1) and were included in data analyses. Table 1 shows the clinical 

and demographic characteristics of the patients enrolled in our 

studies. There were no significant differences in the symptom 

scores and the medication score between the test patients (BV) 

and control subjects (placebo) at the baseline visit nor were 

there any age and gender differences between the two groups 

(Table 1).

Anti-AR efficacy of BV

After 3-cycles treatment, the overall symptoms of AR in BV 

patients were in general significantly relieved relative to 

those in the placebo control subjects (Figure 2). 1) The me-

dication score of the BV group was markedly decreased (by 

37.18±4.46%; P<0.05; Figure 2A) compared with the placebo 

group. 2) TNSS was considerably lower in BV than in placebo 

with a 28.33±2.08% reduction (P<0.05; Figure 2B). 3) For INSS, 

the itching score was reduced by 23.72±5.32% from 2.11±0.50 

in the placebo group to 1.65±0.49 in the BV group (P<0.05; 

Figure 2C). Similarly, the nasal rhinorrhea score was reduced 

by 18.59±4.83% (P<0.05; Figure 2D) and the sneezing score by 

23.08±4.98% by BV (P<0.05; Figure 2E). By comparison, the dif-

ference in the nasal congestion score did not reach a statistically 

significant level (P>0.05; Figure 2F).

Strikingly, the improvement of the clinical symptoms and the 

reduction of medication score afforded by BV were lasted and 

even further improved during the next 2-month period after 

the cessation of BV treatment. For example, at 4-weeks and 

8-weeks post BV treatment, medication score and TNSS were 

remained significantly lower in BV patients than in control ones 

(P<0.05; Figures 2A and B). Similarly, the itching and sneezing 

scores were maintained at lower levels comparable to the values 

measured right after 3-cycles BV treatment. The nasal rhinorrhea 

score was remained decreased for 4 weeks after BV treatment 

(P<0.05; Figures 2C-2E). The nasal congestion score, however, 

did not show any significant differences between the two 

groups (P>0.05; Figure 2F). There were three adverse events in 

forms of slight abdominal pain been reported in the BV group. 

All of the adverse events were spontaneously alleviated without 
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drug treatment.

Effects of BV on Th1/Th2 cytokine balance

It is known that allergic disorders are associated with a shift 

of the Th1/Th2 cytokine balance towards the activation of Th2 

cytokines. The releases of IL-4 and IL-13 as well as IgE produc-

tion act as critical cellular and molecular mechanisms (25, 26). In 

order to investigate if the beneficial actions of BV on AR in our 

studies could be explained by the favorable shift of the Th1/Th2 

cytokine balance, we evaluated the effects of BV on the levels 

of cytokines in nasal lavage. As illustrated in Figures 3A and 3B, 

the levels of both IL-4 and IL-13 were substantially diminished 

by 30.69±10.52% and 20.45±14.99% after BV treatment over the 

values from the placebo group (P<0.05). In sharp contrast, the 

level of INF-γ, a Th1-type cytokine, was found robustly elevated 

in the BV group relative to the placebo group (72.02±15.75%, 

P<0.01; Figure 3C). Consequently, the ratio of IL-4/INF-γ was 

markedly reduced by BV (P<0.01; Figure 3D), indicating a shift of 

Th1/Th2 balance to Th1 response.

Consistent with the sustainable beneficial effects of BV on the 

clinical symptoms of AR, the favorable changes of cytokine 

being released in nasal lavage by BV treatment also lasted for 

at least 8 weeks post BV treatment. The results are depicted in 

Figure 3: IL-4 and IL-13 were still downregulated 4-weeks and 

8-weeks after BV treatment, whereas INF-γ was still upregulated 

at 4 weeks post BV treatment. At 8 weeks after BV treatment, 

INF-γ was still rising in its level but failed to achieve statistical 

significance (Figure 3C). Consequent to these changes, the IL-4/

INF-γ ratio exhibited a marked drop in the BV group (Figure 3D).

Effect of BV on eosinophil count in nasal smears

Eosinophilia with increased number of eosinophils in the nasal 

lavage fluid is a hallmark of Th2-type immune response in AR 
(27). We reasoned that BV improves AR by suppressing Th2-type 

response, and then it should be able to prevent eosinophilia. To 

verify this notion, we quantified the eosinophil counts in nasal 

smears sample. As shown in Figure 4, the BV group had remarka-

bly reduced number of eosinophils compared with the control, 

Figure 4. The eosinophil counts in nasal smear samples(BV group: 

29.96±13.20, placebo group: 40.60±17.19, t=2.542), (BV group+4w: 

25.54±15.92, placebo group+4w: 41.29±14.23, t=4.085), (BV group+8w: 

29.27±12.64, placebo group+8w: 37.21±12.50, t=2.230). (*: P<0.01; **: 

P<0.05).
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with an average of 23.46±10.19% decrease (P<0.05), when mea-

sured immediately after 3-cycles BV treatment. However, this 

difference was mitigated at 4- and 8-weeks post-BV treatment.

Discussion
As already stated earlier, the specific aims of the present study 

were two-fold: 1) to clarify whether BV possesses any anti-AR 

efficacy in patients with persistent AR and 2) to gain insight 

into the potential mechanisms underlying the actions of BV in 

human subjects. To this end, we conducted both clinical obser-

vations and laboratory measurements that allowed us to have 

generated a number of novel findings pertinent to our purpo-

ses. First, the 3-cycle regimen of oral BV yielded prominent be-

nefits in the management of persistent AR. Second, BV elicited 

a favorable shift of the Th1/Th2 cytokine balance toward an ad-

vantageous Th1-mediated immunity characterized by amplified 

IFN-γ, which is likely a crucial signaling mechanism underlying 

the actions of BV. Finally, also remarkable is the observation that 

the beneficial actions of BV lasted for a period of eight weeks 

following the termination of treatment. Our results therefore 

point to the clinical efficacy and usefulness of oral BV in anti-AR 

treatment and prompt the encouragement and recommenda-

tion of this regimen as a promising adjunct therapeutic strategy 

for human AR. To the best of our knowledge, our researches 

represent the first clinical effort to evaluate the applicability of 

BV to the treatment of AR.

The importance of respiratory tract mucosa in the pathophysio-

logy of allergic diseases has recently received increasing attenti-

ons (25, 28). Owing to its ability to modulate mucosal immunity, BV 

as a bacterial immunostimulator has gained wide recognitions 

and applications in patients suffering from URI (13-17) as well as 

demonstrated some effects on asthma (28) and acute and chronic 

bronchitis (29). As far as AR is concerned, the study documented 

by Han et al. (19) has clearly demonstrated the efficacy of BV in 

the protection against AR in mice. However, these advantage-

ous and beneficial actions of BV have not yet been examined 

in human subjects. The present study was motivated by these 

reports and it generated the clinical datum in support the ani-

mal studies. One study evaluated the efficacy of the treatment 

with an immunostimulating vaccine consisting of a polyvalent 

mechanical bacterial lysate (PMBL) in the prophylaxis of AR in 41 

patients (31). The results of this study indicate that the bacterial 

lysate was effective in the reduction or in the elimination of the 

symptoms of AR during the treatment period in comparison to 

a non-immunostimulating treatment. However, this bacterial 

lysate is distinct from BV, and therefore our studies represent the 

first clinical observation on the therapeutic effectiveness of BV 

in the treatment of AR.

Respiratory airways constantly encounter exogenous antigens 

and pathogens insulting from environment. The mucosal im-

mune homeostasis in the airways forms a barrier for effective 

defense. It has been postulated that the Th1 immune response 

in mucosa produces anti-infection effects in the respiratory 

tract by inducing the coordinated expression of leukocytes and 

vascular adhesion molecules so as to recruit inflammatory cells 

to the site of infection. On the other hand, the Th2 immune 

response induces deleterious changes countering the Th1 im-

mune response, and Th2-dominated upper airway inflammation 

may lead to long-term airway adverse remodeling. It is therefore 

believed that the balance between Th1 and Th2 (or the Th1/Th2 

balance) determines the mucosal immune homeostasis (32). The 

Th1/Th2 balance can be dysregulated upon antigen/pathogen 

insults, leading to skewed immune responses favoring Th2 

response. AR is a chronic inflammatory disease orchestrated by 

the Th2 immune response, or more precisely by a shift of the 

Th1/Th2 balance towards the Th2 response. Published data have 

provided the evidences for BV to affect the innate immunity by 

regulating the activities of macrophages and the productions 

of proinflammatory cytokines (19, 21, 33, 34). BV appears to be able 

to evoke diverse arrays of functions on immunity, as manifested 

by its ability to suppress the Th2-type cytokines (IL-4, IL-5, and 

IL-13) and to stimulate the Th1-type cytokines (TNF-α, IL-1b, IL-6, 

IL-8, and IFN-γ). Our current knowledge about the cellular effects 

of BV were primarily acquired from animal studies, how BV acts 

in human, particularly in the setting of AR, remained elusive. The 

findings of the present study serve as strong clinical evidence 

in support of the view that BV produces a favorable shift of 

the Th1/Th2 balance towards the Th1 response by inhibiting 

the secretions of the Th2-type cytokines (IL-4 and IL-13) and 

by concomitantly stimulating the productions of the Th1-type 

response (IFN-γ) in nasal mucosa. Hence, it is highly plausible 

that restoring and maintaining the normal Th1/Th2 cytokine 

balance is one of the mechanisms underlying the efficacy of BV 

in fighting AR. Yet, the actions of BV are likely complex involving 

multiple signaling pathways, and our studies do not exclude the 

possible participation of other factors in conferring the anti-AR 

efficacy of BV.

Another important finding of the present study is that BV of-

fered long-lasting anti-AR efficacy; the beneficial effects of BV 

persisted for at least 8 weeks following the cessation of the 

final BV treatment. How this desirable property been achieved 

is presently unclear and remains yet to be elucidated. One expla-

nation might be related to the potential mechanism of actions 

of BV. It has become increasingly apparent that respiratory tract 

mucosa is of paramount importance in the pathophysiology 

and pathogenesis of allergic diseases (25, 28). The current concepts 

about upper respiratory tract mucosal immunity considered 

mucosal immunization as the most effective approach to induce 

local long-term immune memory (35). Systemic immunity and 

mucosal immunity in AR are two independent processes that do 

not function synchronously, despite that they do interact with 

each other to fulfill the optimal defense against antigen/patho-
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