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The coexistence of allergic rhinitis (AR) and asthma reinforces the concept of “one airway, one disease,” which has prompted the exploration for a single intervention to treat both diseases. Lactobacillus reuteri CCFM1040 (CCFM1040) was found to be an inhibitor of the common pathogenesis of AR and asthma in our previous studies. This study presented a randomized, placebo-controlled trial to investigate the clinical effects of CCFM1040 on both diseases. The total symptom score (TSS), the quality of life (QoL), and the modulation in the gut microbiota of patients with AR, the Asthma Control and Test (ACT) of patients with asthma, and the safety of both AR and asthma were measured. In patients with AR, CCFM1040 numerically decreased TSS, Rhinoconjunctivitis Quality of Life Questionnaire (RQLQ), 3 nasal scores in TSS (nasal congestion, watery eyes, and rhinorrhea), and sleep and significantly improved (P = 0.014) non-nose/eye symptoms. The ACT score was numerically increased in patients with asthma (from partially controlled to well-controlled). Significant microbial (from class level to genus level) and metabolic differences (P < 0.05) were found in patients with AR. No adverse reactions were observed. No effect on the blood and urine routine indexes. CCFM1040 has a potential benefit on both diseases. Further studies based on these findings will help to optimize the management of AR and asthma.
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INTRODUCTION

Allergic rhinitis (AR) and asthma are the commonest chronic inflammatory disorders of the airways worldwide and can affect people of any age, impairing quality of life (QoL) (1, 2). Currently, AR and asthma are diagnosed and treated separately and have been treated only with symptomatic medications that have side effects (2). In 2002, Linneberg et al. reported that AR coexists in up to 80% of all patients with asthma (3). Although the underlying causes of AR and asthma are not fully understood, they share many pathophysiological links; in particular, both are characterized by type 2 immune inflammation (4, 5). Thereby, the concept of “one airway, one disease” has been emphasized in many pathophysiological, epidemiological, and clinical studies (2). Based on this concept, there might be a single intervention to treat both diseases, which is an exciting but unknown exploration.

Recently, the gut microbiota has been attracting attention. It is involved in homeostatic functions such as development, immune system activation, and nutrient absorption which are the basis for good health. The perturbation of gut microbiota could impair homeostatic functions, which are assumed to be responsible for the onset of inflammation (6, 7). This repercussion affected not only the health of the intestines but also the health of other organs in the human body, such as the respiratory tract. Moreover, the respiratory and intestinal tracts have structural similarities, and the microbiota in the respiratory and intestinal tract can communicate via aspiration (8). Hence, the gut microbiota plays a pivotal role in the etiology of AR and asthma; nevertheless, the exact mode of action of the gut microbiota is poorly understood. Notably, the gut microbiota is highly dynamic, forming microbial communities that are mainly influenced by gene and microbial exposure (9, 10). In recent decades, industrialization and urbanization have significantly reduced the agricultural microbial exposure, resulting in these microbes being missing in the intestine, which in turn greatly alter the gut microbiota structure and functional patterns of the human body, which ultimately lead to the development of AR and asthma (11, 12). It is suggested that supplementation with the “missing” agricultural microbes may represent a promising therapeutic strategy for covering AR and asthma.

Given the limited sequencing technology currently available, the intestinal microbes are only identified at the genus level. Lactobacillus (L.) was found to be significantly reduced in the intestines of individuals with both AR and asthma (13). Thus, supplementation with Lactobacillus would be a potential therapeutic modality for covering AR and asthma. Recently, their clinical benefits have emerged in AR or asthma populations, such as Lactobacillus rhamnosus GG inhibited the development in high risk of asthma in children and Lactobacillus gasseri A5 improved the symptoms in asthmatic children with AR (14, 15). However, the role of Lactobacillus in the treatment of AR or asthma has not been established, much less which covers both diseases. Lactobacillus reuteri is supposed to be a well-colonized bacteria species in the human intestine and can reduce multi-organ inflammation (16, 17). Moreover, the advantage of L. reuteri in reducing airway inflammation is more obvious than those of other Lactobacillus species in mice with asthma in our large-scale study (18). Mechanically, L. reuteri could modulate gut microbiota and metabolize endogenous tryptophan to balance systemic and mucosal immune reactivity, which is a key to benefit the homeostatic functions, thereby inhibiting airway inflammation (17, 19, 20). In our previous study, L. reuteri CCFM1040 (CCFM1040) was isolated from agricultural unpasteurized milk. The effect of CCFM1040 on targets with type 2 immune inflammation and gut microbiota was identified in mice (18, 21). Thus, supplementation with CCFM1040 would allow for effective intervention that potentially covers AR and asthma.

In this randomized, placebo-controlled trial, we aimed to investigate the effects of CCFM1040 on the clinical symptoms, QoL, modulation of gut microbiota and metabolism, and safety in adult patients with AR, AR with asthma, and asthma.



MATERIALS AND METHODS


Study Design

This is a randomized, placebo-controlled study that evaluated the efficacy, safety, and gut microbiota modulation ability of CCFM1040 in patients with AR and/or asthma. The study was conducted according to the principles of the Declaration of Helsinki and all relevant local regulatory requirements. Yancheng Sixth People's Hospital Research Ethics Board granted written approval for the study. The ClinicalTrials.gov identifier of this study is ChiCTR1900024200. The number of the ethics committee approval is ET2019026. This study was conducted at the Yancheng Sixth People's Hospital, China.



Study Sample

We recruited patients aged 18–60 years with at least a 1-year-long documented history of AR and/or asthma from August to October 2019 (a total of 12 weeks, including 4 weeks of recruitment and 8 weeks of intervention). Patients with a 1-month history of antibiotics use, pregnancy, and breastfeeding were excluded. The informed consent form approved by the Research Ethics Committee was signed by all the participants before starting any study procedure.



Intervention

The patients were randomized at a ratio of 1:1 to receive CCFM1040 or placebo, using computer-generated block randomization. The study flowchart is shown in Figure 1. Blood, urine, and fecal samples were collected from the patients in the morning at baseline and at the end of the study. Before treatment, the patient's liver and kidney function were tested. All interventions were administered over an 8-week period. In the CCFM1040 group, the patients consumed a freeze-dried bacteria product containing 10 (9) colony-forming units (CFU) and maltodextrin (excipients) per 2 g sachet once daily. In the placebo group, the patients received a product containing only maltodextrin once daily. CCFM1040 and placebo products had the same volume, size, taste, color, and shape and were dispensed by Jiangsu Weikang Biological Technology Limited Company (Suzhou, China). They were available in the form of an oral dispersible powder in sachets and were stable at room temperature for a month. Thus, the patients were given the required stock of CCFM1040 or placebo products two times (at baseline and week 4). The dispersible powder can be taken directly into the mouth or dissolved in warm water (<37°C) after a meal. During 8 weeks, the patients were requested not to take any other probiotic products.
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FIGURE 1. Flowchart of the study.




Outcome Assessment

The patients filled out self-report online questionnaires at baseline, the midpoint (week 4), and the end of the study. The total symptom score (TSS) form and the Rhinoconjunctivitis Quality of Life Questionnaire (RQLQ) were filled out by patients with AR and AR with asthma, and the Asthma Control and Test (ACT), by those with asthma and AR with asthma.

The TSS form measures both nasal symptoms (nasal congestion, itching, sneezing, and rhinorrhea) and eye symptoms (itchy/red eyes and watery eyes), which scored 0 (no symptoms), 1 (mild), 2 (moderate), or 3 (severe). These scores are summed to produce the TSS (range: 0–18).

The ACT measures the adequacy of asthma control and change in asthma control as reported by the patients: a score of 20–25 points denotes that asthma is well-controlled, 16–19 points, partially controlled asthma, and 5–15 points, uncontrolled asthma.

The RQLQ is a valid scale that assesses the QoL according to how the symptoms affect the patients with AR. It consists of 28 questions covering seven domains (activities, non-nose/eye symptoms, sleep, practical problems, nasal symptoms, eye symptoms, and emotions). The average score for all items ranges from 0 (not at all) to 6 (extremely).



Sampling, DNA Extraction, and High-Flux Sequencing

The fecal samples were collected from individuals in a sterile tube, liquid nitrogen frozen, and stored at −80°C. DNA from the fecal sample was extracted using a Fast DNA SPIN Kit for Feces (MP Biomedicals; Carlsbad, CA, USA). The 16S rRNA genes were amplified with specific primers (341F and 806R) for the V3-V4 region. The amplicon libraries were pooled and subjected to sequencing on an Illumina MiSeq High-Flux Sequencing Platform (Illumina, San Diego, USA), which was described previously (22, 23).



Bioinformatic Analyses

The analysis of the gut microbiota was performed using QIIME2 software. The dataset comprising 731,349 high-quality (8,126 counts per sample on average) classifiable read counts was generated after Illumina MiSeq sequencing of 90 samples. The number of counts in the samples ranged from 277 to 15,226. All data were subjected to total sum scaling normalization. The R phyloseq (24) and vegan packages (25) were used to analyze the community diversity profile. The data used for α-diversity analysis were not rarefied. The differences between the groups were analyzed by the Mann-Whitney U/Kruskal-Wallis (nonparametric) tests. The hierarchical structure of taxonomic classifications to the median abundance (quantitatively) and the nonparametric Wilcoxon Rank Sum test (statistically) was used to depict the taxonomic differences between microbial communities (26). PICRUSt was used to predict microbial functions (http://huttenhower.sph.harvard.edu/galaxy) (27).



Safety

Blood routine and urine routine were detected before and after treatment. Adverse events were recorded at each visit.



Statistical Methods

The data on rhinitis symptoms, asthma symptoms, and QoL were analyzed using GraphPad Prism version 8 (La Jolla, CA, USA) and SPSS version 22.0 (SPSS Inc., Chicago, IL, USA). The data are expressed as mean ± SEM. The differences between the groups were compared using the t-test and the analysis of covariance (ANCOVA). Both 95% CI and P-values were provided for differences between the CCFM1040 group and the placebo group.




RESULTS


Baseline Demographic and Clinical Characteristics

A total of 99 patients with AR (77), AR with asthma (11), and asthma (11) were enrolled. All the patients were of Han nationality, had lived in their current residence for more than 1 year, and had a carbohydrate-based diet; 45 patients with AR completed the questionnaires and had their fecal samples analyzed, and eight patients with asthma completed the questionnaires (CONSORT flow diagram; Figure 1). For efficacy evaluation, we used the data of 45 patients with AR and eight patients with asthma. The characteristics of the placebo and CCFM1040 groups are summarized in Table 1. The baseline demographic and clinical characteristics of the patients with AR and asthma were similar between the groups.


Table 1. Demographic data.
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Efficacy Outcome

After 4 weeks of the intervention, the TSS of the patients with AR was lower in the CCFM1040 group than in the placebo group (mean difference, 0.672; 95%CI, −1.815 to 3.163), and this efficacy was magnified until the 8th week (1.032; 95%CI, −1.782 to 3.845) (Figure 2A). Furthermore, reductions in the subscales of the TSS form also occurred in the CCFM1040 group (Figure 2C). From week 4 to week 8, the improvement in score relative to placebo was (0.063; 95%CI,−0.479 to 0.605; P = 0.815 vs. placebo) to (0.287; 95%CI, −0.265 to 0.838; P = 0.301 vs. placebo) for nasal congestion, (0.087; 95%CI, −0.414 to 0.588; P = 0.728 vs. placebo) to (0.397; 95%CI, −1.176 to 0.970; P = 0.169 vs. placebo) for watery eyes, and (0.049; 95%CI, −0.519 to 0.618; P = 0.862 vs. placebo) to (0.140; 95%CI, −0.437 to 0.718; P = 0.627 vs. placebo) for rhinorrhea. A higher reduction in mean sneezing score was observed in the CCFM1040 group than in the placebo group after 4 weeks of intervention (0.229; 95%CI, −0.300 to 0.759; P = 0.387 vs. placebo), while a recovery was observed until 8 weeks (0.053; 95%CI, −0.475–0.512; P = 0.840 vs. placebo). For itchy/red eyes and itching, no differences relative to placebo were observed in the CCFM1040 group.


[image: Figure 2]
FIGURE 2. Clinical symptoms in CCFM1040 and placebo groups during the study period. Results in TSS of AR (A), ACT of asthma (B), and subgroups symptom scores of AR (C). Data are expressed as mean (SEM). The differences between the groups were compared using the t-test, and the P-values are at a 5% level vs. placebo. AR, allergic rhinitis; TSS, total symptom score; ACT, asthma control test.


The ACT scores of asthmatic patients confirmed the findings of the primary efficacy analysis, showing an increase in the CCFM1040 group (from partially controlled to well-controlled) than a decrease in the placebo group during 8 weeks of the intervention (−5.75; 95%CI, −13.116 to 1.616; P = 0.105 vs. placebo) (Figure 2B).

The improvements in RQLQ during the 8-week intervention kept dropping in the CCFM1040 group than in the placebo group from (4.416; 95%CI, −8.875 to 17.207; P = 0.506 vs. placebo) to (6.399; 95%CI, −7.741 to 20.593; P = 0.366 vs. placebo) (Figure 3A). Regarding the RQLQ subscales, no consistent improvement in activities, practical problems, nasal symptoms and eye symptoms, and emotions occurred at any study point. Notably, reductions in the CCFM1040 group were significantly greater than those in the placebo group for non-nose/eye symptoms (2.750; 95%CI, −1.181 to 6.682; P = 0.165 vs. placebo; week 4) and (5.180; 95%CI, −1.120 to 9.329; P = 0.014 vs. placebo; week 8) and were greater for sleep (0.592; 95%CI, −1.266 to 2.451; P = 0.524 vs. placebo; week 4) and (1.629; 95%CI, −0.010 to 3.358; P = 0.064 vs. placebo; week 8) across the 8-week intervention period (Figure 3B).


[image: Figure 3]
FIGURE 3. QoL of AR in CCFM1040 and placebo groups during the study period. Results in RQLQ (A) and subgroup QoL scores (B). Data are expressed as mean (SEM). The differences between the groups were compared using the t-test. RQLQ, sleep, non-nose/eye symptom, and eye symptoms are based on the analysis of covariance (ANCOVA), with the midpoint and the end results as the dependent variables, group as the fixed factors, and baseline as the covariates; P-values are from the two-sided test at a 5% level vs. placebo. AR, allergic rhinitis; QoL, quality of life; RQLQ, Rhinoconjunctivitis Quality of Life Questionnaire.




Gut Microbiota Profiles in Patients With AR Were Different After CCFM1040 Intervention

The baseline gut microbiota profile as per 16S rRNA gene sequencing was not significantly (P > 0.05) different between the groups (Figure 5). After an 8-week intervention, the influence of CCFM1040 in the gut microbiota was analyzed. The α-diversity indices were examined to analyze the microbial diversity (Figure 4A). The Observed, Chao1, and Shannon Index metrics were numerically increased but not significantly (P > 0.05) in the CCFM1040 group compared with the placebo group. The hierarchical clustering of the heatmap revealed significant alterations (P < 0.05) from the class level to the feature level, which resulted in distinct clustering of microbes in the CCFM1040 group and the placebo group (Figure 4B and Supplementary Figures 1–4). It is suggested that the intervention of both CCFM1040 and placebo formatted a new gut microbial structure. Then, heat tree analysis identified the altered microbes in different groups (Figure 5). No significant difference (P > 0.05) was found between the two groups before the intervention. After the intervention, CCFM1040 and placebo groups both altered some of the abundances of the microbes, but they were completely different. The gut bacteria from the phylum Proteobacteria to the genus Escherichia_Shigella and the order Intestinibacter were significantly decreased in the CCFM1040 group compared with the baseline, whereas the placebo markedly decreased the abundance of the gut microbes under the class Bacilli compared with both the baseline and the CCFM1040 group. These results indicated that CCFM1040 modulated the gut microbiota structure in a fundamentally different way compared with the placebo in patients with AR.


[image: Figure 4]
FIGURE 4. Effect of CCFM1040 and placebo on the composition of the gut microbiota in patients with AR at the genus level. P < 0.05. (A) Boxplot for α-diversity measured based on observed, Chao1, and Shannon indices. (B) Heatmap analysis of species abundance clustering. The heatmap shows the rank based on abundance. Each column represents one group, while each row in the heatmap represents one genus. The red to blue color bar indicates the relative abundance. AR, allergic rhinitis.
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FIGURE 5. Effect of CCFM1040 and placebo on the composition of gut microbiota in patients with AR. (A) The different abundance of microbe between the two groups was shown in the heat tree. Nodes marked with text represent significance (P < 0.05) between the two groups. (B) Effect of CCFM1040 and placebo on the abundance of the bacterial genus. AR, allergic rhinitis.




Patients With AR in the CCFM1040 Group Improved the Function of Gut Microbiota

To characterize the functional composition profiles after CCFM1040 intervention, we predicted the gut microbial functions. A total of 328 biological pathways were identified. As shown in Figure 6, after filtering out the pathways associated with human diseases, plant functions, drug development, and organismal systems, (28) the distinct patterns of metabolism were revealed in the CCFM1040 and placebo-supplemented groups. Mineral absorption and apoptosis were significantly promoted (P < 0.05), and the novobiocin biosynthesis was dramatically inhibited (P < 0.05) after the CCFM1040 intervention compared with the placebo. Meanwhile, compared with the baseline, CCFM1040 significantly altered (P < 0.05) 18 biological pathways, which were mainly associated with carbohydrate, energy and lipid metabolisms, xenobiotic biodegradation and metabolism, metabolism of cofactors and vitamins, and immune system. Placebo, however, altered only two metabolic pathways: apoptosis and aminobenzoate degradation as compared with before the intervention.


[image: Figure 6]
FIGURE 6. Effect of CCFM1040 on the metabolism of the gut microbiota in patients with AR. P < 0.05. AR, allergic rhinitis.




Safety/Adverse Events

CCFM1040 treatment was well-tolerated, and no side effects or adverse events were recorded. After the 8-week intervention, blood and urine specimens were provided by more than 80% of the patients. There was no significant impact of the intervention on the patients' blood and urine routine (Table 2).


Table 2. Blood and urine routine.
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DISCUSSION

Both AR and asthma have been emphasized the “one airway, one disease,” because they share similar type 2 inflammation. It is exciting but unknown to explore a single intervention to treat both diseases. Previously, we had conducted animal experiments on CCFM1040 and demonstrated its favorable effect on targets with type 2 inflammation by modulating gut microbiota and metabolism. In this study, we investigated the beneficial effect of CCFM1040 on patients with both AR and asthma. To the best of our knowledge, this is the first study that reported the simultaneous effect of Lactobacillus on both diseases in adult patients.

Our data showed that CCFM1040 not only improves symptoms and the QoL in patients with AR but also strengthens the control in patients with asthma. This is an important finding because it supports the hypothesis that supplementation with one single intervention, such as the “missing” agricultural microbes, might be used to treat AR and asthma simultaneously.

Currently, there are no accepted criteria for determining the optimal parameters from regulatory authorities or academia for clinical microbiological intervention trials. In general, patient-rated TSS and RQLQ are preferred as a primary measure of efficacy in AR trials for drug development, but some researchers reported that RQLQ may insufficiently or inaccurately capture the efficacy of anti-AR drugs (29, 30). For evaluating asthma improvement, the ACT is generally used. Previously, some clinical trials have evaluated the efficacy of microbial strains in AR by using the TSS, and some studies by using the RQLQ. This makes it difficult to analyze the outcomes of different clinical trials. Therefore, in this study, simultaneous observation of TSS, RQLQ, and ACT is advantageous. Moreover, the results showed that TSS, watery eyes (TSS), nasal congestion (TSS), rhinorrhea (TSS), RQLQ, sleep (RQLQ), and ACT showed a descending tendency, and non-nose/eye symptoms (RQLQ) were significantly improved (P < 0.05), which suggest that these indicators have adequate sensitivity in the microbiological intervention trial.

The multiple causes of AR and asthma in patients complicate the management of these conditions (2). Based on a similar type 2 inflammation that occurs in AR and asthma, the possibility of using one single intervention to treat both diseases was proposed in this study. In mice with allergic asthma, we found that CCFM1040 clearly reduced the widespread type 2 inflammation by upregulating the population of regulatory T cells (Treg cells) (21). Treg cells are involved in systemic immunity that simultaneously regulates multiple immunological processes. Due to CCFM1040 affecting systemic immunity, we speculated that it can simultaneously benefit AR and asthma in humans. The results support our speculation, and the effects of CCFM1040 on clinical symptoms might be related to its immunoregulation. It is an indication that further study requires more attention to the mechanism by which microbes treat both diseases through modulating systemic immunity.

The AR is a highly prevalent but often an underdiagnosed, untreated, or undertreated chronic disease (31, 32). If left untreated or ineffectively treated, AR symptoms can have a negative influence on sleep, which can negatively impact productivity, sport and leisure activities, academics, and health-related QoL (33, 34). Generally, AR symptoms precede the onset of asthma, and the successful treatment of AR controls the attacks and exacerbations of asthma. In our study, CCFM1040 improved sleep and non-nose/eye symptoms (P < 0.05) in patients with AR. This is consistent with the previous results: microorganisms can improve certain indicators of AR (35, 36). Therefore, the effectiveness of regular ingestion of CCFM1040 on these indicators of AR and the mechanism involved is worthy of further research, which may facilitate the founding of targeted therapies.

In general, the beneficial effects of the microbes and drugs on AR or asthma have been observed 4 weeks after continuous administration (35). In this study, the CCFM1040 intervention was designed to last for 8 weeks. The results showed that some scores of rhinitis, asthma symptoms, and QoL of the patients tended to decrease at week 4 and continued to decrease at week 8. It is suggested that further study should take longer to analyze the beneficial effects of CCFM1040 on both diseases. Nevertheless, similar to other studies, (36, 37) our study showed a clear improving trend in the clinical symptoms over a short period.

The important role of supplementation with the “missing” agricultural microbes in the treatment of AR and asthma was emphasized in this study, but their action on gut microbiota is still not clear. The patients with AR and asthma have low total diversity (including the decrease of Lactobacillus) and altered composition of the gut microbiota (13). Some studies have demonstrated that supplementation with Lactobacillus could rescue abnormal gut microbiota. In this study, we evaluated the effect of the CCFM1040 supplement on the gut microbiota of patients with AR. The results showed that the diversity of the gut microbiota in the CCFM1040-intervention group was higher after the intervention than the placebo. Unsurprisingly, the composition of the gut microbiota in the CCFM1040 group was different from the placebo intervention. Of note, Enterococcus and Streptococcus, which diminished in the placebo group, are widely recognized as beneficial bacteria (38) that produce butyrate and have shown anti-inflammatory effects in an animal model with airway inflammatory (39), indicating their positive association with the reduced risk of AR and asthma. Considering this point, the modulation in the placebo group might have had a negative impact. In contrast, microorganisms from the phylum Proteobacteria diminished in the CCFM1040 group, which are considered common factors in human diseases and show enrichment in the gut of children with rhinitis (40). Hence, the higher diversity of gut microbes, the enrichment of beneficial bacteria, and the weakening of harmful gut microbes in the CCFM1040 group might be a key to the beneficial effects of its intervention. However, it cannot be ignored that supplementation with intestinal microbes can alter the activity of resident bacteria and their interaction with the host (41), and certain bacteria are inherently the immune modulators (42), which are also related to the improvement of symptoms. As such, the modulation of the gut microbiome is a complex process. Therefore, further studies are needed to address these complex relationships.

The gut microbiota also produces small-molecule metabolites that enter the circulation to interact with the host. The metabolites produced in individuals with AR and asthma are quite different from those produced in healthy individuals (43). CCFM1040 directly modulates the gut microbiota in patients with AR, which is bound to affect the metabolic pathway and metabolites. In mice, the mechanism of action of this strain was explained as a role in modulating tryptophan metabolism in the intestine. However, the significant effect on modulating tryptophan metabolism has not appeared in humans as it does in mice. A major reason should be that the data in the previous animal study are based on the metabolomics methodology. Surprisingly, compared to the data in the previous animal study that are based on the predictive analysis of 16S rRNA sequencing data, CCFM1040 caused alterations in more metabolic pathways of the gut microbiota, suggesting that the impact of CCFM1040 on the metabolic patterns of the gut microbiota in humans is greater than those that were observed in mice. Previously, children with asthma experienced alter in carbohydrate and lipid metabolism when treated with budesonide (44). Therefore, the alteration in carbohydrate and lipid metabolic functions may be a positive factor that CCFM1040 could help alleviate AR symptoms. Additionally, energy metabolism, (45) biodegradation and metabolism of xenobiotics, (46) metabolism of cofactors and vitamins (47), and the immune system are reported to protect against AR and asthma. Based on the abovementioned factors, we strongly believe that the CCFM1040-based modulation of gut metabolic patterns plays a crucial role in airway inflammation disease. However, the direct role of these metabolic patterns of the gut microbiota after CCFM1040 intervention remains unclear, and further functional analyses are needed.

Lactobacillus is generally beneficial and safe for healthy individuals but may cause adverse effects on some patients (48). For example, a significant increase in the incidence of bacteremia has been reported in patients in the intensive care unit when they are treated with Lactobacillus. Considering this point, we monitored the adverse effects and analyzed the health indicator. The data indicate that CCFM1040 has an acceptable safety profile and is well-tolerated in patients with AR and asthma.

There are also some limitations to this trial. The sample size is not large enough, even if larger than several previous trials with Lactobacillus intervention in AR or asthma. In a short period (4 weeks), sufficient patients with AR were recruited, while few with asthma and AR with asthma only were recruited. During the study, our patients were not comprehensive enough when filling out the online questionnaires and were reluctant to provide stool samples. This had a major impact on the comparison between CCFM1040 and placebo due to a drastic decrease (42%) in the number of samples we could analyze (Figure 1). Further research should be systematic in terms of online questionnaire completion and sufficient encouragement in terms of stool sample collection. Another limitation is that the duration of improvement in the CCFM1040 group was not observed further after the intervention. As such, these results could serve as the basis for prospective clinical trials involving larger numbers of patients and longer time.



CONCLUSION

The randomized, placebo-controlled study pioneered the simultaneous effect of Lactobacillus on both AR and asthma in adult patients. In this trial, CCFM1040 showed potential benefits for patients with both AR and asthma. These benefits may be associated with its ability to modulate gut microbiota. CCFM1040 was also generally well-tolerated and safe in the overall study population. These data indicated that CCFM1040 has a potential role in simultaneously treating AR and asthma and warrants further large-scale clinical trials to validate the results.
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Supplementary Figure 1. Heatmap analysis of class abundance clustering in patients with AR. P < 0.05. The heatmap shows the rank based on abundance. Each column represents one group, while each row in the heatmap represents one class. The red to blue color bar indicates the relative abundance. AR, allergic rhinitis.

Supplementary Figure 2. Heatmap analysis of order abundance clustering in patients with AR. P < 0.05. The heatmap shows the rank based on abundance. Each column represents one group, while each row in the heatmap represents one order. The red to blue color bar indicates the relative abundance. AR, allergic rhinitis.

Supplementary Figure 3. Heatmap analysis of family abundance clustering in patients with AR. P < 0.05. The heatmap shows the rank based on abundance. Each column represents one group, while each row in the heatmap represents one family. The red to blue color bar indicates the relative abundance. AR, allergic rhinitis.

Supplementary Figure 4. Heatmap analysis of feature abundance clustering in patients with AR. P < 0.05. The heatmap shows the rank based on abundance. Each column represents one group, while each row in the heatmap represents one feature. The red to blue color bar indicates the relative abundance. AR, allergic rhinitis.



REFERENCES

 1. GBD. (2015). Chronic Respiratory Disease Collaborators. Global, regional, national deaths. prevalence, disability-adjusted life years, and years lived with disability for chronic obstructive pulmonary disease and asthma, 1990-2015: a systematic analysis for the Global Burden of Disease Study 2015. Lancet Respir Med. (2017). 5:691–706.

 2. Brozek JL, Bousquet J, Agache I, Aganwal A, Bachert C, Bosnic-Anticevich S, et al. Allergic Rhinitis and its Impact on Asthma (ARIA) guidelines-2016 revision. J Allergy Clin Immunol. (2017) 140:950–8. doi: 10.1016/j.jaci.2017.03.050

 3. Linneberg A, Nielsen HN, Frlund L, Madsen F, Dirksen A, Jrgensen T. The link between allergic rhinitis and allergic asthma: a prospective population-based study. The copenhagen allergy study. Allergy. (2002) 57:1048–52. doi: 10.1034/j.1398-9995.2002.23664.x

 4. Del Giacco SR, Bakirtas A, Bel E, Custovic A, Diamant Z, Hamelmann E, et al. Allergy in severe asthma. Allergy. (2017) 72:207–20. doi: 10.1111/all.13072

 5. Rondón C, Bogas G, Barrionuevo E, Blanca M, Torres M J, Campo P. Nonallergic rhinitis and lower airway disease. Allergy. (2017) 72:24–34. doi: 10.1111/all.12988

 6. Forbes JD, Van Domselaar G, Bernstein CN. The gut microbiota in immune-mediated inflammatory diseases. Front Microbiol. (2016) 7:1081. doi: 10.3389/fmicb.2016.01081

 7. Shreiner AB, Kao JY, Young VB. The gut microbiome in health and in disease. Curr Opin Gastroenterol. (2015) 31:69–75. doi: 10.1097/MOG.0000000000000139

 8. Papi A, Brightling C, Pedersen SE. Reddel HK. Asthma. Lancet. (2018) 391:783–800. doi: 10.1016/S0140-6736(17)33311-1

 9. Human Microbiome Project Consortium. Structure, function and diversity of the healthy human microbiome. Nature. (2012) 486:207–14. doi: 10.1038/nature11234

 10. Man WH, Clerc M, De Steenhuijsen Piters WAA, van Houten MA, Chu MLJN, Kool J, et al. Loss of microbial topography between oral and nasopharyngeal microbiota and development of respiratory infections early in life. Am J Respir Crit Care Med. (2019) 200:760–70. doi: 10.1164/rccm.201810-1993OC

 11. Björkstén B, Sepp E, Julge K, Voor T. Mikelsaar, Allergy development M, and the intestinal microflora during the first year of life. J Allergy Clin Immunol. (2001) 108:516–20. doi: 10.1067/mai.2001.118130

 12. Zimmermann P, Messina N, Mohn WW, Finlay BB, Curtis N. Association between the intestinal microbiota and allergic sensitization, eczema, and asthma: a systematic review. J Allergy Clin Immunol. (2019) 143:467–85. doi: 10.1016/j.jaci.2018.09.025

 13. Johansson MA, Sjögren YM, Persson JO, Nilsson C, Sverremark-Ekström E. Early colonization with a group of Lactobacilli decreases the risk for allergy at five years of age despite allergic heredity. PLoS ONE. (2011) 6:e23031. doi: 10.1371/journal.pone.0023031

 14. Kalliomäki M, Salminen S, Arvilommi H, Kero P, Koskinen P, Isolauri E. Probiotics in primary prevention of atopic disease: a randomised placebo-controlled trial. Lancet. (2001) 357:1076–9. doi: 10.1016/S0140-6736(00)04259-8

 15. Chen YS, Jan RL, Lin YL, Chen HH, Wang JY. Randomized placebo-controlled trial of Lactobacillus on asthmatic children with allergic rhinitis. Pediatr Pulmonol. (2010) 45:1111–20. doi: 10.1002/ppul.21296

 16. Reuter G. The Lactobacillus and Bifidobacterium microflora of the human intestine: composition and succession. Curr Issues Intest Microbiol. (2001) 2:43–53.

 17. Cervantes-Barragan L, Chai JN, Tianero MD, Luccia BD, Ahern PP, Merriman J, et al. Lactobacillus reuteri induces gut intraepithelial CD4(+)CD8alphaalpha(+) T cells. Science. (2017) 357:806–10. doi: 10.1126/science.aah5825

 18. Li LZ, Fang ZF, Liu XY, Hu WB, Lu WW, Lee YK, et al. Lactobacillus reuteri attenuated allergic inflammation induced by HDM in the mouse and modulated gut microbes. PLoS ONE. (2020) 15:e0231865. doi: 10.1371/journal.pone.0231865

 19. Zelante T, Iannitti RG, Cunha C, Luca AD, Giovannini G, Pieraccini G, et al. Tryptophan catabolites from microbiota engage aryl hydrocarbon receptor and balance mucosal reactivity via interleukin-22. Immunity. (2013) 39:372–85. doi: 10.1016/j.immuni.2013.08.003

 20. Kepert I, Fonseca J, Müller C, Milger K, Hochwind K, Kostric M, et al. D-tryptophan from probiotic bacteria influences the gut microbiome and allergic airway disease. J Allergy Clin Immunol. (2017) 139:1525–35. doi: 10.1016/j.jaci.2016.09.003

 21. Li LL, Fang ZF, Liu ZM, Zhao J. X., Zhang H., Wang S. Y., et al. Lactobacillus reuteri CCFM1072 and CCFM1040 with the role of Treg cells regulation alleviate airway inflammation through modulating gut microbiota in asthma mice. J Funct Foods. (2020) 104286. doi: 10.1016/j.jff.2020.104286

 22. Li LL, Fang ZF, Lee YK, Zhao JX, Zhang H, Lu WW, et al. Prophylactic effects of oral administration of Lactobacillus casei on house dust mite-induced asthma in mice. Food Funct. (2020) 11:9272–84. doi: 10.1039/D0FO01363C

 23. Mao BY Li DY, Zhao JX, Liu XM, Gu ZN, Chen YQ, et al. Metagenomic insights into the effects of fructo-oligosaccharides (FOS) on the composition of fecal microbiota in mice. J Agric Food Chem. (2015) 63:856–63. doi: 10.1021/jf505156h

 24. McMurdie PJ. Holmes S. phyloseq: an R package for reproducible interactive analysis and graphics of microbiome census data. PLoS ONE. (2013) 8:e61217. doi: 10.1371/journal.pone.0061217

 25. Dixon P, VEGAN. a package of R functions for community ecology. J Vegetat Sci. (2003) 14:927–30. doi: 10.1111/j.1654-1103.2003.tb02228.x

 26. Foster ZS, Sharpton TJ, Grünwald NJ. Metacoder: An R package for visualization and manipulation of community taxonomic diversity data. PLoS Comput Biol. (2017) 13:e1005404. doi: 10.1371/journal.pcbi.1005404

 27. Langille MG, Zaneveld J, Caporaso JG, McDonald D, Knights D, Reyes JA, et al. Predictive functional profiling of microbial communities using 16S rRNA marker gene sequences. Nat Biotechnol. (2013) 31:814–21. doi: 10.1038/nbt.2676

 28. Wang O, McAllister TA, Plastow G, Stanford K., Selinger B., Guan L. L. Interactions of the hindgut mucosa-associated microbiome with its host regulate shedding of escherichia coli O157:H7 by cattle. Appl Environ Microbiol. (2018) 84. doi: 10.1128/AEM.01738-17

 29. U.S. Department of Health and Human Services, Food and Drug Administration, Center for Drug Evaluation and Research. Allergic Rhinitis: Developing Drug Products for Treatment Guidance for Industry. Rockville, MD: Draft Guidance (2018).

 30. Zajac AE, Adams AS. Turner JH. A systematic review and meta-analysis of probiotics for the treatment of allergic rhinitis. Int Forum Allergy Rhinol. (2015) 5:524–32. doi: 10.1002/alr.21492

 31. Zock JP, Heinrich J, Jarvis D, Verlato G, Norbäck D, Plana E, et al. Distribution and determinants of house dust mite allergens in Europe: the European Community Respiratory Health Survey II. J Allergy Clin Immunol. (2006) 118:682–90. doi: 10.1016/j.jaci.2006.04.060

 32. Linneberg A, Dam Petersen K, Hahn-Pedersen J, Hammerby E, Serup-Hansen N, Boxall N. Burden of allergic respiratory disease: a systematic review. Clin Mol Allergy. (2016) 14:12. doi: 10.1186/s12948-016-0049-9

 33. Leger D, Bonnefoy B, Pigearias B, de La Giclais B, Chartier A. Poor sleep is highly associated with house dust mite allergic rhinitis in adults and children. Allergy Asthma Cl Im. (2017) 13:36. doi: 10.1186/s13223-017-0208-7

 34. Udaka T, Suzuki H, Kitamura T, Shiomori T, Hiraki N, Fujimura T, et al. Relationships among nasal obstruction, daytime sleepiness, and quality of life. Laryngoscope. (2006) 116:2129–32. doi: 10.1097/01.mlg.0000239111.24094.a3

 35. Güvenç IA, Muluk NB, Mutlu F, Eşki E, Altintoprak N, Oktemer T, et al. Do probiotics have a role in the treatment of allergic rhinitis? A comprehensive systematic review and meta-analysis. Am J Rhinol Allergy. (2016) 30:157–75. doi: 10.2500/ajra.2016.30.4354

 36. Costa DJ, Marteau P, Amouyal M, Poulsen LK, Hamelmann E, Cazaubiel M, et al. Efficacy and safety of the probiotic Lactobacillus paracasei LP-33 in allergic rhinitis: a double-blind, randomized, placebo-controlled trial (GA2LEN Study). Eur J Clin Nutr. (2014) 68:602–7. doi: 10.1038/ejcn.2014.13

 37. Kang MG, Han SW, Kang HR, Hong S. J., Kim D. H., Choi J. H. Probiotic NVP-1703 alleviates alergic phinitis by inducing IL-10 expression: A four-week clinical trial. Nutrients. (2020) 12. doi: 10.3390/nu12051427

 38. Kechagia M, Basoulis D, Konstantopoulou S, Dimitriadi D, Gyftopoulou K, Skarmoutsou N, et al. Health benefits of probiotics: a review. ISRN Nutr. (2013) 2013:481651. doi: 10.5402/2013/481651

 39. Zhang B, An J, Shimada T, Liu S, Maeyama K. Oral administration of Enterococcus faecalis FK-23 suppresses Th17 cell development and attenuates allergic airway responses in mice. Int J Mol Med. (2012) 30:248–54. doi: 10.3892/ijmm.2012.1010

 40. Lunjani N, Satitsuksanoa P, Lukasik Z, Sokolowska M, Eiwegger T, O'Mahony L. Recent developments and highlights in mechanisms of allergic diseases: microbiome. Allergy. (2018) 73:2314–27. doi: 10.1111/all.13634

 41. Eloe-Fadrosh EA, Brady A, Crabtree J, Drabek E. F., Ma B., Mahurkar A., et al. Functional dynamics of the gut microbiome in elderly people during probiotic consumption. mBio. (2015) 6. doi: 10.1128/mBio.00231-15

 42. Mazmanian SK, Liu CH, Tzianabos AO, Kasper DL. An immunomodulatory molecule of symbiotic bacteria directs maturation of the host immune system. Cell. (2005) 122:107–18. doi: 10.1016/j.cell.2005.05.007

 43. Round JL. Mazmanian SK. The gut microbiota shapes intestinal immune responses during health and disease. Nat Rev Immunol. (2009) 9:313–23. doi: 10.1038/nri2515

 44. Turpeinen M, Sorva R, Juntunen-Backman K. Changes in carbohydrate and lipid metabolism in children with asthma inhaling budesonide. J Allergy Clin Immunol. (1991) 88:384–9. doi: 10.1016/0091-6749(91)90101-S

 45. Yu M, Cui FX, Jia HM, Zhou C, Yang Y, Zhang HW, et al. Aberrant purine metabolism in asthma revealed by plasma metabolomics. J Pharm Biomed Anal. (2016) 120:181–9. doi: 10.1016/j.jpba.2015.12.018

 46. Patel S. Danger-Associated molecular patterns (DAMPs): the derivatives and triggers of inflammation. Curr Allergy Asthma Rep. (2018) 18:63. doi: 10.1007/s11882-018-0817-3

 47. Pfeffer PE, Hawrylowicz CM. Vitamin D in asthma: mechanisms of action and considerations for clinical trials. Chest. (2018) 153:1229–39. doi: 10.1016/j.chest.2017.09.005

 48. Yelin IB, Flett K, Merakou C, Mehrotra P, Stam J, Snesrud E, et al. Genomicand epidemiological evidence of bacterial transmission from probiotic capsule to blood in ICU patients. Nat Med. (2019) 25:1728–32. doi: 10.1038/s41591-019-0626-9

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Publisher's Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Li, Fang, Lee, Zhao, Zhang, Peng, Zhang, Lu and Chen. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fnut-09-862934-g005.gif





OPS/images/fnut-09-862934-g006.gif
SR — - saies
[ —— —— o
L st — — P
[ — j— ey






OPS/images/fnut-09-862934-g003.gif





OPS/images/fnut-09-862934-g004.gif





OPS/images/fnut-09-862934-t001.jpg
Characteristic AR Asthma

Placebo CCFM1040 Placebo CCFM1040
(h=22) (=28 (=4 (=4

Sex, no (%)

Male 9(09  9(39.1) 1(28) 0(0)
Age ()

Mean  SEM 4254107 44885 485+68 41.0+ 106
Range 18-58 31-60 42-58 30-58
Body mass index (kg/m?)

Mean  SEM 223436 23429 26732 226£16
Range 17.4-309 17.9-276 21.8-304 208-25.1
Body mass index >30 kg/m?

1o (%) 1(4.58) 00 1(28) 00
Allergies run in the family

1o (%) 8(364)  9(39.1) 1(28) 1(25)
Smokers in household

1o (%) 4(182)  4(17.4) 1(28) 0(0)
Probiotics history, no (%)

None 13(69.1) 15652  3(75) 2(50)
Past 7818 7(30.4) 1(25) 1(25)
Current 29.1) 143 0() 1(25)
Childhood residence

Rural 15(682) 15(652)  3(75) 3(75)
Urban 7(318)  8(348) 1(28) 1(25)
TSS

Mean  SEM 78+10 80£07 - -
RaLQ

Mean  SEM 579483 560+80 - -
ATC

Mean  SEM - - 17£17 195+06

AR, allergic rhinitis. TSS, total symptom score. ACT, asthma control test. RQLQ,
Rhinoconjunctivitis Quality of Life Questionnaire.






OPS/images/fnut-09-862934-t002.jpg
Index

Blood mean (range)

Red blood cell

Hemoglobin
concentration

Platelets
Leukocyte
Glucose

Total cholesterol

High densiy ipoprotein
cholesterol

Low density lipoprotein
cholesterol

Urine

Positive of urine sugar
no (%)

Specific gravity Mean
(range)

pH mean (range)
Positive of urine protein
no (%)

Positive of urobiinogen
no (%)

Positive of nitrite no (%)

Positive of leucocyte
esterase o (%)

AR, allergic rhinitis.

AR

Placebo

Before After

n=20

460 (3.52-5.57) 4.62 (3.76-5.33)
134(92-178) 139 (110-163)

229 (102-861) 240 (149-389)
5.07 (2.88-6.63) 5.80 (4.09-8.01)
5.1 (4.18-5.80) 4.95 (3.19-5.89)
4.49 (3.56-6.08) 4.46 (3.25-5.95)
1.53(1.10-1.93) 1.42 (0.86-2.14)

263 (1.68-4.26) 2.72 (1.72-4.36)

00 00
1.02 (1.01-1.02) 102 (1.02-1.02)

591 (5.00-7.00) 6.41 (6.00-8.50)

1(5.88) 2(11.76)
0(0) 00
0(0) 00

3(17.65) 3(17.65)

Asthma

CCFM1040 Placebo ‘CCFM1040

Before After Before After Before After

n=20 n=4 n=3

462 (39-5.67) 4.65(3.94-534) 4.38 (4.04-4.82) 4.32(4.11-4.61) 4.62 (4.09-4.98) 4.46 (3.96-5.04)
136 (112-166) 138 (113-164) 124 (101-137)  127(103-145) 142 (123-165) 180 (145-119)

223(131-338) 239 (1657-357) 237 (179-322) 237 (195-207) 207 (164-278) 172 (146-186)
5.63(4.39-7.22) 5.78 (3.63-8.33) 6.30 (4.48-8.74) 6.85 (4.92-8.59) 5.67 (3.67-8.93) 4.86(4.23-6.07)
5.18 (4.03-7.65) 5.00 (4.27-6.00) 4.94 (4.66-5.26) 5.32 (4.98-6.31) 5.56 (4.83-6.52) 5.94 (4.92-7.79)
4.74 (3.39-6.74) 513 (3.71-7.08) 4.71(3.95-5.74) 5.30 (4.23-5.69) 6.13 (5.66-6.95) 6.2 (5.3-6.69)
1.51(1.08-2.12) 1.45(0.95-1.97) 1.60 (1.17-2.02) 1.56(1.06-2.02) 1.66 (1.63-1.69) 1.74 (1.64-1.88)

2.90 (1.74-4.84) 334 (2.12-5.20) 2.82 (2.26-3.20) 3.13 (2.40-3.62) 3.19 (196-4.01) 4.01(3-4.86)

1(7.14) 00 0() 00 0(0) 00

1.02 (1.01-1.02) 1.02 (1.01-1.02) 1.02 (1.02-1.02) 1.02 (1.02-1.02) 1.02 (1.02-1.02) 1.02 (1.02-1.02)

6.1 (5.50-7.00) 6.25 (5.50-7.00) 5.75 (6.50-6.00) 6.38 (6.00~7.00) 6.00 (6.00-6.00) 6.00 (6.00-6.00)

0(0) 1(7.14) 1(25) 0 0(0) 00
0() 00 0 00 0(0) 00
000 0(0) 0(0) 0(0) 0(0) 0(0)

1(7.14) 1(7.14) 2(50) 2(50) 2(66.67) 1(33.39)





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Efficacy and Safety of Lactobacillus reuteri CCFM1040 in Allergic Rhinitis and Asthma: A Randomized, Placebo-Controlled Trial



		Introduction



		Materials and Methods



		Study Design



		Study Sample



		Intervention



		Outcome Assessment



		Sampling, DNA Extraction, and High-Flux Sequencing



		Bioinformatic Analyses



		Safety



		Statistical Methods







		Results



		Baseline Demographic and Clinical Characteristics



		Efficacy Outcome



		Gut Microbiota Profiles in Patients With AR Were Different After CCFM1040 Intervention



		Patients With AR in the CCFM1040 Group Improved the Function of Gut Microbiota



		Safety/Adverse Events







		Discussion



		Conclusion



		Data Availability Statement



		Ethics Statement



		Author Contributions



		Funding



		Acknowledgments



		Supplementary Material



		References

















OPS/images/cover.jpg
& frontiers | Frontiers in Nutrition

Efficacy and Safety of Lactobacillus
reuteri CCFM1040 in Allergic Rhinitis
and Asthma: A Randomized,
Placebo-Controlled Trial





OPS/images/fnut-09-862934-g001.gif
S

AN

[Notmeet incksion crtera
efvedto socpuenss.

oocteats CGAMIG
Py
nsenmanzs
Py

Ty congh g T
(88t A achmancs, stmanc)
ot 01 iy Ly aesioornes)
(82 e R s . Acna )

e
Py
Asmanza






OPS/images/fnut-09-862934-g002.gif









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
& frontiers | Frontiers in Nutrition





