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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 themodulation 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.

Keywords: Lactobacillus reuteri CCFM1040, allergic rhinitis, asthma, clinical symptoms, safety, gut microbiota

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
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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.
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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).

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
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TABLE 2 | Blood and urine routine.

Index AR Asthma

Placebo CCFM1040 Placebo CCFM1040

Before After Before After Before After Before After

Blood mean (range) n = 20 n = 20 n = 4 n = 3

Red blood cell 4.60 (3.52–5.57) 4.62 (3.76–5.33) 4.62 (3.9–5.67) 4.65 (3.94–5.34) 4.38 (4.04–4.82) 4.32 (4.11–4.61) 4.62 (4.09–4.98) 4.46 (3.96–5.04)

Hemoglobin

concentration

134 (92–173) 139 (110–163) 136 (112–166) 138 (113–164) 124 (101–137) 127(103–145) 142 (123–165) 130 (145–119)

Platelets 229 (102–361) 240 (149–389) 223 (131–338) 239 (157–357) 237 (179–322) 237 (195–297) 207 (164–278) 172 (146–186)

Leukocyte 5.07 (2.88–6.63) 5.80 (4.09–8.01) 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)

Glucose 5.01 (4.18–5.89) 4.95 (3.19–5.83) 5.18 (4.03–7.65) 5.09 (4.27–6.00) 4.94 (4.66–5.26) 5.32 (4.93–6.31) 5.56 (4.83–6.52) 5.94 (4.92–7.73)

Total cholesterol 4.49 (3.56–6.08) 4.46 (3.25–5.95) 4.74 (3.39–6.74) 5.13 (3.71–7.08) 4.71 (3.95–5.74) 5.30 (4.23–5.69) 6.13 (5.66–6.95) 6.22 (5.3–6.69)

High density lipoprotein

cholesterol

1.53 (1.10–1.93) 1.42 (0.86–2.14) 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)

Low density lipoprotein

cholesterol

2.63 (1.68–4.26) 2.72 (1.72–4.36) 2.90 (1.74–4.84) 3.34 (2.12–5.29) 2.82 (2.26–3.29) 3.13 (2.40–3.62) 3.19 (1.96–4.01) 4.01(3–4.86)

Urine n = 17 n = 14 n = 4 n = 3

Positive of urine sugar

no (%)

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

Specific gravity Mean

(range)

1.02 (1.01–1.02) 1.02 (1.02–1.02) 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)

pH mean (range) 5.91 (5.00–7.00) 6.41 (6.00–8.50) 6.11 (5.50–7.00) 6.25 (5.50–7.00) 5.75 (5.50–6.00) 6.38 (6.00–7.00) 6.00 (6.00–6.00) 6.00 (6.00–6.00)

Positive of urine protein

no (%)

1 (5.88) 2 (11.76) 0 (0) 1 (7.14) 1 (25) 0 (0) 0 (0) 0 (0)

Positive of urobilinogen

no (%)

0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

Positive of nitrite no (%) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

Positive of leucocyte

esterase no (%)

3 (17.65) 3 (17.65) 1 (7.14) 1 (7.14) 2 (50) 2 (50) 2 (66.67) 1 (33.33)

AR, allergic rhinitis.

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.
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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

Frontiers in Nutrition | www.frontiersin.org 10 April 2022 | Volume 9 | Article 862934

https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.frontiersin.org/journals/nutrition#articles


Li et al. CCFM1040 in 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.
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