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Abstract
Asthma is one of the most common respiratory diseases in humans throughout the world. The illness 
continues to be the most prevalent cause of respiratory morbidity and affects both adults and children. 
Asthma is mainly caused by microbes, especially the species of Aspergillus. It causes continuous irritation 
and distracts the mental attention of the patient, leading to physical weakness and depression resulting in 
immune-compromised conditions. Asthmatic patients need careful attention and continuous treatment. 
Taking into account its major effects on patients’ quality of life, the challenging nature of the therapy, and 
side effects of the novel therapeutic strategies that influence the clinical course of asthma are required to be 
considered before finally deciding the course of treatment. Children with asthma and wheezing are 
frequently sustained by a type-2 immune response. In addition, people with wheezing and asthma can be 
identified by the presence of digestive and respiratory tract dysbiosis. Therefore, oral probiotics could be 
used as an additional asthmatic medication to manage asthma, but the decision should be constantly 
monitored by specialized persons. During the last two decades, the importance of probiotics in the 
treatment of various ailments has been realized and several researches are being conducted to find out the 
impact of healthy gut microbiome on the management of various diseases including asthma.
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Introduction
One of the most prevalent chronic diseases in the world is asthma. More than 339 million people worldwide 
are considered to have asthma, which represents a remarkable 3.6% rise in age-standardized prevalence 
since 2006 according to the 2016 Global Burden of Disease study [1]. It is an air-borne infection and can be 
characterized by the barrier of airflow. It occurs when the airway swells but in diversified presentation. It 
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can be caused by different factors such as smoking and allergic fungi [2]. Asthma is worsened by 
environmental stimuli like dust, pollutants, smog, pollen, and molds [2–6]. At this stage, it becomes very 
difficult to treat and control asthma and the patients need at least more than one medication to manage it 
[4, 5]. Some omnipresent fungi are also responsible for respiratory diseases as well as invasive pulmonary 
mycosis, fungal balls in lung cavities, allergic bronchopulmonary mycosis (ABPM), and severe asthma with 
fungal sensitization (SAFS) in eczema patients [7, 8]. There is a very important role of fungi in worsened 
and complicated asthma globally. In 2006, the SAFS term was used in a review article and it was 
acknowledged that asthma has already caused illness since the seventeenth century [7]. However, the role 
of fungi in asthma still remains controversial and needs more research. Molecular techniques are now used 
to identify the causal agent of asthma where the fungi and particularly the species of Aspergillus have been 
shown to be associated [9, 10]. People residing in damp and dark places are more prone to asthmatic 
infections mainly because of higher survival rates of fungal propagules in such environments. It is, 
therefore, recommended that asthmatic patients to live in well-ventilated naturally lighted rooms. Sun rays 
are lethal and can kill the fungal spores and mycelia.

Due to its great prevalence, asthma is a significant problem for healthcare and subsequently places a 
significant load on the system [11]. Particularly, among kids and teenagers, asthma is the most prevalent 
chronic illness [12]. All of the existing treatments for asthma generally work to regulate the pathological 
condition because the disease cannot be totally treated. Patients and governments are under heavy 
financial strain [13, 14]. One of the most significant health issues, particularly in developed nations, is 
allergic asthma. The pathogenesis of allergic asthma involves a number of processes with trigger factors 
(Figure 1). Dysregulation of the immune system has a direct impact on health and contributes to the 
pathogenesis of a number of immunological illnesses, including allergy diseases. On the other hand, 
pulmonary oxidative stress and injury can result from an imbalance of inflammatory and anti-inflammatory 
molecules, as well as deregulation of the lung immune system via the Toll-like receptor 4 (TLR4)/nuclear 
factor kappa B (NF-κB) signaling pathway [15, 16].

Figure 1. Asthma trigger factors. NSAIDs: non-steroidal anti-inflammatory drugs
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The most extensively researched and commercialized bacterial strains of probiotics were the research 
subject of a recent study by Malaysian researchers [17]. Major depressive disorder (MDD) management 
may involve adjunctive or primary therapy [18]. They developed a conceptual framework for probiotics 
using an evolutionary method in order to successfully integrate it into the precision psychiatry model, 
which aims to provide personalized therapy [18].

There are two reasons for which asthma attacks happen: (a) loads of aeroallergen and grass pollen 
(thunderstorm asthma); (b) fungal allergen [19–22]. The fungi are the primary exogenous drivers of 
asthma but have been completely ignored and not explored adequately. SAFS means allergic sensitization 
caused by fungi but it is not justified because allergy is not responsible for moderate asthma. Fungal 
infection does not require an airway. The protease and other enzymes can damage tissue, disrupt the 
airway, and cause mucosal damage. Hence, chronic fungal bronchitis has to be acknowledged. In the 
environment, protease activity fungi-initiated T-helper 2 (Th2) cell-related air inflammation can cause Th2 
cell chronic airway disease in asthma [23, 24]. At least one-fourth of asthma patients have symptoms of 
Aspergillus fumigatus sensitization and it is very difficult to treat [8]. Sensitization from fungal species can 
be associated with more severe asthma as well as bronchiectasis and higher eosinophil counts and 
immunoglobulin E (IgE) levels, and it can cause worse clinical outcomes—uncontrollable asthma. It can also 
cause lung infection and Intensive Care Unit (ICU) admissions increased, asthma-related lung failure and 
deaths were also recorded [25–28]. In previous studies, it was noticed that the Aspergillus fumigatus 
cultures were seen in asthma patients who were IgE-sensitized [29]. In other studies, it was stated that 
various fungi can cause fungal sensitization and can be caused only by some specific fungi such as 
Aspergillus fumigatus, Aspergillus-affected individuals are most likely to have underlying asthma or cystic 
fibrosis or allergic respiratory evident [30, 31]. Lung disease and weak immune system can cause 
phenotypic severity and it can worsen simple fungal asthma to SAFS to allergic bronchopulmonary 
aspergillosis (ABPA) [7, 32]. The relationship between ABPA, SAFS, and allergic fungal airway disease 
(AFAD) is illustrated in Figure 2.

Figure 2. Relationship between ABPA, AFAD, and SAFS in Venn diagram

Aspergillus is omnipresent in the environment, hence, the inhalation of Aspergillus spores is 
inescapable. Aspergillus fumigatus is an airborne microbe; it lives in soil and can be found in compost and 
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waterlogged structures. The spores of Aspergillus fumigatus are 3–5 µm in size and can easily be inhaled 
into bronchial airways [32]. In an infected person with healthy immunological function, Aspergillus conidia 
can be seen as clearly associated with symptoms. Aspergillus fumigatus is a disturbing species and has 
pathogenic potential, so it can lead to dominant allergic and invasive fungal disease [33].

Relationship between air pollutants, asthma, and life exposure depends upon various factors [34]. They 
enter and take place in the host body with genetic susceptibility and many other factors yet to be defined, 
and these points are very important in asthma pathogenesis. Microbes like fungi can make the situation 
worse in asthma in children and adults [34, 35].

In previous studies, it is mentioned that those fungi which play roles in asthma belong to the genera 
Cladosporium, Eurotium, Penicillium, and Aspergillus. Other genera are also detected but in low abundance 
such as Candida, Malassezia, and Pneumocystis [36].

These fungal species are found in asthma samples. Sometimes the sample may also be contaminated 
with oral cavity microfungi and they need to be confirmed. Some other fungi have also been detected in 
sputum or fluid in respiratory diseases like asthma [23, 37] which are shown in Table 1. Fungi species like 
Aspergillus, Candida, Alternaria, Cladosporium, and Crytococcus species [23, 37–50] were isolated from 
asthmatic patients with Th2-type disease and it suggests that the infection is obvious [23]. Previous studies 
suggest that patients show increased fungal-specific IgE response and memory phenotype when reacting 
with fungal antigens and eosinophils that are involved in fungal killing [38, 51]. Fungal species contribute to 
asthma infection at a severe level. In this article, we discuss fungal asthma, how fungi cause asthma in 
healthy lungs, and how in the gut can it convert into severity and cause multiple barriers in sites [37]. Fungi 
such as Malassezia and Trichophyton cause skin allergy and allergic asthma through atopic march [46].

Table 1. Fungal species associated with allergic asthma from various routes of sensitization

Fungal genera Fungal species Allergens Activity Route of 
exposure

Type of asthma References

Aspergillus spp. A. fumigatus

A. nidulans

A. versicolor

A. flavus

A. niger

A. terreus

Asp f 1

Asp f 3
Asp f 11

Asp f 22
Asp n 14

Asp t 36

Ribotoxin

Peroxisomal membrane protein
Protein

Enolase

Inhalation ABPA [28–31, 52–
55]

Alternaria spp. A. alternata Alt a 4 Trasporter, disams defense
Protein initiation factor

Thioredoxin

Inhalation Bronchial asthma [17, 32, 55–
57]

Cladosporium 
spp.

C. 
cladosporioides

C. herbarum

Clac h8

Clac c14

Clac c9

Peroxisomal protein

Transaldolase

Mannitol dehydrogenase

Inhalation Allergic asthma [33–35, 55]

Malassezia spp. M. globosa

M. furfur

M. sympodialis

M. restricta

M. japonica

MGL_1304

Mala f 2–4
Mala s 
1–11

Mala Ex

Unknown

Stress responses
Protease activity

Vesicle trafficking and innate 
immune activation

Skin contact

Inhalation
Ingestion

Allergic respiratory 
disease

[36, 37, 58]

Cryptococcus 
spp.

C. neoformans Chitin

Chitosan

Immune activation

CNS invasion

Inhalation Th2-type asthma [38, 39, 58]

Trichophyton 
spp.

T. interdigitale

T. tonsurans

T. 
mentagrophytes

Trit 1

Trit 4

Enzymatic activity

Sporulation

Skin contact SAFS [40, 55]

Asp f: Aspergillus fumigatus; Asp n: Aspergillus niger; Asp t: Aspergillus terreus; Alt a: Alternaria alternata; Clac h: 
Cladosporium herbarum; Clac c: Cladosporium cucumerinum; Trit: Trichophyton; CNS: central nervous system; spp.: species
Note. Adapted from “Environment and host-genetic determinants in early development of allergic asthma: contribution of fungi,” 
by Hadebe S, Brombacher F. Front Immunol. 2019;10:2696 (https://doi.org/10.3389/fimmu.2019.02696). CC-BY.

https://doi.org/10.3389/fimmu.2019.02696
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Asthma is a diverse illness supported by bronchial hyper-reactivity, reversible airflow restriction, and 
chronic respiratory tract inflammation [1, 7]. In addition, the severity and duration of symptoms and 
bronchial obstruction may change. Asthma phenotypes and endotypes are defined by clinical, functional, 
and pathological characteristics [1, 7]. The type-2 phenotype is more common in children in this situation, 
and allergic asthma predominates most of the time [1, 59].

According to Agarwal [55], a new asthma recently described is called SAFS that can cause ABPA, and it 
is diagnosed with severe asthma [17]. Because of the scarcity of data availability, it is doubtful how to 
diagnose it. More researches are required at different demographic levels to better understand such type of 
asthma.

Causes and symptoms of fungal asthma
As we know, Aspergillus is found everywhere, indoors and outdoors. It occurs more and in severe form in 
dark and moist rooms on the walls and in the corners. Aspergillus is not harmful, but some species can 
cause serious problems and illness, especially in people with weakened and compromised immune systems. 
In our laboratory, we have isolated a number of species of Aspergillus from the dump of waste disposal in 
Meerut. The major species isolated are Aspergillus fumigatus, A. nidulans, A. versicolar, A. flavus, and A. niger; 
of which Aspergillus fumigatus, A. nidulans, A. versicolor, A. flavus, and A. niger are known to cause fungal 
asthma (Figure 3). If people with weakened immune systems inhale spores of Aspergillus species, they can 
be infected with lung disease or asthma. In some people, spores can trigger allergic reactions, but in others, 
they can be dangerous and develop mild-to-serious lung infections. Aspergillosis is one of the most serious 
lung diseases which is caused by fungus. It is an invasive disease, and the infection can spread to the blood 
vessels and all over the body. Symptoms may vary with the different types of illness patients develop.

Figure 3. Aspergillus species isolated from the dump of waste disposal in Meerut

Allergic reaction: In some patients, asthma or cystic fibrosis may develop an allergic reaction to 
Aspergillus. Signs and symptoms of this reaction disease called bronchopulmonary aspergillosis 
and the signs are fever, cough with blood or plugs, and worsening asthma.

(1)
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Aspergilloma: Chronic lung disease as in pulmonary conditions like emphysema, tuberculosis, or 
advanced sarcoidosis which can cause cavities in lungs. When patients with these diseases get 
infected with Aspergillus, the fungus balls (tangled masses) grow in the lungs, and this is called 
aspergilloma. In this disease, mild symptoms may occur like cough bringing up blood sometimes 
(hemoptysis), wheezing, shortness of breath, and weight loss.

(2)

Invasive aspergillosis: Invasive aspergillosis is one of the most severe types of aspergillosis. It is a 
spreading disease and it occurs when infection spreads to the brain, heart, kidney, and skin. 
Invasive aspergillosis may be caused in those patients who have undergone chemotherapy, bone 
marrow transplantation, or a disease that weakened their immune system. Invasive aspergillosis 
sometimes may be fatal. General symptoms of invasive aspergillosis are fever and chills, cough that 
brings up blood (hemoptysis), shortness of breath chest pain, headache, and skin lesions.

(3)

Other types of aspergilloses: Aspergillus can spread to the patient’s body and lungs. Fungus also 
causes sinuses in patients and in this condition, a stuffy nose can contain blood, fever, facial pain, 
and headache may occur [43, 60].

(4)

Diagnosis of ABPA

ABPA was reported in 1952 by Hinson et al. [61] who described three patients who were diagnosed with 
pulmonary infiltrates and eosinophilia in blood and sputum. It was clinically proven that these symptoms 
occur when patients are suffering from severe asthma. But for ABPA, there are no specific physical or 
chemical examination findings at present to diagnose on the basis of symptoms like cough, wheezing, 
shortness of breath with fever, anorexia, and malaise. ABPA can be identified by local and IgE circulating 
specific Aspergillus antibodies and skin tests with reactive Aspergillus, eosinophilia, increased interleukin-2 
(IL-2) level, and increased serum IgE level [51]. It includes new lung infiltrates or bronchiectasis on chest 
imaging. Pathologically, ABPA is characterized by one or more of the conditions like mucoid impaction of 
bronchi, bronchocentric granulomatosis, eosinophilic pneumonia, and exudative or obliterative 
bronchiolitis [43, 60].

Diagnosis of SAFS

Bronchial asthma is diagnosed using a specific skin test in IgE levels for Aspergillus antigens. If the IgE levels 
are below 1,000 IU/mL, high resolution computer tomography (HRCT) test is conducted to observe mild-to-
severe asthma which is further diagnosed using Asthma and Allergy Foundation of America (AAFS) where a 
positive test suggests mild-to-moderate asthma while the SAFS-positive test indicates severe asthma. When 
HRCT-complete blood count (CBC) is negative then invasive bronchial-pulmonary aspergillosis (IBPA) is 
conducted to confirm negative asthma; if HRCT-CBC is positive than ABPA-CBC is performed for 
confirmation [54, 62].

Management of asthma using probiotics
Probiotics were defined by the Food and Agriculture Organization (FAO)/World Health Organization 
(WHO) in 2001 as “live microorganisms that, when administered in adequate amounts, confer a health 
benefit on the host”. This definition has been widely adopted by scientific communities, businesses, 
organizations, and consumers. Everyone believes that before asserting the existence of a specific benefit, a 
probiotic strain should have been examined in well-controlled research to do so [63, 64]. The only 
permitted claim, in this case, would be “contains probiotics”. Studies utilizing probiotics or prebiotics have 
typically been exploratory in nature and have not been sufficiently structured to meet the European Food 
Safety Authority (EFSA)’s current standards for substantiating a health claim [65]. The therapeutic uses of 
probiotics and prebiotics in conditions like asthma and pneumonia have not been adequately researched. It 
has been demonstrated that probiotics and prebiotics have immune-modulator effects and are implicated in 
the pathophysiology of a number of disorders [66–68]. Probiotics (beneficial bacteria) and short- and long-
chain fructo-oligosaccharides (lcFOS) prebiotics have been shown to minimize allergy sensitization by 
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controlling immune responses. B cells, Th1, Th2, Th17, T regulatory (Treg), and other immune cells can all 
be modulated by probiotic bacteria [15, 66, 67].

Probiotics as a component of the commensal gut microbiota can have an impact on the TLRs, 
particularly TLR4 [68, 69]. There are numerous microbial illnesses that can activate TLR4 signaling. 
Lipopolysaccharide (LPS) is a component of bacterial structure, and bacteria use the LPS/TLR4/NF-κB 
pathway to activate TLR4 [16, 70, 71]. However, LPS can cause acute lung damage and inflammation, which 
causes an inflammatory cell buildup in the lung and airway [72, 73]. Ovabumin (OVA) can cause allergic 
asthma in a model, but OVA-LPS can also cause asthma and acute airway inflammation. Additionally, TLR4 
and active TLR4 signaling may be involved [15]. The gut microbiome plays a significant role in the 
management of asthma and its quality and quantity change with the type and severity of asthma (Table 2). 
Whether the change of gut microbiota is the cause of asthma or the disease results in the change of gut 
microbiota is not yet very clear. Gastroenterologists are finding scientific causes for such a change in gut 
microbiota.

Table 2. Changes of gut microbiota in allergic asthma and allergic rhinitis (AR)

Types of disease Increase Decrease
Allergic asthma Streptococcus

Firmicutes

Candida

Rhodotorula

Lachnospira

Veionella

Faecalibacteium

Rothia

Bifidobacterium

Ruminococcusgnavus

Alloprevotella

Oscillibacter

Lactobacillus
AR Klebsiella

Parabacteroides

Butyricicoccus

Proteobacteria

Actinobacteria

Escherichia-Shigella

Oxalobacter

Clostridiales

Eisnbergiella

Becteroidetes

Bifidobacterium
Note. Adapted from “Effect of probiotics on respiratory tract allergic disease and gut microbiota,” by Huang J, Zhang J, Wang X, 
Jin Z, Zhang P, Su H, et al. Front Nutr. 2022;9:821900 (https://doi.org/10.3389/fnut.2022.821900). CC-BY.

It is thought that the gut microbiota plays a significant role in defining allergy risk and immune system 
development [74]. However, recent investigations have cast doubt on this. It is widely believed that the 
human fetus is sterile while it is developing in the womb [75]. However, newborns are exposed to germs 
from their mother and the environment both during and after the delivery birthing process [76]. The type 
of delivery has a substantial impact on the microorganisms that can colonize the gut, and kissing, sucking, 
and cuddling the newborn shortly after birth can also transmit microbes from the mother to the child [76]. 
The colonization of the gut starts on the 6th day of the birth of the child and gets stabilized at the 
450–600 days. Sociological contacts and psychological factors greatly influence the gut microbiota. Infants 
are exposed to new microorganisms after birth through diet (such as breastfeeding) and environmental 
exposure.

There are numerous different probiotic species, but the most prevalent ones are Lactobacilli and 
Bifidobacteria [77]. Each has been thoroughly investigated in the context of allergies and has been linked to 
decreased incidence of asthma, AR rhinoconjunctivitis (ARC), food allergy, and atopic dermatitis (AD) [78]. 
Through the production of cytokines that support the Th1 pathway while suppressing the Th2 pathway, 
which is linked to the development of allergies, these bacteria have been demonstrated to alter the host’s 

https://doi.org/10.3389/fnut.2022.821900
https://doi.org/10.3389/fnut.2022.821900
https://doi.org/10.3389/fnut.2022.821900
https://doi.org/10.3389/fnut.2022.821900
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Th1/Th2 balance [79]. Probiotics have been associated with the primary prevention of allergies and allergy 
disorders in a number of studies, particularly when given to youngsters [80, 81].

Allergy prevention by probiotics

Intestinal microbiota that is “healthy gut” promotes the rate of immunity [17, 31]. Gut-associated lymphoid 
tissue (GALT), which includes Peyer’s patches, has been shown in other investigations to be 
underdeveloped or missing in germ-free mice [82, 83]. It was revealed that the redevelopment of GALT and 
the induction of tolerance may result from the neonatal administration of Bacteroides fragilis to germ-free 
mice’s lower gut [84]. It is also established that the host’s risk of contracting allergy and inflammatory 
disorders increases if an effective immunological tolerance cannot be developed early in life [85]. For 
instance, mice raised in sterile environments have fewer Treg cells that produce IL-10 and IgA, and they are 
unable to acquire oral antigenic tolerance [17, 85–87]. The several factors that influence the advantages of 
probiotic supplementation include a system for action. Maldonado Galdeano et al. [88] recently examined 
probiotics’ advantages for people. Oral probiotics interact with the body after administration via TLRs, 
intestinal epithelial cells (IECs), and immune-competent cells [89]. The creation of mediators, cytokines, 
and chemokines is encouraged by this interaction. The activation of mucosal immunity is caused, in part, by 
macrophage chemo-attractant protein 1, which is secreted by IECs and is sustained by an increase in 
mucosal tissues’ IgA-secreting cells [90, 91].

Filamentous bacteria with segments, specifically clusters IV and XIVa, support the growth of Treg cells 
and IL-17-producing T cells, respectively [90–92]. Additionally, food’s gut microbiome, when put into germ-
free mice and allergic mice but not tolerant ones, transmitted susceptibility to food allergy [69]. The 
examination of dysbiosis in people with food allergies is complicated by a number of circumstances. 
Because of the variety in study design, sample size, age at fecal collection, methods of gut microbiome 
analysis, and geographical location, comparisons between studies are challenging [93]. Nevertheless, with 
time and the increasing accessibility of new tools, the evidence of gut dysbiosis in food allergy is growing. 
Babies with cow’s milk allergies had higher total bacterial and anaerobic counts as revealed in bacterial 
cultures [94], numerous hypothesized mechanisms have been proposed to explain how the commensal 
microbiota affects the course of the allergic reaction [95]. Through their TLRs, intestinal bacteria can 
directly affect Tregs, modulating innate lymphoid cells. By means of a Treg intrinsic, TLR and myeloid 
differentiation primary response gene 88 (MyD88) reliant mechanisms and commensal microbiota support 
the differentiation of induced Tregs (iTreg) from naive clusters of differentiation-4 (CD4+) T-cells [96, 97].

Interaction of probiotic with the immune system

There are a number of Lactobacillus species that are helpful in the treatment of respiratory allergies such as 
L. reuteri, L. casei, L. rhamnosus, L. acidophilus, L. plantarum, B. lactis, and Bifidobacterium longum. L. reuteri 
modification caused pro-inflammatory cytokines like IL-5 and IL-13 to be produced at lower levels and the 
outcome is a reduction in the influx of inflammatory cells to the lungs (Figure 4). L. casei helps in dendritic 
cell (DC)-specific intercellular adhesion molecule 3-grabbing non-integrin modulates DC activity in vitro 
after the induction of Tregs that produce IL-10 in vitro. Increased L. rhamnosus and B. lactis transforming 
growth factor-β (TGF-β) in vivo expression is connected with the induction of Tregs that prevent allergic 
sensitization and airway illness in mouse models of asthma [62]. L. rhamnosus and Bifidobacterium 
decrease persistent chronic allergic inflammation through upregulation of TLR4 and messenger RNA 
(mRNA) expression, which helps in airway remodeling, mast cell degranulation inhibition, and suppression 
of pulmonary airway inflammation. L. acidophillus stimulates DCs in vitro and this increases TGF-β 
production. L. plantarum regulates high concentrations of specific IgG2a, inhibits the specific IgE response, 
and enhances interferon-gamma (IFN-γ) production [98].

T cells are also triggered by probiotics. Additionally, probiotics encourage the release of IL-10, the 
primary regulatory and anti-inflammatory cytokine from Treg cells [99]. Probiotics also strengthen the 
intestinal barrier by boosting mucins, tight junction molecules, goblet and Paneth cells. Probiotics regulate 
the gut microbiota by maintaining homeostasis and preventing the spread of infections, among other things 
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Figure 4. Mechanism of action of probiotics. SCFAs: short-chain fatty acids

[100]. Additionally, probiotics’ viability is essential to guarantee their impact on innate immunity [101]. 
Probiotics may therefore be an intriguing natural method for both prevention and treatment. By decreasing 
IgE production and boosting the immune response to combat infections, they could increase type-1 
response [102, 103]. SCFAs, which are produced by bacterial fermentation of food fibers, are another way 
in which the commensal flora encourages tolerance. By increasing colonic Treg cells, SCFA protects mice 
from intestinal inflammation by acting on T cells through the G-protein-coupled receptor 43 (GPR43). 
Intestinal Treg cells can be produced from naive CD4+ T cells by T-cell intrinsic epigenetic pathways, which 
is another benefit of SCFAs [104]. With increased forkhead box protein 3 (Foxp3) protein acetylation, 
butyrate, an SCFA recognized as a histone deacetylase inhibitor, confers higher stability and enhanced 
suppressive action on de novo-produced intestinal iTreg cells [105]. A high-fiber diet reduces allergic 
airway inflammation by changing the flora’s composition, which increases Bacteroidetes and decreases 
Firmicutes while raising the amounts of SCFAs in the bloodstream [106].

Probiotics in the prevention and management of asthma

In general, preventive strategies are [107]:

Prevention of exposure to tobacco smoking during pregnancy and after delivery is a general health 
education message.

(1)

Primary prevention for babies who are more vulnerable. If one or both parents have allergies or 
have had allergies themselves, there is a clearly elevated risk of allergy symptoms.

(2)

Secondary preventive techniques for kids who already have allergic sensitization or the early signs 
of allergic disorders; these techniques work to lower the frequency of clinical manifestations like 
rhinitis, food allergies, or asthma.

(3)

Pre-clinical research has demonstrated that altering the microbiota can influence the host’s overall 
immune response, hence lowering allergy inflammation and sensitization shown in Figure 5 [108, 109]. 
Numerous researches have raised the possibility that pre- and probiotics could provide protection against 
asthma [65, 67, 74, 79, 89].

When allergens are inhaled, the innate immune system is stimulated to release cytokines that help 
CD4+ T cells express and recognize antigens and activate T cells and antigen-presenting cells to induce Th2 
responses [110, 111]. Th2 cytokines (IL-4, IL-5, IL-9, and IL-13) cause eosinophilia in the airways, 
pulmonary lymphocytosis, mastocytosis, alternative macrophage activation, and epithelial cell proliferation 
with goblet cell hyperplasia, which are alterations that resemble asthma in the airways and lung 
parenchyma. A number of inflammatory disorders have been linked to matrix metalloproteinases (MMPs), 
a family of enzymes that cleaves extracellular matrix proteins [84]. MMP9 levels are specifically markedly 
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Figure 5. Effect of probiotics on allergic asthma. Probiotics regulate the Th1 and Th2 cell balance for the protection of the 
immune system, increase the number of Tregs, reduce inflammatory response, and regulate gut microbiota. AHR: airway 
hyperresponsiveness
Note. Adapted from “Effect of probiotics on respiratory tract allergic disease and gut microbiota,” by Huang J, Zhang J, Wang X, 
Jin Z, Zhang P, Su H, et al. Front Nutr. 2022;9:821900 (https://doi.org/10.3389/fnut.2022.821900). CC-BY.

elevated in asthma [112]. It has also been demonstrated that administration of Lactobacillus rhamnosus GG 
(LGG) reduces MMP9 expression in lung tissue and prevents inflammatory cell infiltration. In addition, in 
OVA-sensitized mice, LGG decreased blood levels of OVA-specific IgE, inhibited methacholine-induced AHR, 
and decreased the quantity of infiltrating inflammatory cells and Th2 cytokines in both serum and 
bronchoalveolar lavage fluid [113]. Other probiotics have yielded comparable outcomes [114]. Particularly 
in children with paediatric asthma, LGG was found to lower the level of exhaled nitric oxide in 4- to 7-year-
olds [115], however, it was unable to duplicate these findings [116]. Early administration of Lactobacillus 
reuteri, Lactobacillus rhamnosus HN001, or Lactobacillus paracasei species paracasei F19 did not reduce 
asthma [respiratory rate (RR) 1.16; 95% confidence interval (CI) 0.33–4.10], and neither did Lactobacillus 
paracasei species paracasei F19 (RR 1.05; 95% CI 0.39–2.81) [117–119].

Based on the in vitro manipulation of cytokine production, probiotic bacteria have produced better 
effects. It has been demonstrated that Bifidobacterium bifidum, B. lactis, and Lc. lactis can effectively induce 
IL-10 and significantly suppress the Th2-related cytokines IL-5 and IL-13 [120]. Administered perinatally in 
a selected combination, they reduced the development of eczema up to the age of 2 years. Their beneficial 
effect does not reach the age of 6 years and does not lead to primary prevention of asthma. A systematic 
review of randomized trials assessing the effects of any probiotic administered to pregnant women, 
breastfeeding mothers, or infants demonstrated that probiotics could reduce the risk of eczema in infants 
[121]. Due to the possibility of bias, the inconsistent and imprecise nature of the results, and the indirect 
nature of the available research, the certainty of the evidence is low or extremely low. Replication of the 
encouraging findings in collaborative, well-coordinated multicenter harmonized studies with 
multidisciplinary expertise in paediatrics, immunology, and microbiology would, therefore, be of utmost 
significance to enable future evidence-based implementation, as emphasized in two recent reviews [122]. A 
longer-term effect from gut microbiota control is possible [123, 124].

Clinical applications of probiotics
Probiotics’ positive benefits are significantly influenced by a number of factors, including strain type, 
duration, and method of administration. Probiotics have been the subject of numerous studies looking into 
the impact on allergic airway disorders in mouse models. These probiotics are commonly administered 
orally, through food or drink [125, 126], or intra-gastric intubation [127, 128]. In many mouse 
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investigations, intranasal probiotic bacteria delivery has recently received more attention [125, 129]. In the 
study by Spacova et al. [130], the researchers showed that giving mice LGG intravenously reduced the birch 
pollen-cause asthma in mice. Treatment of asthma using probiotics has been summarized by Huang et al. 
[98] where various combinations are currently being used and prescribed by medical doctors throughout 
the world including in developing countries like India (Table 3).

Table 3. Treatment of asthma with the help of probiotics

Types of 
diseases

Single probiotics Combination of probiotics

Allergic 
asthma

Lactobacillus paracasei L9

Lactobacilli

Bifidobacterium breve M-16V

Bifidobacterium 7952
Bifidobacterium longum 51A

Feacalibacterium prausnitzii

L. salivarius

L. gasseri

L. acidophilus

L. paracasei

L. rhamnosus

Bulgarius

Lactobacillus plantarum GREEN CROSS Wellbeing 1001, Lctobacillus 
rhamnosus GCWB1085, and Lctobacillus rhamnosus GCWB1156
Lactobacillus gasseri LK001, Lactobacillus salivarius LK002, Lactobacillus 
johnsonii LK003, Lactobacillus paracasei LK004, Lactobacillus reuteri LK005, 
and Bifidobacterium animalis LK011

AR Lactobacillus rhamnosus

LGG
Lactobacillus

Bifidobacterium shortum

Lactobacillus plantarum 
Lactobacillus plantarum CJLP133 
or CJLP243
Clostridium butyricum 
CGMCC0313-1

Bifidobacterium longum IM55
Lactobacillus plantarum IM55

Enterococcus faecalis

Bifidobacterium longum BB536, Bifidobacterium infantis M-63

Bifidobacterium shortum M-16V
Lactobacillus garciae KS-13, Bifidobacterium bifidum G9-1 and 
Bifidobacterium longum MM-2

Note. Adapted from “Effect of probiotics on respiratory tract allergic disease and gut microbiota,” by Huang J, Zhang J, Wang X, 
Jin Z, Zhang P, Su H, et al. Front Nutr. 2022;9:821900 (https://doi.org/10.3389/fnut.2022.821900). CC-BY.

In the study by Pellaton et al. [125], the efficacy of intranasal administration was also demonstrated. 
Their research showed that, as compared with oral therapy, intranasal administration of L. paracasei 
NCC2461 can alter both the systemic and local immune response [131]. Additionally, human clinical trials 
to examine the impacts of probiotics on the airways have just been taken up [132]. Probiotics are typically 
given orally during clinical trials, such as when added to dairy products or taken as capsule supplements, 
and they primarily work through modulating the immune system. On the other hand, we believe that local 
administration spray can cause more niche-specific effects both in the upper and the lower airways, leading 
to a more successful treatment, based on the data obtained in several mouse models [125, 129, 132].

Probiotics for upper respiratory tract diseases

There have been numerous randomized placebo-controlled trials to look at the possibilities of oral 
probiotic administration in conditions affecting the upper respiratory system [132, 133]. In a meta-analysis 
by Peng et al. [134], probiotic effectiveness for the prevention and/or treatment of AR was examined in 11 
randomized controlled trials. Results indicated that probiotic medication improved the patients’ quality of 
life and nasal symptoms in these 11 trials. However, none of the probiotic approaches examined could 
lessen the inflammatory markers in these people or stop AR [135]. Most recently, in a meta-analysis by 
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Güvenç et al. [133], 22 double-blind, randomized, and placebo-controlled studies were included, and 17 of 
them showed improvements in the clinical symptoms of AR patients, such as nasal obstruction, rhinorrhea, 
and nasal itching. In 8 of the included trials, these favorable outcomes were related to a drop in 
inflammatory markers [133, 135]. Patients with AR have also been investigated when multiple strains are 
combined. For instance, AR patients were evaluated by Hartsock and Nelson [136] on a probiotic yoghurt 
containing a combination of L. rhamnosus GR1 and Bifidobacterium adolescentis. Although they did not find 
any appreciable benefits in the participants’ clinical outcomes, they did notice elevated serum levels of IL-
10 and IL-12 during the grass pollen season and elevated TGF-β during the ragweed season in the probiotic 
group in comparison to the placebo group 83. Therefore, after receiving probiotics, these patients’ essential 
regulatory indicators rose even if no changes in their symptoms were seen. The use of probiotics in patients 
with cytokine release syndrome (CRS) has received much less research than that for AR. In brush samples 
of the mucosal surfaces of the lateral, central, and medial sections of the maxillary sinuses, it was 
discovered that patients with CRS had less bacterial diversity and a particular depletion of helpful 
lactobacilli [135, 137]. Interestingly, after intranasal inoculating animals, these same scientists were able to 
demonstrate that Lactobacillus sakei ATCC 15521 was adequate to protect against Corynebacterium 
tuberculostearicum-induced sinusitis [135]. The species L. sakei was the focus of the authors’ attention since 
it was one of the taxa that was severely decreased in CRS patients and was present in higher abundances in 
the mucosa of healthy people [135]. Another multicenter, double-blind, placebo-controlled trial showed 
that taking Enterococcus faecalis (Symbioflor 1) for six months helped lessen the frequency of acute CRS 
exacerbations [137]. Furthermore, these positive outcomes persisted for 8 months following the conclusion 
of the therapy [135]. In agreement with these findings, Kitz et al. [138] have observed that recurrent acute 
sinusitis has decreased in incidence and duration. It’s interesting that these same scientists were later able 
to demonstrate that Lactobacillus sakei ATCC 15521 was adequate to prevent the recurrence of acute 
sinusitis in children who had been given oral E. faecalis Symbioflor 1 for 8 weeks [135, 138]. Additionally, 
previous studies investigating the use of a probiotic nasal spray for various upper respiratory tract (URT) 
infections, like otitis media, have already noted the safety of a probiotic spray in the nasal cavity [135, 139]. 
Additionally, we think that better strain selection (particularly using human isolates) from the URT may be 
required to detect meaningful effects on patients’ clinical symptoms [135].

Probiotics for lower respiratory tract diseases

Probiotics have the potential to cure chronic inflammatory URT disorders like AR and CRS, but it’s vital to 
keep in mind that these conditions are frequently accompanied by lower airway comorbidities, most 
notably, asthma [135]. Although preliminary, clinical research into the use of probiotics to treat asthma 
patients has produced some encouraging findings [137]. For example, Chen et al. [140] conducted a 
randomized, double-blind, placebo-controlled trial to examine the therapeutic efficacy of Lactobacillus 
gasseri PM-A0005 in asthmatic children (6–12 years old). They observed an improvement in asthma 
symptom scores and an improvement in airway functions, namely peak expiratory flow rates, after two 
months of daily treatment with 2 × 109 colony forming unit (CFU)/capsule of L. gasseri PM-A0005 [135, 
140].

Moreover, they saw a considerable decline in the pro-inflammatory cytokine concentrations in the 
patients’ blood, including tumor necrosis factor (TNF-α, IFN-c, IL-12, and IL-13 [140]. According to these 
outcomes, Gutkowski et al. [141] demonstrated that giving children with mild-to-moderate atopic asthma a 
12-week oral course of Trilac, a blend of Lactobacillus acidophilus, Lactobacillus delbruecki species 
bulgaricus, and Bifidobacterium bifidum, improved lung function and decreased asthma exacerbations. In a 
different trial, van de Pol et al. [142] looked at the impact of synbiotic therapy in people with asthma and 
dust mite allergies. In the study by Rose et al. [143], the scientists studied the effects of LGG meal 
supplementation over a six-month period in newborns with atopic susceptibility and recurrent wheeze. 
Results showed no change in clinical outcomes as determined by AD severity grading and asthma symptom 
score [142]. However, oral administration of LGG led to a slight reduction in aeroallergen sensitivity as a 
bronchial asthma predictor [143]. There has been a thorough examination of more research addressing the 
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role of airway microbial dysbiosis in asthma and the potential of probiotics to treat these individuals [135]. 
These trials are encouraging, but additional study is required to determine whether or not modulating the 
lung microbiota by targeting the URT with nasal and/or oral probiotic therapy is effective enough.

Recommendation

There are insufficient pieces of evidence to recommend the use of prebiotics, probiotics, or other dietary 
supplements based on specific nutrients to prevent food allergy in at-risk groups and the general 
population, as per the European Academy of Allergy and Clinical Immunology (EAACI) food allergy and 
anaphylaxis guidelines on primary prevention of allergy (grade of recommendation B) [144].

After conducting a systematic literature review in 2011 on the impact of infant formula supplemented 
with prebiotics or probiotics on the preventive effect on allergy, the Nutrition Committee of the European 
Society of Paediatric Gastroenterology, Hepatology, and Nutrition (ESPGHAN) came to the conclusion that 
“There is too much uncertainty to draw reliable conclusions from the available data.” [145].

The World Allergy Organization (WAO) advised considering the use of probiotics in 2015 on their 
guidelines for the prevention of allergy in (a) pregnant women with children who have a high risk of 
allergy; (b) women who breastfeed infants who have a high risk of developing allergy; and (c) infants who 
are at risk of developing allergies because there is a net benefit that results in primary prevention of 
eczema [146].

State of knowledge

Probiotics may affect the gut microbiota and control the inflammatory response according to certain 
research, albeit their precise method of action in allergic illnesses is yet unknown. Given that atopic 
illnesses like asthma are characterized by polarized Th2 responses, it is possible to administer treatments 
that restore the unstable Th1/Th2 balance [147]. According to research, immune-modulatory substances, 
such as probiotics, can change the immune response by increasing levels of IFN-γ, a cytokine unique to the 
Th1 response, and lowering IL-4, a cytokine specific to the Th2 response. A few meta-analyses on the utility 
of probiotics in the treatment of asthma have been done recently [147]. The goal of the meta-analysis was 
to assess the effectiveness of probiotic supplements during pregnancy or the first few months of a child’s 
life for preventing AD disorders [148]. There were a total of 4,755 kids across 17 studies. Asthma and 
wheezing were an issue in eight investigations. Regarding asthma prevention, there was no discernible 
change (RR 0.99; 95% CI 0.77–1.27, P = 0.95). Additionally, comparable findings were seen in data on the 
advantages of probiotic usage in wheezing (RR 1.02; 95% CI 0.89–1.17, P = 0.76; fixed-effect analysis) [148, 
149]. The results of the meta-analysis include the written word. Prenatal and/or early infant probiotic 
supplementation decreases the likelihood of atopic sensitization but may not decrease the risk of allergic 
reactions, according to a significant meta-analysis by Wei et al. [150]. Tang et al. [151] also discovered that 
there is little evidence to suggest probiotics throughout pregnancy or the first few months of a child’s life to 
prevent asthma in kids. The meta-analysis demonstrating the advantages of probiotic supplementation in 
asthmatic children was provided by Lin et al. [149]. Nine hundred and ten children from eleven studies 
were included in the analysis. According to the findings, kids who received probiotics had fewer asthma 
attacks than kids who received a placebo (RR 1.3; 95% CI 1.06–1.59). Additionally, it was shown that IFN-γ 
levels increased (mean differences 2.5; 95% CI 1.23–3.76) and IL-4 levels decreased (mean differences 
2.34; 95% CI 3.38–1.29) [147]. The childhood asthma control test, the number of symptom-free days, the 
forced expiratory volume, and the peak expiratory flow did not show any statistically significant 
differences. The analysis’s authors acknowledge that poor enrollment in trials may have led to 
unsatisfactory outcomes [149].

Conclusions
Inactivated bacterial extracts from the most prevalent respiratory tract pathogens make up bacterial 
lysates. Based on the techniques employed to create the combination, they are separated into two groups: 
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polyvalent chemical bacterial lysate (PCBL) and polyvalent mechanical bacterial lysate (PMBL). Although 
the precise method of blood-letting (BL) work is unclear, evidence indicates that they may enhance the 
immune response by shifting the Th1/Th2 axis, which lowers the risk of allergen-induced AHR during 
asthma attacks [152]. In addition, the therapy lowers the frequency of viral infections (a triggering factor) 
by enlisting neutrophil recruitment, activating macrophages, and producing antiviral cytokines [153]. A 
meta-analysis on the use of the most well-liked PCBL-OM-85 in recurrent respiratory tract infections (RTIs) 
was published in 2018 [154]. A total of 4,851 pediatric participants from 53 trials were included in the 
study. Eight of them (702 patients) demonstrated the OM-85’s influence on a decrease in wheeze episodes. 
The duration of wheezing decreased as a result of the therapy (mean difference 3.37; 95% CI –4.25, –2.22). 
Additionally, the treatment’s adverse effects were minimal. The most frequent side effects were rash and 
mild gastrointestinal problems, neither of which prevented patients from receiving therapy (RR 1.39; 95% 
CI 1.02, 1.88, P = 0.04) [154]. de Boer et al. [155] conducted a meta-analysis in 2020 about the positive 
impact of PMBL and PCBL treatment in the prevention of wheeze episodes and asthma exacerbations. The 
results of the study demonstrated that BL therapy reduced wheeze episodes in children as well as asthma 
exacerbations (mean difference –0.90; 95% CI –1.23–0.57, P ≤ 0.001). The medication also decreased the 
duration of wheezing episodes and the need for antibiotics. No notable negative effects were noted [155].

Pidotimod

A synthetic dipeptide called pidotimod influences both innate and adaptive immunity. It activates TLR2 and 
TLR4, two pattern recognition receptors (PRRs). It is widely recognized that the severity of atopic disorders 
correlates with PRR nucleotide polymorphisms that result in lower expression of them [147]. Pidotimod 
increases the release of antimicrobial peptides and enhances mucociliary transport by stimulating PRRs 
[153]. The use of pidotimod in treating RTIs and the related disorder obstructive syndrome (OS) has been 
the subject of two investigations in recent years [154–156]. Even though RTIs and OS are associated with 
the condition, there are actually no high-quality analyses on the effectiveness of pidotimod in treating 
asthma.

Similar research was done by Namazova-Baranova et al. [157] regarding pidotimod usage in kids with 
RTIs. Both the pidotimod-treated and placebo groups of patients were assigned. Children underwent 
therapy for 30 days before being monitored for 6 months.

Three time points were used to count the RTIs. The study found that the therapy program improved 
the rate of RTI recurrence after three months [131, 157]. Additionally, a rapid disappearance of symptoms 
and a quicker recovery were noted. Furthermore, pidotimod’s immune-modulatory action was 
demonstrated by maintaining the levels of IL-8 [131]. There is, however, a lot of hope that this medicine 
would improve the course of asthma because the treatment decreased the frequency of RTIs, which is 
closely related to asthma episodes [148].

Abbreviations
ABPA: allergic bronchopulmonary aspergillosis

AD: atopic dermatitis

AFAD: allergic fungal airway disease

AHR: airway hyperresponsiveness

AR: allergic rhinitis

CBC: complete blood count

CD4+: clusters of differentiation-4

CI: confidence interval

CRS: cytokine release syndrome



Explor Asthma Allergy. 2024;2:9–32 | https://doi.org/10.37349/eaa.2024.00026 Page 23

DC: dendritic cell

DNA: deoxyribonucleic acid

HRCT: high resolution computer tomography

IFN-γ: interferon-gamma

IgE: immunoglobulin E

IL-2: interleukin-2

LGG: Lactobacillus rhamnosus GG

LPS: lipopolysaccharide

MMPs: matrix metalloproteinases

OVA: ovabumin

PCBL: polyvalent chemical bacterial lysate

PRRs: pattern recognition receptors

RR: respiratory rate

RTIs: respiratory tract infections

SAFS: severe asthma with fungal sensitization

SCFAs: short-chain fatty acids

TGF-β: transforming growth factor-beta

Th2: T-helper 2

TLR4: Toll-like receptor 4

Treg: T regulatory

URT: upper respiratory tract

Declarations
Author contributions

APG: Conceptualization, Writing—original draft, Writing—review & editing. AA: Methodology, Data 
curation, Software, Investigation. NB: Formal analysis, Visualization. BP: Resources, Data curation.

Conflicts of interest

The authors declare that they have no conflicts of interest.

Ethical approval

Not applicable.

Consent to participate

Not applicable.

Consent to publication

Not applicable.

Availability of data and materials

All data related to the species of Aspergillus, and their cultures are from the Department of Biotechnology, 
Shobhit Institute of Engineering & Technology, Deemed-to-be University, Meerut, and the Research and 
Development Cell of Swami Vivekanand Subharti University, Meerut (India) and are available upon request 
from the corresponding author (amarprakashgarg@yahoo.com).

mailto:amarprakashgarg@yahoo.com
mailto:amarprakashgarg@yahoo.com


Explor Asthma Allergy. 2024;2:9–32 | https://doi.org/10.37349/eaa.2024.00026 Page 24

Funding

Not applicable.

Copyright

© The Author(s) 2024.

References
Chiu CJ, Huang MT. Asthma in the precision medicine era: biologics and probiotics. Int J Mol Sci. 
2021;22:4528.

1.     

Pashley CH, Wardlaw AJ. Allergic fungal airways disease (AFAD): an under-recognised asthma 
endotype. Mycopathologia. 2021;186:609–22.

2.     

Papi A, Vestbo J, Fabbri L, Corradi M, Prunier H, Cohuet G, et al. Extrafine inhaled triple therapy 
versus dual bronchodilator therapy in chronic obstructive pulmonary disease (TRIBUTE): a double-
blind, parallel group, randomised controlled trial. Lancet. 2018;391:1076–84. Erratum in: Lancet. 
2018;391:1022.

3.     

Kaur R, Chupp G. Phenotypes and endotypes of adult asthma: moving toward precision medicine. J 
Allergy Clin Immunol. 2019;144:1–12.

4.     

Shrine N, Portelli MA, John C, Soler Artigas M, Bennett N, Hall R, et al. Moderate-to-severe asthma in 
individuals of European ancestry: a genome-wide association study. Lancet Respir Med. 2019;7:
20–34.

5.     

Reddel HK, Bacharier LB, Bateman ED, Brightling CE, Brusselle GG, Buhl R, et al. Global Initiative for 
Asthma Strategy 2021: executive summary and rationale for key changes. Am J Respir Crit Care Med. 
2022;205:17–35.

6.     

Denning DW, O’Driscoll BR, Hogaboam CM, Bowyer P, Niven RM. The link between fungi and severe 
asthma: a summary of the evidence. Eur Respir J. 2006;27:615–26.

7.     

Mistry H, Ajsivinac Soberanis HM, Kyyaly MA, Azim A, Barber C, Knight D, et al. The clinical 
implications of Aspergillus fumigatus sensitization in difficult-to-treat asthma patients. J Allergy Clin 
Immunol Pract. 2021;9:4254–67.E10.

8.     

Rimek D, Garg AP, Kappe R, Sonntag HG. Fungal PCR-assay for the detection of invasive aspergillosis. 
Mycoses. 1998;41:65–8. German.

9.     

Rimek D, Garg AP, Haas WH, Kappe R. Identification of contaminating fungal DNA sequences in 
zymolyase. J Clin Microbiol. 1999;37:830–1.

10.     

Global strategy for asthma management and prevention (2022 update) [Internet]. Fontana: Global 
Initiative for Asthma; [cited 2022 Jun 4]. Available from: https://ginasthma.org/wp-content/
uploads/2023/05/GINA-Main-Report-2022-WMSA.pdf

11.     

Tosca MA, Schiavetti I, Duse M, Marseglia GL, Ciprandi G; Asthma Committee of the SIAIP. A survey 
on the management of children with asthma in primary care setting in Italy. Pediatr Allergy Immunol 
Pulmonol. 2021;34:39–42.

12.     

Athari SS, Athari SM. The importance of eosinophil, platelet and dendritic cell in asthma. Asian Pac J 
Trop Dis. 2014;4:S41–7.

13.     

Athari SM, Nasab ME, Athari SS. Study effect of Ocimum basilicum seeds on mucus production and 
cytokine gene expression in allergic asthma mice model. Rev Franc d’Allergolo. 2018;58:489–93.

14.     

Wu Z, Mehrabi Nasab E, Arora P, Athari SS. Study effect of probiotics and prebiotics on treatment of 
OVA-LPS-induced of allergic asthma inflammation and pneumonia by regulating the TLR4/NF-kB 
signaling pathway. J Transl Med. 2022;20:130.

15.     

Mosconi I, Geuking MB, Zaiss MM, Massacand JC, Aschwanden C, Kwong Chung CK, et al. Intestinal 
bacteria induce TSLP to promote mutualistic T-cell responses. Mucosal Immunol. 2013;6:1157–67.

16.     

https://ginasthma.org/wp-content/uploads/2023/05/GINA-Main-Report-2022-WMSA.pdf
https://ginasthma.org/wp-content/uploads/2023/05/GINA-Main-Report-2022-WMSA.pdf


Explor Asthma Allergy. 2024;2:9–32 | https://doi.org/10.37349/eaa.2024.00026 Page 25

Lee YY, Leow AH, Chai PF, Raja Ali RA, Lee WS, Goh KL. Use of probiotics in clinical practice with 
special reference to diarrheal diseases: a position statement of the Malaysian Society of 
Gastroenterology and Hepatology. JGH Open. 2020;5:11–9.

17.     

Johnson D, Letchumanan V, Thum CC, Thurairajasingam S, Lee LH. A microbial-based approach to 
mental health: the potential of probiotics in the treatment of depression. Nutrients. 2023;15:1382.

18.     

Bush A. Kids, difficult asthma and fungus. J Fungi (Basel). 2020;6:55.19.     
Targonski PV, Persky VW, Ramekrishnan V. Effect of environmental molds on risk of death from 
asthma during the pollen season. J Allergy Clin Immunol. 1995;95:955–61.

20.     

O’Hollaren MT, Yunginger JW, Offord KP, Somers MJ, O’Connell EJ, Ballard DJ, et al. Exposure to an 
aeroallergen as a possible precipitating factor in respiratory arrest in young patients with asthma. N 
Engl J Med. 1991;324:359–63.

21.     

Downs SH, Mitakakis TZ, Marks GB, Car NG, Belousova EG, Leüppi JD, et al. Clinical importance of 
Alternaria exposure in children. Am J Respir Crit Care Med. 2001;164:455–9.

22.     

Porter PC, Lim DJ, Maskatia ZK, Mak G, Tsai CL, Citardi MJ, et al. Airway surface mycosis in chronic TH

2-associated airway disease. J Allergy Clin Immunol. 2014;134:325–31.
23.     

Denning DW, Pashley C, Hartl D, Wardlaw A, Godet C, Del Giacco S, et al. Fungal allergy in 
asthma–state of the art and research needs. Clin Transl Allergy. 2014;4:14.

24.     

Medrek SK, Kao CC, Yang DH, Hanania NA, Parulekar AD. Fungal sensitization is associated with 
increased risk of life-threatening asthma. J Allergy Clin Immunol Pract. 2017;5:1025–31.E2.

25.     

McLeish AC, Farris SG, Johnson AL, Bernstein JA, Zvolensky MJ. An examination of the indirect effect 
of anxiety sensitivity in terms of asthma and smoking cessation processes. Addict Behav. 2015;50:
188–91.

26.     

Menzies D, Holmes L, McCumesky G, Prys-Picard C, Niven R. Aspergillus sensitization is associated 
with airflow limitation and bronchiectasis in severe asthma. Allergy. 2011;66:679–85.

27.     

Vicencio AG, Santiago MT, Tsirilakis K, Stone A, Worgall S, Foley EA, et al. Fungal sensitization in 
childhood persistent asthma is associated with disease severity. Pediatr Pulmonol. 2014;49:8–14.

28.     

Rick EM, Woolnough K, Pashley CH, Wardlaw AJ. Allergic fungal airway disease. J Investig Allergol 
Clin Immunol. 2016;26:344–54.

29.     

Denning DW, Pleuvry A, Cole DC. Global burden of allergic bronchopulmonary aspergillosis with 
asthma and its complication chronic pulmonary aspergillosis in adults. Med Mycol. 2013;51:361–70.

30.     

Armstead J, Morris J, Denning DW. Multi-country estimate of different manifestations of aspergillosis 
in cystic fibrosis. PLoS One. 2014;9:e98502.

31.     

Knutsen AP, Slavin RG. Allergic bronchopulmonary aspergillosis in asthma and cystic fibrosis. Clin 
Dev Immunol. 2011;2011:843763.

32.     

Kwon-Chung KJ, Sugui JA. Aspergillus fumigatus—What makes the species a ubiquitous human fungal 
pathogen? PLoS Pathog. 2013;9:e1003743.

33.     

Loss GJ, Depner M, Hose AJ, Genuneit J, Karvonen AM, Hyvärinen A, et al.; PASTURE (Protection 
against Allergy Study in Rural Environments) Study Group. The early development of wheeze. 
environmental determinants and genetic susceptibility at 17q21. Am J Respir Crit Care Med. 2015;
193:889–97. Erratum in: Am J Respir Crit Care Med. 2019;200:946.

34.     

O’Driscoll BR, Hopkinson LC, Denning DW. Mold sensitization is common amongst patients with 
severe asthma requiring multiple hospital admissions. BMC Pulm Med. 2005;5:4.

35.     

Fraczek MG, Chishimba L, Niven RM, Bromley M, Simpson A, Smyth L, et al. Corticosteroid treatment 
is associated with increased filamentous fungal burden in allergic fungal disease. J Allergy Clin 
Immunol. 2018;142:407–14.

36.     

Porter PC, Ongeri V, Luong A, Kheradmand F, Corry DB. Seeking common pathophysiology in asthma, 
atopy and sinusitis. Trends Immunol. 2011;32:43–9.

37.     



Explor Asthma Allergy. 2024;2:9–32 | https://doi.org/10.37349/eaa.2024.00026 Page 26

Porter P, Susarla SC, Polikepahad S, Qian Y, Hampton J, Kiss A, et al. Link between allergic asthma 
and airway mucosal infection suggested by proteinase-secreting household fungi. Mucosal Immunol. 
2009;2:504–17.

38.     

Williams PB, Barnes CS, Portnoy JM; Environmental Allergens Workgroup. Innate and adaptive 
immune response to fungal products and allergens. J Allergy Clin Immunol Pract. 2016;4:386–95.

39.     

Black PN, Udy AA, Brodie SM. Sensitivity to fungal allergens is a risk factor for life-threatening 
asthma. Allergy. 2000;55:501–4.

40.     

Castanhinha S, Sherburn R, Walker S, Gupta A, Bossley CJ, Buckley J, et al. Pediatric severe asthma 
with fungal sensitization is mediated by steroid-resistant IL-33. J Allergy Clin Immunol. 2015;136:
312–22.E7.

41.     

Grewling Ł, Nowak M, Szymańska A, Kostecki Ł, Bogawski P. Temporal variability in the allergenicity 
of airborne Alternaria spores. Med Mycol. 2018;57:403–11.

42.     

Chiba S, Okada S, Suzuki Y, Watanuki Z, Mitsuishi Y, Igusa R, et al. Cladosporium species-related 
hypersensitivity pneumonitis in household environments. Intern Med. 2009;48:363–7.

43.     

Grava S, Lopes FA, Cavallazzi RS, Grassi MF, Svidzinski TI. A rare case of hemorrhagic pneumonia due 
to Cladosporium cladosporioides. J Bras Pneumol. 2016;42:392–4.

44.     

Chou H, Tam MF, Chiang CH, Chou CT, Tai HY, Shen HD. Transaldolases are novel and 
immunoglobulin E cross-reacting fungal allergens. Clin Exp Allergy. 2011;41:739–49.

45.     

van Woerden HC, Gregory C, Brown R, Marchesi JR, Hoogendoorn B, Matthews IP. Differences in 
fungi present in induced sputum samples from asthma patients and non-atopic controls: a 
community based case control study. BMC Infect Dis. 2013;13:69.

46.     

Prohic A, Jovovic Sadikovic T, Krupalija-Fazlic M, Kuskunovic-Vlahovljak S. Malassezia species in 
healthy skin and in dermatological conditions. Int J Dermatol. 2016;55:494–504.

47.     

Wozniak KL, Olszewski MA, Wormley FL Jr. Molecules at the interface of Cryptococcus and the host 
that determine disease susceptibility. Fungal Genet Biol. 2015;78:87–92.

48.     

Wiesner DL, Specht CA, Lee CK, Smith KD, Mukaremera L, Lee ST, et al. Chitin recognition via 
chitotriosidase promotes pathologic type-2 helper T cell responses to cryptococcal infection. PLoS 
Pathog. 2015;11:e1004701.

49.     

Woodfolk JA. Allergy and dermatophytes. Clin Microbiol Rev. 2005;18:30–43.50.     
Fritz JH, Rojas OL, Simard N, McCarthy DD, Hapfelmeier S, Rubino S, et al. Acquisition of a 
multifunctional IgA+ plasma cell phenotype in the gut. Nature. 2011;481:199–203.

51.     

Sugui JA, Kwon-Chung KJ, Juvvadi PR, Latgé JP, Steinbach WJ. Aspergillus fumigatus and related 
species. Cold Spring Harb Perspect Med. 2014;5:a019786.

52.     

Sander I, Raulf-Heimsoth M, Siethoff C, Lohaus C, Meyer HE, Baur X. Allergy to Aspergillus-derived 
enzymes in the baking industry: identification of β-xylosidase from Aspergillus niger as a new 
allergen (Asp n 14). J Allergy Clin Immunol. 1998;102:256–64.

53.     

Karmakar B, Saha B, Jana K, Gupta Bhattacharya S. Identification and biochemical characterization of 
Asp t 36, a new fungal allergen from Aspergillus terreus. J Biol Chem. 2020;295:17852–64. Erratum 
in: J Biol Chem. 2021;296:100379.

54.     

Agarwal R. Severe asthma with fungal sensitization. Curr Allergy Asthma Rep. 2011;11:403–13.55.     
Knutsen AP, Bush RK, Demain JG, Denning DW, Dixit A, Fairs A, et al. Fungi and allergic lower 
respiratory diseases. J Allergy Clin Immunol. 2012;129:280–91.

56.     

Kustrzeba-Wójcicka I, Siwak E, Terlecki G, Wolańczyk-Mędrala A, Mędrala W. Alternaria alternata 
and its allergens: a comprehensive review. Clin Rev Allergy Immunol. 2014;47:354–65.

57.     

Ishibashi Y, Kato H, Asahi Y, Sugita T, Nishikawa A. Identification of the major allergen of Malassezia 
globosa relevant for atopic dermatitis. J Dermatol Sci. 2009;55:185–92.

58.     

Akar-Ghibril N, Casale T, Custovic A, Phipatanakul W. Allergic endotypes and phenotypes of asthma. J 
Allergy Clin Immunol Pract. 2020;8:429–40. Erratum in: J Allergy Clin Immunol Pract. 2020;8:1779.

59.     



Explor Asthma Allergy. 2024;2:9–32 | https://doi.org/10.37349/eaa.2024.00026 Page 27

Aspergillosis [Internet]. Scottsdale: Mayo Clinic; c1998–2024 [cited 2022 Jan 6]. Available from: 
https://www.mayoclinic.org/diseases-conditions/aspergillosis/symptoms-causes/syc-20369619

60.     

Hinson KF, Moon AJ, Plummer NS. Broncho-pulmonary aspergillosis. Thorax. 1952;7:317–33.61.     
Martens K, Pugin B, De Boeck I, Spacova I, Steelant B, Seys SF, et al. Probiotics for the airways: 
potential to improve epithelial and immune homeostasis. Allergy. 2018;73:1954–63.

62.     

Gaillard EA, Kuehni CE, Turner S, Goutaki M, Holden KA, de Jong CC, et al. European Respiratory 
Society clinical practice guidelines for the diagnosis of asthma in children aged 5–16 years. Eur 
Respir J. 2021;58:2004173.

63.     

Mennini M, Dahdah L, Artesani MC, Fiocchi A, Martelli A. Probiotics in asthma and allergy prevention. 
Front Pediatr. 2017;5:165.

64.     

van Loveren H, Sanz Y, Salminen S. Health claims in Europe: probiotics and prebiotics as case 
examples. Annu Rev Food Sci Technol. 2012;3:247–61.

65.     

Vliagoftis H, Kouranos VD, Betsi GI, Falagas ME. Probiotics for the treatment of allergic rhinitis and 
asthma: systematic review of randomized controlled trials. Anna Aller Asthma Immunol. 2008;101:
570–9.

66.     

Dargahi N, Johnson J, Donkor O, Vasiljevic T, Apostolopoulos V. Immunomodulatory effects of 
probiotics: Can they be used to treat allergies and autoimmune diseases? Maturitas. 2019;119:
25–38.

67.     

Mohammed SK, Magdy YM, El-Waseef DA, Nabih ES, Hamouda MA, El-Kharashi OA. Modulation of 
hippocampal TLR4/BDNF signal pathway using probiotics is a step closer towards treating cognitive 
impairment in NASH model. Physiol Behav. 2020;214:112762.

68.     

Suadoni MT. Correspondence on ‘A. Grylls, K. Seidler, J. Neil, Link between microbiota and 
hypertension: focus on LPS/TLR4 pathway in endothelial dysfunction and vascular inflammation, 
and therapeutic implication of probiotics’. Biomed Pharmacother. 2021;138:111432.

69.     

Tang J, Xu L, Zeng Y, Gong F. Effect of gut microbiota on LPS-induced acute lung injury by regulating 
the TLR4/NF-kB signaling pathway. Int Immunopharmacol. 2021;91:107272.

70.     

Tirpude NV, Sharma A, Joshi R, Kumari M, Acharya V. Vitex negundo Linn. extract alleviates 
inflammatory aggravation and lung injury by modulating AMPK/PI3K/Akt/p38-NF-κB and TGF-β/
Smad/Bcl2/caspase/LC3 cascade and macrophages activation in murine model of OVA-LPS induced 
allergic asthma. J Ethnopharmacol. 2021;271:113894.

71.     

Guo S, Li W, Chen F, Yang S, Huang Y, Tian Y, et al. Polysaccharide of Atractylodes macrocephala 
Koidz regulates LPS-mediated mouse hepatitis through the TLR4-MyD88-NFκB signaling pathway. 
Int Immunopharmacol. 2021;98:107692.

72.     

Bian M, Wang J, Wang Y, Nie A, Zhu C, Sun Z, et al. Chicory ameliorates hyperuricemia via modulating 
gut microbiota and alleviating LPS/TLR4 axis in quail. Biomed Pharmacother. 2020;131:110719.

73.     

Milani C, Duranti S, Bottacini F, Casey E, Turroni F, Mahony J, et al. The first microbial colonizers of 
the human gut: composition, activities, and health implications of the infant gut microbiota. 
Microbiol Mol Biol Rev. 2017;81:e00036-17.

74.     

Stinson LF, Boyce MC, Payne MS, Keelan JA. The not-so-sterile womb: evidence that the human fetus 
is exposed to bacteria prior to birth. Front Microbiol. 2019;10:1124.

75.     

Mackie RI, Sghir A, Gaskins HR. Developmental microbial ecology of the neonatal gastrointestinal 
tract. Am J Clin Nutr. 1999;69:1035S–45S.

76.     

Hill C, Guarner F, Reid G, Gibson GR, Merenstein DJ, Pot B, et al. The International Scientific 
Association for Probiotics and Prebiotics consensus statement on the scope and appropriate use of 
the term probiotic. Nat Rev Gastroenterol Hepatol. 2014;11:506–14.

77.     

Furrie E. Probiotics and allergy. Proc Nutr Soc. 2005;64:465–9.78.     
Zuccotti G, Meneghin F, Aceti A, Barone G, Callegari ML, Di Mauro A, et al. Probiotics for prevention of 
atopic diseases in infants: systematic review and meta-analysis. Allergy. 2015;70:1356–71.

79.     

https://www.mayoclinic.org/diseases-conditions/aspergillosis/symptoms-causes/syc-20369619


Explor Asthma Allergy. 2024;2:9–32 | https://doi.org/10.37349/eaa.2024.00026 Page 28

Sestito S, D’Auria E, Baldassarre ME, Salvatore S, Tallarico V, Stefanelli E, et al. The role of prebiotics 
and probiotics in prevention of allergic diseases in infants. Front Pediatr. 2020;8:583946.

80.     

Tan-Lim CSC, Esteban-Ipac NAR, Recto MST, Castor MAR, Casis-Hao RJ, Nano ALM. Comparative 
effectiveness of probiotic strains on the prevention of pediatric atopic dermatitis: a systematic 
review and network meta-analysis. Pediatr Allergy Immunol. 2021;32:1255–70.

81.     

Hooper LV, Littman DR, Macpherson AJ. Interactions between the microbiota and the immune 
system. Science. 2012;336:1268–73.

82.     

Rudensky AY, Chervonsky AV. A narrow circle of mutual friends. Immunity. 2011;34:697–9.83.     
Furrie E, Turner MW, Strobel S. Failure of SCID mice to generate an oral tolerogen after a feed of 
ovalbumin: a role for a functioning gut-associated lymphoid system. Immunology. 1994;83:562–7.

84.     

Wambre E, Jeong D. Oral tolerance development and maintenance. Immunol Allergy Clin North Am. 
2018;38:27–37.

85.     

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.

86.     

McLoughlin RM, Mills KH. Influence of gastrointestinal commensal bacteria on the immune 
responses that mediate allergy and asthma. J Allergy Clin Immunol. 2011;127:1097–107. Erratum in: 
J Allergy Clin Immunol. 2011;128:253.

87.     

Maldonado Galdeano C, Cazorla SI, Lemme Dumit JM, Vélez E, Perdigón G. Beneficial effects of 
probiotic consumption on the immune system. Ann Nutr Metab. 2019;74:115–24.

88.     

Ciprandi G, Tosca MA. Probiotics in children with asthma. Children (Basel). 2022;9:978.89.     
Ivanov II, Atarashi K, Manel N, Brodie EL, Shima T, Karaoz U, et al. Induction of intestinal Th17 cells 
by segmented filamentous bacteria. Cell. 2009;139:485–98.

90.     

Atarashi K, Tanoue T, Shima T, Imaoka A, Kuwahara T, Momose Y, et al. Induction of colonic 
regulatory T cells by indigenous Clostridium species. Science. 2011;331:337–41.

91.     

Noval Rivas M, Burton OT, Wise P, Zhang YQ, Hobson SA, Garcia Lloret M, et al. A microbiota 
signature associated with experimental food allergy pro-motes allergic sensitization and 
anaphylaxis. J Allergy Clin Immunol. 2013;131:201–12.

92.     

Vernocchi P, Del Chierico F, Fiocchi AG, El Hachem M, Dallapiccola B, Rossi P, et al. Understanding 
probiotics’ role in allergic children: the clue of gut microbiota profiling. Curr Opin Allergy Clin 
Immunol. 2015;15:495–503.

93.     

Thompson-Chagoyan OC, Vieites JM, Maldonado J, Edwards C, Gil A. Changes in faecal microbiota of 
infants with cow’s milk protein allergy – a Spanish prospective case–control 6-month follow-up 
study. Pediatr Allergy Immunol. 2010;21:e394–400.

94.     

Kabat AM, Srinivasan N, Maloy KJ. Modulation of immune development and function by intestinal 
microbiota. Trends Immunol. 2014;35:507–17.

95.     

Wang S, Charbonnier LM, Noval Rivas M, Georgiev P, Li N, Gerber G, et al. MyD88 adaptor-dependent 
microbial sensing by regulatory T cells promotes mucosal tolerance and enforces commensalism. 
Immunity. 2015;43:289–303.

96.     

Round JL, Lee SM, Li J, Tran G, Jabri B, Chatila TA, et al. The Toll-like receptor 2 pathway establishes 
colonization by a commensal of the human microbiota. Science. 2011;332:974–7.

97.     

Huang J, Zhang J, Wang X, Jin Z, Zhang P, Su H, et al. Effect of probiotics on respiratory tract allergic 
disease and gut microbiota. Front Nutr. 2022;9:821900.

98.     

Al Nabhani Z, Eberl G. Imprinting of the immune system by the microbiota early in life. Mucosal 
Immunol. 2020;13:183–9.

99.     

Rautava S, Isolauri E. The development of gut immune responses and gut microbiota: effects of 
probiotics in prevention and treatment of allergic disease. Curr Issues Intest Microbiol. 2002;3:
15–22.

100.     



Explor Asthma Allergy. 2024;2:9–32 | https://doi.org/10.37349/eaa.2024.00026 Page 29

Cristofori F, Dargenio VN, Dargenio C, Miniello VL, Barone M, Francavilla R. Anti-inflammatory and 
immunomodulatory effects of probiotics in gut inflammation: a door to the body. Front Immunol. 
2021;12:578386.

101.     

Wang HT, Anvari S, Anagnostou K. The role of probiotics in preventing allergic disease. Children 
(Basel). 2019;6:24.

102.     

Balta I, Butucel E, Mohylyuk V, Criste A, Dezmirean DS, Stef L, et al. Novel insights into the role of 
probiotics in respiratory infections, allergies, cancer, and neurological abnormalities. Diseases. 2021;
9:60.

103.     

Furusawa Y, Obata Y, Fukuda S, Endo TA, Nakato G, Takahashi D, et al. Commensal microbe-derived 
butyrate induces the differentiation of colonic regulatory T cells. Nature. 2013;504:446–50. Erratum 
in: Nature. 2014;506:254.

104.     

Arpaia N, Campbell C, Fan X, Dikiy S, van der Veeken J, deRoos P, et al. Metabolites produced by 
commensal bacteria promote peripheral regulatory T-cell generation. Nature. 2013;504:451–5.

105.     

Trompette A, Gollwitzer ES, Yadava K, Sichelstiel AK, Sprenger N, Ngom-Bru C, et al. Gut microbiota 
metabolism of dietary fiber influences allergic airway disease and hematopoiesis. Nat Med. 2014;20:
159–66.

106.     

Nieto A, Wahn U, Bufe A, Eigenmann P, Halken S, Hedlin G, et al. Allergy and asthma prevention 2014. 
Pediatr Allergy Immunol. 2014;25:516–33.

107.     

Sudo N, Sawamura S, Tanaka K, Aiba Y, Kubo C, Koga Y. The requirement of intestinal bacterial flora 
for the development of an IgE production system fully susceptible to oral tolerance induction. J 
Immunol. 1997;159:1739–45.

108.     

Geuking MB, Cahenzli J, Lawson MA, Ng DC, Slack E, Hapfelmeier S, et al. Intestinal bacterial 
colonization induces mutualistic regulatory T cell responses. Immunity. 2011;34:794–806.

109.     

Otani IM, Anilkumar AA, Newbury RO, Bhagat M, Beppu LY, Dohil R, et al. Anti–IL-5 therapy reduces 
mast cell and IL-9 cell numbers in pediatric patients with eosinophilic esophagitis. J Allergy Clin 
Immunol. 2013;131:1576–82.E2.

110.     

Saenz SA, Taylor BC, Artis D. Welcome to the neighborhood: epithelial cell-derived cytokines license 
innate and adaptive immune responses at mucosal sites. Immunol Rev. 2008;226:172–90.

111.     

Okada S, Kita H, George TJ, Gleich GJ, Leiferman KM. Migration of eosin-ophils through basement 
membrane componentsin vitro: role of matrix metalloproteinase-9. Am J Respir Cell Mol Biol. 1997;
17:519–28.

112.     

Wu CT, Chen PJ, Lee YT, Ko JL, Lue KH. Effects of immunomodulatory supplementation with 
Lactobacillus rhamnosus on airway inflammation in a mouse asthma model. J Microbiol Immunol 
Infect. 2016;49:625–35.

113.     

Elazab N, Mendy A, Gasana J, Vieira ER, Quizon A, Forno E. Probiotic administration in early life, 
atopy, and asthma: a meta-analysis of clinical trials. Pediatrics. 2013;132:e666–76.

114.     

Kalliomäki M, Salminen S, Poussa T, Arvilommi H, Isolauri E. Probiotics and prevention of atopic 
disease: 4-year follow-up of a randomised placebo-controlled trial. Lancet. 2003;361:1869–71.

115.     

Kuitunen M, Kukkonen K, Juntunen-Backman K, Korpela R, Poussa T, Tuure T, et al. Probiotics 
prevent IgE-associated allergy until age 5 years in cesarean-delivered children but not in the total 
cohort. J Allergy Clin Immunol. 2009;123:335–41.

116.     

Abrahamsson TR, Jakobsson T, Björkstén B, Oldaeus G, Jenmalm MC. No effect of probiotics on 
respiratory allergies: a seven-year follow-up of a randomized controlled trial in infancy. Pediatr 
Allergy Immunol. 2013;24:556–61.

117.     

Wickens K, Stanley TV, Mitchell EA, Barthow C, Fitzharris P, Purdie G, et al. Early supplementation 
with Lactobacillus rhamnosus HN001 reduces eczema prevalence to 6 years: Does it also reduce 
atopic sensitization? Clin Exp Allergy. 2013;43:1048–57.

118.     



Explor Asthma Allergy. 2024;2:9–32 | https://doi.org/10.37349/eaa.2024.00026 Page 30

West CE, Hammarström ML, Hernell O. Probiotics in primary prevention of allergic disease – follow-
up at 8–9 years of age. Allergy. 2013;68:1015–20.

119.     

Gorissen DM, Rutten NB, Oostermeijer CM, Niers LE, Hoekstra MO, Rijkers GT, et al. Preventive 
effects of selected probiotic strains on the development of asthma and allergic rhinitis in childhood. 
The Panda study. Clin Exp Allergy. 2014;44:1431–3.

120.     

Forsberg A, West CE, Prescott SL, Jenmalm MC. Pre- and probiotics for allergy prevention: time to 
revisit recommendations? Clin Exp Allergy. 2016;46:1506–21.

121.     

West CE, Jenmalm MC, Kozyrskyj AL, Prescott SL. Probiotics for treatment and primary prevention of 
allergic diseases and asthma: looking back and moving forward. Expert Rev Clin Immunol. 2016;12:
625–39.

122.     

Cuello-Garcia CA, Brożek JL, Fiocchi A, Pawankar R, Yepes-Nuñez JJ, Terracciano L, et al. Probiotics 
for the prevention of allergy: a systematic review and meta-analysis of randomized controlled trials. 
J Allergy Clin Immunol. 2015;136:952–61.

123.     

Yatsunenko T, Rey FE, Manary MJ, Trehan I, Dominguez-Bello MG, Contreras M, et al. Human gut 
microbiome viewed across age and geography. Nature. 2012;486:222–7.

124.     

Pellaton C, Nutten S, Thierry AC, Boudousquié C, Barbier N, Blanchard C, et al. Intragastric and 
intranasal administration of Lactobacillus paracasei NCC2461 modulates allergic airway 
inflammation in mice. Int J Inflamm. 2012;2012:686739.

125.     

Jan RL, Yeh KC, Hsieh MH, Lin YL, Kao HF, Li PH, et al. Lactobacillus gasseri suppresses Th17 pro-
inflammatory response and attenuates allergen-induced airway inflammation in a mouse model of 
allergic asthma. Br J Nutr. 2012;108:130–9.

126.     

Schabussova I, Hufnagl K, Tang ML, Hoflehner E, Wagner A, Loupal G, et al. Perinatal maternal 
administration of Lactobacillus paracasei NCC 2461 prevents allergic inflammation in a mouse model 
of birch pollen allergy. PLoS One. 2012;7:e40271.

127.     

Lee J, Yang W, Hostetler A, Schultz N, Suckow MA, Stewart KL, et al. Characterization of the anti-
inflammatory Lactobacillus reuteri BM36301 and its probiotic benefits on aged mice. BMC Microbiol. 
2016;16:69.

128.     

Mårtensson A, Abolhalaj M, Lindstedt M, Mårtensson A, Olofsson TC, Vásquez A, et al. Clinical efficacy 
of a topical lactic acid bacterial microbiome in chronic rhinosinusitis: a randomized controlled trial. 
Laryngoscope Investig Otolaryngol. 2017;2:410–6.

129.     

Spacova I, Petrova MI, Fremau A, Pollaris L, Vanoirbeek J, Ceuppens JL, et al. Intranasal 
administration of probiotic Lactobacillus rhamnosus GG prevents birch pollen-induced allergic 
asthma in a murine model. Allergy. 2019;74:100–10.

130.     

Lokshina EE, Kravchenko OV, Zaytseva OV. Pidotimod in treatment of children with acute 
respiratory infection with the concomitant recurrent obstructive syndrome. Curr Pediatr. 2011;10:
34–41.

131.     

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.

132.     

Güvenç IA, Muluk NB, Mutlu FŞ, Eşki E, Altıntoprak 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.

133.     

Peng Y, Li A, Yu L, Qin G. The role of probiotics in prevention and treatment for patients with allergic 
rhinitis: a systematic review. Am J Rhinol Allergy. 2015;29:292–8.

134.     

Martens K, Pugin B, De Boeck I, Spacova I, Steelant B, Seys SF, et al. Probiotics for the airways: 
potential to improve epithelial and immune homeostasis. Allergy. 2018;73:1954–63.

135.     

Hartsock A, Nelson WJ. Adherens and tight junctions: structure, function and connections to the actin 
cytoskeleton. Biochem Biophys Acta. 2008;1778:660–9.

136.     



Explor Asthma Allergy. 2024;2:9–32 | https://doi.org/10.37349/eaa.2024.00026 Page 31

Abreu NA, Nagalingam NA, Song Y, Roediger FC, Pletcher SD, Goldberg AN, et al. Sinus microbiome 
diversity depletion and Corynebacterium tuberculostearicum enrichment mediates rhinosinusitis. Sci 
Transl Med. 2012;4:151ra24.

137.     

Kitz R, Martens U, Zieseniß E, Enck P, Rose MA. Probiotic E.faecalis — adjuvant therapy in children 
with recurrent rhinosinusitis. Cent Eur J Med. 2012;7:362–5.

138.     

Marchisio P, Santagati M, Scillato M, Baggi E, Fattizzo M, Rosazza C, et al. Streptococcus salivarius 
24SMB administered by nasal spray for the prevention of acute otitis media in otitis-prone children. 
Eur J Clin Microbiol Infect Dis. 2015;34:2377–83.

139.     

Chen YS, Jan RL, Lin YL, Chen HH, Wang JY. Randomized placebocontrolled trial of lactobacillus on 
asthmatic children with allergic rhinitis. Pediatr Pulmonol. 2010;45:1111–20.

140.     

Gutkowski P, Madaliński K, Grek M, Dmeńska H, Syczewska M, Michałkiewicz J. Clinical immunology 
effect of orally administered probiotic strain Lactobacillus and Bifidobacterium in children with 
atopic asthma. Cent Eur J Immunol. 2010;35:233–8.

141.     

van de Pol MA, Lutter R, Smids BS, Weersink EJ, van der Zee JS. Synbiotics reduce allergen-induced T-
helper 2 response and improve peak expiratory flow in allergic asthmatics. Allergy. 2011;66:39–47.

142.     

Rose MA, Stieglitz F, Köksal A, Schubert R, Schulze J, Zielen S. Efficacy of probiotic Lactobacillus GG on 
allergic sensitization and asthma in infants at risk. Clin Exp Allergy. 2010;40:1398–405.

143.     

Muraro A, Halken S, Arshad SH, Beyer K, Dubois AE, Du Toit G, et al.; EAACI Food Allergy and 
Anaphylaxis Guidelines Group. EAACI Food Allergy and Anaphylaxis Guidelines. Primary prevention 
of food allergy. Allergy. 2014;69:590–601.

144.     

Braegger C, Chmielewska A, Decsi T, Kolacek S, Mihatsch W, Moreno L, et al.; ESPGHAN Committee 
on Nutrition. Supplementation of infant formula with probiotics and/or prebiotics: a systematic 
review and comment by the ESPGHAN Committee on Nutrition. J Pediatr Gastroenterol Nutr. 2011;
52:238–50.

145.     

Fiocchi A, Pawankar R, Cuello-Garcia C, Ahn K, Al-Hammadi S, Agarwal A, et al. World Allergy 
Organization-McMaster University Guidelines for allergic disease prevention (GLAD-P): probiotics. 
World Allergy Organ J. 2015;8:4.

146.     

Kaczynska A, Kłosińska M, Ostojska M, Nowak E, Stanicki P. The role of immunomodulatory 
preparations in asthma treatment. J Educ Health Sport. 2021;11:300–6.

147.     

Zuccotti G, Meneghin F, Aceti A, Barone G, Callegari ML, Di Mauro A, et al. Italian Society of 
Neonatology. Probiotics for prevention of atopic diseases in infants: systematic review and meta-
analysis. Allergy. 2015;70:1356–71.

148.     

Lin J, Zhang Y, He C, Dai J. Probiotics supplementation in children with asthma: a systematic review 
and meta-analysis. J Paediatr Child Health. 2018;54:953–61.

149.     

Wei X, Jiang P, Liu J, Sun R, Zhu L. Association between probiotic supplementation and asthma 
incidence in infants: a meta-analysis of randomized controlled trials. J Asthma. 2020;57:167–78.

150.     

Tang ML, Lahtinen SJ, Boyle RJ. Probiotics and prebiotics: clinical effects in allergic disease. Curr 
Opin Pediatr. 2010;22:626–34.

151.     

Banche G, Allizond V, Mandras N, Garzaro M, Cavallo GP, Baldi C, et al. Improvement of clinical 
response in allergic rhinitis patients treated with an oral immunostimulating bacterial lysate: in vivo 
immunological effects. Int J Immunopathol Pharmacol. 2007;20:129–38.

152.     

Esposito S, Soto-Martinez ME, Feleszko W, Jones MH, Shen KL, Schaad UB. Nonspecific 
immunomodulators for recurrent respiratory tract infections, wheezing and asthma in children: a 
systematic review of mechanistic and clinical evidence. Curr Opin Allergy Clin Immunol. 2018;18:
198–209.

153.     

Yin J, Xu B, Zeng X, Shen K. Broncho-Vaxom in pediatric recurrent respiratory tract infections: a 
systematic review and meta-analysis. Int Immunopharmacol. 2018;54:198–209.

154.     



Explor Asthma Allergy. 2024;2:9–32 | https://doi.org/10.37349/eaa.2024.00026 Page 32

de Boer GM, Żółkiewicz J, Strzelec KP, Ruszczyński M, Hendriks RW, Braunstahl GJ, et al. Bacterial 
lysate therapy for the prevention of wheezing episodes and asthma exacerbations: a systematic 
review and meta-analysis. Eur Respir Rev. 2020;29:190175.

155.     

Carta S, Silvestri M, Rossi GA. Modulation of airway epithelial cell functions by pidotimod: NF-kB 
cytoplasmatic expression and its nuclear translocation are associated with an increased TLR-2 
expression. Ital J Pediatr. 2013;39:29.

156.     

Namazova-Baranova LS, Alekseeva AA, Kharit SM, Kozhevnikova TN, Taranushenko TE, Tuzankina 
IA, et al. Efficacy and safety of pidotimod in the prevention of recurrent respiratory infections in 
children: a multicentre study. Int J Immunopathol Pharmacol. 2014;27:413–9.

157.     


	Abstract
	Keywords
	Introduction
	Causes and symptoms of fungal asthma
	Diagnosis of ABPA
	Diagnosis of SAFS

	Management of asthma using probiotics
	Allergy prevention by probiotics
	Interaction of probiotic with the immune system
	Probiotics in the prevention and management of asthma

	Clinical applications of probiotics
	Probiotics for upper respiratory tract diseases
	Probiotics for lower respiratory tract diseases
	Recommendation
	State of knowledge

	Conclusions
	Pidotimod

	Abbreviations
	Declarations
	Author contributions
	Conflicts of interest
	Ethical approval
	Consent to participate
	Consent to publication
	Availability of data and materials
	Funding
	Copyright

	References

