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The socio-economic burden of allergic respiratory conditions on continental Europe is even higher than that of main-
stream diseases, such as diabetes and cardiovascular disease, as allergic rhinitis alone accounts for billions of Euros in
healthcare expenses across Europe. House dust mites (HDM) are one of the most common triggers behind allergic
rhinitis and asthma. The role of probiotics in the treatment and prevention of some allergic conditions, such as atopic
dermatitis, is already well recognized, whereas evidence about their efficacy in patients with respiratory allergies—
while increasing—is still limited. Here the current evidence for the use of probiotics in patients with allergic rhinitis

Background

Allergies and asthma are health conditions that have
become highly prevalent across the globe, triggering
respiratory symptoms—such as runny nose and sneez-
ing, shortness of breath, and wheezing—in affected
individuals. One of the most common triggers behind
such allergic reactions are the allergens of house dust
mites (HDMs). HDMs, which thrive in warm and humid
household conditions, are classified as Arachnids and
form a very diverse class in the Animalia kingdom. While
mites are associated with a wide range of pathological
and parasitic conditions in plants and animals, HDMs are
rather unique as they can trigger a type I hypersensitivity
reaction in predisposed persons, which can lead to severe
allergic manifestations [1]. The organism is microscopic
in nature, approximately 0.2—0.4 mm in size, and prolif-
erates well in the presence of skin cells and moulds, espe-
cially when conditions are moist and humid [1]. High
HDM content can be detected in bedding materials, as
mites feed on skin and hair, and it becomes natural that
people inhale the allergen in large volumes when they
sleep.
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The geographical distribution of different subspe-
cies of HDMs is truly multi continental, as numerous
research studies have indicated their prevalence across
all continents except for Antarctica [2]. In regard to their
ideal thriving conditions, temperatures in the range of
18-24 °C together with humidity levels of 70% and above
are perfect for the organism, whereas the prevalence of
various subspecies of HDMs is relatively low in environ-
ments with less than 50% relative humidity [2]. The effect
of humidity on HDM proliferation is clearly visible in
regions of British Columbia, Canada, in which high mois-
ture content in the air supports high prevalence and pro-
liferation of the organism. However, as altitude increases,
and humidity levels decrease, the mite infestation rate
decreases significantly. It also must be noted that altitude
alone is not the only limiting factor that affects the pro-
liferation of HDM as seen in the high-altitude regions of
the Andes in South America, where the distribution of
the organism is extensive [2]. Figure 1 presents a sche-
matic representation of the distribution of 6 subspecies
of HDMs across different regions of the globe [2].

History of HDMs in medicine

HDMs belong to the taxonomic group called Astig-
mata and were established as a prominent source of
indoor allergens with the discovery of the house mite
species Dermatophagoides pteronyssinus in 1967 [1].
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Fig. 1 Geographical distribution of 6 subspecies of Dermatophagoides spp. Dp: D. pteronyssinus predominant; Df: D. farinae predominant; DpDf:
mixed with more D. pteronyssinus than D. farinae; DfDp: mixed with more D. farinae than D. pteronyssinus; Ds: D. siboney. Parentheses indicate low

While Prof. Reindert Voorhorst is well recognized for
presenting the organism to the global scientific com-
munity in that year, other prominent contributors
dating back to the early 20’s and 30’s laid the founda-
tion for research on house dust mite-related allergies
in humans. Prominent examples include Prof. Wil-
lem Storm van Leeuwen, who observed that housing

conditions with high moisture content was not condu-
cive for patients suffering from asthma, and researcher
Marise Spieksma-Boezeman, who identified and even
cultured mite samples belonging to the genus Der-
matophagoides in samples of house dust during her
research. At that time, however, the organism had no
research significance regarding its role as an allergen
in humans [3].
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Epidemiology

It can be estimated that approximately 1-2% of the gen-
eral population worldwide has allergic sensitization
towards HDMs with significant variability depending on
the cohort being studied [4]. In developed countries, this
rate is much higher: in Europe, HDM allergic sensitiza-
tion is above 20%; it is rising up to 40% in some cohorts
in North America and to over 80% in a cohort of paediat-
ric patients in Taiwan [4].

This result demonstrates that substantial diversity in
HDM allergic sensitization prevalence exists and depends
on factors such as ethnicity, socio-economic conditions,
geographical variations and even the diagnostic para-
digm that is adopted. For this reason, a wide range of
confounding factors need to be considered to understand
the epidemiology of HDM-mediated allergies [5].

A very common manifestation of HDM allergic sen-
sitization is rhinitis, the symptoms of which include
sneezing, and stuffy and running nose. These symp-
toms may not appear to be very serious and thus people
often ignore them until the conditions become unbear-
able. However, a recent research article stated that the
socio-economic burden of allergic rhinitis on continen-
tal Europe is even higher than that of mainstream health
conditions, such as diabetes and cardiovascular disease
[6]. When scaled in terms of cost to the continental
economy, allergic rhinitis accounts for billions of Euros in
healthcare expenses across Europe [6]. When this statis-
tic is seen in context of the fact that allergy prevalence is
rising (more than 50% of Europeans will suffer from aller-
gic rhinitis in 10 years), the economic burden from the
entire European Union’s perspective is enormous, to put
it mildly [7].

Pathogenic mechanism of HDM-related allergies
Due to the rising prevalence of different allergic condi-
tions in recent decades, there has been a massive surge in
research endeavours towards understanding their under-
lying pathogenic mechanisms and clinical implications
[8]. Research studies have clearly shown that allergic
manifestations increase significantly in individuals when
there is a disruption in the T helper balance with polari-
zation toward a Th2 phenotype, and that the dynamics of
the gut microbiota has a role in maintaining this immune
response balance [8]. Multiple immunological research
studies have stated that a healthy gut microbiota helps in
building and maintaining a well-balanced immune sys-
tem in humans. Moreover, the World Health Organiza-
tion has emphasized on the role of probiotic agents in
enriching intestinal microflora.

A study by Calderon et al. [4] described a direct corre-
lation between HDM-mediated allergies and the level of
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exposure to the organism itself during the early life of an
individual. This study stated that young children in their
first 3 years of life have the highest chance of contracting
the allergy when exposed to HDM allergens, such as Der
p 1 and Der f 1, at levels of 10 mcg/g of carpet dust. The
study further added that a prior family history of allergy
positively affects development of the allergy in these
young children [4]. When exposure to the HDM allergens
is as low as 0.1 mcg/g of dust, the probability of contract-
ing HDM allergy is significantly reduced. While there
appears to be a linear relationship between the level of
exposure to allergens and HDM allergy, a wide range of
scientific studies state otherwise. There are reports of low
prevalence of HDM allergy in young children who are
either exposed to very high or low levels of HDM aller-
gens in their first 5 years of life. This non-linear associa-
tion may be explained in terms of the high dose tolerance
phenomenon that is observed in the case of cat allergens,
but there is still no conclusive scientific evidence in this
regard [9]. Different allergens from HDMs vary signifi-
cantly in size, and this aspect can significantly impact the
way that they are inhaled. Allergens that are smaller in
size can penetrate deep into the lungs, but their rate of
inhalation is less than that of large allergens, which can
trigger an early phase immune response and elicit rather
mild clinical symptoms [10]. As allergens are inhaled by
the exposed individual, they enter the epithelial linings of
the lungs and trigger the spread of dendritic cells into the
lymph nodes. This stage is followed by the triggering of
Th2 cell-mediated immunity and consequent inflamma-
tion of the lung’s epithelial linings [11]. Calderon et al. [4]
further added that the efficacy of HDM allergens in elicit-
ing a powerful allergic reaction is compounded by stimu-
lation of the innate immune system along with the Th2
cell-mediated immune response.

Therapeutic role of probiotics against respiratory allergies

Considering the massive socio-economic burden of dif-
ferent allergic conditions on global healthcare resources,
there is a considerable research impetus towards find-
ing pioneering therapeutic and preventive interventions.
In this regard, the role of the gut microbiota in shaping
the immune response against conditions such as HDM
allergy was anticipated in a previous section. Following
up, there are new findings that suggest that the dynam-
ics of gut colonization in infants play a critical role in
shaping the immune system, and there is a possibility of
enriching the gut microflora using probiotics that could
contribute towards the prevention of allergic conditions
in later life [12, 13]. The microbiome bacteria can affect
T helper responses by eliciting T helper-1 (Th1) cytokine
production and/or by inducing T regulatory cells (Treg)
[14], thereby suppressing Th2 responses. Lactobacillus
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bacteria affect Treg cells by generating semi-mature
dendritic cells and increasing the expression of CD40;
they are capable of inhibiting Interleukin (IL)-4 and
IL-5 while inducing specific regulatory cytokines, such
as transforming growth factor (TGF-p) and IL-10 [15].
Probiotics can also enhance local IgA production, which
directly affects mucosal defences [15], and they have been
involved in the maturation of adaptive T cell immunity by
stimulating the production of IL-17 [16].

One of the first observations about the role of probi-
otic supplementation for the prevention of atopic eczema
dates to 2001, when Kalliomaki et al. [17] found a sig-
nificant reduction in the probability of developing atopic
eczema by age 2 when supplementation of Lactobacil-
lus rhamnosus was given for 2—4 weeks prenatally and
6 months postnatally; these results were confirmed in
two subsequent follow-up studies in which a minor inci-
dence of atopic disease was confirmed after 4 and after
7 years, respectively [18, 19].

A recent systematic review and meta-analysis of the
literature that documented the use of probiotic agents
for the prevention of allergic conditions in early life was
carried out by Zuccotti et al. [12]. The authors analysed
29 RCTs on a total of 4755 children and found a sig-
nificant reduction (odds ratio 0.78, CI 0.69-0.89) in the
development of AD when dietary probiotic supplemen-
tation was added during pregnancy and early infancy
with an even more prominent effect when a probiotic
mixture was employed [12]. They concluded that the
current literature demonstrates an overall benefit of
probiotic supplementation for the prevention of eczema
in high-risk infants. The same study further highlighted
that lower diversity of the gut microbiota is associ-
ated with an increased risk of type I hypersensitivity
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reactions in young children [12]. It may be possible
that when probiotic supplementation is given to these
susceptible individuals, it results in a more favourable
“allergy-protecting” gut microbiota.

In regard to the role of probiotic supplementation
in patients with allergic rhinitis, Vila-Nadal et al. [20],
recently reviewed this topic [21]. Table 1 highlights
different probiotic strains that have been evaluated in
allergic rhinitis caused by allergens such as pollen and
HDM:s in adults and children.

The authors of this review conclude that probiotics
appear to have beneficial therapeutic effects in aller-
gic response as improvements in symptom scores and
quality of life have been observed in these patients. In
contrast, no positive impact was shown for the preven-
tion of asthma and respiratory diseases [21].

In another systematic review on the effect of probiot-
ics in AR, Zajac et al. [22] considered 23 randomized
controlled trials on a total 1919 patients; quantitative
analysis found a positive significant effect of probiotics
on rhinitis-related quality of life (RQLQ Global Score
and RQLQ Nose Score), whereas a positive but non-
significant effect was found regarding symptom scores.
Despite the lack of evidence for an improvement of
symptom scores and the significant heterogeneity of
these RCTs, the authors concluded that probiotics may
have beneficial effects in patients affected by AR and
that further studies are needed to adequately address
this question [22].

It has to be underlined that probiotics effects must
be considered strain-specific; therefore, future studies
are required to investigate which strain(s) can be con-
sidered the most suitable in order to achieve the best
immunomodulatory effect in patients affected by aller-
gic respiratory diseases [23].

Table 1 Different probiotic strains that were evaluated in patients with allergic rhinitis. Modified from [21]

Probiotic agent Study population N  Type of allergic rhinitis/ Primary end point Statistical References
allergen significance
L. acidophilus and B. lactis  Children 47 Birch pollen Symptoms score p=0.078 [41]
E. coli strain Nissle 1917 Adults 34 Grass pollen Symptoms score p=0.257 [42]
L. johnsonii EM Children 63 Perennial rhinitis Symptoms score p=0.09 [43]
B. longum BB536 Adults 40 Japanese cedar pollen Ocular symptoms score p=0.04 [44]
L. paracasei (LP-33) Children 80 Perennial Quality of life p=0.037 [45]
L. paracasei Children 90 House dust mites Quality of life p<0.0001 [27]
L. paracasei KW3110 Adults 126 Japanese cedar pollen Symptoms score p<0.05 [46]
L. paracasei ST-11 Adults 31 Grass pollen Nasal provocation test Ns [47]
L. paracasei NCC2461 Adults 28 Grass pollen Nasal congestion Ns [48]
L. paracasei 33 Adults 425 Grass pollen Rhinitis quality of life (RQLQ p=0.0255 [49]

score)
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Role of probiotics in HDM-related allergic
conditions

Scientific evidence assessing the role of probiotics in the
treatment of HDM-related respiratory allergies, while
limited, is increasing.

The potential capacity of Lactobacillus plantarum
NCIMB8826 to reduce the allergic response in HDM
allergic patients was evaluated in vivo and in vitro. In
this study [24], it was shown that the co-application
of L. plantarum and Der p 1 induced a Thl-shift in the
immune response with upregulation of IgG and Thl-
cytokine (IFN-y and IL-12) production, moderate stim-
ulation of IL-10, reduction of bronchoalveolar lavage
eosinophilia after allergen challenge and suppression of
allergen-specific IgE-response.

In one study on 29 patients affected by allergic asthma
and HDM sensitization, a 4-week treatment with synbi-
otics significantly reduced the systemic production of
Th2-cytokines (namely, IL-5) after allergen challenge
and improved peak expiratory flow, despite a lack of any
observed effects on bronchial inflammation markers [25].

Another recent and interesting approach consists of
probiotic-impregnated bedding material. In the first pilot
RCT in which 20 patients with AR and HDM sensitiza-
tion used such materials for 8 weeks, no differences were
found in HDM allergen levels compared to the placebo,
whereas a significant improvement was reported by
patients in terms of rhinitis-related symptom reduction
and quality of life [26].

Of interest, it has been shown that even heat-killed
lactic acid bacteria can be of help in the treatment of
patients with respiratory allergy and HDM sensitization.
Peng et al. [27] showed that heat-killed Lactobacillus par-
acasei supplementation significantly improved rhinitis-
related quality of life scores in a group of 90 children with
HDM sensitization.

The therapeutic potential of probiotic strains against
allergic conditions was also explored by an observational
study published in 2014. This study focused on the effi-
cacy of two different symbiotic formulations (Lactoba-
cillus acidophilus NCEM, Bifidobacterium lactis BL-04
and fructo-oligosaccharide (FOS); Lactobacillus plan-
tarum LPO1, Lactobacillus paracasei LPC00 and FOS)
in the management of seasonal allergic rhinitis (SAR)
and perennial allergic rhinitis (PAR) [28]. Aspects such
as total nasal symptoms score, ARIA classification [29]
for AR severity and data on the concomitant treatments
were collected at the beginning of the study and evalu-
ated at two different time points, 1 and 2 months after
the beginning of the supplementation period. The results
of this study highlighted a decrease in the total nasal
symptoms score and an improvement in the AR sever-
ity according to the ARIA classification of rhinitis at both
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the time points. The reduction in the symptom score was
statistically significant for the probiotic combination of
Lactobacillus plantarum and Lactobacillus paracasei in
patients with PAR, whereas the symbiotic combination
against SAR showed a statistically significant improve-
ment at only the first timepoint. However, a concomitant
decrease in the consumption of symptomatic medica-
tions, such as antihistamine, and corticosteroids drugs
significantly and progressively decreased after 2 and
4 months of treatment.

The observed decrease in the utilization of co-admin-
istered oral antihistamine drugs and oral corticosteroid
drugs during the study period with this symbiotic multi-
strain combination may represent additional evidence of
the beneficial effect of probiotics in the management of
allergic rhinitis [28].

As it has already been mentioned before, identification
of the most suitable probiotic strains in order to achieve
a significant immunomodulatory effect in patients with
HDM-related allergic conditions, will be one main chal-
lenge in this research field in the near future. Moreover,
more research and effort are needed to improve the for-
mulation of probiotic products (e.g. resistance to gastro-
intestinal conditions; drops—especially for pediatric use)
to assure higher efficacy.

Future perspectives on the role of probiotics

as adjuvants in allergen immunotherapy
Allergen-specific immunotherapy (AIT) is a well-estab-
lished treatment option for allergic rhinitis, including
HDM-triggered AR [30]. AIT triggers immunoregulatory
mechanisms, including Treg cell activation, leading to
the suppression of Th2 responses in favour of tolerance
towards the allergen [31].

Adjuvants have been shown to amplify the effect of
AIT by modulating the immune response to this therapy,
thus increasing both its efficacy and safety [32].

In recent times, it has been hypothesized that probiot-
ics, which stimulate innate immunity via toll-like recep-
tor activation, could be used as adjuvants in AIT.

The effectiveness of probiotics as potential adjuvants in
sublingual AIT (SLIT) has been studied in animal mod-
els; multiple lactic acid bacteria strains were found to
act as Th1/possibly Treg inducers, and therefore—in the
authors’ opinion—they could represent valid candidates
for adjuvants in SLIT [33].

In a murine model of mite allergy, immunotherapy
with a recombinant Der p 1 allergen plus a probiotic
strain (E. coli Nissle 1917) prevented the development
of allergic symptoms after an airway challenge with mite
extracts; moreover, it was observed that it contributed
to the upregulation of allergen-specific IgG2a produc-
tion, down-regulation of specific IgE production and
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induction of a strong reduction of IL-5 secretion by aller-
gen-restimulated splenocytes [34].

In such preclinical models, probiotics acting as pure
Thl adjuvants did not seem to improve the efficacy of
SLIT, whereas probiotic strains acting as Th1/Treg adju-
vants (stimulating both IL-12 and IL-10 secretion by
DCs) significantly enhanced SLIT efficacy [35].

In a study by Jerzynska et al. [36] on children with
AR and grass sensitization, the addition of probiotics
(Lactobacillus rhamnosus GG) to SLIT improved symp-
tom scores and the induction of T regulatory cells after
5 months of treatment relative to children treated with
SLIT alone or placebo.

In one study, Lactobacillus acidophilus and Bifidobac-
terium lactis contributed to improved asthma control
test (ACT) scores in children with allergic asthma under-
going AIT for HDM; the effect was additive relative to
the sole effect of AIT [37].

Clostridium butyricum coadministration with AIT has
shown to improve the efficacy of AIT in patients with AR
and asthma [38, 39]; this effect has been attributed to an
increase in allergen-specific regulatory B cells.

Recently, in an observational real-life study, Rossi et al.
[40] showed that supplementation with a symbiotic (con-
sisting of Lactobacillus rhamnosus, Bifidobacterium lac-
tis and FOS) during AIT for AR may act synergistically to
improve the clinical efficacy of sublingual allergen immu-
notherapy. After 2 and 4 months of treatment, patients
who were administered AIT plus probiotics showed a
trend towards the reduction of symptoms scores together
with a significant improvement in medication scores,
number of “well days”; and no relevant local or systemic
adverse reactions [40].

Conclusion

The use of probiotics in the treatment of allergic dis-
eases is very promising, thanks to increasing evidence of
their immunomodulatory effects. Their role in the treat-
ment and prevention of some allergic conditions, such
as atopic dermatitis, is already well recognized, whereas
evidence about their efficacy in patients with respiratory
allergies—while increasing—is still limited.

The prospective of employing probiotics as novel adju-
vants for AIT is intriguing and already supported by a
number of interesting studies.

Future research is needed to improve our understand-
ing of the use of probiotics in the treatment of allergic
conditions and as an adjuvant in immunotherapy; in
particular, we need to better understand which probi-
otic strains are the most suitable for these purposes and
which immunologic mechanisms are involved. Moreover,
evidence is still lacking regarding which formulations will
guarantee the best results, what are the best timing and
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duration for probiotic administration in order to prevent/
modulate HDM-related allergic conditions, and if a criti-
cal dose (beside the 10° colony forming units generally
considered) exists.
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