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Key Messages
¢ The nasal microbiome is a diverse community of microorganisms that can be found throughout the nose and sinuses.
e Bacteria in the nose and nasal microbiome profiles can be detected shortly after birth.

e Staphylococcus aureus is a key pathogenic bacterium in chronic rhinosinusitis with nasal polyps; however, this may dependent on the phe-
notype and severity of disease.

¢ Probiotics can potentially improve clinical efficacy of immunotherapies and antihistamines in treatment plans of allergic rhinitis, but this
requires further evidence.
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At the conclusion of this activity, participants should be able to:

¢ Describe the relationship between the nasal microbiome, chronic rhinosinusitis and allergic rhinitis

e Discuss clinical trials examining the potential clinical benefits of probiotic treatments in chronic rhinosinusitis and allergic rhinitis
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Introduction of the Microbiome

The human body harbors 10 trillion to 100 trillion microorgan-
isms, vastly outnumbering the quantity of human cells.! The microbes
and their genomes located within a particular area are defined as the
microbiome. Microbiomes can be found in all different types of hosts,
such as plants, animals, and humans. Research into the human micro-
biome surged in the late 2000s with the launch of the Human Micro-
biome Project.! This project aimed to identify and characterize
microorganisms located on environmentally exposed surfaces. The
human microbiome has been suggested to play an important role in
disease development and overall health of the host.>® Dysfunctional
or imbalance of microbial composition (dysbiosis) can potentially
affect inflammatory conditions, including inflammatory bowel dis-
ease, obesity, and allergic disease.”

In humans, bacterial communities live in areas with external
exposure such as the skin, gastrointestinal tract, mouth, upper air-
ways, and lungs.> Human cells possess approximately 21,000 pro-
tein-encoding genes, whereas the human microbiome encompasses
at least 3 million protein-encoding genes.®” Proteins produced by
microbes may interact with human cells and potentially function in
altering barrier protection to the external environment. The micro-
biota, which is the community of fungi, parasites, viruses, and bacte-
ria, may increase mucosal barrier function through pathogen
exclusion and activation of the innate and adaptive immune sys-
tem.%? In the gastrointestinal tract, microorganisms play a role in reg-
ulating T cells and dendritic cells.!®!" Whether similar immune
modulation occurs in the nose is undetermined. Respiratory tract
immunity may be connected to immunomodulatory activities seen in
the gastrointestinal tract through the common mucosal immune sys-
tem hypothesis.'? This hypothesis suggests that antigens in the gas-
trointestinal track stimulate local lymphoid cells, which may migrate
to other submucosal sites in the upper and lower airways.'? Antigens
are thought to be collected by Peyer’s patches and delivered to anti-
gen-presenting cells.”® Naive T and B cells become sensitized to the
antigen located in the Peyer’s patch and migrate to the bloodstream
to be distributed to the gut, urinary, and respiratory tracts.> This
review focuses primarily on the nasal microbiome and its impact on
allergic rhinitis (AR). Because of the limited data on AR and the nasal
microbiome, we briefly discuss the nasal microbiome influence on
chronic rhinosinusitis (CRS). This review also addresses the potential
role for probiotic therapeutic interventions for these respiratory dis-
eases (Table 1).

The Hygiene, Biodiversity, and Microflora Hypotheses

The hygiene hypothesis relationship with allergy originated in
Canada during the 1970s. Gerrard et al'“ observed a decreased preva-
lence of allergic disease in the Metis community in Northern Sas-
katchewan compared with the Caucasian population in central
Saskatchewan.'* In 1989, Strachan proposed the hygiene hypothesis
while observing an inverse association between allergic disease and
children with larger families.'® This study suggested that unhygienic
contact through older siblings may allow for protection against AR."”
The hygiene hypothesis was supported by an observational self-
report—based study conducted in children ages 9 through 11 years
from East and West Germany.'® Atopic sensitization and reported AR
were significantly greater in children from West Germany compared
with East Germany.'® Less hygienic living conditions in early child-
hood may have allowed for the transmission of infections that was
thought to prevent the development of allergic disease. This concept
was reinforced by examining the relationship of rural living condi-
tions and atopic diseases. Early life exposure to farming-based envi-
ronments was linked with decreased atopic frequency in children.!”
As new articles and ideas have emerged, the hygiene hypothesis was
updated to suggest that T helper type 1 (Th1) cells may have reduced

stimulation with hygienic living conditions, thus potentially leading
to an imbalance of T helper type 2 (Th2) cells.'® The hygiene hypothe-
sis is still often discussed in the context of the development of allergic
disease and atopy.

The biodiversity hypothesis is a more recent concept largely made
popular by the Human Microbiome Project. The biodiversity hypothe-
sis suggests the importance of microbial variety during human devel-
opment to allow for an enriched and diverse microbiome.'® This
notion does not directly refute or contradict the hygiene hypothesis
but instead builds on the original concept of infants lacking exposure
to critical environmental contacts. Recent evidence indicates that
asthma in children may be associated with decreased nasal micro-
biome diversity.>° Depner et al*® analyzed the bacterial diversity
from 68 nose and 327 throat swabs from children ages 6 to 12.°° This
study observed an association of asthma in children with decreased
nasal bacterial diversity.”° Likewise, a Swedish study demonstrated
that increased biodiversity in the gut was associated with protection
from allergic disease in early life.’' The biodiversity hypothesis
mainly focuses on the interaction of the gut microbiome because of
the diversity and quantity of microorganisms found in the gastroin-
testinal tract.

The microflora hypothesis expands on the concepts of both the
hygiene and biodiversity hypotheses. The microflora hypothesis pro-
poses a possible disruption to immunity because of interaction with a
dysbiotic microbiota.””> The microbiota in the gut may function in a
modulator role for the immune system.'!" Evidence that supports
this concept examines the use of antibiotics in young children and
the development of allergic disease. The International Study of
Asthma and Allergies in Childhood performed a survey-based study
that spanned across 29 countries to observe the development of aller-
gic disease in children ages 6 to 7 years.?* Foliaki et al** reported that
antibiotic use within 1 year of birth was associated with an increased
risk of symptoms for asthma, eczema, and rhinoconjunctivitis.”®
Although several hypotheses have been suggested, the exact mecha-
nism of how the microbiome functions in allergic disease develop-
ment is not yet fully understand.

Microbiome of the Nose in Healthy Individuals

The nasal cavity is an important interface to the external environ-
ment. During inspiration, the airways are exposed to pollutants, aero-
allergens, microbes, and fungal spores. The human respiratory tract is
organized into 2 distinct sections: the upper respiratory tract (URT)
and the lower respiratory tract. The URT encompasses the anterior
nares, vestibule, inferior turbinate, middle turbinate, superior turbi-
nate, sinuses, nasopharynx, and the section of the larynx located
above the vocal cord. The nose is inhabited by a wide variety of
potential pathogenic and harmless bacteria.>*” This diverse nature
may be attributable to localized factors (temperature and humidity)
and position in the respiratory tract. Yan et al** observed that the
anterior nares had decreased levels of microbiome biodiversity in
comparison with the middle meatus and sphenoethmoidal
recesses.” However, no significant differences were noted in biodi-
versity between the middle meatus and sphenoethmoidal recesses,
which differ in location, but both have ciliated pseudo-stratified
columnar epithelium.?* In contrast, the anterior nares are lined with
keratinized squamous epithelium and sebaceous glands that produce
sebum,?® and this may have an impact on bacterial diversity.>* How-
ever, a recent study did not detect any significant differences in bac-
terial diversity from the middle meatus, inferior turbinate, and
anterior nares from healthy individuals.?®

The microbiome of the anterior nares in healthy adults has been
observed to be dominated by 3 phyla: Actinobacteria, Firmicutes, and
Proteobacterai.?” In 2014, Zhou et al>® examined the anterior nares of
236 healthy adults, using a nasal swab.?® The anterior nares can



Table 1
Characteristics of Clinical Trials That Examined the Efficacy of Probiotics in Treating Allergic Rhinitis and Chronic Rhinosinusitis
Year Author Design Disease Participants Probiotic strains (dosage) Treatment arms Duration
2017 Dennis-Wall et al*® Parallel double-blind, random- SAR 173 adults Lactobacillus gasseri KS-13, Bifidobacte- I. Oral probiotics 8 weeks
ized, placebo-controlled study (18-60 years) rium bifidum G9-1, Bifidobacterium I1. Oral placebo
longum MM-2 (3 x 10° CFU/day)
2017 Martensson et al® Crossover, double-blind, random- CRSsNP 20 adults 13 Honeybee lactic acid bacteria (2 doses I. Nasal probiotic spray 2 weeks
ized, sham-controlled study (21-80 years) to each nostril twice a day—1 x 10° II. Nasal sham spray
CFU/dose)
2016 Jerzynska et al*® Prospective double-blind, ran- SAR 100 children Lactobacillus rhamnosus GG (Once per I. 5-Grass SLIT tablet 300 IR with vitamin D 1,000 [U 5 months
domized, placebo-controlled (5-12 years) day) II. 5-Grass SLIT tablet 300 IR with oral probiotic
study I1I. 5-Grass SLIT tablet 300 IR with oral placebo
2016 Xu et al*® Parallel double-blind, random- PAR 158 patients Clostridium butyricum (2 capsules of 1. Oral probiotic 12 months
ized, placebo controlled study 420 mg twice per day) I1. Oral probiotic with SCIT?
III. SCIT*
IV. Oral placebo
2014 Lin et al®® Parallel double-blind, random- PAR 60 children Lactobacillus paracasei HF.A00232 . Levocetirizine with oral placebo” 12 weeks
ized, placebo-controlled study (6-13 years) (5 x 10° CFU/daily) 1L Levocetirizine with oral probiotic”
2013 Singh A et al®’ Parallel double-blind, random- SAR 20 adults Bifidobacterium lactis NCC2818 (4 x 10° 1. Oral probiotic 8 weeks
ized, placebo-controlled study (20-65 years) CFU/day) 1. Oral placebo
2009 Mukerji et al®! Prospective, double-blind, ran- CRS 77 patients Lactobacillus rhamnosus R0011 (Twice I. Oral probiotic 8 weeks
domized, placebo-controlled (16-69 years) daily—500 million active cells/tablet) 1. Oral placebo
study
2005 Ishida et al** Double-blind, randomized, pla- PAR 49 adults Lactobacillus acidophilus L-92 (3 x 10'° . Oral probiotic 8 weeks

cebo-controlled study

CFU/day)

I1. Oral placebo

Abbreviations: CFU, colony-forming unit; CRS, chronic rhinosinusitis; CRSsNP, chronic rhinosinusitis without nasal polyps; IR, index of reactivity; IU, International Unit, PAR, perennial allergic rhinitis; SAR, seasonal allergic rhinitis; SLIT, sub-

lingual immunotherapy.
2 For first 6 months, then injected placebo for last 6 months.
b Levocetirizine used as rescue treatment for last 4 weeks.
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Figure 1. Environmental factors and characteristic species of the nasal microbiome. Factors that may alter the nasal microbiome during development include mode of delivery,
feeding method, siblings, antibiotic treatments, and exposure to smoke.**' These influences can shape the nasal microbiome community to be more prone to the development of
inflammation or dysbiosis. Nose and polyp images were obtained and modified from Servier Medical Art under a Creative Commons Attribution 3.0 Unported license (https://creati

vecommons.org/licenses/by/3.0).

generally be further classified into 4 distinct genus profiles through
an abundance of Staphylococcus, Propionibacterium, Corynebacterium,
or Moraxella.?® The middle meatus has been examined by Ramak-
rishnan et al’’ in 28 healthy adults. These areas possessed rich
diverse bacterial communities, with the most abundant microorgan-
isms being Staphylococcus aureus, Staphylococcus epidermidis, and Pro-
pionibacterium acnes.”” The adult nasal microbiome in healthy
individuals is better characterized than unhealthy disease states. The
timing and stages of nasal microbiome development require further
research.

Newborns were previously believed to be completely free of
microorganisms while in utero, and microbiome development began
on departing the womb. This belief has been challenged in the past
decade. Jiménez et al*® demonstrated that treating pregnant mice
orally with genetically labeled bacteria resulted in the bacterium
transferring to the meconium of the offspring.>® This was supported
in humans by Rautava et al,>*° who demonstrated that the consump-
tion of probiotics during pregnancy altered the Toll-like receptor
genes in the meconium of neonates compared with controls.>° These
studies suggests that colonization of the gut begins before birth. Typi-
cal factors that may impact the development of the microbiome
include mode of birth, breastfeeding, environmental exposures, anti-
biotics, and smoke inhalation (Fig 1).>>'

Development of the nasal microbiome may begin before parturi-
tion; microorganisms can be detected in healthy neonates’ nasopha-
ryngeal tissue minutes after birth, regardless of delivery mode.*?
Biesbroek et al*> also examined the URTs of 60 healthy infants at 1.5,
6, 12, and 24 months post-birth.**> Eight microbiota profiles were
identified from nasopharyngeal swab, with the earliest detected at
1.5 months of age.>® Biesbroek et al* also observed that early coloni-
zation of Moraxella, and Corynebacterium in combination with Dolosi-
granulum were associated with stability in the microbiota profile.>> In
2015, a similar prospective study identified distinct nasal microbiota
profiles within the first 3 months of life when analyzing nasal swabs
from 48 healthy infants biweekly. Mika et al** also observed seasonal
differences in the microbiota profiles, with increases of Corynebacte-
rium and Pasteurellaceae in the summer and winter months,

respectively.>* Both studies observed a relatively high abundance of
Staphylococcus and Corynebacterium in the nasal microbiota during
early life.>>* Both bacterial species are common colonizers of breast
milk and adult human skin.>>>° This suggest that skin contact and
breastfeeding may help shape the nasal microbiota.

Allergic Rhinitis and the Microbiome of the Nose

AR is an immunoglobulin (Ig)E-mediated inflammatory disease of
the nasal passageway that results in symptoms such as sneezing, rhi-
norrhea, and nasal congestion. In Canada, AR affects approximately
25% of the population, and its prevalence is increasingly globally.*’
AR has been demonstrated to have a negative impact on social life,
sleep, and productivity.’”-*® AR can be divided into 2 broad subcate-
gories: perennial AR (PAR) and seasonal AR (SAR). Perennial AR is
characterized by AR symptoms throughout the entire year. Common
allergens include house dust mites, cat and dog dander, molds, and
fungus. Seasonal AR symptomatically responds to environmental pol-
lens (grass, trees, weeds), and nasal symptoms correlate with specific
pollen seasons. The nasal microbiome could potentially function in an
important role of AR barrier protection and immune regulation of
localized responses.

A limited number of studies have attempted to characterize the
nasal microbiome of patients suffering from AR. One recent study
evaluated the sinonasal microbiome during the changing of pollen
seasons. Choi et al* examined 20 SAR participants and 19 nonallergic
individuals with endoscopically guided swabs from the middle mea-
tus and vestibule before and during the pollen season.>® The SAR par-
ticipants had increased bacterial diversity within the pollen season
and a positive correlation with increased nasal eosinophils in the
middle meatus compared with nonallergic participants.>® Before the
pollen season, study groups showed no significant differences.> Like-
wise, no changes in biodiversity were observed within participants
before and during the pollen season.>® These results are counterintui-
tive, because increased bacterial diversity is often associated with a
healthy microbiome, as suggested by the biodiversity and microflora
hypotheses.?!?* Likewise, Lal et al’® compared the microbiome of
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middle meatus and inferior meatus in healthy AR and CRS partici-
pants.*® This study did not reproduce an increased biodiversity in AR
participants.®’ This may be a result of a small sample size and per-
forming their study outside of the pollen season. Ruokolainen et al*!
examined the prevalence of allergic disease along with both skin and
nasal microbiota in 180 children, ages 7 to 11, from Finnish and Rus-
sian Karelia, which have relatively identical climatic and geographic
features.*! Russian Karelia is mainly a rural environment, whereas
Finnish Karelia is more of a modernized area. AR, atopic eczema,
atopic sensitization, asthma, and self-reported rhinitis were 3-fold to
10-fold more common in children from Finnish Karelia."! Bacterial
and fungal populations in the nasal mucosa had a significantly greater
diversity among Russian participants compared with Finnish sub-
jects.*! These data suggest that early-life exposure to environmental
microbes may influence the development of allergic diseases. The
mechanism of dysbiosis for AR is currently inconclusive.

Dysfunction of the Nasal Microbiome in Chronic Rhinosinusitis

CRS is defined as an inflammatory disease of the nasal cavity and
sinuses, with sinonasal symptoms for 12 weeks or greater.*? Nasal
congestion, rhinorrhea, loss of smell, and pressure in the sinus area
are common examples of CRS symptoms. CRS can be further classified
into CRS with or without nasal polyps, which may express different
immunological characteristics. Both Th1-predominated inflammation
and Th2-mediated inflammation are commonly characterized in CRS
without nasal polyps and CRS with nasal polyps, respectively.*> CRS
affects approximately 3% to 5% and 12.5% of the population in Canada
and United States, respectively.*>** CRS may reduce quality of life in
patients by decreasing productivity and sleep.*” Typical therapeutic
interventions for CRS include nasal and oral corticosteroids regimens
along with consideration toward antibiotics and nasal irrigation.*
Patients who do not respond to medications may require surgical
intervention to clear inflamed tissue and mucus from the sinonasal
cavity.

The relationship between CRS and the nasal microbiome has been
investigated to understand which microorganism might influence
CRS. No consistent patterns of 1 specific microbe has been observed
in all CRS patients. However, dysbiosis or decreased biodiversity of
bacteria species may play a role in disease severity. One bacterial spe-
cies that potentially functions in the development of CRS is S aureus. S
aureus is a gram-positive bacterium that potentially can be patho-
genic or commensal. Colonization of the nasal cavity and sinus with S
aureus may be associated with the presence of nasal polyps or disease
severity of CRS.“® However, S aureus is not observed in the nasal or
sinonasal microbiomes of all individuals suffering from CRS.*” CRS
patients have a wide detection rate of S aureus, ranging from 15% to
70%, which may be caused by the variance in the disease severity and
nasal polyp phenotype.’” This variance was evident in a study per-
formed by Zhang et al.,*® who examined 376 adult CRS participants’
levels of S aureus and Pseudomonas aeruginosa from endoscopically
guided sinus swab cultures.*® Participants colonized with S aureus
had 1.9 times increased odds of possessing nasal polyps when com-
pared with P aeruginosa—colonized participants.*® In 2014, Choi
et al*® performed a metagenomics analysis on nasal lavage samples
from 3 groups: CRS with nasal polyps (n=5), CRS without nasal pol-
yps (n=3), and non-CRS controls (n=3).*® The CRS participants had
decreased bacterial diversity while having a greater abundance of
bacteria compared with non-CRS controls.*® Choi et al also reported S
aureus to be significantly increased in CRS participants with nasal pol-
yps compared with CRS participants without nasal polyps.*® Feazel
et al* also observed an increased amount of S aureus and lower
microbial diversity in CRS participants and CRS participants with the
co-morbidity of asthma.*® S aureus has also been suggested to func-
tion in the development of nasal polyps in CRS. Increased abundance

of S aureus has been observed in CRS participants with nasal polyps
compared with CRS participants without nasal polyps.”” However, a
recent study did not observe a difference in bacterial composition of
the nares or maxillary when comparing 23 CRS participants with
nasal polyps with 19 CRS participants without nasal polyps.”! The
nasal microbiome may be clinically relevant in CRS, and S aureus may
have a functional role in the development of CRS.

Probiotic Interventions

Probiotics are defined by the World Health Organization as “live
microorganisms which when administered in adequate amounts can
confer a health benefit in the host.”>?> The use of probiotics in history
revolves around the beneficial properties of fermented milk. In the
early 1900s, Elie Metchnikoff suggested the positive advantage of
bacteria in fermented milk and the potential health benefits to
humans.> Probiotics can be suggested by physicians as a part of the
treatment plan for gastrointestinal diseases such as irritable bowel
syndrome, diarrhea, and Clostridium difficile infection. In the early
2000s. Kalliomaki et al°* examined the role of Lactobacillus rhamnosus
in the prevention of atopic disease.”® In a double-blind, randomized,
placebo-controlled study, a total of 82 placebo- and 77 L rhamno-
sus—receiving mothers, who had at least 1 first-degree relative or
partner with atopic disease, were treated for 2 to 4 weeks before the
expected delivery date.>® The infants were also treated for 6 months
after birth with the matching treatment.>> The frequency of atopic
eczema at 2 years of age was reduced by half in the probiotic group
compared with placebo.>* One limitation of this study includes envi-
ronmental exposures, which were not reported. The use of probiotics
as a treatment for atopic disease is still very controversial.

Probiotics in Perennial and Seasonal Allergic Rhinitis

Probiotic treatments may be clinically beneficial for individuals
suffering from AR. One common area of probiotic research has been
focused on treating house dust mite—induced AR. Ishida et al°* per-
formed a double-blind, randomized, placebo-controlled study that
involved 49 participants with PAR receiving either Lactobacillus aci-
dophilus 92 in fermented milk or milk without lactic acid bacteria.>*
They reported that administration of L acidophilus 92 significantly
improved nasal symptom scores in PAR participants.”* A separate 12-
week double-blind, placebo-controlled study randomized 60 PAR
children (ages 6-13) into 2 groups: levocetirizine with placebo and
levocetirizine with Lactobacillus paracasei (L paracasei).>®> Analysis
indicated improvement in pediatric rhinoconjunctivitis quality-of-life
questionnaires scores and a significant improvement in nasal itching
and sneezing scores in the L paracasei group compared with pla-
cebo.>® Probiotic combination therapy with standard AR treatments
has been examined for dust mite—specific subcutaneous immuno-
therapy (SCIT).>® Xu et al°® examined this therapeutic option by com-
paring 4 treatment arms: placebo, Clostridium butyricum, SCIT, and
SCIT with C butyricum.>® After 6 months, the SCIT and SCIT with C
butyricum groups were treated with placebo (saline) instead of dust
mite extract until the end of the study.’® Nasal symptoms were
markedly reduced in the SCIT and SCIT with C butyricum arms com-
pared with placebo.”® Furthermore, combination therapy enhanced
the efficacy of SCIT by improving nasal symptom scores, decreasing
specific IgE and Th2 cytokines.>® Probiotics as a complementary treat-
ment for PAR appears to be a promising concept, yet many questions
remain unanswered, such as dosage and length of treatment.

The SAR probiotic interventions have shown some promise for
relief of clinical symptoms. In a double-blind, randomized, placebo-
controlled study during the grass pollen season, 10 participants suf-
fering from grass-induced AR were introduced orally to Bifidobacte-
rium lactis over an 8-week period.”” Compared with placebo, total
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nasal symptom scores significantly improved while interleukin (IL)-5,
IL-13, and tumour necrosis factor alpha were significantly
decreased.”’ Likewise, Dennis-Wall et al°® reported an improvement
in mini—rhinoconjunctivitis quality-of-life questionnaires scores in
probiotic-treated (Lactobacillus gasseri, Bifidobacterium bifidum, Bifi-
dobacterium longum) individuals compared with placebo over an 8-
week period during the spring.>® Similar to PAR, combination therapy
of sublingual immunotherapy (SLIT) and probiotics has been exam-
ined for SAR. A 5-month prospective, double-blind, randomized, pla-
cebo-controlled trial was conducted in 100 children (ages 5-12 years)
to examine the efficacy of 5-grass SLIT 300 IR tablets given with vita-
min D, placebo, or L rhamnosus, and a control group not receiving
SLIT.>® Jerzynska et al°® observed a decrease in symptom-medication
score in all groups treated with SLIT.>® They also demonstrated a sig-
nificant increase of CD4+CD25+Fox3+ cells in the children receiving
SLIT with L rhamnosus compared with children treated with SLIT and
vitamin D.>° A systemic review of the probiotics in the treatment of
AR by Giiveng et al®® concluded that significant evidence suggests
beneficial clinical and immunologic effects of probiotics.%° The previ-
ously described probiotic clinical trials relied on oral dosing, and
research into direct nasal probiotics is scarce. Modulating the intesti-
nal microbiome may be more complicated because the probiotic spe-
cies must survive the high acidity of the gastric acid in the stomach.

Chronic Rhinosinusitis and Probiotics

Probiotic treatments have been suggested as an intervention
option for CRS; however, recent probiotic therapeutics literature has
not supported this concept. No significant clinical improvements
were observed in sinonasal quality of life scores during a double-
blind, randomized, placebo-controlled trial using an oral intervention
of L rhamnosus in 77 CRS participants.’’ The impact of probiotic
administration directly to the site of action for CRS is currently being
investigated. In 2016, Martensson et al®> examined the safety profile
of delivering honeybee lactic acid bacteria (HLAB) directly into the
nasal passage, using a spray.®? This administration of topical treat-
ment did not produce any symptoms, or change in inflammatory bio-
markers of the nasal cavity, and did not alter commensal bacteria.®?
This suggests that nasal administration of HLAB probiotics are safe
and well-tolerated, and it may provide an alternative method of
delivery to alter the nasal microbiome. However, nasal administra-
tion of HLAB in 21 CRS participants with nasal polyps did not reduce
nasal symptoms or inflammatory markers.®> Probiotic treatments for
CRS are not currently clinically recommended.

Conclusion

The microbiome is a complex community of microorganisms that
can act in a symbiotic relationship similar to a healthy organ in the
body. The nasal microbiome may be influenced by several environ-
mental factors, such as geographical locations, type of delivery, and
hygiene. Dysbiosis has been linked to increased risk of diseases such
as inflammatory bowel disease, obesity, and allergies.>* The role of
the nasal microbiome in SAR, PAR, and CRS requires more evidence to
fully understand the mechanisms that may be involved. Furthermore,
evidence is clearly lacking examining the difference in the nasal
microbiomes of AR patients and healthy controls. Probiotic treat-
ments have shown some promise, yet the mechanism of action is not
well understood. Future studies should continue to examine the nasal
microbiome to determine whether an individualized treatment
would be required to alleviate dysbiosis and nasal symptoms. Larger
studies are required to determine the true efficacy behind probiotic
treatments and examine nasal probiotics as a possible technique to
reduce clinical symptoms for AR, CRS, and other respiratory diseases.
Combination therapies have displayed some benefit for treatment of

AR but require further support. In addition, a combination of probiotic
and immunotherapy may be a more practical approach to help
improve the efficacy of the current treatments on the market and
potentially allow for enhanced care for allergic diseases.
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