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Among millions of sufferers of chronic rhinosinusitis (CRS), the challenge is not only constantly coping with CRS-related

symptoms, such as congested nose, sinus pain, and headaches, but also various complications, such as attention

difficulties and possible depression. These complications suggest that neural activity in the central nervous system may

be altered in those patients, leading to unexpected conditions, such as neurodegeneration in elderly patients. 
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1. Introduction

Recently, the microbiome has been recognised as a human organ . The altered gut microbiome has been well

documented in several mental disorders and neurodegenerative disorders, and its potential as a therapeutic strategy has

also been proposed in such conditions . Similarly, the nasal cavity is a habitat for a diverse microbial community,

which can also play an important role in human health. To date, the research in this area mainly focuses on conditions

within the respiratory system, such as asthma and cystic fibrosis . However, it also needs to be noted that the nasal

cavity constitutes a very important route of entry for pathogens that can directly spread into the central nervous system,

which may initiate or worsen neurodegenerative disorders, such as Alzheimer’s disease (AD) . Nonetheless, insufficient

attention has been given to the potential association between AD and chronic rhinosinusitis (CRS), a chronic condition of

the nasal cavity that can alter the homeostasis of the local microbiome.

2. Nasal Microbiota

The nasal cavity is exposed to vast amounts of bacteria and viruses during breathing ~7000 L of air each day. The inhaled

air can be loaded with different viruses and bacteria . The physical function of the nasal epithelium is to form a barrier

between the internal and external environments (7), by detecting and eliminating pathogens to prevent them from initiating

infection in underlying cells locally and reaching the lower respiratory tract . This is why the nasal epithelium has innate

immune defences, such as lysozyme, lactoferrin, IgM and IgA, to fight against these pathogens . However, the nasal

cavity is also a house for resident microbial communities that play an important role in maintaining a healthy environment

and prevent infection and inflammation . For example, for opportunistic pathogens, nasal commensal bacteria can

inhibit the infection and further spreading of such pathogens by depriving them of space and nutrients, as well as actively

secreting toxic chemicals to prevent their thriving; on the other hand, dysbiosis can increase the susceptibility to certain

external pathogen infections, e.g., influenza . Even for the current pandemic pathogen SARS-CoV-2 that primarily

enters the human body via the nasal cavity that is also the first site to get infected, it is suggested that the local response

of the nasal commensal bacteria may affect local nasal mucosal barrier integrity for bacterial entry into the circulation, and

regulate systemic immune response (e.g., activation of T regulatory cells and myeloid-derived suppressor cells) and

subsequent disease severity . Although there has been no successful clinical trial targeting nasal bacteria for disease

treatment, healthy commensal bacterial compositions are important in preventing airborne bacterial and viral infections.

The nasal microbiome, like other body microbial niches, develops throughout the human life span. Before birth, foetuses

are developed in a sterile uterus. During birth, the newborn gets the first contact with microorganisms from the vaginal

canal during natural birth, or through skin contact in the case of caesarean section . The nasal and nasopharyngeal

microbiota start to shape after birth . Several factors play a vital role in shaping the early microbiome, such as

breastfeeding and respiration . However, the diversity of neonatal microbiota remains low at birth . This bacterial

diversity increases over the first few months until the age of three. Afterwards, bacteria in the upper respiratory tract

become more stable and resemble that of adults .

The nasal cavity has a diverse microbial community. The healthy nasal cavity is colonised

with Actinobacteria, Bacteroidetes, Firmicutes, and Proteobacteria on the phylum level,
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and Bifidobacterium, Corynebacterium, Staphylococcus, Streptococcus, Dolosigranulum and Moraxella on the genus level

. The nasal cavity may also harbour some pathogenic bacteria in a healthy status, such as Staphylococcus
aureus and Hemophilus influenza . However, these are opportunistic bacteria, therefore, only cause significant illness if

a person becomes immunocompromised .

Similar to the intestine, changes in nasal microbiome homeostasis may play a significant role in disease progressions,

such as CRS, allergic rhinitis, and asthma . This dysbiosis is characterised by a reduced population of beneficial

bacteria and the overgrowth of pathogens. Bacterial dysbiosis may start at early infancy or develop later in life. For

example, Teo et al. observed nasopharyngeal bacteria of infants in their first year and showed that certain bacterial

composition in the nasopharynx is a predictor of future development of asthma in these infants,

with Streptococcus species specifically the main contributor to this outcome . This study highlighted the importance of

the nasal microbiome composition in infants as an indicator of future chronic pulmonary inflammatory disease. Another

case-control study highlighted the role of the nasal microbiota in early life in the development of allergies in the upper

respiratory tract in infants . Nasal microbiota diversity is increased with age in healthy children, whereas diversity is

decreased with age in children with rhinitis . Thus, the nasal microbiome may play an important role in developing

inflammatory diseases in the respiratory tract.

Moreover, aging plays a critical role in shifting the nasal microbiome in health and disease. In adulthood, the microbiota of

the nasal cavity is distinct from the microbial community in other parts of the upper respiratory tract; the microbial

composition remains relatively constant throughout adulthood . However, alteration in the nasal microbiota has been

observed in middle-aged individuals. In healthy adults aged 40–65 years, the microbiota is altered and dominated

by Staphylococcus, Cutibacterium and Corynebacterium . The bacterial composition changes again in people aged 65

years and over, and is dominated by oropharyngeal bacteria . The spread of bacteria from the distinct niche of the

oropharynx upwards to the nasopharyngeal region can be due to the weakening of the immune system with aging

(immunosenescence), leading to increased pro-inflammatory markers, lowered ability to manage immune stress, and the

loss of bacterial niches and decreased bacterial diversity .

3. CRS, Nasal Microbiota and Their Influence on Neurological Health

CRS is a chronic inflammatory disease of the nasal cavity and sinuses that lasts for more than three months . CRS is a

debilitating disease that negatively affects life quality and poses an economic burden on the community. The disease is

characterised by persistent inflammation of the nasal cavity and paranasal sinuses that results in symptoms of nasal

obstruction, rhinorrhea, facial pain, headache and loss of smell (Figure 1) . CRS is affected by three major factors:

altered epithelial barrier and immunity, chronic inflammation, and nasal microbial dysbiosis (Figure 1) .

Figure 1. CRS is a multifactorial disease with the exact triggers not fully understood. Factors that cause bacterial

dysbiosis could worsen with age by promoting immunological dysfunction.

Although limited studies are available, lower nasal microbial diversity has been found in patients with CRS . At the

phylum level, there is a decrease in Actinobacteria and Firmicutes and an increase in Proteobacteria numbers . In

terms of the species, there is an increase in opportunistic pathogenic bacteria, such as S. aureus and Corynebacterium
tuberculosteriaticum . Although only a few studies have investigated the nasal microbiome in the elderly with CRS,

some evidence suggests immunological mechanisms leading to bacterial dysbiosis in this age group. Epithelial cell

integrity and regeneration are impaired in adults with CRS and even to a greater extent in the elderly. For example, S100

family proteins involved in epithelial proliferation, repair and defence against pathogens are reduced with aging .

Moreover, the epithelial changes are involved in reduced mucociliary clearance in the healthy population aged 40 years
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and over, along with microtubules disarrangement . Another study showed that mucociliary clearance has been

significantly diminished in people older than 60 years with diabetes and hypertension, independent of smoking .

Similarly, a mouse study showed that mucociliary clearance was diminished in the upper and lower airways of elderly

mice compared with young mice . Moreover, elderly people with upper respiratory tract allergies have also presented

with thinner nasal mucosa, which can be due to reduced blood flow to the nasal cavity and reduced mucus production .

Biopsy samples from the elderly also showed reduced thickness of the epithelium and basement membrane resulting in

increased volume of the nasal cavity . All these changes in the epithelium with aging can lead to less pathogen

clearance, nasal dysbiosis and hence, the translocation of oropharyngeal microbiota to the nasal cavity.

In addition to physiological changes, immune responses are also altered in the elderly. For example, Cho et al. observed

an age-dependent loss of immune function in the upper respiratory tract of CRS patients . They showed that the

eosinophilic inflammatory marker in the nasal cavity was significantly lower in CRS patients aged 60 years and over

compared to that in younger patients, although eosinophilic infiltration was the same between the two groups . The

authors attributed this feature to eosinophils being less active in the older group. This suggests that there is an age-

dependent loss in the function of the immune system in CRS patients. Thus, impaired immune response to new and

probably existing pathogens in the elderly may be an important factor in their higher susceptibility to infections, the

persistence of CRS, and probably the development of other inflammatory diseases in this population.

The interaction between the epithelium and bacterial residents may be a determinant of homeostasis or local

inflammation. The sinonasal epithelium contains complex innate and adaptive immune pathways that drive inflammatory

responses to pathogens in order to protect the host from exogenous or resident pathogen infections . Any inappropriate

activation or lack of inhibition of the immune system can lead to chronic inflammation . Because bacterial pathogens

are often observed in CRS, it is speculated that bacterial dysbiosis plays a vital role in initiating or contributing to chronic

nasal inflammation . Due to the proximity of the nasal cavity to the brain, inflammatory diseases in the nasal cavity,

such as acute and chronic sinusitis, can initiate a wide range of neurological complications, including epidural abscess,

meningitis, brain abscess, venous sinus thrombosis and orbital cellulitis . These neural infections have common

consequences, such as permanent visual changes and epilepsy . The nasal-induced neural infections in the central

nervous system suggest that the inflammatory environment in the nasal cavity can affect the brain. Hence, it is

hypothesised that the inflammatory milieu in the nasal cavity can also lead to the initiation and/or the development of

certain neurodegenerative diseases, such as AD.

4. CRS and AD—How Close Are They?

Researchers have investigated the correlation between dementia and CRS. A recent retrospective study following patients

from 2006 to 2019 found that in patients with CRS, the risk of dementia was also increased . This study followed

patients with mild cognitive impairment with or without CRS for the study period, which found that patients with mild

cognitive impairment and CRS were more likely to develop dementia than those with mild cognitive impairment but without

CRS . Similarly, a case-control Taiwanese study included 8768 dementia patients and confirmed significantly higher

odds of CRS in the dementia population . The authors suggested that CRS is associated with other comorbidities, such

as stroke and vasculopathy, leading to an increased risk of vascular dementia. In addition, several other studies have also

found a correlation between CRS and cognitive impairment .

Some studies, however, failed to find a correlation between AD and CRS . This may be due to the variation in how CRS

was diagnosed. In some cases, CRS was self-diagnosed, and even with clinical examination, it is hard to differentiate

between CRS and rhinitis. Thus, computed tomography (CT) scans are needed to confirm the diagnosis, which is not

routinely performed in every patient . Another reason why studies failed to find a correlation between CRS and

dementia is that dementia is a disease manifested in old age, and CRS symptoms can be improved with aging due to the

alterations in the immune system. For example, Holmes et al. showed that the burden of CRS is higher in patients under

39 years of age than elderly patients . Another study found that in CRS patients, the nasal epithelial barrier function is

worsened with aging . This reduced inflammatory burden of CRS in the aging population may make it harder to be

recognised by the patients themselves, and subsequently identified and diagnosed by the clinicians.

Even with impaired epithelial integrity in elderly patients, a bacterial infection in the sinuses cannot spread to the brain

because of the blood-brain barrier; however, the inflammation can spread through the olfactory bulb and the olfactory

neural system to reach the brain where the blood-brain barrier is lacking. Chronic inflammation is present in both CRS and

AD, which may bridge CRS and the risk of neurodegeneration causing dementia . It is well known that increased brain

inflammation causes cognitive decline even before the onset of AD neuropathology, i.e., Aβ aggregation and tau

hyperphosphorylation . Inflammatory cytokines from active microglia and astrocytes impair cortical function and reduce
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hippocampal volume, which leads to memory and learning impairments . Moreover, human brains with Aβ aggregations

have microglial activation and increased pro-inflammatory cytokine production; increased circulating levels of

inflammatory proteins, such as C-reactive protein, are also correlated with the presence of dementia . During the

early stages of AD, microglia and astrocytes are activated and able to clear Aβ, but the chronic activation of those cells

has detrimental effects due to the secretion of inflammatory mediators tumour necrosis factor-α (TNF-α) and interleukin

(IL)-6 . These inflammatory mediators play crucial roles in the neurodegenerative process due to less Aβ clearance and

increased accumulation. Interestingly, the role of inflammation in AD has been supported by a human study showing that

AD risk was lowered by anti-inflammatory medications .

In CRS, the immune system is dysregulated, which may be the driving force for inflammation. The innate immune system

is suppressed with decreased immunoglobulin J chain, antileukoproteinase, tertiary lymphoid structure and surfactant

protein-A . On the other hand, immune cells, such as eosinophils and basophils, are increased in patients with CRS .

Activation of these inflammatory cells leads to the recruitment of more cells, the polarisation of Th2 cells, and the

production of inflammatory cytokines, such as IL-13, IL-5 and IL-4 . Moreover, inflammation disrupts nasal epithelial cell

regeneration through the inhibition of neural progenitor cell proliferation, which may aggravate CRS . Such

inflammatory response due to CRS can further affect the development of AD (Figure 2). A meta-analysis shows that

dementia is associated with increased circulating inflammatory mediators, e.g., IL-6, IL-12, IL-18, TNF-α, IL-1β and

transforming growth factor-β (TGF-β) . IL-1β, IL-6, TNF-α and TGF-β are also elevated in the mucosa of patients with

CRS . However, it is unclear if increased cytokines in the nasal cavity can directly affect neural integrity in the

central nervous system that leads to neurodegeneration.

Figure 2. The route showing how inflammation caused by nasal bacterial dysbiosis and Aβ deposition in the olfactory

nerve in CRS spread to other parts of the central nervous system, through the olfactory bulb to the piriform cortex,

amygdala, entorhinal cortex and hippocampus.
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