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Abstract:  
Background: Seasonal Allergic Rhinitis (SAR) is a common condition characterized by allergy symptoms that 
vary with the seasons. The microbiome, including both nasal and gut microbiota, may influence allergic 
responses. However, there is limited understanding of how microbiome composition varies seasonally and its 
impact on SAR symptoms. 
Method: This cross-sectional study at Territory Care Hospital from March 2023 to July 2024 included 100 SAR 
patients. The study examined annual microbiome alterations. Nasal and gut microbiome samples using 
bioinformatics and 16S rRNA gene sequencing to count and classify microorganisms. To identify seasonal 
differences, we studied spring, summer, autumn, and winter microbial profiles. 
Results: The study found statistically significant microbiome composition seasonality. Staphylococcus 
increased significantly in the nasal microbiome in spring (p < 0.01), while Haemophilus increased in autumn (p 
< 0.05). In the gut microbiota, Bifidobacterium levels decreased significantly in summer (p < 0.05) whereas 
Lactobacillus levels increased significantly in winter (p < 0.05). These findings suggest that seasonal changes in 
bacterial taxonomy may affect SAR symptoms. 
Conclusion: The study shows significant seasonal shift in SAR patients' nasal and gut microbiomes. These 
findings suggest that seasonal microbiome regulation may control SAR. Future study should examine 
microbiota dynamics and allergy reactions over longer time periods. 
Keywords: Allergic Rhinitis, Bifidobacterium, Haemophilus, Lactobacillus, Staphylococcus. 
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Introduction 

Background on Seasonal Allergic Rhinitis (SAR) 

In SAR, or hay fever, pollen, mould spores, and 
other airborne allergens cause an immune reaction 
[1]. SAR’s symptoms including stuffy nose, itchy 
eyes, and rhinorrhea affect many people 
worldwide. These symptoms often appear in spring 
and autumn, when allergens are abundant.  

According to [2], environmental changes, pollution, 
and lifestyle changes raise SAR. In reaction to 
allergens, the immune system produces histamines, 
which are crucial to SAR pathogenesis.  

In Immunoglobulin E (IgE)-mediated 
hypersensitivity, mast cells and basophils release 
inflammatory cytokines when allergens are 
introduced to sensitive people [3].  

SAR does not immediately risk human life, but it 
greatly impacts productivity, healthcare costs, and 
quality of life, making it a public health issue. 

Importance of the Microbiome in Immune 
Function and Allergic Responses 

A healthy immune system depends on billions of 
microorganisms in the body and this network is 
microbiome. The microbiome shapes the immune 
system and affects allergen and pathogen responses 
[4]. Particularly in the stomach and respiratory 
tract. Asthma, atopic dermatitis, and SAR are 
linked to microbiota dysbiosis.  

Allergic reactions are affected by the microbiome's 
immune cell modification, epithelial barrier 
interaction, and short-chain fatty acid production 
[5,6] Show that SAR patients change their nasal 
and intestinal microbiome.  

These alterations can alter the immune response to 
allergens, exacerbate symptoms or intensifying 
allergic reactions.  
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Objectives  

1. To analyze the variability of the nasal and gut 
microbiome in patients with SAR across dif-
ferent seasons. 

2. To evaluate the correlation between microbi-
ome composition and the severity of SAR 
symptoms. 

3. To explore potential microbiome-based bi-
omarkers for predicting SAR exacerbations. 

The nasal and gut microbiota can affect an 
individual's immune response. A healthy 
microbiome is essential for immunological 
homeostasis. Dysbiosis, an imbalance in the 
microbial population, has been linked to a variety 
of allergy and autoimmune illnesses. [7] Found that 
SAR patients' nasal microbiomes had reduced 
variety and more Staphylococcus and 
Corynebacterium species, which may increase 
inflammation. Gut microbiome may also cause 
SAR. The gut-lung axis, a two-way communication 
pathway between digestive tract bacteria and the 
respiratory system, may link nasal and gut 
microbiomes.  

Gut microbiota changes may intensify nasal 
mucosa immune response and allergy symptoms. 
[8] Found that SAR patients have fewer 
Lactobacillus and Bifidobacterium in their guts. 

These bacteria regulate immune responses and 
maintain the mucosal barrier. According to [9], the 
nasal and gut microbiomes may affect allergic 
reaction intensity and duration and are strongly 
linked to SAR. These findings illuminate the 
microbiome's role in SAR, but they also 
demonstrate the need for greater research on the 
complex relationship between the microbiota, 
immune system, and environment.  

Seasonal Factors Affecting Microbiome 
Composition: The function of the human 
microbiome varies greatly with season. The 
microbiota can fluctuate with allergy levels, 
humidity, and temperature. These changes may 
affect the host's immunological response and SARS 
risk. Some bacterial species' abundance changes 
dramatically across the year, according to [10]. The 
nasal microbiota may modify the immune response 
to seasonal allergens, as allergen exposure was 
associated to these changes. The gut microbiome 
changes with the seasons, like other body parts. 
Some bacterial taxa were more frequent in healthy 
people's gut microbiome during certain seasons, 
according to [11]. These gut microbiota alterations 
may affect allergy responses depending on the 
season. It is commonly known that seasonal factors 
including pollen, temperature, and humidity affect 
SAR symptoms. 

  

 
Figure 1 Microbiome in allergic rhinitis (Source: [12]) 

 
The microbiome's role in SAR is becoming better 
understood, however seasonal fluctuations in the 
microbiome still affect SAR symptoms. SAR 
patients' microbiota evolution over numerous 
seasons is seldom studied.  

Metabolic processes and microbial interactions in 
the microbiome must be studied to understand how 
SAR's immune system is controlled. The gut-lung 
axis may connect the nasal and gut microbiomes, 
although most research has examined them 

separately. The way different microbiomes interact 
and effect one other inside SAR is crucial to 
understanding the microbiome's role in allergy 
diseases. 

Materials and Methods 

Study Design: This cross-sectional study examined 
SAR patients' microbiomes. The study was 
conducted at Territory Care Hospital from March 
2023 to July 2024. In any season, we can study the 
microbiome composition at a specific time using a 
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cross-sectional approach. This will help us 
understand how seasonal influences affect the 
microbiome and SAR symptoms. 

Sample Size: The study included 100 SAR 
patients. After reviewing previous studies on 
microbiome variability in allergy illnesses, the 
sample size was modified to offer significant 
statistical power to detect seasonal microbiome 
composition changes. 

Inclusion Criteria 

• Adults aged 18-65 years. 
• Clinically diagnosed with seasonal allergic 

rhinitis based on medical history and allergy 
testing. 

• Experiencing SAR symptoms during the spe-
cific season of data collection. 

• Willing to provide informed consent and par-
ticipate in microbiome sampling. 

Exclusion Criteria 

• Patients with a history of chronic rhinosinusitis 
or other chronic respiratory conditions. 

• Use of antibiotics, probiotics, or corticoster-
oids in the last 3 months. 

• Presence of any autoimmune disorders or im-
munodeficiency. 

• Patients who have undergone nasal or sinus 
surgery within the last year. 

• Pregnant or breastfeeding women. 

Data Collection Methods: The microbiomes of 
100 Territory Care Hospital SAR patients were 
investigated. Swabs from the front of the nose were 
used to study nasal microbiota. To research gut 
microbiota, stool samples were obtained. The 
samples were delivered to the lab immediately in 
sterile conditions to avoid contamination. 
Comprehensive patient information from electronic 
medical records were used to connect microbiome 
data. The records covered demographics, allergy 
symptoms, and seasonal patterns. 

Analysis Techniques: The 16S rRNA gene was 
used to sequence microbiome samples to assess 
bacterial species and abundance. High-throughput 
sequencing was used for microbial profiling. 
Bioinformatics: diversity analysis, taxonomy 
classification, and quality control were used to 
evaluate sequencing data. We analysed the relative 
abundances of major bacterial species between 
seasons and utilised statistical analysis to determine 
how seasonal fluctuations affect the microbiome. 
This strategy allowed us to extensively assess the 
association between microbiome alterations and 
seasonal SAR symptoms. 

Result 

Participant Characteristics and Microbiome 
Findings

 
Table 1: Participant Characteristics 

Characteristics Values 
Total Number of Participants 100 
Age Range 18-65 years 
Mean Age (± SD) 35.4 (± 12.3) years 
Gender Distribution 54 males (54%), 46 females (46%) 
BMI (Mean ± SD) 24.7 (± 3.8) kg/m² 
Duration of SAR Symptoms (Mean ± SD) 7.2 (± 3.4) years 
History of SAR Across Multiple Seasons (%) 100% 
 
The average age of 100 individuals with SAR was 
35.4 years (± 12.3), ranging from 18 to 65 years.  

The sample had 54% men and 46% women. 
Participants had an average BMI of 24.7 kg/m² (± 
3.8), indicating sustained healthy weight. The 
duration of chronic illness was determined by the 

average SAR symptom persistence of 7.2 years (± 
3.4). Every study participant reported SAR in more 
than one season. This shows that the disease is 
recurring and ensures that the study accounts for 
seasonal microbiome composition changes. 

Findings on Microbiome Variability 
 

Table 2: Findings on Microbiome Variability 
Microbiome Re-
gion 

Bacterial 
Taxa 

Relative Abun-
dance (%) 

Diversity In-
dex (Shannon) 

Seasonal Variation 

Nasal Microbiome 
    

Staphylococcus 22.4 ± 5.8 15.3 ± 3.1 2.1 ± 0.5 Significantly increased in spring 
Corynebacterium 18.3 ± 4.7 12.7 ± 2.8 1.9 ± 0.6 No significant seasonal variation 
Haemophilus 15.1 ± 3.5 10.2 ± 2.1 1.8 ± 0.4 Increased in autumn 
Gut Microbiome 

    

Bifidobacterium 20.2 ± 6.1 14.0 ± 3.3 3.5 ± 0.8 Decreased in summer 
Lactobacillus 19.8 ± 5.9 13.5 ± 2.7 3.2 ± 0.7 Increased in winter 
Firmicutes 25.6 ± 7.3 17.2 ± 4.5 3.1 ± 0.6 No significant seasonal variation 
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The nasal microbiome showed a higher abundance 
of Staphylococcus (22.4 ± 5.8%) in spring 
compared to other seasons, with an overall 
diversity score of 2.1 ± 0.5.  

Haemophilus levels were higher (15.1 3.5%) and 
diversity index was 1.8 0.4 in fall. In contrast, 
Corynebacterium showed no seasonal tendency. In 
the gut microbiota, Bifidobacterium diversity index 
was 3.5 ± 0.8 in summer and 19.8 ± 5.9% in winter, 

whereas Lactobacillus increased by 3.2 ± 0.7 in 
winter. Firmicutes had a diversity index of 3.1 ± 
0.6 and an abundance of 25.6 ± 7.3%, which did 
not vary significantly with seasons. These findings 
suggest that seasonal influences affect microbiome 
makeup, which may explain SAR symptoms' 
seasonality. 

Seasonal Differences Observed in the 
Microbiome

 
Table 3: Seasonal Differences Observed in the Microbiome 

Season Nasal Microbiome Diversity (Shannon Index) Gut Microbiome Diversity (Shannon Index) 
Spring 2.3 ± 0.5 3.4 ± 0.8 
Summer 2.1 ± 0.6 3.0 ± 0.7 
Autumn 2.2 ± 0.5 3.2 ± 0.7 
Winter 2.0 ± 0.6 3.6 ± 0.8 
 
SAR sufferers' nose and gut microbiomes vary with 
season. In spring, Staphylococcus increased in the 
nasal microbiome (Shannon Index 2.3 ± 0.5), 
suggesting dysbiosis, but gut microbiome diversity 
decreased (Shannon Index 3.4 ± 0.8). Although the 
nasal microbiome diversity remained stable at 2.1 ± 
0.6, the Shannon Index for gut Bifidobacterium 
declined during summer (3.0 ± 0.7). Autumn saw 
an increase in Haemophilus in the nasal 
microbiome (Shannon Index 2.2 ± 0.5), but gut 
diversity remained stable (3.2 ± 0.7). The gut 
microbiome diversity (Shannon Index 3.6 ± 0.8) 
increased in winter due to increasing Lactobacillus 
levels, while the nasal microbiome remained stable 
(2.0 ± 0.6). The accumulating amount of research 
implies seasonal fluctuations affect microbiota 
makeup and may contribute to SAR symptom 
variability. 

Statistical Significance of Findings 

According to the study, microbiome makeup 
changes dramatically with seasons. A significant 
increase of Staphylococcus (p 0.01) and 
Haemophilus (p 0.05) were seen in the nasal 
microbiome over spring and autumn. 
Bifidobacterium levels in the gut microbiota 
decreased significantly (p < 0.05) in summer, but 
Lactobacillus levels increased significantly (p < 
0.05) in winter. These data show that seasonal 
changes significantly affect the microbiota, which 
may affect SAR symptoms. Seasonal microbial 
abundance fluctuations suggest that targeted 
microbiome modification may help manage SAR at 
specific times of year. 

Discussion 

This study shows how microbiome variability 
affects SAR. Microbial communities evolve 

constantly, as seen by seasonal variations in the 
nose and gut microbiomes, which may alter SAR 
symptoms. The nasal microbiome reveals increased 
prevalence of Staphylococcus and Haemophilus in 
spring (p < 0.01) and fall (p < 0.05), suggesting a 
seasonal relationship to SAR severity. SAR 
symptoms and inflammation may be increased by 
spring pollen and Staphylococcus bacteria. 
However, seasonal changes in environmental 
allergens, such as mould spores, may explain why 
Haemophilus populations peak in autumn. Our 
findings support previous findings that some 
bacteria taxa may alter immune responses and 
worsen allergy inflammation.  

The gut microbiome showed seasonal variations, 
with Bifidobacterium levels decreasing in summer 
(p < 0.05) and Lactobacillus levels increasing in 
winter (p < 0.05). Summer Bifidobacterium 
deficiency may increase SAR symptoms because it 
preserves mucosal immune function and the gut's 
ability to modulate systemic immunological 
responses.  

However, an adaptive response to promote immune 
function during a low-allergen season may explain 
the increase in Lactobacillus in winter.  

Seasonal gut microbiota changes may affect SAR 
symptom intensity. The study found that 
seasonality, microbiome, and allergy responses are 
interconnected. Given seasonal fluctuations in 
microbiome richness and specific bacterial taxa, 
microbiome modification may treat SAR. 
Personalised techniques that account for seasonal 
microbiome composition may lead to more 
effective SAR treatments and new 
research/intervention avenues.  

Comparison Table of Existing Studies 
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Table 4: Comparison Table 
Study Study Type Sample 

Size 
Findings 

Current 
Study 

Cross-
Sectional 

100 Seasonal variations in microbiome composition observed. Staphylo-
coccus increased in spring, Haemophilus in autumn, decreased 
Bifidobacterium in summer, and increased Lactobacillus in winter. 

Study 1 
[13] 

Longitudinal 150 Identified shifts in nasal microbiome composition associated with al-
lergic rhinitis severity. Found seasonal patterns with increased Firmicu-
tes in summer and Proteobacteria in winter. 

Study 2 
[14] 

Case-Control 120 Compared microbiome profiles of SAR patients with non-allergic con-
trols. Found significant differences in gut microbiome diversity, with 
lower Bacteroides and higher Firmicutes in SAR patients. 

Study 3 
[15] 

Cross-
Sectional 

200 Observed seasonal variations in both nasal and gut microbiomes. Noted 
higher abundance of Lactobacillus in winter and reduced diversity in 
summer. 

 
Comparing the new study to earlier research on 
microbiome variability and SAR reveals several 
interesting conclusions. The nasal and gut 
microbiomes of 100 participants altered 
dramatically with the seasons, with Staphylococcus 
levels rising in spring and Bifidobacterium levels 
declining in summer. The study's limitations were 
its single location and lack of environmental 
influences. Study 1 tracked 150 participants and 
discovered that Firmicutes were more prevalent in 
summer and Proteobacteria in winter. This study 
was limited by its metropolitan focus and nasal 
microbiome analysis only. Despite not accounting 
for seasonal covariates or longitudinal data, Study 
2, a 120-person case-control study, found 
significant gut microbiome diversity differences, 
including lower Bacteroides in SAR patients. The 
200-person cross-sectional Study 3 found similar 
seasonal variations in another region, suggesting 
regional differences. These investigations enhance 
our understanding but emphasise the need for 
bigger, cross-site, longitudinal studies. 

Limitations of the Study 

The cross-sectional study is unable to record 
microbiome composition changes over several 
seasons. Longitudinal studies reveal patterns and 
trends in how microbiome variations affect SAR 
symptoms year-round. Due to the limited sample 
size of 100 patients, the study may not apply to a 
larger population.  

A larger sample including people from other areas 
and demographics may yield more robust and 
applicable results. The single-hospital design may 
have biassed the study, limiting its usefulness. The 
study evaluated seasonal effects but did not control 
or evaluate indoor allergens, pollution, or lifestyle 
changes. These factors may potentially alter 
microbiome and SAR symptoms, confounding 
results. Even while it covers all bases, the study's 
focus on 16S rRNA gene sequencing for bacterial 
identification excludes viral and fungal 
communities, which add to microbiome 

complexity. Genomic sequencing may help explain 
SAR microbiota function.  

Conclusion 

This study shows seasonal variation in SAR 
patients' microbiomes. The nasal and intestinal 
microbiomes altered significantly seasonally. The 
nasal microbiome increased Staphylococcus in 
spring and decreased Haemophilus in October. 
Bifidobacterium reduced in summer and 
Lactobacillus increased in winter. These seasonal 
trends demonstrate that SAR symptoms and 
microbiota composition interact dynamically. 
Understanding seasonal microbiome composition 
changes is essential for developing SAR tailored 
therapies. Based on the differences, microbiome 
change may help SAR symptoms. A strategy that 
adjusts microbial populations in response to 
seasonal variations could improve patient outcomes 
and reduce symptoms. Adjusting treatment 
strategies to seasonal microbiological variations 
may improve SAR management. 

Suggestions for Future Research 

Cross-sectional and single-site studies have 
drawbacks. Future study should address these 
difficulties. Larger, more diversified longitudinal 
studies across multiple geographic regions are 
needed to validate and broaden these findings. To 
better understand microbiome dynamics, 
environmental factors and other microbiome 
components including viral and fungal populations 
should be included. SAR therapeutic targets and 
techniques can be discovered by examining the 
functional effects of seasonal microbiome changes 
on allergy reactions and immune responses. 
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