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The respiratory microbiome plays a crucial role in health and disease, necessitating accurate 
characterization through high-throughput sequencing technologies. This study provides a comparative 
analysis of Illumina NextSeq and Oxford Nanopore Technologies (ONT) sequencing platforms for 16 S 
rRNA profiling of respiratory microbial communities. Illumina sequencing, known for its high accuracy 
and short-read lengths (~ 300 bp), is widely used for genus-level microbial classification but struggles 
with species-level resolution due to its limited read length. In contrast, ONT generates full-length 
16 S rRNA reads (~ 1,500 bp), enabling higher taxonomic resolution but historically exhibiting higher 
error rates (5–15%). Analysis of alpha and beta diversity indicated that Illumina captured greater 
species richness, while community evenness remained comparable between platforms. Beta diversity 
differences were significant in pig samples but not in human samples, suggesting that sequencing 
platform effects are more pronounced in complex microbiomes. Taxonomic profiling revealed that 
Illumina detected a broader range of taxa, while ONT exhibited improved resolution for dominant 
bacterial species. ANCOM-BC2 differential abundance analysis highlighted platform-specific biases, 
with ONT overrepresenting certain taxa (e.g., Enterococcus, Klebsiella) while underrepresenting others 
(e.g., Prevotella, Bacteroides). These findings emphasize that platform selection should align with 
study Objective: Illumina is ideal for broad microbial surveys, whereas ONT excels in species-level 
resolution and real-time applications. Future research should explore hybrid sequencing approaches to 
leverage the strengths of both technologies, thereby improving microbiome characterization in both 
clinical and preclinical settings.

The human respiratory tract is a complex environment that hosts diverse microbial communities, collectively 
referred to as the respiratory microbiome. These communities play essential roles in maintaining respiratory 
health, modulating immune responses, and influencing susceptibility to various respiratory diseases, such 
as asthma, chronic obstructive pulmonary disease (COPD), and pneumonia. Dysbiosis—disruptions in the 
normal microbial composition—has been linked to increased inflammation, pathogen colonization, and worse 
clinical outcomes in respiratory diseases1. Consequently, the accurate characterization of respiratory microbial 
communities is essential for understanding their roles in both health and disease.

Recent advancements in next-generation sequencing (NGS) technologies have revolutionized the study 
of the respiratory microbiome, allowing for high-throughput, culture-independent analysis of microbial 
communities. Among these technologies, 16 S ribosomal RNA (rRNA) gene sequencing has emerged as the 
gold standard for bacterial community profiling due to its cost-effectiveness, broad taxonomic coverage, and 
applicability to low-biomass respiratory samples2.

The 16 S rRNA gene contains both highly conserved regions, which serve as universal primer-binding sites, 
and hypervariable regions (V1–V9) that provide taxonomic specificity, making it an ideal target for amplifying 
and sequencing bacterial DNA from low-biomass respiratory samples. While the V3–V4 regions3 are commonly 
targeted for taxonomic classification, full-length sequencing of the 16 S rRNA gene offers higher taxonomic 
resolution, often enabling species-level identification4.
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Despite its advantages, 16  S rRNA gene sequencing is not without limitations. Challenges such as PCR 
amplification biases, contamination from low-biomass samples, and limited functional insights necessitate 
careful experimental design and rigorous analytical approaches5. Research has demonstrated that the respiratory 
microbiome undergoes significant changes in response to various disease states, which often manifest as reduced 
microbial diversity and an increased abundance of pathogenic taxa1. Additionally, the accuracy and resolution 
of 16 S rRNA gene sequencing are influenced by the choice of sequencing platform and bioinformatics pipeline, 
highlighting the importance of platform selection for respiratory microbiome studies6.

Among the available NGS platforms, the Illumina NextSeq system and Oxford Nanopore Technologies 
(ONT) platforms have emerged as some of the most widely used for 16 S rRNA gene sequencing in respiratory 
microbiome research. The Illumina systems has long been the benchmark for high-accuracy sequencing, 
producing millions of short, paired-end reads (~ 300 bp) with an error rate of less than 0.1%2. These platforms 
typically target hypervariable regions of the 16  S rRNA gene, such as V3–V4, providing reliable genus-level 
classification. However, its short-read length limits its ability to resolve closely related bacterial species, which is 
a critical limitation in complex microbial environments like the lower respiratory tract7.

In contrast, ONT platforms, such as the MinION, utilize nanopore technology to generate long reads that 
can span the entire 16 S rRNA gene (~ 1,500 bp), enabling species-level and even strain-level resolution8. This 
long-read capability allows for a more comprehensive view of microbial diversity and enhances the resolution 
of closely related taxa. However, ONT platforms are traditionally associated with higher error rates (5–15%), 
though recent advancements in base-calling algorithms and error-correction tools have significantly improved 
their accuracy9.

Both platforms have demonstrated utility in studying the lower respiratory microbiome. Illumina NextSeq’s 
high throughput and accuracy make it well-suited for large-scale population studies and clinical applications 
where reproducibility and depth are critical. Conversely, ONT’s long-read capability is particularly advantageous 
for studies that require species-level identification and rapid, field-based sequencing applications6. The selection 
of a sequencing platform for respiratory microbiome analysis is thus often dictated by the specific research goals, 
such as the need for species-level resolution, sample size, and available resources.

This study aims to provide a comprehensive comparison of the Illumina NextSeq and ONT platforms in the 
context of 16 S rRNA gene sequencing for lower respiratory microbiome analysis. By critically assessing the 
strengths and limitations of each platform, this work seeks to offer insights into the optimal platform selection 
for future studies focused on unravelling the complex interactions between the respiratory microbiome and 
human health.

Materials and methods
Sample collection and DNA extraction
A total of 34 respiratory samples were collected for 16 S rRNA gene analysis. These included human specimens 
from ventilator-associated pneumonia (VAP) patients (n = 20) from Hospital Clinic of Barcelona and samples 
from an experimental swine model of VAP (n = 14). All samples were stored at − 80  °C immediatelly upon 
collection and later processed in parallel using two sequencing platforms: Illumina NextSeq targeting the V3-V4 
region and ONT MinION Mk1C covering the full-length 16 S rRNA gene.

Genomic DNA was extracted from approximately 1 mL of sample using the Sputum DNA Isolation Kit, 
SKU 46,200 (Norgen Biotek, Ontario, Canada), following the manufacturer’s instructions with modifications 
to optimize DNA yield and purity. DNA quality and concentration were assessed using a Nanodrop 2000 
spectrophotometer (Thermo Fisher Scientific, Massachusetts, USA) and a Qubit 4 fluorometer (Thermo Fisher 
Scientific, Massachusetts, USA).

Library Preparation and sequencing
Illumina sequencing
For Illumina sequencing, DNA libraries of V3-V4 hypervariable region of the 16 S rRNA gene were prepared 
using [QIAseq 16 S/ITS Region Panel (Qiagen, Hilden, Germany]. The following amplification program was 
used: denaturation at 95 °C for 5 min; 20 cycles of denaturation at 95.

ºC for 30  s: primer annealing at 60  °C for 30  s, extended to 72  °C for 30  s and final elongation at 72  °C 
for 5 min. Subsequently, another amplification was performed to attach the QIAseq 16 S/ITS Index barcodes 
(Qiagen, Hilden, Germany). QIAseq 16 S/ITS Smart Control (Qiagen, Hilden, Germany) is an unclassifiable 
synthetic DNA which was used a positive control for library construction steps.

Following Qiagen’s ISO-certified Quality Management System, each QIAseq 16 S/ITS Region Panel, QIAseq 
16 S/ITS Index Kit and QIAseq 16 S/ITS Smart Control Kit was also tested to predetermined specifications to 
ensure consistent product quality.Finally, the pool of DNA products obtained during library preparation were 
sequenced on an NextSeq Sequencing Platform (Illumina, San Diego, CA, USA) to generate paired-end reads 
with a read length of [2 × 300 bp].

Nanopore sequencing
The extracted DNA was used to prepare sequencing libraries with the Oxford Nanopore Technologies (ONT) 16 S 
Barcoding Kit 24 V14 (SQK-16S114.24), following the manufacturer’s protocol (Oxford Nanopore Technologies, 
UK). Barcoded libraries were pooled and loaded onto a MinION flow cell (R10.4.1). Sequencing was performed 
using MinKNOW software (v24.02.16) onboard the MinION Mk1C until end of life of the flow cell (72 h).
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Data preprocessing and quality control
Illumina data
Illumina data was processed using nf-core/ampliseq version 2.11.010,11, part of the nf-core collection of 
workflows12, utilizing reproducible environments from the Bioconda13 and Biocontainers projects14. Default 
parameters were applied unless specified otherwise. FastQC was used to evaluate sequence quality, and results 
were summarized with MultiQC15. Primer trimming was performed with Cutadapt16, discarding sequences 
lacking primers. Sequences not meeting quality thresholds were filtered out.

Sequences were processed using DADA217 with default filtering parameters to remove PhiX contamination, 
trim reads, discard sequences exceeding expected error thresholds, correct errors, merge paired-end reads and 
remove PCR chimeras. Filtered amplicon sequencing variants (ASVs) were retained for taxonomic classification 
using the “Silva 138.1 prokaryotic SSU” database.

Nanopore data
Raw reads generated by MinKNOW were basecalled and demultiplexed using the Dorado basecaller (v7.3.11), 
integrated into MinKNOW v24.02.16. The High Accuracy (HAC) model was used with default parameters 
unless otherwise specified. Reads were automatically demultiplexed based on barcode sequences, while adapter 
removal and initial quality filtering were handled by MinKNOW. Filtered reads were exported in FASTQ format 
for further analysis.

Post-sequencing, reads were processed using the EPI2ME Labs 16  S Workflow18. This pipeline included 
additional quality control, read filtering, and taxonomic classification against the “Silva 138.1 prokaryotic 
SSU” database. The resulting dataset consisted of high-quality reads suitable for taxonomic classification and 
downstream analyses.

Downstream analysis
Data analysis
All downstream analyses were performed in R v4.2.0 using custom scripts in RMarkdown, ensuring 
reproducibility with packages such as phyloseq19, tidyverse20, vegan21, ANCOMBC22, and visualization tools 
like ggplot223 and viridis24.

OTU abundance tables were processed into phyloseq objects by combining taxonomic and sample metadata. 
Taxonomy ranks were extracted and organized from Kingdom to Genus, ensuring structured metadata for 
downstream analyses. Additionally, for ONT data we also evaluated its performance for different experimental 
conditions, specifically duration of sequencing (12 h, 18 h, 24 h, 72 h). Missing values were replaced with zeros.

Diversity analysis
In order to better understand how each platform performed, we first evaluated for each metric, the complete 
datasets (Illumina vs. Nanopore at 72  h). Alpha diversity was assessed using both Shannon diversity and 
Observed features indices to evaluate species richness and evenness across sequencing platforms (Illumina and 
Nanopore) and sample groups (Human and Pig).

Alpha diversity metrics were calculated using phyloseq, focusing on Observed OTUs and Shannon Diversity. 
Dunn’s test with Bonferroni correction and Kruskal-Wallis tests evaluated differences among groups. Spearman 
rank correlations were calculated between the diversity indices and total read counts. Diversity results were 
visualized using ggplot2, with boxplots comparing Observed OTUs and Shannon Diversity across experimental 
groups. Scatterplots showing diversity indices versus total read counts were also generated, with linear regression 
lines indicating overall trends.

Beta diversity was assessed using Bray-Curtis and Jaccard distances calculated with the phyloseq and vegan 
R packages. Principal Coordinates Analysis (PCoA) was performed, and beta diversity plots were generated 
using ggplot2. Permutational Multivariate Analysis of Variance (PERMANOVA) was conducted using adonis2() 
from vegan to evaluate group differences based on metadata variables. Pairwise Adonis tests (pairwise.adonis()) 
were performed to detect significant differences between specific sample groups.

Taxonomic comparison
Taxonomic composition was compared between Illumina and ONT datasets by identifying the top five most 
abundant taxa per sample and their taxonomic classification. Each phyloseq object was normalized. Results were 
stored in data frames for subsequent analysis. Stacked bar plots were generated using ggplot2, visualizing the top 
taxa distribution across samples. Pairwise comparisons between Illumina and ONT taxa were conducted using 
the Wilcoxon signed-rank test.

Differential abundance analysis was conducted using ANCOM-BC2 (Analysis of Compositions of 
Microbiomes with Bias Correction 2) to identify taxa with significant compositional differences across 
groups. Custom contrast matrices were used to test global, pairwise, and trend-based differences. The analysis 
incorporated structural zero handling, a minimum prevalence threshold (prv_cut = 0.10), and Holm-Bonferroni 
adjustments for multiple testing correction. ANCOM-BC2 was applied using the ANCOMBC R package, and 
significance was determined using false discovery rate (FDR) correction at q < 0.05.

Results
Alpha diversity analysis
Shannon indices in the Human dataset sequenced with Illumina ranged from 0.19 to 2.81, with Observed OTUs 
counts varying from 70 to 121. In the Pig dataset, Shannon indices ranged between 0.59 and 2.83, with feature 
counts from 68 to 118, indicating relatively balanced microbial richness and evenness (Fig. 1).
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Shannon indices in the Human dataset sequenced with Nanopore varied from 0.10 to 2.75, with Observed 
OTUs counts ranging from 4 to 51, reflecting a lower alpha diversity vs. Illumina. For the Pig dataset, Shannon 
indices ranged between 0.80 and 2.29, with feature counts from 22 to 89, showing moderately high richness in 
some samples (Fig. 1).

Platform comparisons revealed that Illumina sequencing consistently captured higher Shannon indices and 
Observed OTUs across both Human and Pig samples, suggesting greater sensitivity for alpha diversity metrics.

Comparisons between Human and Pig samples showed that Pig samples exhibited higher alpha diversity 
on average compared to Human samples, regardless of sequencing platform, indicating potentially greater 
microbial richness or evenness in the Pig microbiome.

Alpha diversity by timepoints
Alpha diversity metrics comparing Illumina and Nanopore sequencing methods at various time points (12, 18, 
24, and 72 h) were evaluated for each dataset across groups.

In the Human dataset, significant differences in Observed OTUs were identified consistently across groups 
and time points (Supplementary Material Table 1). In contrast, the Shannon diversity metric showed no 
significant differences between sequencing platforms across groups, with p-values consistently above 0.13. This 
indicates that, while Illumina sequencing captured greater species richness, community evenness remained 
comparable between platforms. No differences were found between Nanopore timepoints.

In the Pig dataset, the Observed OTU metric similarly revealed significant differences, with Illumina 
sequencing showing greater richness (Supplementary Material Table 2). The Shannon diversity metric, as in 
the human dataset, did not show significant differences across groups or time points, with p-values consistently 
above 0.5. This indicates platform-specific variations in richness but not evenness, consistent with the Human 
results. As with the previous dataset, no differences were found between Nanopore timepoints.

Across both datasets, Illumina sequencing demonstrated significantly higher species richness as measured by 
Observed OTU, while Shannon diversity revealed no significant differences in community evenness between 
platforms.

Beta diversity analysis
We first constructed the similarity matrix for each complete dataset (Illumina vs. Nanopore at 72 h) using Bray-
Curtis and Jaccard methods. With the PERMANOVA analysis we then evaluated the effects of host type and 
sequencing platform on microbial beta diversity on each created matrix (Fig. 2).

For both Bray-Curtis and Jaccard metrics, host type and sequencing platform collectively explained 32.7% 
of the variation in microbial beta diversity (R² = 0.327). The remaining 67.3% of variation (R² = 0.673) was 
attributed to within-group differences, likely arising from individual variability or noise. PERMANOVA results 
yielded an F-statistic of 10.37 and a p-value of 0.001 for both metrics.

Pairwise comparison results (illumina vs. nanopore for each host type)
For Bray-Curtis the microbial beta diversity between Illumina and Nanopore sequencing in Human samples 
shows no significant difference (R²=0.049, F = 1.97, p = 0.306). Similarly, no significant difference is observed 
with the Jaccard metric (R²=0.035, F = 1.39, p = 0.774) (Supplementary Material Fig. 1 A).

Fig. 1.  Boxplots representing alpha diversity indices stratified by sequencing platform and sample group 
(Human or Pig). A) Boxplot of Shannon diversity. The mean diversity values for each group are 1.841, 1.504, 
1.526, and 1.474, with a p-value of 0.4807, indicating no statistically significant differences between groups. B) 
Boxplot of observed OTUs. The mean observed OTU counts for each group are 93.40, 20.75, 100.04, and 64.29, 
with a p-value < 0.0001, suggesting statistically significant differences between groups.
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For Bray-Curtis in Pig samples, there is a significant difference between Illumina and Nanopore sequencing 
(R²=0.214, F = 7.07, p = 0.006). Similarly, the Jaccard metric also reveals significant differences (R²=0.165, 
F = 5.15, p = 0.006) (Supplementary Material Fig. 1B).

The general PERMANOVA results confirm that host type and sequencing platform collectively explain a 
significant proportion of the variation in microbial beta diversity. However, when focusing specifically on the 
sequencing platform we find that in Human samples, the sequencing platform (Illumina vs. Nanopore) does not 
significantly impact microbial community composition, as indicated by both Bray-Curtis and Jaccard metrics. 
In Pig samples, the sequencing platform has a significant effect on microbial beta diversity, suggesting that the 
platform may influence the resolution or detection of microbial community differences in this host type.

Beta diversity by timepoints
Similarly to what happened with the complete dataset, the human samples, across all time points (12 h, 18 h, 
24 h, 72 h), Bray-Curtis and Jaccard metrics showed low R² values (~ 0.028–0.049) and non-significant p-values 
(p ≥ 0.44). Additionally, microbial beta diversity was stable within Nanopore samples over time (R² < 0.01, p = 1) 
(Supplementary Material Table 3).

Regarding the pig samples, both Bray-Curtis and Jaccard metrics indicated significant differences between 
Illumina and Nanopore sequencing (R² ~0.12–0.21, p = 0.01) across all timepoints. Additionally, within Nanopore 
comparisons revealed stable beta diversity across time points (R² < 0.01, p = 1) (Supplementary Material Table 4).

Top taxa comparison
Taxonomic profiles of the Human dataset revealed differences in relative abundances of dominant taxa between 
Illumina and Nanopore sequencing platforms (Fig.  3A). Across all samples, Staphylococcus, Streptococcus, 
Prevotella, and Neisseria were consistently identified as dominant taxa. Less abundant taxa, including 
Cutibacterium, and Aggregatibacter, were consistently detected by both platforms but showed platform-specific 
differences. The “Other” category, representing taxa outside the top five most abundant, was higher in Illumina 
across samples. This suggests a broader classification range for certain reads in Illumina; however, this broader 
range may also increase the risk of false-positive identifications due to the limited context provided by short 
reads. Studies have shown that short-read classifiers often misclassify low-abundance taxa and require heavy 
filtering to reduce these errors, which can compromise recall25. Conversely, Nanopore consistently reported 
higher proportions of the “Unknown” taxa, which may reflect differences in database alignment or limitations 
in reference libraries.

Analysis of the Pig dataset similarly highlighted platform-specific differences in taxonomic profiles (Fig. 3B). 
Pseudomonas, Mycoplasma, and Bacteroides were identified as dominant taxa across samples, with relative 
abundances varying between platforms. Mycoplasma was consistently more abundant in Illumina across 
multiple samples. As in Human, the “Other” category showed higher proportions in Illumina. Less abundant 
taxa, like Bacteroides, Veillonella, and Streptococcus show higher relative abundances in Illumina data compared 
to Nanopore.

Fig. 2.  Principal Coordinates Analysis (PCoA) of beta diversity distances stratified by sequencing platform 
and sample group (Human or Pig). (A) Bray-Curtis distances: PERMANOVA results indicate no effect of the 
model (Df = 3, SumOfSqs = 8.060, R² = 0.327, F = 10.373, p = 0.001), with residual variation accounting for R² = 
0.673. (B) Jaccard distances: PERMANOVA also shows no significant model effect (Df = 3, SumOfSqs = 8.060, 
R² = 0.327, F = 10.373, p = 0.001), with residual variation accounting for R² = 0.673. Both analyses were 
conducted using 999 permutations.
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ANCOM-BC2
In the Human dataset, ANCOM-BC2 revealed significant differences in relative taxonomic abundances between 
Illumina and Nanopore sequencing platforms. Around 10% of the total taxa present in the Human dataset were 
significant or present in enough samples to be included in the analysis. Many taxa exhibited negative log fold 
changes (lfc) across Nanopore time points (12, 18, 24, 72 h) compared to the Illumina baseline, indicating lower 
relative abundance in Nanopore samples (Fig.  4A). Several taxa exhibited significant changes in abundance 
(q < 0.05), including Prevotella, Pseudomonas, and Cutibacterium. These taxa displayed consistent declines across 
Nanopore time points, highlighting potential platform-specific biases or true biological effects (Supplementary 
Material Table 5).

Taxa flagged as failing sensitivity analysis (passed_ss_ = FALSE) require cautious interpretation. For instance, 
Stenotrophomonas exhibited a mild decrease (lfc − 0.76 at Nanopore12) but failed sensitivity testing, suggesting 
unreliable results. Similarly, Veillonella showed slight variations but was not robust under sensitivity analysis.

In the Pig dataset, significant changes in relative abundances were observed between Illumina and Nanopore 
platforms for Pig samples. Around 15% of the total taxa present in the Pig dataset were significant or present 
in enough samples to be included in the analysis. Many taxa exhibited large negative lfc values for Nanopore 
samples compared to the Illumina baseline (Fig.  4B). Declines in taxa such as Bacteroides, Prevotella, and 
Alloprevotella were consistent across all Nanopore time points. In contrast, taxa like Clostridium sensu stricto 1 

Fig. 3.  Stacked barplots displaying the five most abundant taxa in each sample, resolved to the genus level 
when possible, prioritizing the most specific taxonomic classification. (A) This graph represents Human 
samples collected from ventilator-associated pneumonia (VAP) patients, with a diverse range of pathogens 
identified as the causative agents of infection. The taxa composition reflects the microbial communities 
associated with this heterogeneous infection. (B) This graph represents an experimental VAP model in swine, 
inoculated with Pseudomonas aeruginosa, a common pathogen associated with VAP. The barplot highlights the 
microbial community dynamics in a controlled setting where P.aeruginosa is the primary pathogen.
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and Macrococcus exhibited significant increases over time. Neisseria exhibited minor changes across time points 
(lfc values between + 0.23 and + 0.56) but failed sensitivity screening, suggesting non-robust results. Similarly, 
Globicatella showed slight variations but was not statistically robust (Supplementary Material Table 6).

Discussion
The combined analysis of alpha diversity, beta diversity, taxonomic profiles, and differential abundance from 
the ANCOM-BC2 analysis provides valuable insights into the differences between Illumina and Nanopore 
sequencing platforms and their implications for respiratory microbiome studies both clinical and preclinical. 

Fig. 4.  Log-Fold Changes of Taxa Across Platform and Timepoints. Differential abundance of bacterial taxa 
is shown with log-fold change (LFC) values displayed along the y-axis for each taxon. The x-axis represents 
sequencing methods, with Illumina, and Nanopore at time points 12, 18, 24, and 72 h. LFC is represented 
using a color gradation, where yellow indicates enrichment and blue indicates depletion. A) This plot 
represents Human samples collected from ventilator-associated pneumonia (VAP) patients, with a diverse 
range of pathogens identified as the causative agents of infection. The taxa composition on the ANCOM-
BC2 reflects the heterogenicity the human samples due to the lower number of taxa presents in the analysis. 
B) This plot represents an experimental VAP model in swine, inoculated with Pseudomonas aeruginosa, a 
common pathogen associated with VAP. The taxa composition on the ANCOM-BC2 reflects the similarity and 
standardization of the preclinical model microbiome.
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Each platform presents distinct strengths and limitations that must be considered when selecting an approach 
for microbiome analysis.

The assessment of alpha diversity revealed distinct patterns between the sequencing platforms. While 
Observed OTUs consistently showed significant differences, with Illumina capturing greater species richness, 
Shannon diversity indices were largely comparable between the two platforms. This suggests that, while Illumina 
excels in detecting a broader range of taxa, the evenness of microbial communities appears to remain unaffected 
by the sequencing platform. Such findings are consistent with previous studies reporting that Illumina often 
outperforms long-read technologies in detecting infrequent taxa but shows similarity in community evenness 
metrics26. Interestingly, Pig samples displayed higher alpha diversity than Human samples across both platforms, 
aligning with known microbiome studies in livestock, where greater microbial richness is attributed to dietary 
complexity and environmental exposures27. However, the reliance of Illumina on short reads may introduce 
biases in resolving complex genomic structures, whereas Nanopore’s ability to sequence longer fragments 
provides improved genomic continuity but at the cost of higher error rates.

PERMANOVA results indicated that host type and sequencing platform collectively explained 32.7% of the 
variation in microbial beta diversity, with significant differences in Pig samples but not in Human samples. 
Similar findings have been reported in other studies, where beta diversity metrics like Bray-Curtis and Jaccard 
dissimilarities revealed platform-dependent differences in community composition, particularly in more 
complex microbiomes28. In Human samples, however, platform-driven differences in beta diversity were not 
statistically significant, indicating that microbial community composition may be less affected by sequencing 
platform in less diverse or simpler microbiomes26,29. Nanopore’s greater variability in beta diversity estimates 
may limit its precision in distinguishing subtle microbial shifts, a drawback that must be considered for studies 
requiring high-resolution community profiling.

The discrepancies in taxonomic profiles between Illumina and Nanopore platforms highlight the influence 
of sequencing technology on microbial community analyses. Illumina captured a broader diversity of taxa, 
often assigning higher proportions of reads to “Other” categories, consistent with its reported sensitivity for rare 
taxa27. Conversely, Nanopore assigned higher proportions of reads to dominant taxa like Staphylococcus and 
Prevotella and identified unique taxa such as Enterococcus, corroborating findings that Nanopore’s long-read 
sequencing offers better resolution for dominant taxa30. For Pig samples, Nanopore identified unique taxa like 
Enterococcus and Klebsiella that were less prominent in Illumina data. This may highlight Nanopore’s strength in 
resolving certain microbial groups but also raises questions about its amplification biases. While this highlights 
the advantage of Nanopore in dominant taxa resolution, its susceptibility to homopolymer errors and lower per-
base accuracy must be accounted for in taxonomic assignments. Such platform-specific differences could have 
significant implications for studies focused on microbial dynamics and require careful interpretation.

The ANCOM-BC2 analysis revealed significant declines in taxa such as Prevotella and Bacteroides in 
Nanopore samples, reflecting platform biases against these taxa. Similar patterns have been observed in 
studies comparing Illumina and Nanopore sequencing, where taxonomic resolution and amplification biases 
differ between platforms28. Conversely, the increased abundance of taxa like Clostridium sensu stricto 1 and 
Enhydrobacter in Nanopore data underscores its propensity for platform-specific overrepresentation of certain 
taxa27. Sensitivity analyses confirmed the robustness of trends for major taxa like Prevotella, reinforcing the 
reliability of these observations. However, taxa flagged as failing sensitivity tests require cautious interpretation, 
as platform errors may confound their biological relevance. Given these discrepancies, studies requiring high 
taxonomic accuracy may benefit from Illumina, while those prioritizing long-read advantages should implement 
error correction strategies in Nanopore analyses.

These findings emphasize the importance of aligning sequencing platform selection with study objectives. 
Illumina’s ability to detect a wide array of taxa makes it ideal for comprehensive microbiome profiling, while 
Nanopore’s advantages in dominant taxa resolution and real-time sequencing lend it strength for targeted 
applications such as pathogen surveillance26. However, platform-specific biases, particularly for taxa like 
Prevotella and Bacteroides, underscore the need for caution in interpreting data from a single method30.

The inclusion of both Human and Pig respiratory samples enables a comparative assessment of sequencing 
platforms across microbiomes of differing complexity. Humans represent a clinical and real-world model, 
whereas Pigs provide a preclinical and controlled system for studying microbial dynamics31,32. Pigs harbor a 
more diverse respiratory microbiome due to environmental exposure and a permissive immune system, while 
Human samples exhibit lower diversity, likely due to host immune modulation33. This comparative framework 
underscores the need for sequencing strategies tailored to microbiome complexity, ensuring methodological 
choices align with host-specific microbial characteristics.

Future research should prioritize newer approaches that integrate multi-omics techniques, improve Nanopore’s 
error correction algorithms, and standardize bioinformatics workflows to minimize platform biases. Including 
standardized mock communities alongside real-world samples could also help disentangle platform-specific 
performance from biological variation. Recent advancements in hybrid sequencing, combining short and long 
reads, have shown promise in enhancing taxonomic resolution and mitigating individual platform limitations34. 
These methods could facilitate cross-platform validation and improve the reproducibility of microbiome studies. 
Ultimately, leveraging hybrid approaches may offer the most comprehensive solution, mitigating platform-
specific drawbacks while enhancing the accuracy and depth of microbial community analyses.

To conclude, while Illumina remains the preferred technology for general microbiome studies due to its 
accuracy and taxonomic breadth, Nanopore’s advantages in real-time sequencing and dominant taxa resolution 
make it an attractive alternative for specific applications, particularly where rapid sequencing is required.
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Data availability
Data are provided within the manuscript or supplementary information files. Raw sequencing data have been 
deposited in the NCBI repository under the accession number PRJNA1253920. The data have also been depos-
ited in Zenodo under the DOI https://doi.org/10.5281/zenodo.15175207 and are available from the ​c​o​r​r​e​s​p​o​n​d​
i​n​g author on reasonable request.
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