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Abstract 

Objective  To identify potential differences in lung microbiota according to clinical severity, age, and gender in pneu-
monia patients compared to controls.

Design  Pilot study.

Setting  Single center (Azienda Ospedaliera Universitaria Dulbecco, Catanzaro, Italy).

Patients  Thirty-three individuals—11 ICU patients requiring invasive mechanical ventilation, 11 non-ICU patients, 
and 11 cadaver controls without lung disease.

Interventions  Bronchoalveolar lavage sample collection and analysis via microbiological cultures and metagenomic 
sequencing.

Measurements and main results  Bacteroidota and Verrucomicrobiota phyla were more abundant in older 
(≥65 years) ICU and non-ICU patients versus controls. Massilia timonae showed a significantly lower relative abun-
dance at the group level in cases compared to controls, potentially increasing infection susceptibility. Higher micro-
biota diversity was observed in older patients.

Conclusions  Alterations in lung microbiota composition were observed in pneumonia patients, with differences 
that appeared more evident in older patients. Microbiota phenotyping may offer novel insights into pneumonia 
pathophysiology and pulmonary dysbiosis.

†Andrea Bruni and Eugenio Garofalo equally contributed to this work and 
shared the first authorship.

†Paolo Navalesi and Annalisa Boscolo contributed equally to this work.

*Correspondence:
Elisa Bona
elisa.bona@uniupo.it
1 Department of Pharmacy, Health and Nutritional Sciences, University 
of Calabria, Arcavacata Di Rende, Italy
2 Anaesthesia and Intensive Care, Azienda Ospedaliera Annunziata, 
Cosenza, Italy
3 Anesthesia and Intensive Care, Department of Medical and Surgical 
Sciences, “Magna Graecia” University, Catanzaro, Italy
4 Infectious and Tropical Diseases Unit, Department of Medical 
and Surgical Sciences, “Magna Graecia” University, “Mater Domini” 
Teaching Hospital, Catanzaro, Italy

5 Experimental and Clinical Medicine, University of Catanzaro, Policlinico 
“Mater Domini”, Catanzaro, Italy
6 Department for Sustainable Development and Ecological Transition, 
Università del Piemonte Orientale, Vercelli 13100, Italy
7 Center for Translational Research On Autoimmune and Allergic Diseases, 
University of Piemonte Orientale, Novara 28100, Italy
8 Simple Departmental Structure Research Laboratories ‑ Integrated 
Activities Research and Innovation Department, Azienda Ospedaliera SS. 
Antonio E Biagio E Cesare Arrigo, Alessandria 15121, Italy
9 Institute of Legal Medicine, Department of Medical and Surgical 
Sciences, “Magna Graecia” University, Catanzaro, Italy
10 Department of Medicine (DIMED), Section of Anesthesiology 
and Intensive Care, University of Padova, Padua, Italy
11 Institute of Anesthesia and Intensive Care, Padova University Hospital, 
Padua, Italy

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s44158-026-00363-1&domain=pdf


Page 2 of 8Bruni et al. J Anesth Analg Crit Care            (2026) 6:37 

Human microbiota has been defined as a complex com-
munity of microorganisms, including bacteria, fungi 
and viruses [1], playing vital roles in immune regulation, 
digestion, vitamin production, and disease prevention 
[1]. According to recent findings, lungs are inhabited by 
different microbial communities, remarkably altered in 
patients affected by chronic lung disease [2]. More spe-
cifically, lung microbiota in healthy volunteers is rich in 
Bacteroidota and Bacillota (mainly Prevotella and Strep-
tococcus), while Pseudomonadota is prevalent in pul-
monary disorders [2]. Indeed, in critically ill patients, 
dysbiosis is a common condition resulting from a severe 
microbial imbalance, which influences disease severity, 
hinders healing processes, and negatively affects clini-
cal outcomes [2]. However, data on lung microbiota in 
patients affected by pneumonia remain limited, whereas 
more extensive evidence is currently available for chronic 
respiratory diseases, such as pulmonary fibrosis [1, 3]. 
Based on these findings, the present pilot study, con-
ducted at the Azienda Ospedaliera Universitaria Dul-
becco of Catanzaro (protocol approval n. 113, Aprile 20, 
2023), enrolled adult patients affected by pneumonia 
[4] and excluded patients with length of stay in Inten-
sive Care Unit (ICU) < 24 h (n. 2), pregnancy (n. 1), pri-
mary or secondary immunosuppression (n. 0) and recent 
receipt of probiotics (≤1  year) (n. 0). The primary aim 
was to identify potential differences in lung microbiota 

according to clinical severity (i.e., ‘ICU-patients’, requir-
ing invasive mechanical ventilation (IMV) and ‘non-ICU 
patients’, never exposed to IMV, as compared to ‘controls’ 
(i.e., cadavers (without lung disease), suddenly died due 
to trauma or cardiac arrest. In this group the biological 
sample was collected within 1  h after death) and, then, 
based on age (< or ≥ 65  years) and gender. Bronchoal-
veolar lavage (BAL) samples, collected according to cur-
rent recommendations for bronchoscopy procedures [5, 
6] and in response to clinical indications in cases (and 
within the first 48 h from the clinical suspicion) [7] were 
analyzed using microbiological cultures and metagen-
omic sequencing (as described in Table  1). Given the 
limited data available on lung microbiota in pneumonia, 
exploratory studies are needed to generate initial hypoth-
eses. Due to the lack of data available on lung microbiota 
in pneumonia and the explorative nature of this study, 
a sample size of at least 10 subjects for each group was 
arbitrary considered adequate. Statistical analysis was 
performed using Microbiome Analyst and R-software; 
while, alpha and beta-diversity of lung microbiota were 
investigated as indicated in Fig. 1 [8, 9].

Overall, 33 individuals were enrolled, including 11 
(33%) ICU patients, 11 (33%) non-ICU patients, and 
11 (33%) healthy controls. The cohort comprised 21 
males (63%) and 12 females (37%), with a mean age of 
60.8 ± 20.3  years. Baseline characteristics are detailed 

Table 1  Baseline characteristics
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Table 1  (continued)

Table 1  (continued)
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Table 1  (continued)

Table 1  (continued)
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in Table 1, showing, as expected, worse respiratory and 
hemodynamic parameters in ICU-patients, as com-
pared to non-ICU patients. LEfSe analysis was per-
formed on normalized and scaled relative abundance 
data.The following pathogens were isolated from BALs: 
i) Gram-negative bacteria (i.e. Serratia marcescens, 
Acinetobacter baumannii, E. coli, Pseudomonas aerugi-
nosa, Stenothrophomonas maltophilia and carbapen-
emase-producing Klebsiella pneumoniae) (n. 10 BALs 
from ICU-patients and n. 7 from non-ICU patients); 
ii) Gram-positive pathogens (i.e. Enterococcus faecalis, 
Staphylococcus aureus, Streptococcus sp.) (n. 3 BALs 
from non-ICU patients); iii) while Aspergillus fumiga-
tus was isolated from one ICU-patient and one non-
ICU subject.

With regards to pulmonary microbiota, a full descrip-
tion of phyla and species is reported in Table  1. Spe-
cifically, Bacillota and Pseudomonadota were the most 
prevalent phyla among cases and controls, without inter-
group differences (p-values 0.742 and 0.474, respectively) 
(Table  1); while Bacteroidota and Verrucomicrobiota 
were more copious in ICU- and non-ICU patients above 
65  years, as compared to controls and younger cases 
(p-values 0.050 and 0.030, respectively) (Table 1).

Focusing on species, some additional differences were 
detected. In fact, not only Bacteroides sp. (belonging 
to Bacteroidota) and Akkermanansia sp. (belonging to 

Verrucomicrobiota), but also Blautia sp. (belonging to 
Bacillota) and Klebsiella sp. (belonging to Pseudomon-
adota) were more copious in older patients, regardless of 
gender and clinical severity (Table 1).

On the contrary, Gemella haemolysans (belonging to 
Bacillota), Oxalobacteraceaae (belonging to Proteobac-
teria) and Veillonella dispar (belonging to Firmicutes) 
were less abundant in older ICU- and non-ICU patients, 
regardless of gender (p-values 0.034, 0.047, 0.017 and 
0.012, respectively); while, Massilia timonae (belong-
ing to Pseudomonadota) was decreased in ICU-patients, 
regardless of age and gender, and in older non-ICU cases 
solely (p-value 0.026) (Table 1).

Alpha- and beta-diversity of microbiota, stratified 
by disease severity and age, is reported in Fig.  1. As 
described above, a higher mean of observed species was 
identified in ICU- and non-ICU patients, both older 
than 65 years, as compared to age-matched controls and 
younger cases (p-value 0.020).

To our knowledge, little is known about the lung 
microbiota of pneumonia patients. Our results confirm 
recent findings suggesting that the lung is not sterile, as 
once thought, but rather hosts its own microbial flora [2]. 
This presence seems to be attributed to the continuous 
movement of fluids and air through the oral cavity, which 
generates biologically significant aerosols translocating 
into patients’ airways [7, 10].

Table 1  (continued)

Pulmonary microbiota composition and LEfSe results according to patient category and age. Values reported for taxa correspond to normalized and scaled relative 
abundances used as input for LEfSe analysis. Linear discriminant analysis (LDA) scores indicate the effect size of taxa differentially enriched among groups, as 
identified by non-parametric Krustal-Wallis sum rank statistical testing. Specifically, genomic deoxyribonucleic acid (DNA) was extracted (QIAmp® DNA Microbiome 
kit-Qiagen, Milan, Italy) and then quantified (Invitrogen Qubit 4 User Manual-Thermo Fisher, Monza, Italy). The bacterial 16S DNA libraries were prepared using the 
Microbiota solution A kit (Arrow Diagnostics srl, Genoa, Italy). Sequencing analysis was performed by MiSeq platform (MiSeq Reagent Nano Kit v2 (500-cycles)) and 
using Phix as internal standard (Illumina Inc., San Diego, CA, USA). Raw sequences were processed by MicrobAT software (SmartSeq srl, Novara, Italy, v.1.2.2 based on 
the Ribosomal Database Project (RDP) database (v. 11.4)). Statistical comparison for different features was performed using MicrobiomeAnalyst software

Abbreviations: SOFA Sequential Organ Failure Assessment score, IMV invasive mechanical ventilation, n-IMV non-invasive mechanical ventilation, ICU intensive care 
unit, BAL bronchoalveolar lavage, COT conventional oxygen therapy, HFNO high flow oxygen therapy, PaO2/FiO2 ratio of the partial pressure of arterial oxygen (PaO₂) 
to the fraction of inspired oxygen (FiO₂), pCO2 partial pressure of arterial carbon dioxide, yo years old, LDA logarithmic discriminant analysis, LEfSe Linear Discriminant 
Analysis Effect Size, sp species
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In our study, the predominant phyla were due to 
Bacillota and Pseudomonadota, as reported in previous 
studies enrolling healthy volunteers [1, 2, 10]; while Bac-
teroidota and Verrucomicrobiota were more abundant in 
older ICU- and non-ICU cases, confirming a significant 
dysbiosis in patients affected by pneumonia, with more 
pronounced differences observed in older patients.

Interestingly, Massilia timonae, an aerobic, non-fer-
menting Gram-negative bacterium, first described in 1998 
in healthy lungs [10], was the only species that showed 
a lower relative abundance at the group level, regardless 
of clinical severity. In fact, a low expression of M. timo-
nae has been previously associated with a prior exposure 
to antibiotics, targeting Gram-negative bacteria, often 
administrated during pneumonia [10]. So doing, the low 
levels of M. timonae, as newly described by our study, may 
increase patients’ susceptibility to pulmonary infections 
and shed light on how host condition and critical care 
interventions may influence the lung microbiota.

Despite these promising results, some weaknesses 
need to be declared. First, the relatively small sam-
ple size and single-center profile may limit the ability 
to detect potential intra- and inter-group differences. 
Second, the ‘control group’ was composed of cadav-
ers, relatively younger than cases and not always com-
parable to age-matched healthy volunteers. However, 
all samples were collected within 1  h after death with 
the aim to minimize potential significant changes to 
the lower airway microbiota following arrest. Addi-
tionally, healthy volunteers were not selected as con-
trols because performing BAL in this cohort would 
not be ethically justifiable. Third, it’s widely acknowl-
edged that factors such as antibiotics, nutrition, proton 
pump inhibitor use, and selective decontamination can 
impact microbiota. However, due to the limited num-
ber of patients included in the study, it was not possible 
to investigate any potential correlation with microbiota. 
Fifth, as shown in Table 1, males were predominant as 

Fig. 1  Alpha diversity and beta diversity considering patient category (i.e., ICU- and non-ICU patients and according to age). Alpha diversity, 
defined by the total number of species (observed) and the abundances of the species (evenness) (Shannon and Simpson indices), described 
the diversity of the considered community (phyloseq package). Data regarding relative abundances and alpha diversity were, previously tested 
for normality (Shapiro’s test) and homogeneity of variances (Levene’s test), and then analyzed using one-way nonparametric tests (permutation 
test for the parameter “observed” and Kruskal–Wallis’ test for phylum relative abundances, Shannon and Simpson indexes). Beta-diversity described 
the diversity between the considered microbial communities (PERMANOVA, using the phyloseq package). As anticipated, both diversities were 
measured using Observed, Shannon and Simpson indexes and represented as boxplots. Each boxplot represents the different distribution 
of a group within Sample-Type class: A Observed species (p-value 0.020); B Shannon index (p-value 0.455); C Simpson index (p-value 0.596); 
D comparison by PCoA of the distance (with the Bray–Curtis distance-based method) of the different samples. Abbreviations: ICU: Intensive Care 
Unit; PCoA: Principal Coordinates Analysis
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compared to females, reflecting the typical ICU popula-
tion. However, this unbalanced distribution could be a 
weakness in data interpretation.

Fourth, according to our methodology, only some 
species and phyla were analyzed. Therefore, we cannot 
exclude the presence of other relevant species or phyla in 
lung microbiota.

In conclusion, our study showed that pneumonia can 
negatively affect lung microbiota, especially in older 
patients (as compared to younger cases), while the 
impairment is less remarkable according to clinical sever-
ity and gender. Indeed, microbiota phenotyping may offer 
novel insights into the pathophysiology of pneumonia 
and pulmonary dysbiosis.

This study has inherent limitations related to its explora-
tory design. The small sample size and single-center setting 
limit statistical power and warrant cautious interpretation 
of the findings, which should be considered hypothesis-
generating. High inter-individual variability was observed, 
a recognized feature of microbiome data, particularly in 
low-biomass environments such as the lung. Although 
non-parametric statistical approaches and LEfSe analysis 
were applied to mitigate the impact of non-normal distri-
butions, variability may still have influenced the results.

The control group consisted of younger cadaveric 
subjects; while bronchoalveolar samples were collected 
within one hour after death to minimize post-mortem 
microbial shifts, age-related and early post-mortem 
effects cannot be fully excluded. Moreover, detailed 
stratification by antibiotic exposure prior to BAL collec-
tion was not feasible, representing a potential confound-
ing factor, especially in ICU patients. Larger, multicenter 
studies with comprehensive clinical metadata are needed 
to confirm and extend these observations.

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s44158-​026-​00363-1.

Supplementary Material 1.

Acknowledgements
Members of the Lung microbiota group, to be searchable through their indi-
vidual PubMed records, are listed below: • Alice Caramaschi (Department for 
Sustainable Development and Ecological Transition, Università del Piemonte 
Orientale, 13100 Vercelli, Italy) • Chiara Bazzano (Department for Sustainable 
Development and Ecological Transition, Università del Piemonte Orientale, 
13100 Vercelli, Italy; Center for Translational Research on Autoimmune and 
Allergic Diseases, University of Piemonte Orientale, 28100 Novara, Italy; Simple 
Departmental Structure Research Laboratories—Integrated Activities Research 
and Innovation Department, Azienda Ospedaliera SS. Antonio e Biagio e 
Cesare Arrigo, 15121 Alessandria, Italy) • Nadia Massa (Department of Sciences 
and Technological Innovation, Università del Piemonte Orientale, 15121 
Alessandria, Italy) • Denise Battaglini (Department of Surgical Sciences and 
Integrated Diagnostics (DISC), University of Genova, Genova, Italy) • Zaninni 
Caroleo, Giuseppe Neri, Matteo Sacco, Eugenio Biamonte, Francesca Serapide, 

Saverio Gualtieri (Anesthesia and Intensive Care, Department of Medical 
and Surgical Sciences, "Magna Graecia" University, Catanzaro, Italy) • Cosimo 
Stefano (Anaesthesia and Intensive Care, Azienda Ospedaliera Annunziata, 
Cosenza, Italy) • Giuseppina Marrazzo (Respiratory Unit, "Mater Domini" Teach-
ing Hospital, Catanzaro, Italy) • Arianna Peralta (Institute of Anesthesia and 
Intensive Care, Padova University Hospital, Padova, Italy)

Authors’ contributions
ABr, EG, AR, CP, FL, EB, IA, PN and AB: conception and design of the work, 
acquisition and interpretation of data, and drafting of the work. ABr, EG, AR, 
CP, FL, EB, IA, PN and AB: design of the work, acquisition of data. ABr, EG, AR, 
CP, FL, EB, IA, PN and AB: acquisition of data. ABr, EG, AR, CP, FL, EB, IA, PN and 
AB: analysis and interpretation of data. ABr, EG, AR, CP, FL, EB, IA, PN and AB: 
revision of the draft. ABr, EG, EB, AB and PN: design of the work and substantial 
revision of the draft.

Funding
None to declare.

Data availability
Individual participant data that underlie the results reported in this article, 
after de-identification, data dictionary, study protocol, statistical analysis plan, 
informed consent form, and analytic code will be available to any research-
ers who provide a methodologically sound proposal, immediately follow-
ing publication and without end date. Proposals should be directed to the 
corresponding author. To gain access, data requestors will need to sign a data 
access agreement.

Declarations

Ethics approval and consent to participate
The study was designed following the Declaration of Helsinki and the protocol 
was first approved by the Ethics Committee of the Azienda Ospedaliera 
Universitaria Dulbecco of Catanzaro (protocol approval n. 113, Aprile 20, 2023). 
Patient consent was obtained according to the national regulations.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 6 November 2025   Accepted: 11 February 2026

References
	1.	 Natalini JG, Singh S, Segal LN (2023) The dynamic lung microbiome in 

health and disease. Nat Rev Microbiol 21(4):222–235
	2.	 Dickson RP, Schultz MJ, Van Der Poll T et al (2020) Lung Microbiota Predict 

Clinical Outcomes in Critically Ill Patients. Am J Respir Crit Care Med 
201(5):555–563

	3.	 Pettigrew MM, Tanner W, Harris AD (2021) The lung microbiome and 
pneumonia. J Infect Dis 223(Supplement_3):S241–S245

	4.	 Martin-Loeches I, Torres A, Nagavci B, Aliberti S, Antonelli M, Bassetti M 
et al (2023) ERS/ESICM/ESCMID/ALAT guidelines for the management of 
severe community-acquired pneumonia. Intensive Care Med 49:615–632

	5.	 Patolia S, Farhat R, Subramaniyam R (2021) Bronchoscopy in intubated 
and non-intubated intensive care unit patients with respiratory failure. J 
Thorac Dis 13(8):5125–5134

	6.	 Calabrese F, Lunardi F, Baldasso E, Pezzuto F, Kilitci A, Olteanu GE et al 
(2023) Comprehensive bronchoalveolar lavage characterization in 
COVID-19 associated acute respiratory distress syndrome patients: a 
prospective cohort study. Respir Res 24(1):152

	7.	 Mantassier E, Kitsios GD, Le Bastrad Q et al (2023) Robust airway micro-
biome signatures in acute respiratory failure and hospital-acquired 
pneumonia. Nat Med 29(11):2793–2804

https://doi.org/10.1186/s44158-026-00363-1
https://doi.org/10.1186/s44158-026-00363-1


Page 8 of 8Bruni et al. J Anesth Analg Crit Care            (2026) 6:37 

	8.	 McMurdie PJ, Holmes S (2013) phyloseq: An R package for reproducible 
interactive analysis and graphics of microbiome census data. PLoS ONE 
8(4):e61217

	9.	 Segata N, Izard J, Waldron L et al (2011) Metagenomic biomarker discov-
ery and explanation. Genome Biol 12(6):R60

	10.	 Robert PD, John R-D, Gary BH (2014) Towards an ecology of the lung: 
new conceptual models of pulmonary microbiology and pneumonia 
pathogenesis. Lan

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Characterization of lung microbiota in pneumonia: a pilot study in ICU and non-ICU patients
	Abstract 
	Objective 
	Design 
	Setting 
	Patients 
	Interventions 
	Measurements and main results 
	Conclusions 

	Acknowledgements
	References


