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!Department of Respiratory and Critical Care Medicine, Fuzhou University Affiliated Provincial Hospital,
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Background: The gut and lung microbiomes play crucial roles in host defense
and may serve as predictive markers for severe community-acquired pneumonia
(SCAP) patients. However, the simultaneous landscapes of lung and gut
microbiomes for SCAP patients remain unclear. The primary objective of this
research is to investigate the concomitant landscape of the lung and gut
microbiota between the death group and the survival group of SCAP patients
and to identify microbial features predictive of clinical parameters.

Methods: We analyzed 50 respiratory samples and 50 stool samples collected
from 50 SCAP patients in this prospective observational study. Patients were
categorized into the survival group (n = 41) and the death group (n = 9)
according to clinical outcomes. We characterized microbiome compositions,
LEfSe analysis, UPGMA analysis and correlation of microbiota features with
clinical parameters of respiratory and intestinal flora between two groups using
16S rRNA gene sequencing.

Results: In comparison with the survival group, the death group demonstrated a
reduction in alpha diversity, most markedly reflected in the lung microbiota. We
found enrichment of specific lung bacterial taxa (Bacteroidales, Streptococcus)
in the survival group compared to the death group. Similarly, specific gut
bacterial taxa (Anaerotruncus, Peptacetobacter, Rutheniibacterium) were also
enriched in the survival group Our study revealed that lung bacteria such as
Asteroleplasma, Campylobacter and Acinetobacter and intestinal bacteria such
as Bifidobacterium, Ligilactobacillus, Veillonella, and Corynebacterium were
positively correlated with inflammatory markers PCT or CRP or neutrophil
percentage. Besides, lung bacteria such as Schaalia and intestinal bacteria
Alistipes were positively correlated with PaO,/FiO,, while lung bacteria such as
Stenotrophomonas was negatively correlated with PaO,/FiO».

Conclusions: Our findings reveal distinctive microbial profiles in lung and gut
microbiota that correlate with clinical outcomes in SCAP patients. Unraveling
these microbial patterns could enable targeted interventions to improve
outcomes of SCAP patients.
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1 Background

Severe community-acquired pneumonia (SCAP) constitutes a
critical public health issue due to its high incidence and mortality
rates. Globally, the incidence of community-acquired pneumonia
(CAP) ranges from 27 to 88 cases per 100,000 people, with
approximately 5-35% of these CAP cases progressing to SCAP,
resulting in an in-hospital mortality rate of 30-50% (Ferrer et al.,
2018; Liu et al, 2023). The interplay between the lung and
gut microbiomes—defined as the gut-lung axis—is increasingly
recognized as a critical regulator of the hosts overall health
and immune response, particularly in patients with SCAP. This
interaction is crucial for maintaining immunological homeostasis,
and its disruption can significantly influence the progression and
severity of SCAP (Harris and Marsland, 2025; He et al., 2017).

The alteration of the lung microbiome, particularly evident
in SARS-CoV-2 infections (Cyprian et al., 2021), correlates with
disease progression by inducing profound inflammatory reactions
and disrupting immune mechanisms (Drigot and Clark, 2024),
significantly affecting alveolar macrophages that are essential
for pathogen clearance (Baasch et al, 2021). Gut dysbiosis,
an imbalance in the gut microbial community, can exacerbate
the severity of respiratory infections and affect the efficacy of
treatments. Short-chain fatty acids (SCFAs) produced by the
gut microbiome can inhibit lung inflammation by activating G
protein-coupled receptors, indicating that metabolites from the
gut microbiome play a crucial role in modulating pulmonary
immune responses (Ashique et al., 2022; Dang and Marsland,
2019). Moreover, gut microbiome dysbiosis is closely associated
with the severity of lung infections. In patients with SCAP, gut
microbiota diversity is significantly reduced, which is linked to
the exacerbation of pulmonary inflammation (Zeng et al., 2023).
Studies have further revealed that gut microbiome imbalance can
aggravate lung damage by affecting the balance of Th1/Th2 cells
(Yang et al., 2022).

Dysbiosis in lung and gut microbiomes may lead to SCAP,
impacting patient outcomes and survival. Yet, the comprehension
of relationships between lung and gut microbiota and host
vulnerability in severe pneumonia remains inadequate. Prior
investigations have mainly centered on either lung or gut
microbiota, with scarce research simultaneously assessing both
compartments, specifically for SCAP patients (Dickson et al., 2020;
Schlechte et al., 2023). Furthermore, the relationship between
microbiota profiling and clinical outcomes, such as survival and
death, is not thoroughly studied in the SCAP patients. To date,
no study has determined whether altered lung and gut microbiota
predict death in this population. Therefore, this study aims to
comprehensively profile lung and gut microbiota between the
death group and the survival group of SCAP. By elucidating
the associations between lung-gut microbiota dynamics and in-
hospital mortality, we seek to provide novel insights into the
pathogenesis and potential therapeutic strategies for SCAP.

2 Methods
2.1 Study population

This is a prospective single-center study of SCAP patients. The
study was conducted in the Fuzhou University Affiliated Provincial
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Hospital between January 2024 to January 2025. Our study
population comprised all patients over 18 years of age with SCAP
diagnosis according to the Infectious Diseases Society of America
(IDSA)/American Thoracic Society (ATS) guidelines (Metlay et al.,
2019). Exclusion criteria were: (1) conditions, such as hospital-
acquired pneumonia, tuberculosis, novel coronavirus infection, (2)
immunocompromised, (3) antibiotic treatment in the last 30 days,
(4) inability to obtain intestinal or respiratory specimens during the
prospective study. The definition of immunocompromised status
aligns with the most recent scholarly consensus published in Chest
journal in 2020 (Ramirez et al., 2020). In total, 50 patients were
enrolled finally for further detailed analysis by inclusion/exclusion
criteria in the study and categorized into the survival group and
death group according to clinical outcomes. Ethical approval for
this research has been obtained from the Ethics Committee of
Fuzhou University Affiliated Provincial Hospital (Ethical Review
No. K2023-08-018). Additionally, informed consent was secured
from each participant.

2.2 Specimen collection

Bronchoalveolar lavage fluid (BALF) Collection:
Bronchoalveolar lavage fluid (BALF) was collected within
48h of patient admission through a standardized bronchoscopic
technique performed by skilled pulmonary specialists. Guided
by chest computed tomography imaging, bronchoscopists
carefully navigated the endoscope to the affected lung segment,
protocol.  Sterile  physiological

into the targeted bronchial

sterile
gently instilled
region and subsequently retrieved using controlled negative

maintaining  strict

saline was

pressure aspiration.

2.2.1 Sputum collection

To minimize oral contamination, patients were instructed to
thoroughly rinse their mouth 3-5 times before expectoration and
then to expectorate sputum forcefully into a designated collection
cup. microscopic examination to verify sample quality (>25
neutrophils and <10 squamous epithelial cells per low-power field),
exclusion of samples failing quality criteria, and bioinformatics
filtering of typical oral flora contaminants.

2.2.2 Fecal sample collection

Fecal samples were collected within 48h of patient
hospitalization. After hand hygiene and donning sterile gloves,
the internal mid-portion of the fecal sample was collected using
a sampling spoon from the fecal collection tube, obtaining
approximately 0.5-1.0 grams (including surface intestinal mucosal
cells). The sample was then transferred to a cryogenic tube, labeled,
and coded.

Respiratory and fecal samples were collected from enrolled
patients, rapidly frozen, and stored in liquid nitrogen at —80°C
until use. All collected samples were systematically grouped
and collectively sent to Shenzhen BGI Genomics Company for

comprehensive 16S rRNA sequencing analysis.
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2.3 Microbial DNA extraction, library
preparation, and sequencing

Negative (blank) extraction controls processed in parallel
with clinical samples to monitor potential contamination; these
controls were sequenced and analyzed alongside study samples,
and no significant microbial signal was detected. DNA Extraction
Procedure Using Magnetic Bead Method for Samples (Sputum,
Bronchoalveolar Lavage Fluid, Fecal Specimens): A 100-200 mg
sample was combined with grinding beads and 1 mL of Buffer
ATL/PVP-10, then subjected to high-speed homogenization. The
mixture was subsequently incubated at 65°C for 20min to
facilitate cell lysis. After centrifugation at 14,000 g for 5min, the
supernatant was collected and mixed with 0.6 mL Buffer PCI,
followed by another centrifugation (18,213 g for 10min). The
resulting supernatant was transferred to a deep-well plate pre-
loaded with magnetic bead binding solution (600 L), Proteinase
K (20 L), and RNase A (5 pL). DNA purification was performed
using the Kingfisher automated workstation, with final elution
of DNA using 100 pwL of elution buffer. The extracted genomic
DNA was used to construct a metagenomic amplicon library.
Fusion primers were designed to include sequencing primers and
conserved regions, and PCR amplification was performed targeting
the variable regions of 16S rRNA gene. After passing quality
control, the amplification products underwent circularization,
forming single-stranded circular DNA. These circular DNAs were
then subjected to rolling circle amplification to generate DNA
nanoballs (DNBs). Following extraction, researchers meticulously
prepare sequencing libraries by amplifying specific 16S rRNA
gene hypervariable regions (typically V3-V4), attaching unique
molecular identifiers and sequencing adapters. The prepared
libraries are then loaded onto high-throughput sequencing
platforms like Illumina NovaSeq, generating millions of paired-
end reads. Subsequent bioinformatics analysis involves rigorous
quality filtering, host DNA removal, taxonomic classification, and
clustering of reads into operational taxonomic units, ultimately
producing comprehensive microbial composition profiles that
reveal the intricate microbial landscape of the original samples. The
V3-V4 hypervariable regions of the 16S rRNA gene were amplified
using universal primers. Following quality control, the median
sequencing depth was 45,823 reads per sample for respiratory
specimens (range: 32,156-68,492) and 52,347 reads per sample for
fecal specimens (range: 38,921-72,156). To account for variations
in sequencing depth and ensure comparability across samples, all
samples were rarefied to the minimum library size (30,000 reads)
prior to alpha diversity calculations using the “rarefy_even_depth”
function in the phyloseq package.

2.4 Statistical analysis

The bioinformatics analysis began with Cutadapt (v2.6) for
primer and adapter sequence removal, implementing rigorous
quality control by eliminating low-quality reads, N-base-containing
sequences, and low-complexity reads. Paired-end sequences were
assembled using FLASH (v1.2.11), followed by OTU clustering
at 97% similarity threshold with USEARCH (v7.0.1090) and
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chimeric sequence removal via UCHIME (v4.2.40). Taxonomic
classification was performed using RDP classifier (v2.2) with a
0.6 confidence threshold, enabling precise microbial identification.
Comprehensive diversity analyses included Alpha diversity indices
(Chaol and Shannon) calculated through mothur (v1.31.2) and
Beta diversity assessment using QIIME (v1.80) and microbiota
relative abundance comparisons using Spearman correlation
analysis. An LDA threshold of 2.0 was used for the LEfSe analysis
to identify significant microbial taxa.

Data analysis was performed using SPSS 29.0 statistical
software. Normally distributed quantitative variables were
represented by mean = standard deviation, non-normally
distributed variables by median [interquartile range], and
categorical variables by count and percentage. Comparative
analyses between groups employed independent samples t-test
for normally distributed continuous variables, Mann-Whitney
U test for non-normally distributed continuous variables, and
chi-square or Fisher’s exact test for categorical variables, ensuring
a comprehensive and statistically rigorous approach to data

interpretation and hypothesis testing.

3 Results

3.1 Patients’ characteristics

Among all prospectively screened patients, fifty-eight patients
fulfilled the inclusion criteria. Eight patients were secondarily
excluded as shown in the study flowchart (Figure 1). Among the
remaining 50 patients, 9 (18%) patients died (the death group)
and 41 (82%) patients survived (the survival group). In total,
50 respiratory samples and 50 stool samples were collected for
microbiome evaluation. Of the 50 respiratory samples collected, 32
were BALF samples and 18 were sputum samples. In the survival
group, 26 BALF and 15 sputum samples were collected; in the
death group, 6 BALF and 3 sputum samples were obtained. A total
of 50 patients were included in this study finally, among whom
41 (82%) survived and 9 (18%) died. Patient characteristics and
baseline were shown in Table 1. In the survival group, 78% (32
out of 41) of patients were male, and the mean age was 49.5. In
the death group, 77.8% (7 out of 9) of patients were male, and the
mean age was 75. Baseline characteristics did not significantly differ
between the two groups of patients besides the number of cases with
mechanical ventilation and sepsis as a complication and the level of
the APTT, which were higher in the death group than in the survival
group (p<0.05).

3.2 Respiratory and gut microbiota
landscapes between the death group and
the survival group of SCAP patients

We first evaluate alpha-diversity within lung and gut microbial
communities between the death group and the survival group of
SCAP patients. As was shown in Figure 2A, alpha diversity differs
significantly between the two groups as expressed by Shannon or
Chaol diversity index for the lung microbiome (p = 0.00309 and
p = 0.04698 for Shannon and Chaol, respectively). Compared
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Screened patients: 58
Excluded:8
 Hospital-acquired pneumonia: 2
| * Tuberculosis: 2
"| + Immunosuppression: 1
v » Samples not available: 1
« Antibiotic treatment in the last 30 days: 2
Included patients: 50
A Y
Survival group: 41 Death group: 9
A Y
Lung: 26 BALF;15 sputum Lung: 6 BALF;3 sputum
Gut: 41 Gut: 9
FIGURE 1

Scheme of study participants and sample collection. Lung samples refer to BALF and sputum; gut samples refer to stool.

to the survival group, patients in the death group showed a
more significant reduction in o diversity. Alpha-diversity did not
differ between the two groups as expressed by Shannon or Chaol
diversity index for the gut microbiome (p = 0.90127 and p =
0.72816 for Shannon and Chaol, respectively). The beta-diversity
of the lung and gut microbial composition did not significantly
differ between the two groups (Figures 2B, C). OTU rank curves
were generated to illustrate the microbial community structure.
These OTU rank curves suggest that there were differences in
the microbial community structure between two groups in both
lung and intestine samples and the survival group had higher
species richness and uniformity than the death group (Figures 2D,
E). The relative abundance of species was mainly concentrated
in 0.1-10%.

To illustrate the microbial community composition differences,
we analyzed the relative abundance of microbes at phylum, order,
and genus levels in lung and gut samples from survival and
death groups (Figure 3). In respiratory microbiota landscapes,
at the phylum level, the relative abundance of Bacteroidota,
Actinomycetota and Campylobacterota in the survival group is
higher than that in the death group; at the order level, the relative
abundance of Bacteroidales and Eubacteriales in the survival
group is higher than that in the death group; at the genus
level, the relative abundance of Streptococcus in the survival
group is higher than that in the death group. In gut microbiota
landscapes, level taxa differed in abundance between groups, but
the difference was not statistically significant. Collectively, these
results indicated significant differences in microbial community
structure between survival and death groups in both lung and
gut ecosystems across multiple taxonomic levels, especially for
respiratory microbiota landscapes.
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3.3 LEfSe and UPGMA analysis of
respiratory and intestinal flora between the
death group and the survival group of SCAP
patients

Barplot analysis revealed that the lung and gut bacterial
relative abundance were significantly decreased in the death group
compared with the survival group (Figures 4A, B). LEfSe analysis
could be used to further evaluate respiratory and intestinal flora
between the death group and the survival group of SCAP patients.
Figures 4C, D were the LEfSe cladogram. Compared with the
death group, there were different respiratory microbiota in the
survival group, which were Micrococcaceae, Micrococcales (a,b),
Coriobacteriaceae, Coriobacteriales (d,e), Verrucomicrobiales,
Verrucomicrobia (a8,a9), Neisseriaceae, Neisseriaceae (a4,a5),
Erysipelotrichaceaeo, Erysipelotrichalesc, Erysipelotrichia (n,o0,p),
Selenomonadales, Selenimonas (q,r), Bacteroidales, Bacteroidaceae
(w,x). Meanwhile, Geminicoccaceae, Hahellaceae (a3, a6) played
an important role in the death group. However, as illustrated
Intrasporangiaceaeb (a),
Chthonomonadaceaec, Chthonomonadiad (b,c), Fimbriimonadia

in Figure 4D for intestinal flora,

(d) played an important role in the death group. In Figures 4E,
F, LDA score was selected to more intuitively show the
composition of different lung and gut microflora. Compared
with the survival group in the respiratory flora, a total of 76
bacterial groups were significantly changed in the death group,
including 63 down-regulated and 13 up-regulated bacteria groups.
Hydrocarboniphagag, Flaviaestuariibacterg, Amedibacteriumg and
Propioniciclava were enriched in the death group; Bacteroidalesc,
Bacteroidiap, Bacteroidotaf, Streptococcaceaeg and Streptococcus
were enriched in the survival group (Figure4E). Besides, for
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TABLE 1 Patient characteristics and baseline of the two groups.

10.3389/fmicb.2025.1717822

TABLE 1 (Continued)

Variable Survival Death P-value Variable Survival Death P-value
group group n group group n
n (%) (%) n (%) (%)
Characteristics Alb (g/L) 30.69 £ 4.39 29.44 £ 1.67 0.168
Gender BUN (mmol/L) 11.28 & 6.46 15.69 + 11.68 0.302
Male 32 (78.00) 7 (77.80) 0.986 CREA (mmol/L) 94 114 (76.5-358) 0.306
(63.75-146.50)
Female 9 (22.00) 2(22.20)
Pa0,/FiO, (mmHg) 168.71£53.87 | 130.23 £ 45.33 0.066
Age 69.46 % 13.52 75.00 & 7.50 0.284
Lac (mmol/L) 1.67 £ 0.85 2.08 £0.75 0.211
Length of hospital stay 21 (16-29) 25 (5-48) 0.990
BMI, Body Mass Index; ICU, Intensive Care Unit; COPD, Chronic Obstructive Pulmonary
BMI 21.80 £ 2.60 21.80 = 1.700 0.230 Disease; ARDS, Acute Respiratory Distress Syndrome; WBC, white blood cell; Hb,
. . hemoglobin; PLT, platelet count; PCT, procalcitonin; CRP, C-reactive protein; APTT, activated
Smoking history 16 (39.00) 2(22.20) 0342 partial thromboplastin time; Alb, albumin; BUN, Blood Urea Nitrogen; CREA, Creatinine;
Drinking history 6 (14.60) 0(0) 0221 Pa0,/FiO,, Oxygenation Index; Lac, Lactic Acid.
*p < 0.05.
Hospitalized status
ICU 26 (63.40) 8 (88.90) 0.138
General ward 15 (36.60) L0 intestinal flora, Gallibacterg, Burkholderiag, Propioniciclavag
eneral wars . . . A . . .
and Schleiferilactobacillus were enriched in the death group;
Method Anaerotruncus, Peptacetobacter and Rutheniibacterium were
Non-mechanical 26 (63.40) 1(11.10) 0.004* enriched in the survival group (Figure4F). On the basis of
ventilation UPGMA analysis, we further demonstrated that the microbial
Mechanical ventilation 15 (36.60) 3 (88.90) communities were reduced in death group (Figures4G, H).
L These findings suggested that the predominant beneficial bacteria
Underlying diseases ) ) ) ] ]
decreased in death group and the disruption of microecological
|yppeianon 02D oEssy) s balance may be closely related to the prognosis of SCAP patients.
Diabetes 13 (31.70) 3(22.20) 0.705
Coronary heart disease 10 (24.40) 3(33.30) 0.679 . ) . i
3.4 Correlation of microbiota features with
Cerebral infarction 12 (29.30) 2(22.20) 1 -
clinical parameters
Parkinson’s disease 6 (14.60) 0(0) 0.576
COPD 4(9.80) 0(0) 1 We ultimately tested whether identified key features of the
Asthma 2 (4.90) 0(0) 1 microbiome were correlated with clinical parameters. As was
shown in Figure 5A about correlation between lung microbes
Interstitial lung disease 7 (17.10) 3(33.30) 0.358 ..
and clinical parameters, Asteroleplasma and Campylobacter were
Arrhythmia 12 (29.30) 4 (44.40) 0442 positively correlated with neutrophil percentage. Acinetobacter
Complications was positively correlated with PCT or CRP, while Neisseria
was negatively correlated with PCT or CRP. These bacteria
Sepsis 11 (26.80) 7 (77.80) 0.007* ; . .
were closely involved in inflammatory responses. Schaalia was
Acute kidney injury 11 (26.80) 5 (55.60) 0.124 positively correlated with PaO,/FiO,, while Stenotrophomonas
Acute liver failure 18 (43.90) 6 (66.70) 0.281 was negatively correlated with PaO,/FiO;. As was shown in
Respiratory failure 32 (78.00) 8 (88.90) 0665 Figure 5B ab(.)ut correla.tlon b.et.ween gu.t mlcrobes.and clinical
parameters, Bifidobacterium, Ligilactobacillus and Veillonella were
ARDS 1(2.400) 2(22.20) 0.080 positively correlated with neutrophil percentage; Corynebacterium
Laboratory parameters was positively correlated with CRP; Phascolarctobacterium was
WBC (x10°9/L) .29 4 4G5 TEA0 4 TR A7) negatively correlated with PCT. Alistipes was positively correlated
with PaO,/FiO,. Overall, these data suggested an association
Hb (g/L) 106.88 +2530 | 103.11 +22.98 0.683 . . o .
between microbiota composition and clinical parameters,
PLT (x10"9/L) 254.90 +146.42 | 18578 £114.38 0.191 predicting patient prognosis and disease severity.
PCT (ug/L) 1.40 (0.32-3.76) | 1.45 (0.44-9.74) 0.561
CRP (mg/L 137.83£92.60 | 157.98 & 72.48 0.565 ; ;
(') 4 Discussion
APTT (s) 33.55 44.90 0.015*
(29.01-36.55) (34.30-49.30) In this research, we investigated the pulmonary and intestinal
D-D (mg/L) 287 (1.56-5.11) | 4.3 (2.8-5.82) 0.101 microbiome of SCAP patients. To the best of our knowledge, this
(Continued) ~ represents the first clinical investigation comparing lung and gut
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FIGURE 3
Average relative abundances of the predominant bacterial taxa of lung and gut at the phylum, order and genus levels between the death group and
the survival group, with each color representing a taxon.

microbiota profiling between fatal and surviving SCAP patient  or critically ill patients exhibit diminished alpha diversity of the
groups. We aim to characterize compositional changes of these  lung microbiota, which may contribute to the pro-inflammatory
two sites and evaluate if the death patients present a different  responses observed in these patients. This aligns with the notion
microbiota profiling. that diminished microbial diversity can exacerbate disease severity

In line with previous studies (Del Prete et al., 2025; Emonet by altering host immune responses and microbial interactions
et al,, 2019; Enaud et al,, 2023; Kritikos et al., 2025; Kyo et al.,  (Del Prete et al, 2025). In our research, the death group in
2019; Schmitt et al., 2020; Zhou et al., 2023), the mortality patients =~ SCAP patients also had lower baseline alpha diversity of the lung
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FIGURE 4

(A) lung and (B) gut microbial composition at genus level between the death group and the survival group of SCAP patients, with each color
representing one genus. LEfSe cladogram for (C) respiratory flora and (D) intestinal flora between the death group and the survival group of SCAP
patients. Different colors represent different groups, and nodes of different colors indicate microbial groups that play important roles in the group
represented by that color. A colored circle represents a biomarker, and the legend in the upper right corner shows the name of the biomarker. Yellow
nodes represent microbial taxa that do not play important roles in different groups. From the inside to the outside, each circle sequentially represents
species at the phylum, class, order, family, and genus levels. Comparison of linear discriminant analysis (LDA) of (E) respiratory flora and (F) intestinal
flora between the death group and the survival group of SCAP patients, which showed species with differences in LDA scores above the set point
(2.0), i.e., statistically significant differences. UPGMA analysis of (G) respiratory flora and (H) intestinal flora between the death group and the survival
group of SCAP patients.
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(A) Correlation between lung microbes and clinical parameters (B) Correlation between gut microbes and clinical parameters. Red bars indicate
positive associations, while blue bars indicate negative associations. The color key indicates the association strength and direction in terms of the
t-test. Pearson’s correlation coefficient and p-value are used for plotting. Black asterisks indicate associations with p-value. WBC, white blood cell;
PLT, platelet count; PCT, procalcitonin; CRP, C-reactive protein; APTT, activated partial thromboplastin time; NE%, neutrophilic granulocyte
percentage; DD, D-dimer; SUN, Blood Urea Nitrogen; CREA, Creatinine; PaO,/FiO,, Oxygenation Index; Lac, Lactic Acid. "p < 0.05, “p < 0.01.

microbiota compared with the survival group. This suggests that
reduced microbial diversity may be linked to increased disease
severity and mortality in respiratory conditions. Interestingly, the
gut microbiota exhibited a similar trend, although the reduction
in alpha diversity was less pronounced compared to the lung
microbiota. The differential impact of SCAP on lung vs. gut
microbiota alpha diversity observed in our study warrants further
consideration. The more pronounced reduction in lung microbiota
diversity in the death group, compared to the relatively preserved
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gut microbiota diversity, may reflect several mechanisms. First,
the lung represents the primary site of infection and inflammation
in SCAP, experiencing direct pathogen exposure and intense local
immune responses that more dramatically reshape the microbial
landscape. Second, the temporal dynamics of microbiota disruption
may differ between compartments, with lung dysbiosis occurring
more rapidly and severely in acute respiratory infections, while gut
microbiota changes may require longer duration or more systemic
effects to manifest significantly. Third, the gut microbiome’s greater
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resilience and redundancy, given its higher baseline diversity and
more stable environment, may buffer against acute inflammatory
insults compared to the more vulnerable lung microbiome. These
findings suggest that lung microbiota profiling may serve as a more
sensitive prognostic marker than gut microbiota in the acute phase
of SCAP, though the gut-lung axis likely remains important for
disease pathogenesis through metabolic and immunomodulatory
mechanisms. A study on critically ill patients revealed that
early reductions in gut microbiota diversity were associated with
increased mortality (Wozniak et al, 2024). This highlights a
broader pattern where decreased microbial diversity, whether in
the gut or lungs, correlates with poorer health outcomes. The study
emphasized the need for early interventions to preserve microbiota
diversity as a strategy to improve survival rates in critically
ill patients. Collectively, these studies suggest that interventions
aimed at preserving or restoring microbiota diversity could be
beneficial in managing severe respiratory conditions and improving
patient survival.

To identify the
heterogeneity most relevant to our study, we emphasized

compositional changes in microbial
the dominance of lung predominant taxa (Bacteroidalesc,
Streptococcus) in the survival group of SCAP patients and
the dominance of gut predominant taxa (Anaerotruncus,
Peptacetobacter, Rutheniibacterium) in the survival group of
SCAP patients. The primary beneficial microbial populations
were significantly reduced in the mortality cohort, suggesting
that an imbalance in the microecological environment might be
critically associated with the clinical outcomes of SCAP patients.
These taxa are part of a complex microbial ecosystem that
influences host health through various mechanisms, including
immune modulation and metabolic interactions. Anaerotruncus,
another key player in the gut microbiota, is known for its
role in butyrate production, a SCFA with anti-inflammatory
properties. The presence of butyrate-producing bacteria like
Anaerotruncus is associated with maintaining intestinal barrier
integrity and regulating immune responses, which are critical in
the context of severe infections such as SCAP. The study on gut
microbiota and autoimmune diseases underscores the importance
of butyrate producers in maintaining immune homeostasis and
preventing dysbiosis-related pathologies (Bhutta et al., 2024). This
suggests that Anaerotruncus may contribute to the resilience of
SCAP patients by supporting gut barrier function and reducing
systemic inflammation. Peptacetobacter and Rutheniibacterium,
although less studied, are emerging as important components
of the gut microbiome with potential roles in metabolic and
immune interactions. The study on gut microbial predictors of
immunotherapy efficacy in non-small cell lung cancer patients
highlights the predictive value of specific gut bacteria in treatment
outcomes (Grenda et al., 2025). This suggests that Peptacetobacter
and Rutheniibacterium might also serve as biomarkers for
predicting SCAP patient outcomes, given their involvement in
complex microbial networks that influence host metabolism and
immune responses. The presence and abundance of lung and gut
microbiota of SCAP patients appear to be linked with survival
outcomes. These taxa may exert their beneficial effects through
mechanisms involving SCFA production, immune modulation,
and maintenance of gut barrier integrity. Further research is
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needed to elucidate the specific pathways through which these
bacteria influence SCAP outcomes, potentially paving the way
for microbiota-targeted therapies in managing severe infections.
While the interplay between gut and lung microbiota—termed
the gut-lung axis—has been extensively documented in the
literature (Dumas et al., 2018; Enaud et al., 2020; Stavropoulou
et al., 2020; Zhang et al., 2020), empirical research simultaneously
examining both microbial environments remains remarkably
scarce (Dickson et al, 2016; Wolff et al, 2021). During critical
illness, the conventional microbial transmission pathways of the
aerodigestive tract appear to undergo a fundamental reversal
(Papazian et al., 2020). In normal physiological conditions, the
oropharynx serves as the predominant microbial reservoir for
both pulmonary and gastric ecosystems. However, in critically
ill patients, this dynamic dramatically shifts, with the extensively
proliferated gut microbiota emerging as the primary source of
microbial colonization for the oropharynx and respiratory system.
In severe community-acquired pneumonia, the gut-lung axis plays
a particularly prominent role. Research indicates that the gut
microbiome can modulate lung infection outcomes by influencing
immune cell migration and inflammatory responses in the lungs
(Ni et al., 2023; Schuijt et al., 2016). For instance, gut microbiome
dysbiosis may lead to bacterial translocation in the lungs, thereby
exacerbating acute respiratory distress syndrome (ARDS) (Dickson
et al,, 2016). Furthermore, fecal microbiota transplantation (FMT)
has been shown to improve the prognosis of lung infections
caused by Klebsiella pneumoniae, further supporting the critical
importance of the gut-lung axis in pulmonary infections (Tang
etal., 2024).

We sought for microbiota biomarkers capable of predicting
clinical parameters in SCAP patients. In our study, we found
that lung bacteria such as Asteroleplasma, Campylobacter and
Acinetobacter and intestinal bacteria such as Bifidobacterium,
Ligilactobacillus, Veillonella, and Corynebacterium were positively
correlated with inflammatory markers PCT or CRP or neutrophil
percentage. The relationship between specific bacterial taxa and
inflammatory markers has been a subject of increasing interest,
particularly in the context of lung and intestinal microbiota.
This exploration is crucial for understanding the microbiotas
role in systemic inflammation and its potential implications for
disease management. The role of Bifidobacterium in modulating
inflammation is well-documented. Bifidobacterium longum, for
instance, has been shown to alleviate intestinal barrier damage
and reduce inflammatory responses, which are often marked
by elevated CRP levels (Li et al, 2024). This aligns with
findings that Bifidobacterium can suppress gut inflammation
caused by antibiotic disturbances, highlighting its potential to
modulate inflammatory pathways (Ojima et al., 2020). Moreover,
Bifidobacterium’s ability to decrease colonic lipopolysaccharide
concentrations suggests a mechanism by which it might reduce
systemic inflammation, as lipopolysaccharides are known to
trigger inflammatory responses (Rodes et al., 2013). These
studies collectively underscore the anti-inflammatory potential
of Bifidobacterium, particularly in conditions characterized by
elevated CRP. In the context of lung microbiota, the association
between airway bacteria and systemic inflammation markers such
as CRP is also significant. Studies have shown that specific airway
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microbiota compositions are linked to systemic inflammation in
conditions like non-small cell lung cancer, where CRP levels are
used as an indicator of inflammation (Huang et al., 2025). Similarly,
in chronic airway diseases such as bronchiectasis, the composition
of the respiratory microbiome has been associated with varying
levels of inflammatory cytokines, suggesting a direct link between
lung microbiota and systemic inflammatory markers (Konovalovas
et al, 2024). These findings highlight the potential role of
lung bacteria, including Asteroleplasma, in influencing systemic
inflammation. Furthermore, the interplay between gut and lung
microbiota and their collective impact on systemic inflammation
is evident in conditions such as chronic obstructive pulmonary
disease (COPD). The gut-lung axis is increasingly recognized as a
significant factor in inflammatory diseases, with studies indicating
that gut microbiota can influence lung inflammation and vice versa
(Chiu et al, 2021). This bidirectional relationship underscores
the importance of considering both gut and lung microbiota in
understanding and managing inflammatory conditions marked by
elevated PCT and CRP levels. The correlation between microbial
presence and the PaO2/FiO2 ratio is a critical area of investigation
in understanding respiratory pathophysiology, particularly in
conditions such as acute respiratory distress syndrome (ARDS),
severe pneumonia and other forms of respiratory failure. Our
study revealed that lung bacteria such as Schaalia and intestinal
bacteria Alistipes were positively correlated with PaO,/FiO,, while
lung bacteria such as Stenotrophomonas was negatively correlated
with PaO,/FiO;. The positive correlation between Schaalia and
the PaO2/FiO2 ratio suggests that the presence of this bacterium
may be associated with better oxygenation status. This could be
due to the potential role of Schaalia in modulating inflammatory
responses or maintaining lung tissue integrity, thereby preserving
lung function. The study by Vadi et al. highlights the importance
of the PaO2/FiO2 ratio in classifying the severity of ARDS
and its association with mortality, emphasizing the need for
accurate assessment of this ratio in clinical settings (Vadi et al.,
2024). Furthermore, the study by Alteration of Leukocyte Count
et al. demonstrates the impact of systemic inflammation on
pulmonary vascular permeability and oxygenation, which could
be influenced by microbial presence (Johansson et al, 2015).
Conversely, the negative correlation between Stenotrophomonas
and the PaO2/FiO2 ratio indicates that this bacterium may
contribute to impaired oxygenation. Stenotrophomonas is known
for its multidrug resistance and association with nosocomial
infections, which can exacerbate lung injury and inflammation,
leading to a decrease in the PaO2/FiO2 ratio. The study by the
Association between different indexations of extravascular lung
water supports this notion that increased extravascular lung water,
often a result of inflammation and infection, is associated with
a lower PaO2/FiO2 ratio (Huber et al., 2014). Additionally, the
study by the Influence of Hypercapnia and Atmospheric Pressure
discusses how variations in the PaO2/FiO2 ratio can reflect
underlying pathophysiological changes, including those induced by
bacterial infections (Gilissen et al., 2022). The clinical implications
of these findings are significant, as they suggest that monitoring
the presence of specific bacteria could provide valuable insights
into the respiratory and inflammatory status of patients. This
could lead to more targeted therapeutic interventions aimed at
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modulating the microbial environment in the lungs and guts to
improve patient outcomes.

We must acknowledge a few limitations to our study. First,
this study consists of a small sample size which may influence the
robustness of our findings regarding microbial features and further
larger studies are yet required to better characterize the gut-lung
axis of SCAP patients. Second, because of sample availability,
we collected samples used for lung microbiota analysis were
not exclusively bronchoalveolar lavage fluid, but also included
sputum, which may have some influence on the description of
the lung microbiota. Third, our research did not encompass
metabolomic, transcriptomic, or proteomic investigations, nor
did we explore the potential correlations between these molecular
profiles and alterations in the lung and gut microbiome. Fourth,
a limitation concerns the timing of antibiotic administration
relative to sample collection. While we excluded patients who
received antibiotics in the 30 days prior to enrollment, we did
not systematically document whether emergency antibiotics were
administered between hospital admission and sample collection
(within 48 h). Fifth, our study’s single time-point sampling design
limits our ability to distinguish whether the observed microbiota
alterations are causes or consequences of disease severity. The
cross-sectional nature of our data precludes determination of
temporal dynamics and causal relationships between microbiota
composition and clinical outcomes. It remains unclear whether
the reduced microbial diversity and altered community structure
in the death group represent predisposing factors that contributed
to worse outcomes, or alternatively, reflect secondary changes
resulting from more severe disease, greater physiological stress,
or differences in clinical management. Future research should
focus on: Stricter protocols to ensure all samples are collected
prior to any antibiotic administration; Longitudinal tracking
of microbial changes during SCAP progression; Investigating
the immunomodulatory mechanisms of identified bacterial
taxa; Exploring potential therapeutic interventions targeting
microbiota composition.

Data availability statement

The original contributions presented in the study are included
in the article, further inquiries can be directed to the corresponding
author/s.

Ethics statement

The studies involving humans were approved by the
Ethics Committee of Fuzhou University Affiliated Provincial
Hospital (Ethical Review No. K2023-08-018). The studies
were conducted in accordance with the local legislation and
institutional requirements. The participants provided their
written informed consent to participate in this study. Written
informed consent was obtained from the individual(s) for the
publication of any potentially identifiable images or data included
in this article.

frontiersin.org


https://doi.org/10.3389/fmicb.2025.1717822
https://www.frontiersin.org/journals/microbiology
https://www.frontiersin.org

Zou et al.

Author contributions

WZ: Writing - original draft. RZ: Data curation, Validation,
Writing - review & editing. SL: Data curation, Writing — review
& editing. CL: Supervision, Writing - review & editing. BX:
Supervision, Validation, Writing - review & editing.

Funding

The author(s) declare that financial support was received for the
research and/or publication of this article. This work was supported
by the Scientific Research Fund of the Zhong Nanshan Medical
Foundation of Guangdong Province [ZNSXS-20230022].

Acknowledgments

The authors thank all study participants for support and
cooperation during the study.

Conflict of interest

The authors declare that the research was conducted
in the absence of any commercial or financial relationships

References

Ashique, S., De Rubis, G., Sirohi, E.,, Mishra, N., Rihan, M., Garg, A,, et al.
(2022). Short chain fatty acids: fundamental mediators of the gut-lung axis
and their involvement in pulmonary diseases. Chem. Biol. Interact. 368:110231.
doi: 10.1016/j.cbi.2022.110231

Baasch, S., Giansanti, P., Kolter, J., Riedl, A., Forde, A. J., Runge, S., et al.
(2021). Cytomegalovirus subverts macrophage identity. Cell 184, 3774-3793.e3725.
doi: 10.1016/j.cell.2021.05.009

Bhutta, N. K., Xu, X,, Jian, C., Wang, Y., Liu, Y., Sun, J,, et al. (2024). Gut microbiota
mediated T cells regulation and autoimmune diseases. Front. Microbiol. 15:1477187.
doi: 10.3389/fmicb.2024.1477187

Chiu, Y. C, Lee, S. W., Liu, C. W,, Lin, R. C,, Huang, Y. C, Lan, T. Y,
et al. (2021). Comprehensive profiling of the gut microbiota in patients with
chronic obstructive pulmonary disease of varying severity. PLoS ONE 16:€0249944.
doi: 10.1371/journal.pone.0249944

Cyprian, F.,, Sohail, M. U, Abdelhafez, I, Salman, S., Attique, Z.,
Kamareddine, L., et al. (2021). SARS-CoV-2 and immune-microbiome interactions:
lessons from respiratory viral infections. Int. J. Infect. Dis. 105, 540-550.
doi: 10.1016/j.1jid.2021.02.071

Dang, A. T., and Marsland, B. J. (2019). Microbes, metabolites, and the gut-lung
axis. Mucosal Immunol. 12, 843-850. doi: 10.1038/s41385-019-0160-6

Del Prete, V., Piazzesi, A., Scanu, M., Toto, F., Pane, S., Berrilli, F., et al. (2025).
Pneumocystis pneumonia severity is associated with taxonomic shifts in the respiratory
microbiota. Pathogens 14:82. doi: 10.3390/pathogens14010082

Dickson, R. P., Schultz, M. J., van der Poll, T., Schouten, L. R., Falkowski, N. R.,
Luth, J. E,, et al. (2020). Lung microbiota predict clinical outcomes in critically ill
patients. Am. J. Respir. Crit. Care Med. 201, 555-563. doi: 10.1164/rccm.201907-1
4870C

Dickson, R. P., Singer, B. H., Newstead, M. W., Falkowski, N. R., Erb-Downward,
J. R,, Standiford, T. J., et al. (2016). Enrichment of the lung microbiome with gut
bacteria in sepsis and the acute respiratory distress syndrome. Nat. Microbiol. 1:16113.
doi: 10.1038/nmicrobiol.2016.113

Drigot, Z. G., and Clark, S. E. (2024). Insights into the role of the respiratory tract
microbiome in defense against bacterial pneumonia. Curr. Opin. Microbiol. 77:102428.
doi: 10.1016/j.mib.2024.102428

Frontiers in Microbiology

10.3389/fmicb.2025.1717822

that could be construed as a potential conflict

of interest.

Generative Al statement

The author(s) declare that no Gen Al was used in the creation
of this manuscript.

Any alternative text (alt text) provided alongside figures
in this article has been generated by Frontiers with the
support of artificial intelligence and reasonable efforts have
been made to ensure accuracy, including review by the
authors wherever possible. If you identify any issues, please
contact us.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Dumas, A., Bernard, L., Poquet, Y., Lugo-Villarino, G., and Neyrolles, O. (2018).
The role of the lung microbiota and the gut-lung axis in respiratory infectious diseases.
Cell. Microbiol. 20:e12966. doi: 10.1111/cmi.12966

Emonet, S., Lazarevic, V., Leemann Refondini, C., Gaia, N., Leo, S., Girard, M.,
et al. (2019). Identification of respiratory microbiota markers in ventilator-associated
pneumonia. Intensive Care Med. 45, 1082-1092. doi: 10.1007/500134-019-05660-8

Enaud, R, Prevel, R,, Ciarlo, E., Beaufils, F., Wieérs, G., Guery, B., et al. (2020).
The gut-lung axis in health and respiratory diseases: a place for inter-organ and inter-
kingdom crosstalks. Front. Cell. Infect. Microbiol. 10:9. doi: 10.3389/fcimb.2020.00009

Enaud, R, Sioniac, P., Imbert, S., Janvier, P. L., Camino, A., Bui, H. N, et al. (2023).
Lung mycobiota a-diversity is linked to severity in critically ill patients with acute
exacerbation of chronic obstructive pulmonary disease. Microbiol. Spectr. 11:¢0506222.
doi: 10.1128/spectrum.05062-22

Ferrer, M., Travierso, C., Cilloniz, C., Gabarrus, A., Ranzani, O. T., Polverino,
E., et al. (2018). Severe community-acquired pneumonia: characteristics and
prognostic factors in ventilated and non-ventilated patients. PLoS ONE 13:e0191721.
doi: 10.1371/journal.pone.0191721

Gilissen, V., Koning, M. V., and Klimek, M. (2022). The influence of hypercapnia
and atmospheric pressure on the Pao2/Fio2 ratio-pathophysiologic considerations,
a case series, and introduction of a clinical tool. Crit. Care Med. 50, 607-613.
doi: 10.1097/CCM.0000000000005316

Grenda, A., Iwan, E., Kuznar-Kaminska, B., Bomba, A., Bielinska, K., Krawczyk, P.,
etal. (2025). Gut microbial predictors of first-line immunotherapy efficacy in advanced
NSCLC patients. Sci. Rep. 15:6139. doi: 10.1038/s41598-025-89406-1

Harris, N. L., and Marsland, B. J. (2025). The gut-lung axis: protozoa join the party.
Cell. 188, 275-277. doi: 10.1016/j.cell.2024.12.027

He, Y., Wen, Q., Yao, F., Xu, D., Huang, Y., and Wang, J. (2017). Gut-lung axis:
the microbial contributions and clinical implications. Crit. Rev. Microbiol. 43, 81-95.
doi: 10.1080/1040841X.2016.1176988

Huang, D., Ren, Q., Xie, L., Chen, Y., Li, C.,, Su, X,, et al. (2025). Association between
airway microbiota and systemic inflammation markers in non-small cell lung cancer
patients. Sci. Rep. 15:3539. doi: 10.1038/5s41598-025-86231-4

Huber, W., Hollthaler, J., Schuster, T., Umgelter, A., Franzen, M., Saugel, B.,
et al. (2014). Association between different indexations of extravascular lung water

frontiersin.org


https://doi.org/10.3389/fmicb.2025.1717822
https://doi.org/10.1016/j.cbi.2022.110231
https://doi.org/10.1016/j.cell.2021.05.009
https://doi.org/10.3389/fmicb.2024.1477187
https://doi.org/10.1371/journal.pone.0249944
https://doi.org/10.1016/j.ijid.2021.02.071
https://doi.org/10.1038/s41385-019-0160-6
https://doi.org/10.3390/pathogens14010082
https://doi.org/10.1164/rccm.201907-1487OC
https://doi.org/10.1038/nmicrobiol.2016.113
https://doi.org/10.1016/j.mib.2024.102428
https://doi.org/10.1111/cmi.12966
https://doi.org/10.1007/s00134-019-05660-8
https://doi.org/10.3389/fcimb.2020.00009
https://doi.org/10.1128/spectrum.05062-22
https://doi.org/10.1371/journal.pone.0191721
https://doi.org/10.1097/CCM.0000000000005316
https://doi.org/10.1038/s41598-025-89406-1
https://doi.org/10.1016/j.cell.2024.12.027
https://doi.org/10.1080/1040841X.2016.1176988
https://doi.org/10.1038/s41598-025-86231-4
https://www.frontiersin.org/journals/microbiology
https://www.frontiersin.org

Zou et al.

(EVLW) and PaO2/FiO2: a two-center study in 231 patients. PLoS ONE 9:e103854.
doi: 10.1371/journal.pone.0103854

Johansson, J., Steinvall, I., Herwald, H., Lindbom, L., and Sjoberg, F. (2015).
Alteration of leukocyte count correlates with increased pulmonary vascular
permeability and decreased PaO2:FiO2 ratio early after major burns. J. Burn Care Res.
36, 484-492. doi: 10.1097/BCR.0000000000000211

Konovalovas, A., Armalyte, J., Klimkaite, L., Liveikis, T., Jonaityte, B., Danila,
E., et al. (2024). Insights into respiratory microbiome composition and systemic
inflammatory biomarkers of bronchiectasis patients. Microbiol. Spectr. 12:e0414423.
doi: 10.1128/spectrum.04144-23

Kritikos, A., Bernasconi, E., Choi, Y., Scherz, V., Pagani, J. L, Greub, G.,
et al. (2025). Lung and gut microbiota profiling in intensive care unit patients:
a prospective pilot study. BMC Infect. Dis. 25:468. doi: 10.1186/s12879-025-1
0825-6

Kyo, M., Nishioka, K., Nakaya, T., Kida, Y., Tanabe, Y., Ohshimo, S., et al. (2019).
Unique patterns of lower respiratory tract microbiota are associated with inflammation
and hospital mortality in acute respiratory distress syndrome. Respir. Res. 20:246.
doi: 10.1186/s12931-019-1203-y

Li, X. Y., Shang, J., Wang, X. J., Ma, H. P, Ren, L. F,, and Zhang, L. (2024).
Bifidobacterium longum JBLC-141 alleviates hypobaric hypoxia-induced intestinal
barrier damage by attenuating inflammatory responses and oxidative stress. Front.
Microbiol. 15:1501999. doi: 10.3389/fmicb.2024.1501999

Liu, Y. N., Zhang, Y. F,, Xu, Q,, Qiu, Y., Lu, Q. B,, Wang, T., et al. (2023). Infection
and co-infection patterns of community-acquired pneumonia in patients of different
ages in China from 2009 to 2020: a national surveillance study. Lancet Microbe 4,
€330-e339. doi: 10.1016/S2666-5247(23)00031-9

Metlay, J. P., Waterer, G. W., Long, A. C.,, Anzueto, A., Brozek, J., Crothers,
K., et al. (2019). Diagnosis and treatment of adults with community-acquired
pneumonia. An official clinical practice guideline of the American Thoracic Society
and Infectious Diseases Society of America. Am. J. Respir. Crit. Care Med. 200, e45-¢67.
doi: 10.1164/rccm.201908-1581ST

Ni, S., Yuan, X, Cao, Q.,, Chen, Y., Peng, X,, Lin, J., et al. (2023). Gut microbiota
regulate migration of lymphocytes from gut to lung. Microb. Pathog. 183:106311.
doi: 10.1016/j.micpath.2023.106311

Ojima, M. N., Gotoh, A., Takada, H., Odamaki, T, Xiao, J. Z., Katoh, T, et al. (2020).
Bifidobacterium bifidum suppresses gut inflammation caused by repeated antibiotic
disturbance without recovering gut microbiome diversity in mice. Front. Microbiol.
11:1349. doi: 10.3389/fmicb.2020.01349

Papazian, L., Klompas, M., and Luyt, C. E. (2020). Ventilator-associated
pneumonia in adults: a narrative review. Intensive Care Med. 46, 888-906.
doi: 10.1007/s00134-020-05980-0

Ramirez, J. A., Musher, D. M., Evans, S. E, Dela Cruz, C., Crothers, K.
A., Hage, C. A, et al. (2020). Treatment of community-acquired pneumonia in
immunocompromised adults: a consensus statement regarding initial strategies. Chest
158, 1896-1911. doi: 10.1016/j.chest.2020.05.598

Rodes, L., Khan, A., Paul, A, Coussa-Charley, M., Marinescu, D., Tomaro-
Duchesneau, C., et al. (2013). Effect of probiotics Lactobacillus and Bifidobacterium

Frontiers in Microbiology

13

10.3389/fmicb.2025.1717822

on gut-derived lipopolysaccharides and inflammatory cytokines: an in vitro study
using a human colonic microbiota model. J. Microbiol. Biotechnol. 23, 518-526.
doi: 10.4014/jmb.1205.05018

Schlechte, J., Zucoloto, A. Z., Yu, I. L., Doig, C. J., Dunbar, M. J., McCoy,
K. D, et al. (2023). Dysbiosis of a microbiota-immune metasystem in critical
illness is associated with nosocomial infections. Nat. Med. 29, 1017-1027.
doi: 10.1038/s41591-023-02243-5

Schmitt, F. C. F., Lipinski, A., Hofer, S., Uhle, F., Nusshag, C., Hackert, T., et al.
(2020). Pulmonary microbiome patterns correlate with the course of the disease in
patients with sepsis-induced ARDS following major abdominal surgery. J. Hosp. Infect.
doi: 10.1016/j.jhin.2020.04.028

Schuijt, T. J., Lankelma, J. M., Scicluna, B. P., de Sousa e Melo, F., Roelofs, J. ., de
Boer, J. D., et al. (2016). The gut microbiota plays a protective role in the host defence
against pneumococcal pneumonia. Gut 65, 575-583. doi: 10.1136/gutjnl-2015-309728

Stavropoulou, E., Kantartzi, K., Tsigalou, C., Konstantinidis, T., Voidarou, C.,
Konstantinidis, T., et al. (2020). Unraveling the interconnection patterns across
lung microbiome, respiratory diseases, and COVID-19. Front. Cell. Infect. Microbiol.
10:619075. doi: 10.3389/fcimb.2020.619075

Tang, Y., Chen, L., Yang, J., Zhang, S, Jin, J., and Wei, Y. (2024). Gut microbes
improve prognosis of Klebsiella pneumoniae pulmonary infection through the lung-
gut axis. Front. Cell. Infect. Microbiol. 14:1392376. doi: 10.3389/fcimb.2024.1392376

Vadi, S. M., Sanwalka, N., and Suthar, D. (2024). Oxygenation index, oxygen
saturation index vs PaO(2)/FiO(2) *PEEP: a secondary analysis of OXIVA-CARDS
study. Indian J. Crit. Care Med. 28, 917-922. doi: 10.5005/jp-journals-10071-24808

Wolff, N. S., Jacobs, M. C., Wiersinga, W. J., and Hugenholtz, F. (2021). Pulmonary
and intestinal microbiota dynamics during Gram-negative pneumonia-derived sepsis.
Intensive Care Med. Exp. 9:35. doi: 10.1186/5s40635-021-00398-4

Wozniak, H., Gaia, N., Lazarevic, V., Le Terrier, C., Beckmann, T. S,
Balzani, E. et al. (2024). Early reduction in gut microbiota diversity in
critically ill patients is associated with mortality. Ann. Intensive Care 14:174.
doi: 10.1186/s13613-024-01407-x

Yang, W., Ansari, A. R, Niu, X,, Zou, W,, Lu, M., Dong, L., et al. (2022).
Interaction between gut microbiota dysbiosis and lung infection as gut-lung
axis caused by Streptococcus suis in mouse model. Microbiol. Res. 261:127047.
doi: 10.1016/j.micres.2022.127047

Zeng, X., Yue, H.,, Zhang, L, Chen, G., Zheng, Q. Hu, Q. et al. (2023).
Gut microbiota-derived autoinducer-2 regulates lung inflammation through the
gut-lung axis. Int. Immunopharmacol. 124:110971. doi: 10.1016/j.intimp.2023.
110971

Zhang, D., Li, S., Wang, N, Tan, H. Y., Zhang, Z., and Feng, Y. (2020). The cross-talk
between gut microbiota and lungs in common lung diseases. Front. Microbiol. 11:301.
doi: 10.3389/fmicb.2020.00301

Zhou, P., Zou, Z, Wu, W., Zhang, H, Wang, S, Tu, X, et al. (2023).
The gut-lung axis in critical illness: microbiome composition as a predictor of
mortality at day 28 in mechanically ventilated patients. BMC Microbiol. 23:399.
doi: 10.1186/512866-023-03078-3

frontiersin.org


https://doi.org/10.3389/fmicb.2025.1717822
https://doi.org/10.1371/journal.pone.0103854
https://doi.org/10.1097/BCR.0000000000000211
https://doi.org/10.1128/spectrum.04144-23
https://doi.org/10.1186/s12879-025-10825-6
https://doi.org/10.1186/s12931-019-1203-y
https://doi.org/10.3389/fmicb.2024.1501999
https://doi.org/10.1016/S2666-5247(23)00031-9
https://doi.org/10.1164/rccm.201908-1581ST
https://doi.org/10.1016/j.micpath.2023.106311
https://doi.org/10.3389/fmicb.2020.01349
https://doi.org/10.1007/s00134-020-05980-0
https://doi.org/10.1016/j.chest.2020.05.598
https://doi.org/10.4014/jmb.1205.05018
https://doi.org/10.1038/s41591-023-02243-5
https://doi.org/10.1016/j.jhin.2020.04.028
https://doi.org/10.1136/gutjnl-2015-309728
https://doi.org/10.3389/fcimb.2020.619075
https://doi.org/10.3389/fcimb.2024.1392376
https://doi.org/10.5005/jp-journals-10071-24808
https://doi.org/10.1186/s40635-021-00398-4
https://doi.org/10.1186/s13613-024-01407-x
https://doi.org/10.1016/j.micres.2022.127047
https://doi.org/10.1016/j.intimp.2023.110971
https://doi.org/10.3389/fmicb.2020.00301
https://doi.org/10.1186/s12866-023-03078-3
https://www.frontiersin.org/journals/microbiology
https://www.frontiersin.org

	Lung and gut microbiota profiling in severe community acquired pneumonia patients: a prospective pilot study
	1 Background
	2 Methods
	2.1 Study population
	2.2 Specimen collection
	2.2.1 Sputum collection
	2.2.2 Fecal sample collection

	2.3 Microbial DNA extraction, library preparation, and sequencing
	2.4 Statistical analysis

	3 Results
	3.1 Patients' characteristics
	3.2 Respiratory and gut microbiota landscapes between the death group and the survival group of SCAP patients
	3.3 LEfSe and UPGMA analysis of respiratory and intestinal flora between the death group and the survival group of SCAP patients
	3.4 Correlation of microbiota features with clinical parameters

	4 Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Generative AI statement
	Publisher's note
	References


