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Differences of the respiratory
microbiota between children
suffering from community acquired
pneumonia with presence or
absence of asthma

Lei Chen?, Huan Chen?, Tian Lv?, Xiaolei Guo', Weiwei Wu3, Deyu Zhao'*“ & Feng Liu*"™*

Recent advancements in respiratory microbiota research have progressively elucidated their pivotal
role in pediatric respiratory pathologies. Alterations in airway microbial communities are intricately
associated with diverse respiratory conditions and distinct disease states. This study conducted

a comparative analysis of respiratory microecological profiles in pediatric cohorts diagnosed with
community-acquired pneumonia (CAP), stratified by the presence or absence of comorbid bronchial
asthma, from whom nasopharyngeal aspirates were obtained for metagenomic next-generation
sequencing (MNGS). Analyses revealed comparable alpha-diversity indices between groups;
however, beta-diversity metrics demonstrated marked compositional divergence. In the asthma-
CAP cohort, Streptococcus pneumoniae and Rothia mucilaginosa emerged as predominant taxa,
whereas Mycoplasmoides pneumoniae and Trichoderma citrinoviride dominated microbial profiles in
uncomplicated CAP patients.

Keywords Asthma, Community-acquired pneumonia, Respiratory microbiota, Pathogen, Metagenomic
second-generation sequencing

Community-acquired pneumonia (CAP) is the leading cause of mortality in children under five years old
globally and remains one of the most prevalent infectious diseases in this age group? The annual global
incidence of CAP is close to 0.22 episodes per child per year or 155 million new cases per year in the world, of
which 10-17% require hospitalization®. The etiology of pneumonia in the pediatric population is variable and
changes according to age and disease severity and where the study is conducted*.

Bronchial asthma (asthma) defined as a heterogeneous disease, is characterized by chronic airway
inflammation and variable expiratory airflow limitation. Over 300 million people worldwide suffer from
asthma, contributing to high substantial social costs®. The airway epithelial cells of asthma patients are damaged,
with cytokines and inflammatory mediators related to allergic inflammation inducing the destruction of the
epithelial barrier, thus increasing their susceptibility to infection®. Asthma exacerbations are a frequent cause
of emergency visits in pediatric patients, with infections being a primary trigger and often leading to secondary
pneumonia’. Anti-asthma and early anti-infection treatments are essential for improving prognosis. However,
there is a scarcity of guidelines on anti-infective drugs selection for pneumonia patients with concurrent asthma.

Metagenomic next-generation sequencing (mNGS) has gained traction in the clinical diagnosis of various
infectious diseases®®. This unbiased detection method can rapidly identify nearly all pathogens in clinical
samples, boasting high sensitivity and accuracy, particularly in diagnosing novel, rare, unknown, and atypical
pathogens in complex infectious diseases'®. The ability to detect low amounts of DNA further enhances the
utility of mNGS in clinical pathogen diagnosis. Previous studies have shown that culture, the gold standard for
bacteria and fungi detection!lis susceptible to interference from antibiotic treatment!'?. Given that empirical
anti-infection treatment is often initiated upon hospital admission for pneumonia, mNGS was employed in this
study to comprehensively cover all pathogens and mitigate the impact of prior antibiotic use.
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We hypothesize that there are differences in airway dominant pathogens and microbiota between children
with and without bronchial asthma who suffer from community - acquired pneumonia. To test this hypothesis,
our study enrolled children with asthma complicated by pneumonia and children with uncomplicated CAP
as subjects. We analyzed the results of metagenomic second-generation sequencing of their nasopharyngeal
aspirates to explore the airway microecological characteristics in both groups. Additionally, we compared the
differences in dominant pathogens between the two groups, aiming to provide reference for clinical empirical
medication. Furthermore, we conducted spearman correlation analysis to explore the correlation between
different microbial species obtained through sequencing and relevant clinical data, thereby further evaluating
the relationship between microbial groups and the disease state of the host.

Results

Cohort characteristics of participants

In the Propensity Score Matching (PSM), covariates such as the patient’s age, sex, and fever duration before
sampling were taken into account. No statistically significant differences (p >0.05) were noted, which confirmed
the comparability between the groups. Upon comparing clinical manifestations and laboratory indicators, it was
shown that in comparison to the group of children with pneumonia accompanied by asthma, those in the simple
community-acquired pneumonia (CAP) group had notably higher erythrocyte sedimentation rates, D-dimer
levels, and requirements for oxygen support. (Table 1).

Distinct airway microecological community structures in asthma-CAP and simple-CAP

In this investigation, no statistically significant disparities in alpha diversity were detected between the Asthma-
CAP and Simple-CAP cohorts, which validated comparable species diversity and richness across the two groups
(Fig. 1).

Beta diversity assessment via the Bray-Curtis distance metric demonstrated that principal coordinates analysis
(PCoA) revealed the first principal coordinate accounted for 29.3% of total variance, while the second principal
coordinate explained 12.9%, cumulatively accounting for 42.2% of the observed variation. This finding indicated
a marked discrepancy in community diversity between groups (P=0.009). Similarly, principal component
analysis (PCA) showed the first principal component explained 9.8% of variance and the second component
6.8%, together contributing 16.6% of total variation, further confirming statistically significant differences in
airway microecological community structure (P=0.014). Non - metric multidimensional scaling (NMDS)
directly visualized data trends, with results demonstrating significant differences in airway microecological
communities between groups (P=0.019) (Fig. 1).

Distinct phylum-level microbial profiles in asthma-CAP and simple-CAP groups

In both study cohorts, consistent phylum-level taxonomic distributions were observed. The eleven most
predominant microbial phyla identified were Bacillota, Mycoplasmatota, Actinomycetota, Bacteroidota,
Pseudomonadota, Ascomycota, Fusobacteriota, Preplasmiviricota, Campylobacterota, Basidiomycota and
Spirochaetota (Fig. 2). Within the Asthma-CAP airway microbial community, Bacillota demonstrated the highest
relative abundance, whereas Mycoplasmatota emerged as the most prevalent taxon in the Simple-CAP group.
Specifically, Bacillota and Actinomycetota exhibited elevated relative abundances in the Asthma-CAP cohort
compared to their counterparts in the Simple-CAP group, while Mycoplasmatota displayed reduced relative

Asthma-CAP group | Simple-CAP group

Term (n=39) (n=39) P value
Age (month) 56.44+32.872 56+30.584 0.952
Sex 0.784
Male 31 (79.5%) 30 (76.9%)

Female 8 9

Fever 33 (84.6%) 34 (87.2%) 0.745
Days of fever before |, 7, 4 644 6.77+5.719 0.072
sampling

Cough 39 (100%) 39 (100%) -

LOS (d) 8.18+2.846 7.21+3.518 0.071
CRP (mg/L) 4.65+6.10 13.28 £30.15 0.376
WBC (*10°/L) 9.63+4.84 10.09+3.86 0.204
PCT (ng/mL) 0.27+0.60 1.61£8.31 0.738
HBP (ng/mL) 98.28+£80.89 119.06 £96.75 0.41
ESR (mm/h) 13.21+£9.16 26.22+£21.20 0.005*
LDH (U/L) 368.82+134.81 395.13+190.82 0.682
D-dimer (ng/mL) 189.97+132.91 663.42+£928.64 0.001*
Oxygen support 9 (23.1%) 24 (61.5%) 0.001*
ICU 0 2(5.1%) 0.152

Table 1. Characteristics of participants. *Indicates a statistical difference of P<0.05.

Scientific Reports |

(2025) 15:20458 | https://doi.org/10.1038/s41598-025-04847-y

nature portfolio


http://www.nature.com/scientificreports

0.22

[G] Asthma-CAP
©. simple-CAP

Group
& Asthma-CAP
= Simple-CAP

e
g
2
0]

TO0TZ00N-TIXOTXXFTAT-L9Z000E24D

0.019

T001200N-TAXNTXXBTAT-§ TE0C6EZAD

Simple-CAP

TEXOHZOON-ZAXATXXBTAT-62E016E240
T001200N-TAXOTXXETAT-8TZ0T6EZ40

0.0723,P:
0.50

T00TZ00N-E4XNTXXETOE-90TOLVEZ D
TEXOHZOON-ZAXATXXBTAT-TEE0T6EZ4D

anosim:R:
0.25

T0071200N-TAXATXXBTOT-THEOI9EZOD
[06X5Z00N-TAXIWTXXBTAT-E0£0926290

Asthma-CAP
o

HEZXZ00N-TXTIXXBTOT-LZTOHSEZOD

0.00
NMDS1

{06X1Z00N-TIXNIXXETAT-¥P0096ECOD

0.2

3 oo TR

300
100

3
Xapuj 3oy IEXOHZOON-TAXATXXBTAT-TTE0C6ELD.

T001200N-TAXNTXXBTAT-0TE0C6EZAD

-0.25

TEXHZOON-TIXWTXXBTQT-9500066240
T00T1Z00N-TAXWTXXBTAT-0¥00(6€240
TO01200N-ZAXATXXBTAT-EZE0716E24D

-0.50

TEXOHZOON-TAXATXXBTAT-TZE0T6EZ40

TO0TZ0ON-TAXATXXHTAT-6/Z0S6E240.

0.50
0.25:
.0
0.25
0.50:

OBXYZ0ON-T4X 11 XXETOT-8200LEECID
OBXMZ0ON-TAX TXXBTOT-LT00AGZZOD
TEXHZOON-TAXDTXXETAT-922080EZ4D.

Simple-CAP
Simple-CAP

OBXMZ00N-TAXdTXXATAT-LLTOYBEZOD
T00T200N-T4XOTXXETAT-0020T8EZ4D
{OBXOIZ00N-TAXNTXXBTOT-LL00DVEZDD

Asthma-CAP

Group
B

Simple-CAP

OBXYZ00N-TAXdTXXBTAT-905088E290
[0BXZ00N-TAXNTXXBTAT-£70096£290

OBXHZOON-TAXTTXXBTOT-¥600LEEZ9D

Asthma-CAP

0.014

OBXMZ0ON-TAXdIXXBTOT-ZHL0BEECOD

10

OBXZ0ON-TAXNTXXVSET-TOT0T62290

0
.041,P:
o

{06XZ00N-TAXNTXXETAT-ZE0096ELOD

=)
&
T00T200N-TAXOTXXETAT-0220T8EZ4D

8

- o
Xapuj Toeyd
TO0TZOON-TAXNTXX8TAT-T80006€240

5

6XIZ00N-TAXNTXXBTAT-LZ00HBEZOD
T001200N-TAXATXXBTAT-HTEOC6EZ4D.
OBXNZ00N-TAXWTXXETHT-69001£E29

PC1(9.8%)

T001200N-TAXWTXXBTAT-EE00C6€240

0

|06X1Z00N-TAXOTXXETAT-892ONEEZOD cesesgesgs e
TOOTZOON-TAXTIXXVSET-0¥0019229D -
(9) 22uepunge anpejay

tovezoea
®° _o

0.13

-5

OBXYZ00N-TAX TTXXVSET-9900A82290

Simple-CAP
o

06XZ00N-TAXWTXXETAT-9E0006£29D
T001Z00N-TAXWTXXBTOT-E90039€Z40

15

S OBXHZOON-TAXHTXXBTOT-T90062290

)
(%89)20d OBXNZ0ON-TAXTXXVGHT-HTIONSZZA)

Preplasmiviricota
1 Campylobacterota
1l Basidiomycota
I Spirochaetota

Fusobacteriota
B other

1 Mycoplasmatota
1l Pseudomonadota
W Ascomycota

M Bacillota

o_ & OBXIZ00N-TAXATXXBTOT-EE20126290

T00100N-TX TEXXVS8I-CE00HBZZ 4D

|06X1Z00N-TAXNTXXETOT-400098299

r
a9
&
]
F
o
Asthma-CAP

T001200N-TAXWIXXETOT-0TT089€Z40

0.083

Asthma-CAP
Simple-CAP

OBXHZ00N-TAXWTXXBIBT-STZ0LVELOD
T00TZ00N-TAX TTXXBTOT-ZB00LEELHD

Group
9

OBXMZ0ON-TAXTXXATAT-8TZ04BEZOD

0.009
1.0

OBXYZ00N-TAXTTXXBTOT-6€00102290

T001200N-TAXWIXXVSOT-£ L00962240

Simple-CAP

[0BXYZ00N-TAXWTXXBTOT-£0204V2Z90

Asthma-CAP

OBXYZOON-TAX TIXXBTOT-BE0ONGLZOD

05

T001200N-T4XATXXBTAT-40v088EZ40

Fig. 1. Comparison of the alpha diversity and beta diversity.
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abundances. Non-parametric Kruskal-Wallis rank-sum testing indicated no statistically significant differences
| https://doi.org/10.1038/s41598-025-04847-y

in the relative abundances of these dominant microbial taxa between the two groups (Fig.
suggest that while directional shifts in phylum-level distributions were observed, compositional variations at this

taxonomic level did not attain statistical significance under nonparametric test.

Fig. 2. Analysis of microbial composition at phylum levels.
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Distinct genus-level microbial profiles in asthma-CAP and simple-CAP groups

In both study cohorts, the 20 most abundant microbial taxa identified at the genus level were Streptococcus,
Mycoplasmoides, Rothia, Actinomyces, Prevotella, Trichoderma, Haemophilus, Staphylococcus, Dolosigranulum,
Veillonella, Corynebacterium, Granulicatella, Aureobasidium, Gemella, Moraxella, Mycolicibacter, Abiotrophia,
Schaalia, Lachnoanaerobaculum and Fusobacterium (Fig. 3). Within the Asthma-CAP airway microbial
community, Streptococcus exhibited the greatest relative abundance, whereas Mycoplasmoides demonstrated the
highest taxonomic representation in the Simple-CAP cohort. Non-parametric Kruskal-Wallis rank-sum testing
revealed statistically significant differences in the relative abundances of Streptococcus, Mycoplasmoides, Rothia,
Trichoderma, Haemophilus and Mycolicibacter between the two groups. Specifically, Streptococcus, Rothia,
Haemophilus, and Mycolicibacter displayed elevated relative abundances in the Asthma-CAP group compared
to their counterparts in the Simple-CAP group, while Mycoplasmoides and Trichoderma showed reduced
taxonomic representation in the Asthma-CAP cohort (Fig. 3).

Distinct species-level microbial profiles in asthma-CAP and simple-CAP groups

To conduct a comprehensive species-level taxonomic comparison, the twenty most abundant microbial
species identified were Mycoplasmoides pneumoniae, Streptococcus pneumoniae, Streptococcus salivarius,
Rothia mucilaginosa, Trichoderma citrinoviride, Actinomyces graevenitzii, Streptococcus parasanguinis,
Staphylococcus aureus, Dolosigranulum pigrum, Prevotella histicola, Prevotella melaninogenica, Streptococcus
sanguinis, Haemophilus influenzae, Streptococcus infantis, Prevotella jejuni, Actinomyces naeslundii, Rothia
aeria, Streptococcus mitis, Veillonella atypica, and Mycolicibacter terrae (Fig. 4). Notably, Streptococcus salivarius
demonstrated the greatest relative abundance in the Asthma-CAP airway microbiome, whereas Mycoplasmoides
pneumoniae emerged as the dominant taxon in the Simple-CAP group. Non-parametric Kruskal-Wallis rank-
sum testing identified statistically significant differences in the relative abundances of Streptococcus pneumoniae,
Rothia mucilaginosa, Haemophilus influenzae, Mycolicibacter terrae, Mycoplasmoides pneumoniae and
Trichoderma citrinoviride between the two cohorts. Specifically, Streptococcus pneumoniae, Rothia mucilaginosa,
Haemophilus influenzae and Mycolicibacter terrae displayed elevated relative abundances in the Asthma-CAP
group compared to their counterparts in the Simple-CAP cohort, while Mycoplasmoides pneumoniae and
Trichoderma citrinoviride showed reduced taxonomic representation in the Asthma-CAP population (Fig. 4).
These findings highlight species-specific compositional disparities of the airway microbiome, with differential
abundances of key respiratory pathogens and commensal organisms between the two clinical groups.

Distinct microbial biomarkers in asthma-CAP and simple-CAP groups

To further pinpoint microbial biomarkers with discriminative potential between the two cohorts, Linear
Discriminant Analysis Effect Size (LEfSe) was performed on the metagenomic datasets. This analysis
uncovered significant compositional divergence in airway microbial communities between the Asthma-CAP
and Simple-CAP groups (Fig. 5). The LEfSe identified 26 signature taxa in the Asthma-CAP cohort, such as
Rothia mucilaginosa, Streptococcus pneumoniae and Haemophilus influenzae. Conversely, the Simple-CAP group
exhibited 17 discriminatory microorganisms, such as Mycoplasmoides pneumoniae, Trichoderma citrinoviride,
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Scientific Reports|  (2025) 15:20458 | https://doi.org/10.1038/s41598-025-04847-y nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

Simple-CAP

Relative abundance
e | =
[

000

0 el [
[

L RN .

KX90

L001
001
KX90

-NOO:
NOO:
-N002

LXF:
LXF:
NXF

AXX
AXX
AXX

18
B
1B1BXX1PXF1-NOO:

CG228E0051-

33M0463-

396005¢

g g
G S

CF239L0335-1D1BXX1VXF2-NOOZKX3L

oo e
66 ¢

cG:

ca:

1

«xoo| [

— T

«xoo| N .

KX90-

KX90-
001
KX90
L001

KX90

-oozeoat | [ NI NI

e T

1-NOO:
-Noo2!

-NOO:

e T |
. —

NXF1-NOO:
PXF1-NOD:
PXF1-N002L00L
VXF2-NOO2KX:
NXF1-N002L00:

XX1QXF1-NOO2LO

BXX:

4-1D1BXX1PXF1-N002!
-1D1BXXINXF1-NOO:
INXF.
LQXF:
PXF:

K 2

CG22610040-1B5AXX1LXF1-N002L001

CF23910329-1D:

CF239J0315-10;
CF230Q0267-1D:

cG:
KY:
ca:
ca:
ca:
e
CF:

ca:
cG22
c6:

e
3
o

Relative abundance
o
o
=

e
N
o

0.00

B Mycoplasmoides pneumoniae 1000

11! streptococcus pneumoniae

M streptococcus salivarius

M Rothia mucilaginosa

I Trichoderma citrinoviride

M Actinomyces graevenitzii
Streptococcus parasanguinis
Staphylococcus aureus

11 Dolosigranutum pigrum

[ Prevotella histicola

Il Prevotella melaninogenica

M streptococcus sanguinis

B Haemophilus influenzae

W streptococcus infantis &

M Prevotella jejuni §

B Actinomyces naeslundii §

M Rothia aeria

M streptococcus mitis

W veilionella atypica

M Mycolicibacter terrae

60! T . . - Group
. & Asthma-CAP
& Simple-CAP

Relative abundance (%)
a
g

Asthma-CAP

§ $
I other N
S
Simple-CAP S °

Fig. 4. Analysis of microbial composition at species levels.

Mycolicibacter terrae, Streptococcus pseudopneumoniae and Acinetobacter johnsonii (Fig. 5). These findings
highlight taxon-specific microbial signatures associated with distinct clinical phenotypes, with differential
enrichment of putative pathogens and commensal species between the two groups.

Correlation between microbial abundance and clinical parameters in asthma-CAP and
simple-CAP patients

Spearman correlation analysis revealed significant associations between the relative abundances of
microorganisms and multiple clinical parameters. Notably, Mycoplasmoides pneumoniae relative abundance
exhibited significant positive correlations with age (r=0.383, p=0.001), neutrophil percentage (N%) (r=0.344,
p=0.004), lactate dehydrogenase (LDH) levels (r=0.351, p=0.003), and D-dimer concentration (r=0.258,
p=0.033), while demonstrating a significant negative correlation with lymphocyte percentage (L%) (r = -0.333,
p=0.006). Conversely, Streptococcus pneumoniae relative abundance showed significant negative correlations
with age (r = -0.366, p=0.002) and LDH levels (r = -0.249, p=0.041). Streptococcus salivarius relative abundance
demonstrated a significant negative correlation with LDH levels (r = -0.293, p=0.015), whereas Rothia
mucilaginosa exhibited a similar inverse association with LDH (r = -0.243, p=0.046). Additionally, Trichoderma
citrinoviride relative abundance was positively associated with neutrophil percentage (N%) (r=0.255, p=0.036),
erythrocyte sedimentation rate (ESR) (r=0.276, p=0.023), and D-dimer concentration (r=0.298, p=0.014),
while negatively correlated with lymphocyte percentage (L%) (r = -0.268, p=0.014). Actinomyces graevenitzii
relative abundance displayed a significant negative correlation with LDH levels (r = -0.244, p=0.045).
Dolosigranulum pigrum relative abundance, however, demonstrated significant negative correlations with
hospital length of stay (r = -0.259, p=0.033), white blood cell (WBC) count (r = -0.314, p=0.009), and ESR (r
=-0.263, p=0.030). Prevotella histicola relative abundance was inversely associated with LDH levels (r = -0.302,
p=0.012). Conversely, Prevotella melaninogenica relative abundance exhibited significant positive correlations
with age (r=0.259, p=0.033), neutrophil percentage (N%) (r=0.338, p=0.005), and high blood pressure
(HBP) (r=0.281, p=0.020), alongside a significant negative correlation with lymphocyte percentage (L%) (r =
-0.360, p=0.003). Moreover, Streptococcus infantis relative abundance showed significant positive associations
with neutrophil percentage (N%) (r=0.349, p=0.004) and significant negative correlations with lymphocyte
percentage (L%) (r = -0.361, p=0.003). Prevotella jejuni relative abundance demonstrated a significant positive
correlation with hospital length of stay (r=0.275, p=0.023). Conversely, Streptococcus mitis relative abundance
was inversely associated with age (r = -0.345, p =0.004) (Fig. 6). These findings underscore the complex interplay
between airway microbial composition and clinical phenotypes, highlighting potential microbial biomarkers
associated with disease severity and immune response parameters.

Discussion

Our study analyzed metagenomic next-generation sequencing results of nasopharyngeal aspirates from 78
patients. The findings revealed differences in airway dominant pathogens and microbial community structure
between children with asthma complicated by pneumonia and those with simple CAP. Notably, Streptococcus
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Fig. 5. Multi-level species difference discriminant analysis.

pneumoniae and Rothia mucilaginosa dominated in the Asthma-CAP group, whereas Mycoplasmoides
pneumoniae and Trichoderma citrinoviride were enriched in the Simple-CAP group. These differences in
microbial composition may reflect the changes of immune-microbial interactions in patients” airways, which
potentially affects the progress and clinical outcomes of the disease. Our results are consistent with emerging
evidence that respiratory microbiota may contribute to the clinical course of various pulmonary diseases by
altering host immune responses or the virulence of potential pathogens in a synergistic or additive manner'.
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Fig. 6. Correlation analysis between different species and clinical indicators.

Traditional CAP pathogenesis posits that a single pathogen invades and proliferates in the respiratory
tracts®%. However, a newer model suggests that CAP was due to respiratory microecological imbalance!®. The
composition of respiratory microflora influences the clinical course of CAP'®. Our research supports this model,
identifying multiple pathogens in the respiratory tracts of CAP children. Moreover, Mycoplasmoides pneumoniae
predominance in Simple-CAP aligns with its recognized role in pediatric CAP, particularly in children aged five
years and older®!6. Notably, while Trichoderma is rarely associated with invasive pulmonary fungal disease in
immunocompetent hosts, its recurrent detection in asthmatic patients with CAP warrants further investigation.
Potential explanations include environmental exposure (e.g. mold in residential settings) or transient
colonization, rather than active infection, as no patients exhibited radiological or serological evidence of fungal
pneumonia. Compared with the existing studies, the advantages of Streptococcus pneumoniae in asthma-CAP
patients are similar to those found in chronic obstructive pulmonary disease, where Streptococcus are frequently
enriched during exacerbations, then increase airway inflammation and obstruction, sputum production, and
bronchoconstriction'”!8. The increased abundance of Rothia mucilaginosa in asthmatic children could signify
its dual capacity as both commensal and pathobiont, as seen in cystic fibrosis, where its abundance correlates
with airway inflammation!>?°. These parallels highlight shared mechanisms of microbial dysbiosis in chronic
respiratory diseases, where specific taxa drive inflammation or impair epithelial barrier function.

Dysbiosis in the pulmonary microbiome, which imbalances the composition and size of the lung microbiome,
is increasingly implicated in chronic pulmonary conditions. In COPD, chronic airway inflammation is related to
the microorganism group dominated by y-proteobacteria, and the severity of the disease is related to the diversity
of microorganisms?!. Similarly, in sarcoidosis, an overrepresentation of propionibacterium and mycobacteria has
been linked to granulomatous inflammation®2.
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Term Asthma-CAP group | Simple-CAP group | P value
Before PSM | 58.39+33.23 71.71+35.14 0.028*
Age (month)
After PSM 56.44+32.87 56.00+30.58 0.952
Sex Before PSM 0.016*
Male 31 (75.6%) 102 (55.1%)
Female 10 83
Sex After PSM 0.784
Male 31(79.5%) 30 (76.9%)
Female 8 9
Days of fever | Before PSM | 4.90:+4.59 8.25+6.06 <0.001*
before sampling | Afrer PSM | 4.74 +4.64 6.77+5.719 0.072

Table 2. PSM parallel hypothesis testing. *Indicates a statistical difference of P<0.05.

To explore the relationship between airway microecological disruption and clinical indicators, we analyzed
correlations between different species and clinical metrics in both groups. Our findings in Asthma-CAP,
especially the enrichment of Streptococcus pneumoniae, may induce chronic inflammatory process by activating
Th2-biased airway inflammation and other ways to aggravate the progress of asthma®’. Furthermore, the
correlation between Mycoplasmoides pneumoniae abundance and inflammatory markers (N%, LDH, D-dimer)
mirrors observations in refractory mycoplasma pneumonia®*~2%. Mycoplasmoides pneumoniae infection can
induce macrophages to produce TNF-q, increasing inflammatory cell infiltration in the lung and stimulating
lymphocytes and macrophages to produce and release additional cytokines, which exacerbates tissue damage?’.
These examples highlight the bidirectional interaction between microbial communities and host immune
responses in influencing disease progression.

This investigation has several inherent limitations. First, the relatively small sample size and single-center
recruitment strategy may restrict the generalizability of the findings to broader pediatric populations. Second,
while nasopharyngeal aspirates are widely utilized in pediatric respiratory research!’these specimens may
not fully recapitulate the microbial composition of the lower airways. Third, the cross-sectional nature of the
study design hinders the establishment of temporal associations between microbiota alterations and clinical
outcomes. Future research should incorporate longitudinal sampling to characterize dynamic microbial-host
interactions over time. Additionally, integrating multi-omics approaches (e.g., metabolomics, transcriptomics)
with metagenomic data could provide mechanistic insights into microbiota-driven pathogenic pathways.
Environmental factors such as air pollution exposure, antibiotic use patterns, and socioeconomic determinants
should also be systematically evaluated to comprehensively characterize microbiota-modulating influences.
Moreover, extracting metagenome-assembled genomes (MAGs) from sequencing datasets would enable high-
resolution reconstruction of microbial genomes, facilitating in-depth functional annotation and ecological
network analysis. Such advancements could uncover strain-specific virulence factors or metabolic capabilities
that contribute to differential disease phenotypes.

Collectively, this investigation elucidates distinct airway microbial signatures in children with asthma-
complicated pneumonia versus simple CAP, highlighting the role of microbiota dysbiosis in driving respiratory
disease heterogeneity. These findings converge with emerging evidence associating microbial imbalance
with chronic respiratory disorders such as chronic obstructive pulmonary disease (COPD) and sarcoidosis.
By integrating microbial profiling with clinical phenotypes, this work provides a foundation for precision
antimicrobial strategies and microbiota-targeted therapies tailored to high-risk pediatric populations.

Methods and materials

Subject enrollment

This research was conducted from June 2022 to October 2023 at the Children’s Hospital of Nanjing Medical
University. Hospitalized children diagnosed with CAP were prospectively recruited, and nasopharyngeal
aspirate specimens were collected for metagenomic next-generation sequencing (mNGS). A total of 41 pediatric
patients with bronchial asthma, who met the inclusion criteria and had complete clinical datasets, were enrolled
in the study. Using propensity score matching (PSM), variables selected for covariate balancing included patient
age, sex, and fever duration before sampling. CAP patients without underlying comorbidities were matched in
a 1:1 ratio, yielding 39 matched pairs assigned to the Asthma-CAP group and Simple-CAP group, respectively.
Following PSM, no statistically significant differences remained in age, sex, or fever duration before sampling
between the two groups, indicating that the PSM model satisfied the balance hypothesis for baseline covariates
(Table 2).

The Asthma-CAP group comprised pediatric patients aged 0 to 14 years meeting diagnostic criteria for CAP
and bronchial asthma, including cases of cough variant asthma (CVA). Conversely, the Simple-CAP group
consisted of age-matched children (0-14 years) with confirmed CAP diagnosis but without a prior history of
bronchial asthma or related allergic respiratory conditions.

Exclusion criteria encompassed individuals with preterm birth before 32 weeks of gestation, a history of
bronchopulmonary dysplasia, diabetes mellitus with active infections, primary immunodeficiency disorders,
or severe cardiovascular, neurological, hepatic, renal, or other vital organ dysfunction. Additionally, individuals
unable to cooperate with the investigation or provide airway samples were excluded from the study.
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Sample collection

Nasopharyngeal aspirates were collected from patients following standard procedures: On the day of admission,
nasopharyngeal aspirates were collected by using sterile negative pressure suction devices, placed in sterilized
tubes, and immediately sent to the laboratory for dilution and subsequent sequencing analysis.

Sample processing and sequencing

For DNA extraction, nasopharyngeal aspirate was liquefied using 0.1% DTT (dithiothreitol) for 20 min at 56 °C
prior to extraction. The quantity of DNA was assessed using the Qubit fluorometer (Thermo Fisher Scientific),
while the quality was evaluated using the NanoDrop spectrophotometer (Thermo Fisher Scientific). For RNA
extraction, the QIAamp Viral RNA Mini Kit (Qiagen) was employed to extract RNA from nasopharyngeal
aspirates. RNA samples were quantified using the Qubit fluorometer before library construction.

DNA libraries were prepared using the Hieff NGS C130P2 OnePot II DNA Library Prep Kit for MGI (Yeasen
Biotechnology) according to the manufacturer’s protocols. The rRNA was removed from the total RNA, and
the library was constructed after purification.Agilent 2100 was used for quality control and DNA libraries were
50 bp single-end sequenced on MGISEQ-200.

Bioinformatics analysis

We use in-house developed bioinformatics pipeline for pathogen identification. Briefly, high-quality sequencing
data were generated by removing low quality reads, adapter contamination, duplicated and short (length <36 bp)
reads. Human host sequences were identified by mapping to human reference genome (hs37d5) using bowtie2
software (version 2.2.6). Reads that could not be mapped to the human genome were retained and aligned with
microorganism genome database for pathogens identification. Our microorganism genome database contained
bacteria, fungi, virus and parasite genomic sequences (download from https://www.ncbi.nlm.nih.gov/).

Microbial flora analysis

Statistical analysis was performed by R software (version 4.0.1). Alpha diversity was estimated by the Shannon
index, the Simpson index, the ACE index and the Chaol index based on the taxonomic profile of each sample,
beta diversity was assessed by the Bray-Curtis measure, and compared between Asthma-CAP and Simple-CAP
patients by using Wilcoxon rank sum test, and was subsequently visualized by principal coordinate analysis
(PCoA) plot, principal component analysis (PCA) plot and Non-metric multidimensional scaling (NMDS) plot.
PERMANOVA was performed by the R package “vegan” to analyze Bray-Curtis distance in different Asthma-
CAP and Simple-CAP groups. Differential relative abundance of taxonomic groups at each taxonomic level
among groups was tested by using Kruskal-Wallis rank sum test (R package “kruskal.test”). The species with
mean relative abundances greater than 0.1% and penetrance greater than 10% among all samples were compared.
Spearman’s correlations between clinical features and the relative abundances of species were calculated by the
R package “cor.test”, and FDR correction was adopted to adjust all p values. Statistically significant differences in
the relative abundance of microbe among groups were assessed by the linear discriminant analysis of effect size
(LEfSe) analysis.

Statistical analysis
Statistical analyses and propensity score matching were performed using SPSS26.0.

Data availability

The pathogen reads of our study were deposited in the Genome Warehouse in the China National Center for
Bioinformation under project CRA022727 and are available at the following URL: https://ngdc.cncb.ac.cn/gsa/
search?searchTerm=CRA022727.

Received: 4 February 2025; Accepted: 29 May 2025
Published online: 01 July 2025

References

1. Liu, L. etal. Global, regional, and National causes of under-5 mortality in 2000-15: an updated systematic analysis with implications
for the sustainable development goals. Lancet 388, 3027-3035. https://doi.org/10.1016/s0140-6736(16)31593-8 (2016).

2. Walker, C. L. E et al. Global burden of childhood pneumonia and diarrhoea. Lancet 381, 1405-1416. https://doi.org/10.1016/s014
0-6736(13)60222-6 (2013).

3. Rudan, L. et al. Epidemiology and etiology of childhood pneumonia in 2010: estimates of incidence, severe morbidity, mortality,
underlying risk factors and causative pathogens for 192 countries. J. Glob Health. 3,010401. https://doi.org/10.7189/jogh.03.010401
(2013).

4. Jain, S. et al. Community-acquired pneumonia requiring hospitalization among U.S. Children. N Engl. J. Med. 372, 835-845.
https://doi.org/10.1056/NEJMo0al405870 (2015).

5. Kuruvilla, M. E. et al. Epidemiology and risk factors for asthma. Respir. Med. 149, 16-22. https://doi.org/10.1016/j.rmed.2019.01.014
(2019).

6. Jartti, T. et al. Role of viruses in asthma. Semin. Immunopathol. 42, 61-74. https://doi.org/10.1007/s00281-020-00781-5 (2020).

7. Pardue Jones, B. et al. Pediatric acute asthma exacerbations: evaluation and management from emergency department to intensive
care unit. J. Asthma. 53, 607-617. https://doi.org/10.3109/02770903.2015.1067323 (2016).

8. Chien, J. Y. et al. Utility of metagenomic Next-Generation sequencing for etiological diagnosis of patients with Sepsis in intensive
care units. Microbiol. Spectr. 10, €0074622. https://doi.org/10.1128/spectrum.00746-22 (2022).

9. Gu, W. et al. Rapid pathogen detection by metagenomic next-generation sequencing of infected body fluids. Nat. Med. 27, 115-
124. https://doi.org/10.1038/s41591-020-1105-z (2021).

10. Jin, X. et al. Improving suspected pulmonary infection diagnosis by Bronchoalveolar lavage fluid metagenomic Next-Generation
sequencing: a multicenter retrospective study. Microbiol. Spectr. 10, €0247321. https://doi.org/10.1128/spectrum.02473-21 (2022).

Scientific Reports |

(2025) 15:20458 | https://doi.org/10.1038/s41598-025-04847-y nature portfolio


https://www.ncbi.nlm.nih.gov/
https://ngdc.cncb.ac.cn/gsa/search?searchTerm=CRA022727
https://ngdc.cncb.ac.cn/gsa/search?searchTerm=CRA022727
https://doi.org/10.1016/s0140-6736(16)31593-8
https://doi.org/10.1016/s0140-6736(13)60222-6
https://doi.org/10.1016/s0140-6736(13)60222-6
https://doi.org/10.7189/jogh.03.010401
https://doi.org/10.1056/NEJMoa1405870
https://doi.org/10.1016/j.rmed.2019.01.014
https://doi.org/10.1007/s00281-020-00781-5
https://doi.org/10.3109/02770903.2015.1067323
https://doi.org/10.1128/spectrum.00746-22
https://doi.org/10.1038/s41591-020-1105-z
https://doi.org/10.1128/spectrum.02473-21
http://www.nature.com/scientificreports

www.nature.com/scientificreports/

11. Nascimento-Carvalho, C. M. Community-acquired pneumonia among children: the latest evidence for an updated management.
J. Pediatr. (Rio J). 96 (Suppl 1), 29-38. https://doi.org/10.1016/j.jped.2019.08.003 (2020).

12. Yang, A. et al. Application of metagenomic Next-Generation sequencing (mNGS) using Bronchoalveolar lavage fluid (BALF) in
diagnosing pneumonia of children. Microbiol. Spectr. 10, €0148822. https://doi.org/10.1128/spectrum.01488-22 (2022).

13. Pettigrew, M. M. et al. Association of sputum microbiota profiles with severity of community-acquired pneumonia in children.
BMC Infect. Dis. 16, 317. https://doi.org/10.1186/s12879-016-1670-4 (2016).

14. Michelow, L. C. et al. Epidemiology and clinical characteristics of community-acquired pneumonia in hospitalized children.
Pediatrics 113, 701-707. https://doi.org/10.1542/peds.113.4.701 (2004).

15. Dickson, R. P. et al. The role of the bacterial Microbiome in lung disease. Expert Rev. Respir. Med. 7, 245-257. https://doi.org/10.1
586/ers.13.24 (2014).

16. Rudan, L. et al. Epidemiology and etiology of childhood pneumonia. Bull. World Health Organ. 86, 408-416. https://doi.org/10.24
71/b1t.07.048769 (2008).

17. Dickson, R. P. et al. The role of the Microbiome in exacerbations of chronic lung diseases. Lancet 384, 691-702. https://doi.org/10
.1016/s0140-6736(14)61136-3 (2014).

18. Budden, K. E. et al. Functional effects of the microbiota in chronic respiratory disease. Lancet Respir Med. 7, 907-920. https://doi.
0rg/10.1016/52213-2600(18)30510-1 (2019).

19. Rigauts, C. et al. R Othia mucilaginosa is an anti-inflammatory bacterium in the respiratory tract of patients with chronic lung
disease. Eur. Respir J. 59, 41. https://doi.org/10.1183/13993003.01293-2021 (2022).

20. Mac Aogain, M. et al. Metagenomics reveals a core macrolide resistome related to microbiota in chronic respiratory disease. Am.
J. Respir Crit. Care Med. 202, 433-447. https://doi.org/10.1164/rccm.201911-22020C (2020).

21. Garcia-Nunez, M. et al. Severity-related changes of bronchial Microbiome in chronic obstructive pulmonary disease. J. Clin.
Microbiol. 52, 4217-4223. https://doi.org/10.1128/jcm.01967-14 (2014).

22. Fukui, S. et al. Comparison of lung microbiota between antineutrophil cytoplasmic antibody-associated vasculitis and sarcoidosis.
Sci. Rep. 10, 9466. https://doi.org/10.1038/s41598-020-66178-4 (2020).

23. Li, R. et al. Lung microbiome: new insights into the pathogenesis of respiratory diseases. Signal. Transduct. Target. Ther. 9, 56.
https://doi.org/10.1038/s41392-023-01722-y (2024).

24. Chen, P. et al. The relationships between LncRNA NNT-AS1, CRP, PCT and their interactions and the refractory mycoplasma
pneumoniae pneumonia in children. Sci. Rep. 11, 2059. https://doi.org/10.1038/s41598-021-81853-w (2021).

25. Chen, Z. et al. Role of the Mycoplasma pneumoniae/Interleukin-8/Neutrophil Axis in the pathogenesis of pneumonia. PLoS One.
11, e0146377. https://doi.org/10.1371/journal.pone.0146377 (2016).

26. Liu, B. et al. Clinical analysis of the epidemiology and changes in inflammatory indexes of Mycoplasma pneumonia in acute and
recovery stage pediatric patients. Transl Pediatr. 11, 1645-1655. https://doi.org/10.21037/tp-22-416 (2022).

27. Li, G. etal. High co-expression of TNF-a and CARDS toxin is a good predictor for refractory Mycoplasma pneumoniae pneumonia.
Mol. Med. 25, 38. https://doi.org/10.1186/s10020-019-0105-2 (2019).

Acknowledgements
This is a short text to acknowledge the contributions of specific colleagues, institutions, or agencies that aided
the efforts of the authors.

Author contributions
Lei Chen and Huan Chen wrote the main manuscript text, Lv and Guo prepared Tables 1, 2 and 3, Wu prepared
Figs. 1, 2, 3 and 4, all authors reviewed the manuscript.

Competing interests
The authors declare no competing interests.

Informed consent

All methods were carried out in accordance with relevant guidelines and regulations. All experimental
protocols were approved by Ethics Committee of Children’s Hospital of Nanjing Medical University
(202207144-1). Informed consent was obtained from all subjects and their legal guardians.

Additional information
Correspondence and requests for materials should be addressed to D.Z. or F.L.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives
4.0 International License, which permits any non-commercial use, sharing, distribution and reproduction in
any medium or format, as long as you give appropriate credit to the original author(s) and the source, provide
a link to the Creative Commons licence, and indicate if you modified the licensed material. You do not have
permission under this licence to share adapted material derived from this article or parts of it. The images or
other third party material in this article are included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in the article’s Creative Commons licence
and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to
obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommo
ns.org/licenses/by-nc-nd/4.0/.

© The Author(s) 2025

Scientific Reports |

(2025) 15:20458 | https://doi.org/10.1038/s41598-025-04847-y nature portfolio


https://doi.org/10.1016/j.jped.2019.08.003
https://doi.org/10.1128/spectrum.01488-22
https://doi.org/10.1186/s12879-016-1670-4
https://doi.org/10.1542/peds.113.4.701
https://doi.org/10.1586/ers.13.24
https://doi.org/10.1586/ers.13.24
https://doi.org/10.2471/blt.07.048769
https://doi.org/10.2471/blt.07.048769
https://doi.org/10.1016/s0140-6736(14)61136-3
https://doi.org/10.1016/s0140-6736(14)61136-3
https://doi.org/10.1016/s2213-2600(18)30510-1
https://doi.org/10.1016/s2213-2600(18)30510-1
https://doi.org/10.1183/13993003.01293-2021
https://doi.org/10.1164/rccm.201911-2202OC
https://doi.org/10.1128/jcm.01967-14
https://doi.org/10.1038/s41598-020-66178-4
https://doi.org/10.1038/s41392-023-01722-y
https://doi.org/10.1038/s41598-021-81853-w
https://doi.org/10.1371/journal.pone.0146377
https://doi.org/10.21037/tp-22-416
https://doi.org/10.1186/s10020-019-0105-2
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://www.nature.com/scientificreports

	﻿Differences of the respiratory microbiota between children suffering from community acquired pneumonia with presence or absence of asthma
	﻿Results
	﻿Cohort characteristics of participants
	﻿Distinct airway microecological community structures in asthma-CAP and simple-CAP
	﻿Distinct phylum-level microbial profiles in asthma-CAP and simple-CAP groups
	﻿Distinct genus-level microbial profiles in asthma-CAP and simple-CAP groups
	﻿Distinct species-level microbial profiles in asthma-CAP and simple-CAP groups
	﻿Distinct microbial biomarkers in asthma-CAP and simple-CAP groups
	﻿Correlation between microbial abundance and clinical parameters in asthma-CAP and simple-CAP patients

	﻿Discussion
	﻿Methods and materials
	﻿Subject enrollment
	﻿Sample collection
	﻿Sample processing and sequencing
	﻿Bioinformatics analysis
	﻿Microbial flora analysis
	﻿Statistical analysis

	﻿References


