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Supplementary Table 1. SOFA scores of the patiens throughout the clinical course.
	Length of hospital stay
	SOFA Score

	D1 (Feb-26)
	17

	D3
	18

	D5
	15

	D7
	10

	D9
	13

	D11
	12

	D13
	11

	D15
	12

	D17
	13

	D19
	11

	D21
	11

	D23
	12

	D25
	10



Supplementary Table 2. The relative abundance of the pathogens identified by BALF,  Pleural effusion and blood mNGS.
	Sample
	Pathogens
	Relative abundance at species level

	BALF
	Parvimonas micra
	18.20%

	
	Peptostreptococcus stomatis
	18.10%

	
	Olsenella uli
	13.90%

	
	Slackia exigua
	8.30%

	
	Bacteroides heparinolyticus
	6.00%

	
	Streptococcus anginosus
	5.60%

	
	Gemella morbillorum
	5.60%

	
	Porphyromonas endodontalis
	4.00%

	
	Streptococcus pneumoniae
	0.90%

	
	Staphylococcus aureus
	0.01%

	Pleural effusion
	Peptostreptococcus stomatis
	29.30%

	
	Slackia exigua
	23.00%

	
	Olsenella uli
	22.90%

	
	Filifactor alocis
	7.70%

	
	Porphyromonas endodontalis
	6.00%

	
	Bacteroides heparinolyticus
	3.00%

	
	Dialister pneumosintes
	2.50%

	
	Prevotella baroniae
	1.50%

	
	Alloprevotella tannerae
	0.45%

	
	Fusobacterium nucleatum
	0.09%

	
	Campylobacter rectus
	0.09%

	Blood
	Bacteroides heparinolyticus
	2.40%

	
	Alloprevotella tannerae
	1.80%

	
	Porphyromonas endodontalis
	1.80%

	
	Streptococcus pneumoniae
	0.80%


Note: Relative abundance refers to the proportion of distribution of a microbial species sequence in the corresponding species (usually divided into bacteria, fungi, viruses, and parasitic insects) after the removal of the host sequence.

Supplementary Table 3. Clinical data of patients diagnosed with anaerobic pleural empyema. 
	ID
	Year
	Sex
	Age
	Underlying diseases
	Initial symptoms
	radiographic appearance
	Sample
	Confirmed method
	Species
	surgery
	Mechanical ventilation
	Therapy
	Outcome

	1
	2024 (1)
	male
	50
	poly-substance use disorder, hyperlipidemia, smoking history
	chest pain, cough
	hazy opacification of the right lower lung field; areas of lucency in the medial margin of the consolidation may correspond to the aerated lung; necrosis has a similar appearance
	body fluid, pleural fluid, surgical swab
	culture
	Parvimonas micra, COVID-19
	right postero-lateral open thoracotomy, total lung decortication, wedge resection of the right lower and middle lobe, pneumonolysis, and mechanical pleurodesis
	NIPPV
	levofloxacin, vancomycin, and Zosyn 
	recovery

	2
	2024 (2)
	male
	39
	bronchial asthma and a mild form of periodontal disease, smoking and drinking history
	back pain
	a mass with pleural thickening and an internal low-attenuation area at the site of the previous empyema cavity
	pleural fluid
	culture
	Actinomyces naeslundii
	thoracoscopic surgery
	no
	Amoxicillin/Clavulanate, Ampicillin/Sulbactam, Amoxicillin/Clavulanate
	recovery

	3
	2024 (3)
	male
	77
	chronic obstructive pulmonary disease, chronic kidney disease, and anemia, smoking history
	dyspnea, cough, weight loss, decreased appetite, and night sweats
	nodular opacities with bilateral pleural effusions 
	empyema 
	mNGS
	Pseudopropionibacterium propionicum
	no
	no
	ceftriaxone and minocycline, minocycline
	died

	4
	2023 (4)
	male
	28
	pulmonary tuberculosis
	fever, weight loss, dyspnea 
	an extensive empyema in the left hemithorax
	empyema
	MALDI-TOF MS
	Parvimonas micra
	no
	no
	piperacillin/tazobactam
	recovery

	5
	2023 (5)
	female
	51
	smoking history
	chest pain
	a large right-sided fluid collection
	Tissue
	culture
	Peptostreptococcus, Veillonella
	VATS
	no
	intravenous ampicillin-sulbactam and ertapenem
	recovery

	6
	2023 (6)
	male
	60
	hypertension, a mood disorder, dental surgery, smoking and drinking history
	cough, dyspnea, appetite
	a massive right-sided pleural effusion, with gas components suggesting a possible empyema
	pleural fluid
	cultures, fluid analysis, and cytology
	Tannerella forsythia, Fusobacterium nucleatum， Actinomyces
	thoracostomy, VATS
	no
	ampicillin-sulbactam, amoxicillin-clavulanic acid 
	recovery

	7
	2023 (7)
	male
	37
	bronchial asthma
	right-sided dull aching pain in the subcoastal region, high-grade fever with chills and shortness of breath 
	moderate effusion accompanied by underlying lung collapse, multiple enlarged mediastinal lymph nodes were noted in pre-vascular, sub-carinal, sub-aortic, paratracheal, paraaortic, and para-esophageal stations
	blood, pleural fluid
	culture 
	Prevotella buccae
	no
	no
	intercostal drain
	recovery

	8
	2023 (8)
	male
	49
	tobacco and alcohol consumption, periodontitis
	cough, sputum, dyspnea
	infectious lesions in both lungs, the giant cavity of the left lung with gas and fluid levels
	pus, peripheral blood
	mNGS, culture
	Porphyromonas gingivalis
	no
	MV with endotracheal intubation
	imipenem
	recovery

	9
	2023 (9)
	male
	8
	Down's syndrome
	fever and cough
	pleural effusion and lung abscess
	sputum, Pleural effussion
	mNGS
	Parvimonas micra, Porphyromonas gingivalis
	one of the children underwent lung necrosis tissue resection
	one required MV, three with low-flow oxygen support
	metronidazole and piperacillin tazobactam
	recovery

	10
	
	male
	13
	Cerebral palsy
	
	
	
	
	
	
	
	
	

	11
	
	male
	11
	Cerebral palsy
	
	
	
	
	
	
	
	
	

	12
	
	female
	9
	Hypophrenia
	
	
	
	
	
	
	
	
	

	13
	2023 (10)
	unknown
	4
	sickle cell anemia
	Fever, cough, and purulent expectoration
	condensation in the right upper lobe
	broncho-aspirate, bronchial brushing and BALF
	Culture, 16S rRNA
	Lautropia mirabillis, Prevotella oris 
	no
	no
	Cefotaxime and vancomycin
	recovery

	14
	
	unknown
	13
	Glanzmann’s thrombasthenia and allergic asthma
	left flank pain radiating to the shoulder and respiratory distress
	condensation in the left lung base
	pleural effusion
	16S rRNA
	Prevotella oris 
	no
	no
	Cefotaxime and vancomycin and clindamycin
	recovery

	15
	2022 (11)
	Male
	51
	Smocking and drinking history
	right-sided chest pain
	mild haziness in the right lung, right sided pleural effusion
	pleural pus
	Culture, MALDI TOF MS
	Prevotella oris
	no
	no
	metronidazole
	recovery

	16
	2022  (12)
	male
	48
	drinking history
	erythema and painful lesions on the right side of the chest, dyspnea, weakness, and weight loss
	multiple voids, wall thickening and pleural effusion, right chest abscess
	pleural fluid
	culture, MALDI-TOF MS
	Campylobacter rectus
	no
	no
	imipenem, amoxicillin clavulanic acid and metronidazole
	recovery

	17
	2022 (13)
	female
	74
	gastric cancer, periodontitis 
	regrowth of the chest wall mass with tenderness
	a subcutaneous abscess with a diameter of 9 cm extending from a right lower subpleural lung abscess with a diameter of 8 cm accompanied by empyema
	pus
	culture, 16 S rRNA PCR assay
	Porphyromonas gingivalis
	the subcutaneous abscess with debridement
	no
	ampicillin/sulbactam, amoxicillin/clavulanate
	recovery

	18
	2021 (14)
	male
	52
	smoking history, drinking history
	shortness of breath, cough
	a massive pleural effusion on the left with mediastinal lymphadenopathy and shift to the right side
	pleural effusion fluid, septae biopsies
	MALDI-TOF MS
	Actinomyces meyeri
	minithoracotomy with empyema evacuation, complete parietal pleurectomy, decortications of the left upper and lower lobes
	NIV
	amoxicillin/clavulanic acid, amoxicillin
	recovery

	19
	2021 (15)
	male
	33
	obesity, T2DM, obstructive sleep apnea
	chest pain, inspiration, cough
	a large, loculated pleural effusion with partial collapse of the right upper and lower lobes
	pleural fluid
	gram stain
	Fusobacterium nucleatum, Actinomyces turicensis
	no
	no
	ampicillin/sulbactam, amoxicillin/clavulanic acid
	recovery

	20
	2021 (16)
	male
	78
	none
	dyspnea and chills
	a large and multiloculated pleural effusion with an air bubble on the right side
	pleural effusion
	culture and 16S rRNA gene
	Streptococcus constellatus
	no
	no
	ceftriaxone and clindamycin, cefpodoxime and clindamycin
	recovery

	21
	2021 (17) 
	Female
	65
	diabetes mellitus
	fatigue, appetite loss, cough, and dyspnea
	extensive pleural effusion with slight bubbles and air in the left pleural cavity, which caused the collapse of the left lung and mediastinal shift to the right
	pus
	smear microscopy
	anaerobic bacteria
	no
	no
	sulbactam, ampicillin
	recovery

	22
	2020 (18)
	female
	66
	grade 2 bronchogenic adenocarcinoma
	cough, shortness of breath and dyspnea
	left upper lung lobe mass about 50×52×60 mm impressive of bronchogenic carcinoma, with mild pleural effusion on the left side
	pus
	culture
	Salmonella
	No
	No
	levofloxacin, ceftazidime, clindamycin 
	recovery

	23
	2019 (19)
	male
	75
	tobacco abuse and depression
	fatigue, coughing up blood-tinged sputum
	a large, lower, right-sided loculated effusion
	blood, pleural fluid
	culture
	Streptococcus gordonii
	VATS
	no
	ampicillin/sulbactam
	/

	24
	2018 (20)
	female
	40
	hypertension, asthma, smoking history, drinking history
	cough, sputum, fever, chills, watery diarrhea, and vomiting
	left pulmonary abscess with pleural effusion
	blood, pleural fluid
	culture
	Eggerthia catenaformis, Fusobacterium nucleatum, Parvimonas micra
	no
	MV
	amoxicillin-clavulanate for 6 weeks
	recovery

	25
	2018 (21)
	male
	69
	chronic renal failure, atherosclerosis and chronic obstructive pulmonary disease, drinking history
	back pain, shortness of breath
	an empyema and a large broncho-pleural fistula complicating a necrotic pneumonia in the inferior lobe of the right lung
	pleural liquid
	culture and MALDI-TOF MS
	Campylobacter rectus
	no
	no
	/
	died

	26
	2017 (22)
	male
	75
	smoking history, rheumatoid arthritis, T2DM, thoracoscopy and talc pleurodesis
	breathlessness, malaise, cough, fevers
	a right‐sided hydropneumothorax and a stable left‐sided effusion
	pleural fluid
	culture, 16S rRNA PCR testing
	Propionibacterium acnes
	surgical decortication
	no
	piperacillin/tazobactam
	recovery

	27
	2017 (23)
	female
	65
	bronchiectasis
	cough, phlegm
	a cavitary lesion in the left upper lobe superior lingular segment
	blood, pleural effusion 
	16 S rRNA PCR
	Campylobacter curvus
	no
	no
	ampicillin/sulbactam and clindamycin 
	recovery

	28
	2016 (24)
	male
	24
	smoking history, have a wisdom tooth extracted
	fever, dyspnea, severe fatigue
	right pleural effusion, no embolism or pulmonary abscess
	blood
	culture
	Fusobacterium necrophorum
	no
	no
	Amoxicillin/clavulanic acid, and metronidazole
	recovery

	29
	2014 (25)
	male
	76
	hypertension
	fever and chest pain
	left encapsulated pleural effusion, pleural thickening and adhesion
	pleural pus，sputum, blood, bronchoalveolar lavage fluid and pleural fluid
	16S rDNA sequence analysis
	Prevotella spp
	no
	no
	Imipenem, metronidazole
	recovery

	30
	2012 (26)
	male
	68
	adenocarcinoma of the sigmoid colon, recurrent urinary tract infections, nephrolithiasis, and hydronephrosis
	breathlessness, cough, left-sided loin pains
	a left-sided perinephric collection and a large pleural effusion that had gas-containing areas consistent with an empyema
	pleural fluid, urine
	culture
	Escherichia coli, Enterococcus faecalis
	no
	endotracheal intubation and MV
	piperacillin/tazobactam, metronidazole, amoxicillin, ciprofloxacin.
	recovery

	31
	2011 (27)
	male
	22
	no
	Sore throat, fever, difficulty swallowing
	Lung consolidation, lung infiltration, pleural effusion, Gas-liquid plane on the right
	pleural fluid
	culture
	Fusobacterium necrophorum
	endoscopic treatment
	no
	meropenem, clarithromycin, linezolid
	recovery

	32
	2008 (28)
	male
	38
	/
	sore throat, shortness of breath, and high fever
	left peritonsillar abscess formation, occlusion of the left internal jugular vein with inflammatory wall thickening and perijugular soft tissue infiltration, pulmonary abscesses, and bilateral pleural effusions
	blood
	culture
	Fusobacterium necrophorum
	staged decortication of bilateral empyema
	no
	clindamycin
	recovery

	33
	2006 (29) 
	Female
	19
	anorexia nervosa
	cough, fever, malaise, left chest pain
	massive pleural effusion and gas in the left pleural cavity, causing ashift of the mediastinum to the right side
	pleural fluids
	culture
	Peptostreptococcus
	no
	no
	clindamycin, meropenem
	recovery

	34
	2006 (30)
	male
	59
	cerebrovascular accident
	fever
	right submassive pleural effusion
	pleural fluid
	culture
	Streptococcus constellatusas, Prevotella intermedia, Fusobacterium urealyticus
	no
	no
	ceftriaxone, clindamycin
	recovery

	35
	2001 (31)
	male
	54
	alcoholic cirrhosis
	fever and shortness of breath
	right empyema and collapse-consolidation of the lower lobe of the right lung
	blood, pleural fluid
	culture,16S rRNA gene sequence
	Laribacter hongkongensis gen. nov., sp. nov.
	no
	no
	cefuroxime, netilmicin
	recovery

	36
	2000 (32)
	Male
	62
	chronic sinusitis, smoking and drinking history
	chronic sputum, dyspnea, and weakness
	severe mediastinal shift and left lung collapse due to the accumulation of fluid and gas in the left pleural space
	pleural effusion
	culture
	Bacteroides spp.
	no
	no
	imipenem/cilastatin sodium, clindamycin
	recovery

	37
	2000 (33)
	male
	50
	spontaneous pneumothorax, drinking and smoking history
	disturbance of consciousness, chest pain
	massive pleural effusion with air fluid level and deviation of mediastinum to the left
	pleural fluid
	culture
	Bacteroides fragilis, Citrobacter koseri, Enterococcus species
	no
	no
	imipenem/cilastatin, amikacin
	recovery

	38
	1998 (34) 
	male
	68
	malaria, rheumatic fever, emphysema, myocardial infarcts angina, drinking and smoking history
	rigors, right hypochondrial pain and ankle swelling
	signs of a right pleural effusion
	aspirate, empyema
	cultures
	Clostridium tetani, Fusobacterium mortiferum
	thoracotomy and drainage of the effusion
	no
	penicillin
	died

	39
	1996 (35)
	Male
	68
	anorectic
	weakness, malaise, weight loss
	a large mass along the left side of the heart which appeared to extend into the left lung with consilidation and bilateral pleural effusions
	abscess
	culture
	Peptostreptococcus anaerobius
	pulmonary artery catheter insertion and thoracotomy with chest tube drainage
	/
	/
	/

	40
	1989 (36)
	male
	41
	chronic alcohol abuser
	clouding of consciousness
	right-side pneumonia
	fluid, blood
	culture
	Gardnerella vaginalis, Streptococcus milleri, Bacteroides oralis, Peptiostreptococcussp., Peptococcus sp., Veillonella sp., Haemophilus parainjfluenzae,Streptococcus milleri, Neisseria sicca. ect.
	no
	no
	ceftazidime, penicillin, minocycline, metronidazole, clindamycin, ampicillin
	died


	


NIV: non-invasive ventilation; NIPPV: noninvasive positive pressure ventilation; MV: Mechanical ventilation; VATS: video-assisted thoracoscopic surgery.
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