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Supplemental Table 1. Human subject characteristics. 

 

ARDS subjects (n=68) 

Patient 
demographics 

Age 18-77 (47.4 ± 14.5) 

Male 46 (67%) 

Race: Caucasian 45 (66%) 

Race: African-American 19 (28.0%) 

Race: Other 4 (5.8%) 

ARDS risk 
factor 

Pneumonia 20 (29.4%) 

Aspiration 14 (20.6%) 

Sepsis 18 (26.4%) 

Other 16 (11.8%) 

Illness severity 
at study 

enrollment 

Oxygenation index 2.6 - 64.4 (16.0 ± 11.5) 

PaO2:FiO2 Ratio 45 - 257 (117.6 ± 55.8) 

APACHE III index 24 - 128 (57.2 ± 17.1) 

Outcomes 
28-day mortality 14 (20.5%) 

Ventilator-free days 0 - 27 (8.7 ± 9.3) 

Healthy subjects (n=7) 

Subject 
demographics 

Age 47.4 ± 14.5 

Male 5 (71%) 

Smoking history 
(Active/Former/Never) 0/0/7 

 



Supplemental Figure 1  Altered bacteria in the lung microbiome 24 
hours after sepsis and sham surgery. The 20 most abundant opera-
tional taxonomic units detected in the lungs of untreated mice are 
shown across experimental arms. OTUs are ranked in descending 
order of mean abundance in the lungs of untreated mice. Values 
presented as means ± standard error of the mean.
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Lung communities: 14 days after intervention Lung communities: 8 weeks after intervention

Sepsis: 14 days
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Sham: 14 days

Imipenem: 14 days
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Sepsis: 8 weeks

a b

Imipenem only

Imipenem + sepsis (CLP)
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Antibiotics + sepsis (CLP)
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Supplemental Figure 2  Bacterial communities in the lungs of mice at extended timepoints. Mice were exposed to abdominal sepsis (cecal ligation and 
puncture and imipenem) and compared at multiple timepoints to three experimental control groups: untreated, imipenem only, and imipenem with sham 
surgery. Lung communities are shown at 14 days following exposure (a) and 8 weeks following exposure (b). Post-sepsis lungs were not collectively 
distinct from the lungs of control mice at either timepoint (P > 0.05). Post-sepsis lung communities within the red circle were enriched with four OTUs 
classified at the family level as Lachnospiraceae, comprising 37.2% of sequences. These same OTUs comprised only 5.7% of sequences in the 
remaining 14-day CLP lungs, and 6.9% of sequences in all other 14-day lungs.
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OTU015: Neisseria sp.

OTU011: Gammaproteobacteria sp.

OTU021: Veillonella sp.

OTU012: Gammaproteobacteria sp.

OTU010: Burkholderiaceae sp.

OTU003: Streptococcus sp.

OTU005: Lactobacillus sp.

OTU009: Bacteroides sp.

OTU006: Pseudomonas sp.

OTU004: Streptococcus sp.

OTU002: Pseudomonas sp.

OTU001: Bacillus sp.
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Supplemental Figure 3  Enriched lung bacteria in experimental sepsis and human ARDS. (a) Biplot analysis of lungs of bacterial communities detected 
in lungs of untreated mice and at various timepoints following sepsis. A single taxonomic group (OTU008, Bacteroidales sp.) drove the community 
difference between post-sepsis lungs (5 days) and all other intervention arms. (b) Model-based analysis of multivariate abundance data (mvabund 
package in R15) of taxonomic groups relatively enriched in the BAL fluid of patients with ARDS compared to that of healthy subjects. Identified taxa 
corresponded to bacterial genera found in the lower intestinal tract (e.g. Bacillus, Bacteroidetes, Lactobacillus), the upper respiratory tract (Streptococ-
cus, Burkholderiaceae, Neisseria) and both (Pseudomonas, Gammaproteobacteria spp.). OTU0009 (Bacteroides sp., highlighted in green) was selected 
for further study given its frequency and abundance in ARDS BAL specimens, its absence from healthy human BAL specimens and the previously 
reported microbiota of the upper respiratory tract, and its absence from reagent control specimens. 



Human ARDS BAL Fluid

Mouse Cecal Ligation and Puncture: 24 Hours

Mouse Cecal Ligation and Puncture: Extended Timepoints

Previously cultured bacterial species

Sources of 
Prominent 
OTUs

0.12

25_BAKK01000086_168_1671_Bacteria_Bacteroidetes_Bacteroidia_Bacteroidales_Bacteroidaceae_Bacteroides_Bacteroides_faecichinchillae

43_HQ744283_1_1443_Bacteria_Bacteroidetes_Bacteroidia_Bacteroidales_Bacteroidaceae_Bacteroides_uncultured_organism

24_HQ814524_1_1435_Bacteria_Bacteroidetes_Bacteroidia_Bacteroidales_Bacteroidaceae_Bacteroides_uncultured_organism

23_HQ762161_1_1435_Bacteria_Bacteroidetes_Bacteroidia_Bacteroidales_Bacteroidaceae_Bacteroides_uncultured_organism

44_ASSM01000019_161439_162955_Bacteria_Bacteroidetes_Bacteroidia_Bacteroidales_Bacteroidaceae_Bacteroides_Bacteroides_thetaiotaomicron

15_AB510710_1_1461_Bacteria_Bacteroidetes_Bacteroidia_Bacteroidales_Bacteroidaceae_Bacteroides_Bacteroides_thetaiotaomicron

33_HQ804178_1_1444_Bacteria_Bacteroidetes_Bacteroidia_Bacteroidales_Bacteroidaceae_Bacteroides_uncultured_organism

35_AB510701_1_1490_Bacteria_Bacteroidetes_Bacteroidia_Bacteroidales_Bacteroidaceae_Bacteroides_Bacteroides_fragilis

34_CS600341_10_1518_Bacteria_Bacteroidetes_Bacteroidia_Bacteroidales_Bacteroidaceae_Bacteroides_Bacteroides_fragilis

13_CR626927_4413866_4415398_Bacteria_Bacteroidetes_Bacteroidia_Bacteroidales_Bacteroidaceae_Bacteroides_Bacteroides_fragilis

4_Human_ARDS_OTU009

0.028

0.015

42_EU506153_1_1399_Bacteria_Bacteroidetes_Bacteroidia_Bacteroidales_Bacteroidales_S24-7_group_uncultured_bacterium

22_EU506168_1_1412_Bacteria_Bacteroidetes_Bacteroidia_Bacteroidales_Bacteroidales_S24-7_group_uncultured_bacterium

20_EU474236_1_1405_Bacteria_Bacteroidetes_Bacteroidia_Bacteroidales_Bacteroidales_S24-7_group_uncultured_bacterium

30_EU474413_1_1398_Bacteria_Bacteroidetes_Bacteroidia_Bacteroidales_Bacteroidales_S24-7_group_uncultured_bacterium

36_EF099195_1_1401_Bacteria_Bacteroidetes_Bacteroidia_Bacteroidales_Bacteroidales_S24-7_group_uncultured_bacterium

37_EF099788_1_1401_Bacteria_Bacteroidetes_Bacteroidia_Bacteroidales_Bacteroidales_S24-7_group_uncultured_bacterium

10_EU474328_1_1399_Bacteria_Bacteroidetes_Bacteroidia_Bacteroidales_Bacteroidales_S24-7_group_uncultured_bacterium

1_CLP_24_Hours_OTU028

0.001

0.015 6_EF099541_1_1401_Bacteria_Bacteroidetes_Bacteroidia_Bacteroidales_Bacteroidales_S24-7_group_uncultured_bacterium

0.031 19_EU454677_1_1401_Bacteria_Bacteroidetes_Bacteroidia_Bacteroidales_Bacteroidales_S24-7_group_uncultured_bacterium

29_EU453830_1_1403_Bacteria_Bacteroidetes_Bacteroidia_Bacteroidales_Bacteroidales_S24-7_group_uncultured_bacterium

0.039

0.041

3_CLP_Extended_OTU008

7_EF100036_1_1412_Bacteria_Bacteroidetes_Bacteroidia_Bacteroidales_Bacteroidales_S24-7_group_uncultured_bacterium

26_EF097933_1_1412_Bacteria_Bacteroidetes_Bacteroidia_Bacteroidales_Bacteroidales_S24-7_group_uncultured_bacterium

18_EU451889_1_1411_Bacteria_Bacteroidetes_Bacteroidia_Bacteroidales_Bacteroidales_S24-7_group_uncultured_bacterium

17_EF099854_1_1383_Bacteria_Bacteroidetes_Bacteroidia_Bacteroidales_Bacteroidales_S24-7_group_uncultured_bacterium

38_EF406607_1_1506_Bacteria_Bacteroidetes_Bacteroidia_Bacteroidales_Bacteroidales_S24-7_group_uncultured_bacterium

40_EU455514_1_1230_Bacteria_Bacteroidetes_Bacteroidia_Bacteroidales_Bacteroidales_S24-7_group_uncultured_bacterium

27_EF099783_1_1409_Bacteria_Bacteroidetes_Bacteroidia_Bacteroidales_Bacteroidales_S24-7_group_uncultured_bacterium

8_EU452381_1_1411_Bacteria_Bacteroidetes_Bacteroidia_Bacteroidales_Bacteroidales_S24-7_group_uncultured_bacterium

16_EF099203_1_1405_Bacteria_Bacteroidetes_Bacteroidia_Bacteroidales_Bacteroidales_S24-7_group_uncultured_bacterium

9_EU455451_1_1239_Bacteria_Bacteroidetes_Bacteroidia_Bacteroidales_Bacteroidales_S24-7_group_uncultured_bacterium

0.045

28_EF406381_1_1494_Bacteria_Bacteroidetes_Bacteroidia_Bacteroidales_Bacteroidales_S24-7_group_uncultured_bacterium

39_EU454660_1_1399_Bacteria_Bacteroidetes_Bacteroidia_Bacteroidales_Bacteroidales_S24-7_group_uncultured_bacterium

0.007

41_EU503946_1_1406_Bacteria_Bacteroidetes_Bacteroidia_Bacteroidales_Bacteroidales_S24-7_group_uncultured_bacterium

12_EU508238_1_1401_Bacteria_Bacteroidetes_Bacteroidia_Bacteroidales_Bacteroidales_S24-7_group_uncultured_bacterium

11_EU504412_1_1402_Bacteria_Bacteroidetes_Bacteroidia_Bacteroidales_Bacteroidales_S24-7_group_uncultured_bacterium

21_EU504204_1_1357_Bacteria_Bacteroidetes_Bacteroidia_Bacteroidales_Bacteroidales_S24-7_group_uncultured_bacterium

14_JN012808_1_1459_Bacteria_Bacteroidetes_Bacteroidia_Bacteroidales_Bacteroidales_S24-7_group_uncultured_bacterium

31_EU504427_1_1402_Bacteria_Bacteroidetes_Bacteroidia_Bacteroidales_Bacteroidales_S24-7_group_uncultured_bacterium

32_EU791080_1_1490_Bacteria_Bacteroidetes_Bacteroidia_Bacteroidales_Bacteroidales_S24-7_group_uncultured_bacterium

2_CLP_24_hours_OTU008

5_AB626933_1_1493_Bacteria_Bacteroidetes_Bacteroidia_Bacteroidales_Bacteroidales_S24-7_group_uncultured_bacterium

0.01

Supplemental Figure 4  Phylogenetic tree of prominent OTUs and closely-aligned sequences from a reference database. Prominent OTUs detected the 
BAL fluid of humans with ARDS (green) and the lungs of mice following cecal ligation and puncture at 24 hours (blue) and extended timepoints (purple) 
were compared with 40 closely-aligned sequences obtained from the SILVA database (http://www.arb-silva.de/). Sequences obtained from cultivated 
organisms are highlighted in yellow. All related sequences were classified as belonging to the Bacteroidales order within the Bacteroidetes phylum. Tree 
generated with MAFFT v.7 (http://mafft.cbrc.jp/alignment/server/).
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Supplemental Figure 5  Time course of gut-lung community similarity following abdominal sepsis. For each mouse, community similarity was calculated 
for paired lung and colon communities (a) and paired lung and feces communities (b). Group means and standard errors of the mean are depicted.
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Supplemental Figure 6  Effect of experimental sepsis on the relative abundance of OTU008 Bacteroidales sp. in the murine gut. Mice were exposed to 
abdominal sepsis (cecal ligation and puncture and imipenem) and compared at multiple timepoints to three experimental control groups: untreated, 
imipenem only, and imipenem with sham surgery. The taxonomic group enriched in post-sepsis lungs (OTU008, Bacteroidales sp.) decreased in relative 
abundance in colon and fecal communities at day 5 and week 2, normalizing by week 8. Statistical significance was determined by Kruskal–Wallis 
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23_JTBO01000001_241910_243463_Bacteria_Proteobacteria_Gammaproteobacteria_Enterobacteriales_Enterobacteriaceae_Enterobacter_Enterobacter_cloacae

24_JTBO01000001_3478899_3480452_Bacteria_Proteobacteria_Gammaproteobacteria_Enterobacteriales_Enterobacteriaceae_Enterobacter_Enterobacter_cloacae

28_JTBO01000001_4552383_4553936_Bacteria_Proteobacteria_Gammaproteobacteria_Enterobacteriales_Enterobacteriaceae_Enterobacter_Enterobacter_cloacae

30_JTBO01000001_4632213_4633766_Bacteria_Proteobacteria_Gammaproteobacteria_Enterobacteriales_Enterobacteriaceae_Enterobacter_Enterobacter_cloacae

29_JTBO01000001_4428620_4430172_Bacteria_Proteobacteria_Gammaproteobacteria_Enterobacteriales_Enterobacteriaceae_Enterobacter_Enterobacter_cloacae

22_JTBO01000001_7086_8637_Bacteria_Proteobacteria_Gammaproteobacteria_Enterobacteriales_Enterobacteriaceae_Enterobacter_Enterobacter_cloacae

25_JTBO01000001_995114_996665_Bacteria_Proteobacteria_Gammaproteobacteria_Enterobacteriales_Enterobacteriaceae_Enterobacter_Enterobacter_cloacae

21_HQ787649_1_1448_Bacteria_Proteobacteria_Gammaproteobacteria_Enterobacteriales_Enterobacteriaceae_Enterobacter_uncultured_organism

14_JX317636_1_1424_Bacteria_Proteobacteria_Gammaproteobacteria_Enterobacteriales_Enterobacteriaceae_Pantoea_Enterobacter_cloacae

2_KJ577634_1_1407_Bacteria_Proteobacteria_Gammaproteobacteria_Enterobacteriales_Enterobacteriaceae_Enterobacter_Enterobacter_asburiae

10_KF434761_1_1339_Bacteria_Proteobacteria_Gammaproteobacteria_Enterobacteriales_Enterobacteriaceae_Enterobacter_Enterobacter_sp__T1

4_KJ781381_1_1458_Bacteria_Proteobacteria_Gammaproteobacteria_Enterobacteriales_Enterobacteriaceae_Enterobacter_Enterobacter_ludwigii

6_KF906826_1_1526_Bacteria_Proteobacteria_Gammaproteobacteria_Enterobacteriales_Enterobacteriaceae_Enterobacter_Enterobacter_sp__BR1

9_JX827717_1_1451_Bacteria_Proteobacteria_Gammaproteobacteria_Enterobacteriales_Enterobacteriaceae_Klebsiella_bacterium_RB5-FF-20

13_AB425050_1_1310_Bacteria_Proteobacteria_Gammaproteobacteria_Enterobacteriales_Enterobacteriaceae_Enterobacter_Enterobacter_sp__SCPB-1

17_HM462446_1_1447_Bacteria_Proteobacteria_Gammaproteobacteria_Enterobacteriales_Enterobacteriaceae_Klebsiella_Klebsiella_sp__VITPGP5AB

20_HM462447_1_1249_Bacteria_Proteobacteria_Gammaproteobacteria_Enterobacteriales_Enterobacteriaceae_Klebsiella_Klebsiella_sp__VITPGP23A

16_FJ445213_1_2097_Bacteria_Proteobacteria_Gammaproteobacteria_Enterobacteriales_Enterobacteriaceae_Enterobacter_Pantoea_sp__NIIST-167

7_KF906834_1_1528_Bacteria_Proteobacteria_Gammaproteobacteria_Enterobacteriales_Enterobacteriaceae_Cronobacter_Klebsiella_sp__OR7

15_AY660027_1_1471_Bacteria_Proteobacteria_Gammaproteobacteria_Enterobacteriales_Enterobacteriaceae_Providencia_Xenorhabdus_bovienii

8_KF843010_1_1381_Bacteria_Proteobacteria_Gammaproteobacteria_Enterobacteriales_Enterobacteriaceae_Cronobacter_uncultured_bacterium

18_FJ626262_1_1425_Bacteria_Proteobacteria_Gammaproteobacteria_Enterobacteriales_Enterobacteriaceae_Enterobacter_endosymbiont_of_Sphenophorus_levis

11_KC463799_1_1243_Bacteria_Proteobacteria_Gammaproteobacteria_Enterobacteriales_Enterobacteriaceae_Klebsiella_uncultured_bacterium

5_LN558633_1_1352_Bacteria_Proteobacteria_Gammaproteobacteria_Enterobacteriales_Enterobacteriaceae_Klebsiella_Klebsiella_pneumoniae

19_HQ419280_1_1500_Bacteria_Proteobacteria_Gammaproteobacteria_Enterobacteriales_Enterobacteriaceae_Enterobacter_Enterobacter_sp__NISOC_03

OTU enriched in 
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after systemic LPS
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bacterial species
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Supplemental Figure 7  Gut-associated bacteria in the lungs of mice following LPS-induced shock. Shock was induced via intraperitoneal injection of 5 
mg/kg LPS, and lung bacterial communities were sequenced and analyzed after 1 day and 4 days. (a) One day after LPS-induced shock, lung communi-
ties were significantly distinct from those of untreated animals. This difference had resolved by 4 days. (b) Biplot analysis identified an Enterobacteriace-
ae-classified OTU (OTU00004) as the community member responsible for this difference. (c) This Enterobacteriaceae-classified OTU (OTU00004) had 
significantly increased relative abundance in the lung communities of LPS treated mice after 1 day; this difference had resolved by 4 days. (d) Phyloge-
netic tree of this OTU (OTU00004) compared with 30 neighboring sequences in the SILVA database (http://www.arb-silva.de/). Sequences obtained from 
cultivated organisms are highlighted in yellow. All sequences were genetically identical (distance = 0) to OTU00004, and belonged to the Enterobacteria-
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Bacteroides sp. (OTU009)

Supplemental Figure 8  Stability of OTU009 
(Bacteroides sp.) in serial BAL specimens from 
patients with ARDS. The relative abundance of 
OTU009 (Bacteroides sp.) is shown for BAL 
specimens collected from the 25 ARDS patients 
who underwent serial bronchoscopy. 


