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RAPID REPORT

Extracellular Vesicles in Lung Health, Disease, and Therapy

CD14-positive extracellular vesicles in bronchoalveolar lavage fluid as a new
biomarker of acute respiratory distress syndrome

Rahul Y. Mahida,1 Joshua Price,2 Sebastian T. Lugg,1 Hui Li,1,3 Dhruv Parekh,1 Aaron Scott,1

Paul Harrison,2 Michael A. Matthay,4 and David R. Thickett1
1Birmingham Acute Care Research Group, Institute of Inflammation and Ageing, University of Birmingham, Birmingham,
United Kingdom; 2Institute of Inflammation and Ageing, University of Birmingham, Birmingham, United Kingdom; 3Department
of Anesthesia and Critical Care, The Second Affiliated Hospital and Yuying Children’s Hospital of Wenzhou Medical
University, Wenzhou, China; and 4Cardiovascular Research Institute, Departments of Medicine and Anesthesia, University of
California, San Francisco, California

Abstract

Recent studies have indicated that extracellular vesicles (EVs) may play a role in the pathogenesis of acute respiratory distress
syndrome (ARDS). EVs have been identified as potential biomarkers of disease severity and prognosis in other pulmonary dis-
eases. We sought to characterize the EV phenotype within bronchoalveolar lavage (BAL) fluid of patients with ARDS, and to
determine whether BAL EV could be used as a potential biomarker in ARDS. BAL was collected from patients with sepsis with
and without ARDS, and from esophagectomy patients postoperatively (of whom a subset later developed ARDS during hospital
admission). BAL EVs were characterized with regard to size, number, and cell of origin. Patients with sepsis-related ARDS had
significantly higher numbers of CD14þ /CD81þ monocyte-derived BAL EV than patients with sepsis without ARDS (P = 0.015).
However, the converse was observed in esophagectomy patients who later developed ARDS (P = 0.003). Esophagectomy
patients who developed ARDS also had elevated CD31þ /CD63þ and CD31þ /CD81þ endothelial-derived BAL EV (P � 0.02)
compared with esophagectomy patients who did not develop ARDS. Further studies are required to determine whether CD31þ

BAL EV may be a predictive biomarker for ARDS in esophagectomy patients. CD14þ /CD81þ BAL EV numbers were significantly
higher in those patients with sepsis-related ARDS who died during the 30 days following intensive care unit admission (P =
0.027). Thus, CD14þ /CD81þ BAL EVs are a potential biomarker for disease severity and mortality in sepsis-related ARDS. These
findings provide the impetus to further elucidate the contribution of these EVs to ARDS pathogenesis.

acute respiratory distress syndrome; extracellular vesicles; monocyte; sepsis

INTRODUCTION

Acute respiratory distress syndrome (ARDS) is a hyperin-
flammatory pulmonary disorder, which most commonly
develops following sepsis. Neutrophilic inflammation and al-
veolar-capillary barrier damage lead to alveolar edema and
refractory hypoxia, requiring prolonged mechanical ventila-
tion (1). Mortality remains high at 35%–45% (2). Survivors
have long-term morbidity and increased risk of developing
lung fibrosis. There is an urgent need to identify novel thera-
peutic targets for ARDS, especially due to the evolving SARS-
CoV-2 pandemic in which ARDS is the main cause of mortal-
ity (3).

Extracellular vesicles (EVs) are membrane-bound anu-
clear structures that constitute an intercellular communi-
cation mechanism (4). EVs allow targeted transfer of

diverse biological cargo (including mitochondria, RNA, and
cytokines) between different cell types (5). Uptake of EV
can alter gene expression within host cells (6). The tetraspa-
nins CD9, CD63, and CD81 are transmembrane proteins
commonly expressed on EV, and can be used to isolate EV
in acellular biofluids (7). There are two main subtypes of
EV: exosomes and microvesicles. Exosomes are 30–150 nm
in diameter and form by fusion of multivesicular bodies
with the plasma membrane. Microvesicles are 100–1,000
nm in diameter and form by outward blebbing of the
plasma membrane (4). With overlap in size and common
markers (e.g., tetraspanins), differentiating exosomes and
microvesicles is challenging, however endosomal sorting
complex required for transport (ESCRT) proteins such as
syntenin are candidate internal cargo markers specific to
exosomes (8).
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Recent evidence indicates that EV play an important role
in ARDS pathogenesis by promoting persistent inflamma-
tion. Pathogenic EV are released when human ex vivo per-
fused lungs are injured with Escherichia coli; isolation of
these EV and administration to uninjured human lungs can
also induce inflammatory lung injury (9). Murine models of
lipopolysaccharide lung injury have shown that EV transfer
of microRNA cargo (e.g., miR-466) to alveolar macrophages
can increase inflammatory cytokine release (10). Recent
studies have indicated that CD14þ BAL EV may be a poten-
tial biomarker for disease activity in chronic obstructive pul-
monary disease (COPD) (11).

We previously showed that alveolar macrophages isolated
from patients with sepsis-related ARDS have impaired effero-
cytosis (ability to clear apoptotic cells) compared with
control-ventilated patients with sepsis without ARDS (12).
Alveolar macrophage efferocytosis negatively correlated with
alveolar neutrophil apoptosis, and bronchoalveolar lavage
(BAL) cytokines IL-8 and IL-1a. Impaired efferocytosis was
associated with increased 30-day mortality and duration of
mechanical ventilation, indicating that this alveolar macro-
phage functional defect contributes to ARDS pathogenesis
(12). Treatment of healthy alveolar macrophages with BAL
from patients with ARDS also impairs efferocytosis and down-
regulates Rac1 expression (which causes cytoskeletal rear-
rangement allowing apoptotic cell engulfment), reproducing
the same functional defect observed in ARDS (13). However,
the causative immunomodulatory factors within BAL of
patient with ARDS remain to be identified. Identification of
differentially expressed EV populations within ARDS BAL
may guide further investigation into themechanism of this al-
veolar macrophage functional defect

In this study, the objective was to characterize the EV phe-
notype in the BAL of patients with sepsis-related ARDS and
to compare this EV population to that in control patients
with sepsis and in postesophagectomy patients (a subset of
whom later developed ARDS). We also aimed to determine
whether BAL EV could be utilized as a potential biomarker
in sepsis-related ARDS.

MATERIALS AND METHODS

Ethical Approval

As previously described (12), ethical approval was
obtained to recruit ventilated patients with sepsis, with
and without ARDS (REC 16/WA/0169). Ethical approval
was also obtained to recruit patients undergoing transtho-
racic esophagectomy for esophageal carcinoma (REC 12/
WM/0092) in the VINDALOO trial (14, 15). For patients who
lacked capacity, permission to enroll was sought from a per-
sonal legal representative in accordance with the UK Mental
Capacity Act (2005). For patients with capacity, written
informed consent was obtained from the patient.

Patient Recruitment and Bronchoalveolar Lavage

Invasively ventilated adult patients with sepsis, with
and without ARDS, were recruited from the intensive care
unit of the Queen Elizabeth Hospital Birmingham, UK
from December 2016 to February 2019 and BAL was col-
lected as previously described, within 48 h of initiation of

mechanical ventilation (12). Patient demographic and physio-
logical details are in this prior publication. In the VINDALOO
trial (15), patients underwent postoperative bronchoscopy
and BAL following esophagectomy. Following unblinding of
the study, those patients who received placebo were identi-
fied; BAL samples from the four patients who developed
ARDS during their postoperative course and eight patients
who did not develop ARDS were analyzed in this study. For
all patients, sterile, isotonic saline (2 � 50 mL aliquots) was
instilled into a subsegmental bronchus of the lingula or right
middle lobe. Recovery ranged between 20 and 60mL and did
not differ between patient groups. BAL fluid collection was
standardized across all patients in keeping with European
guidelines (16). BAL fluid was rendered acellular by centri-
fuging at 500 g for 5 min, then stored at �80�C in aliquots
before use in this study. Differential cell count was per-
formed on cells isolated from BAL.

BAL Extracellular Vesicle Characterization

A single-particle interferometric reflectance image sens-
ing platform was used (Exoview R100 reader, NanoView
Biosciences) to detect and characterize EV size, number, and
surface marker expression within BAL samples (17). The
Exoview platform allows quantification and phenotyping of
EV �50 nm in diameter (7). EV numbers in BAL were
measured using ExoView Tetraspanin kits (NanoView
Biosciences) according to manufacturer’s instructions. Each
spot on an Exoview Tetraspanin chip is an independent test,
interacting with only a small volume surrounding itself.
Accounting for volume and spot size, a normalized particle
number can be generated and when multiplied by the dilu-
tion factor and a correction factor of 104, data can be
expressed as EV/mL. Each spot on an Exoview Tetraspanin
chip has the capacity to bind up to 5,000 EVs before becom-
ing saturated. According to the manufacturer’s instructions,
at least a 1:1 dilution of any biofluid with incubation solution
is required before incubation on Exoview Tetraspanin chips.
Preliminary studies had found that use of dilutions lower
than 1:20 resulted in chip saturation, with the number of
EVs exceeding the chip binding capacity. BAL samples were
therefore diluted 1:20 with incubation solution to prevent
chip saturation. Diluted BAL (35 mL) was loaded on the
ExoView Tetraspanin chips and incubated for 16 h in a
sealed, humidified 24-well plate at room temperature to
allow EV binding. Each chip contained spots printed with
mouse anti-human antibodies against the tetraspanins CD63
(clone H5C6), CD81 (clone JS81), and CD9 (clone H19a) that
enabled EV capture. Chips also contained spots with mouse
IgG1κmatching isotype antibodies, used as a control for non-
specific EV binding. Chips were washed thrice with incuba-
tion solution; after each wash plates were shaken at 500 rpm
(LSE digital microplate shaker, Corning). Chips were then
stained with a fluorescent antibody cocktail for 1 h at room
temperature in the dark to characterize EV surface markers.
Fluorophore-conjugated mouse anti-human antibodies
included: CD14-Allophycocyanin (1:100 dilution, clone 61D3,
Invitrogen), CD206-Phycoerythrin (1:100 dilution, clone 19.2,
Invitrogen), EpCam-AlexaFluor488 (1:400 dilution, clone 94
C, BioLegend), CD66b-AlexaFluor647 (1:200 dilution, clone
G10F5, BD Biosciences), CD31-Phycoerythrin (1:100 dilution,
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clone WM59, Invitrogen), and CD41-AlexaFluor488 (1:400
dilution, clone HIP8, BioLegend). Chips were washed thrice
again, with a final wash in distilled water, before being
imaged using the ExoView R100 reader and nScan2 v2.76
software. Data were analyzed using NanoViewer v2.82, uti-
lizing mouse IgG capture spots as negative control (indica-
tive of nonspecific binding) for fluorescent gating, and EV
sizing thresholds set at 50–200 nm diameter. EV cell origin
data were correlated with previously recorded clinical out-
comes and immune cell functional parameters (12). Data
from each tetraspanin capture spot (CD63, CD81, and CD9)
were calculated by subtracting negative control values from
IgG spots.

Statistical Analysis

Data were analyzed using Prism 8 software (GraphPad).
Parametric data are shown as mean and standard deviation.
Nonparametric data are shown as median and interquartile
range. Differences between continuously distributed non-
parametric data were assessed using Mann–Whitney tests.
Differences between three or more unpaired nonparametric
data sets were assessed using Kruskal–Wallis test by ranks.
Two-tailed P values of �0.05 were considered significant.
For all figures and tables, n represents the number of sub-
jects in each group.

RESULTS

The demographic and clinical cha racteristics of ARDS
and control patients from the two cohorts analyzed are
shown in Table 1. BAL samples were analyzed from 17
patients with sepsis-related ARDS, 14 patients with sepsis
without ARDS, 4 esophagectomy patients who later devel-
oped ARDS, and 8 esophagectomy patients who did not de-
velop ARDS.

BAL EVs were characterized with regards to size, number,
and surface marker expression to indicate cellular origin. The
size distribution of BAL EVs did not differ across patient
groups (Fig. 1A). Representative fluorescence images from the
Exoview platform demonstrating EV surface marker expres-
sion and lack of nonspecific binding are shown in Fig. 1, B–E.

Characterization studies showed that a greater number of
monocyte-derived CD14þ /CD81þ EV were present in the
BAL of patients with sepsis-related ARDS compared to
patients with sepsis without ARDS (Fig. 2A, medians 1.23 �
108/mL vs. 6.26 � 107/mL, P = 0.015). However in esophagec-
tomy patients, those who subsequently developed ARDS had
lower CD14þ /CD81þ BAL EV counts compared with patients
who did not develop ARDS (Fig. 2A, medians 3.96 � 107/mL
versus 9.94 � 107/mL, P = 0.03). Endothelial-derived CD31þ /
CD63þ and CD31þ /CD81þ BAL EV were elevated in esopha-
gectomy patients who subsequently developed ARDS com-
pared with those who did not develop ARDS (Fig. 2B, P �
0.02). There were no differences in the numbers of CD66bþ ,
CD41þ , CD206þ , and EpCamþ BAL EV between ARDS and
control groups in both cohorts (Fig. 2, C–F).

In patients with sepsis-related ARDS, those who died
within 30 days of intensive care unit (ICU) admission had a
greater number of CD14þ /CD81þ BAL EV than survivors
(Fig. 3A, medians 3.43 � 108/mL vs. 9.54 � 107/mL, P =
0.027), however there is overlap between groups. Across all
patients with sepsis, with and without ARDS, CD66bþ /
CD63þ BAL EV correlated directly with BAL interleukin (IL)-
8 concentrations (Fig. 3B, r = 0.751, P < 0.0001). Across all
patients with sepsis, with and without ARDS, CD66bþ /
CD63þ BAL EV correlated inversely with alveolar macro-
phage efferocytosis index (Fig. 3C, r =�0.612, P = 0.0025).

DISCUSSION

In this study, patients with sepsis-related ARDS had signif-
icantly higher numbers of CD14þ /CD81þ BAL EV than
patients with sepsis without ARDS. CD14þ /CD81þ BAL EV
numbers were significantly higher in those patients with
sepsis-related ARDS who died during the 30 days following
ICU admission. CD206þ EV numbers were unchanged in
patients with sepsis-related ARDS (CD206 being an alveolar
macrophage marker), indicating that the increased CD14þ

EV observed in patients with ARDS were derived from infil-
trating monocytes as opposed to resident alveolar macro-
phages. CD14 has previously been used as a marker
of monocyte-derived EV (18). The relationship between

Table 1. Patient demographic and clinical characteristics

Patients with Sepsis Esophagectomy Patients

With ARDS (n = 17) Without ARDS (n = 14) Developed ARDS (n = 4) Did not Develop ARDS (n = 8)

Demographics
Age in years 59.2 (13.9) 55.1 (16.3) 63.3 (6.9) 65.8 (7.9)
Male sex, n (%) 15 (71%) 11 (65%) 4 (100%) 4 (50%)
Ethnicity: Caucasian, n (%) 21 (100%) 17 (100%) 4 (100%) 7 (88%)

Smoking status, n (%)
Current 7 (33%) 5 (29%) 1 (25%) 0 (0%)
Ex-smoker 9 (43%) 6 (35%) 1 (25%) 6 (75%)
Never smoker 2 (10%) 1 (6%) 2 (50%) 2 (25%)
Unknown 3 (14%) 5 (29%) 0 (0%) 0 (0%)

ICU LoS in days: median (IQR) 23.0 (12.8–33.8) 12.0 (7.5–19.0) 9.5 (5–22.3) 4.5 (2.5–7.8)
Hospital LoS in days: median (IQR) 33.0 (15.3–52.5) 24.0 (13.0–39.5) 22.0 (17.3–53.8) 12 (8.3–15.8)
Inpatient mortality, n (%) 7 (33.3%) 3 (17.6%) 1 (25%) 0 (0%)
BAL leukocyte count � 106: median (IQR) 15.8 (7.4–31.3) 6.4 (3.8–27.0) 11.0 (5.9–18.6) 7.8 (2.1–10.5)
% Neutrophils in BAL 69.9 (21.5) 49.0 (30.6) 20 (20) 9.5 (10.1)

Values are means (SD) unless otherwise indicated. ARDS, acute respiratory distress syndrome; BAL, bronchoalveolar lavage; ICU, in-
tensive care unit; IQR, interquartile range; LoS, length of stay.
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CD14þ /CD81þ BAL EV andmortality in patients with sepsis-
related ARDS is in keeping with previous studies showing
that the degree of monocyte influx in ARDS can correlate
with the severity of respiratory failure (19). Previous studies
have shown that monocyte-derived plasma EV containing
gasdermin D and activated caspase-1 are more abundant in
patients with sepsis-related ARDS compared with healthy
controls; uptake of these EV can induce human pulmonary
vascular endothelial cell death (20). This data supports our
hypothesis that CD14þ EVmay contribute to ARDS pathoge-
nesis, and might be utilized as a biomarker of disease sever-
ity. Within the sepsis-related ARDS cohort, there appear to
be two distinct subpopulations of BAL CD14þ EV numbers:
“high” and “low” (Fig. 2A). These may reflect different ARDS
phenotypes (21), with the “high” CD14þ EV subpopulation

indicating a hyper-inflammatory phenotype, and the “low”

subpopulation indicating a hypoinflammatory phenotype;
however further analysis of BAL fluid and physiological data
would be required to confirm this. Conversely, CD14þ /
CD81þ BAL EV counts were decreased in esophagectomy
patients who later developed ARDS compared with controls.
BAL samples from esophagectomy patients were taken im-
mediately postoperatively before the development of ARDS,
compared with being taken at the time of ARDS diagnosis in
patients with sepsis. This temporal difference in sampling
and differences in the etiology of ARDS between the two
cohorts may partially explain the divergent CD14þ /CD81þ

BAL EV counts. However, due to low n numbers in the poste-
sophagectomy ARDS group, firm conclusions cannot be
made and further appropriately powered studies are

Figure 2. Bronchoalveolar lavage (BAL) extracellular vesicles (EV) surface marker expression in acute respiratory distress syndrome (ARDS) and control
groups across sepsis and esophagectomy patient cohorts. BAL EV surface marker expression measured by tetraspanin antibody capture (CD9/63/81)
and fluorescent antibody labeling via the Exoview R100 platform (EpCam for epithelial, CD66b for neutrophil, CD206 for alveolar macrophage, CD31 for
endothelial, CD41 for platelet, and CD14 for monocyte origin). All data expressed as median and inter-quartile range, n� 8 in each group. Statistical anal-
yses by Mann–Whitney U tests. Fluorescence data are presented by individual tetraspanin capture spots. Data from each tetraspanin capture spot
(CD9, CD63, and CD81—first three columns from the left) were calculated by subtracting negative control values frommouse IgG spots (shown in the fur-
thest panel to the right). A: monocyte-derived CD14þ /CD81þ BAL EV were elevated in patients with sepsis-related ARDS compared with patients with
sepsis without ARDS (medians 1.23 � 108/mL vs. 6.26 � 107/mL, P = 0.015). In esophagectomy patients, those who subsequently developed ARDS had
lower CD14þ /CD81þ BAL EV counts compared with patients who did not develop ARDS (medians 3.96 � 107/mL vs. 9.94 � 107/mL, P = 0.03). B: endo-
thelial-derived CD31þ /CD63þ and CD31þ /CD81þ BAL EV were elevated in esophagectomy patients who subsequently developed ARDS compared
with controls (P � 0.02). C–F: there were no differences in the numbers of CD66bþ , CD41þ , CD206þ , and EpCamþ EV between ARDS and control
groups in both cohorts.

Figure 1. Bronchoalveolar lavage (BAL) extracellular vesicles (EV) size distribution and representative Exoview fluorescence images. A: BAL EV size dis-
tribution measured using single-particle interferometric reflectance image sensing (Exoview R100 platform). Statistical analysis by Kruskal–Wallis test, n
� 4 in each group. There was no significant difference in EV size distribution between patients with sepsis-related acute respiratory distress syndrome
(ARDS), patients with sepsis without (ARDS), esophagectomy patients who developed ARDS, and esophagectomy patients who did not develop ARDS
(P = 0.123). EV measured between 150 and 200 nm are not shown in this graph as these accounted for<1% of total EV population in all three groups. B–
D: representative Exoview fluorescence images demonstrating EV surface marker expression. B: detection of CD66bþ EV (AlexaFluor647) on CD63 tet-
raspanin spot. C: detection of EpCamþ EV (AlexaFluor488) on CD9 tetraspanin spot. D: detection of CD31þ EV (Phycoerythrin) on CD9 tetraspanin
spot. E: representative Mouse IgG spot negative control showing low nonspecific EV binding in BAL samples.
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required to investigate the predictive role of CD14þ /CD81þ

BAL EV in esophagectomy patients.
We also observed the associations between CD66bþ /

CD63þ neutrophil-derived BAL EV in patients with sepsis

and increased BAL IL-8 concentration and decreased alveo-
lar macrophage efferocytosis. These data indicate that
CD66bþ /CD63þ BAL EV may be a marker of inflammation
in sepsis-related ARDS. Neutrophil-derived EV have been
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shown to have an anti-inflammatory, tolerogenic effect fol-
lowing uptake by macrophages and T lymphocytes (22–25).
Previous studies have also reported that neutrophil-derived
EV can transfer microRNA-223 to alveolar epithelial cells,
which reduces protein permeability and cytokine release via
repression of poly[adenosine diphosphate-ribose] polymer-
ase-1 (26). Therefore, the increased number of CD66bþ EV in
patients with a more inflammatory alveolar microenviron-
ment may be a compensatory protective response to sup-
press inflammation and reduce alveolar epithelial injury.

Our findings of increased CD31þ /CD63þ and CD31þ /
CD81þ endothelial-derived EV in esophagectomy patients
who subsequently developed ARDS may indicate an early
signal of pulmonary endothelial injury resulting from one-
lung ventilation detectable immediately postoperatively.
This endothelial injury may initiate the development of
ARDS in esophagectomy patients. Murine studies have
shown that ventilator-induced lung injury can increase en-
dothelial EV shedding (27); endothelial-derived EVs have
been shown to induce acute lung injury by promoting neu-
trophil infiltration, endothelial dysfunction, and proinflam-
matory cytokine release (28, 29). Appropriately powered
future studies are required to further investigate the role of
CD31þ EV as a predictive biomarker in esophagectomy
patients. No difference in CD31þ and CD41þ EVs were
observed between patients with sepsis with and without
ARDS. It is also important to note that the process of BAL
dilutes the alveolar epithelial lining fluid by �100-fold,
which may account for BAL EV numbers being lower than
EV numbers detected in other biofluids.

EV transfer of microRNA cargo to murine macrophages
can alter metabolic profile and function (30); EV transfer of
long noncoding RNA can promote glycolysis (31). An associa-
tion between impaired alveolar macrophage efferocytosis
and dependence on glycolysis has been observed in patients
with COPD (32). Further studies are required to determine if
similar pathological processes occur in ARDS, specifically
whether CD14þ EV transfer of microRNA or protein cargo
induces alveolar macrophage dysfunction (12), thereby

promoting persistent inflammation. Understanding the role
of EV in ARDS pathogenesis will allow identification of
potential EV/microRNA biomarkers and novel therapeutic
targets for ARDS.

A limitation of our study is that while we identified EV
from the major cell types present in the alveolar space, not
all cellular origins were included in our analysis (e.g., dendri-
tic cells and lymphocytes). Although tetraspanin capture of
EVs provides greater specificity compared with other isola-
tion methods, it also limits phenotyping, and therefore only
provides an indication of the relevance of CD14þ EV.
Another limitation is that we did not capture EV based on
CD14þ , CD31þ , and CD66bþ expression, which would allow
probing of external markers for extensive phenotyping.
Future studies are required to undertake this and probe for
internal markers (e.g., syntenin) to determine EV biogenesis
pathways. The finding that CD14most commonly colocalizes
with tetraspanin CD81, and CD66b with tetraspanin CD63,
may indicate different EV biogenesis pathways inmonocytes
and neutrophils (33). A further limitation of our study is that
the observed differences in CD14þ BAL EVs were modest,
and it is unclear whether these differences are biologically
relevant. Similarly, correlations observed with CD14þ ,
CD31þ , and CD66bþ BAL EVs cannot be used to draw con-
clusions on their functional roles. Further work is required
to determine the biological function of CD14þ and CD31þ

BAL EV subpopulations in patients with ARDS. Another li-
mitation of our study is that the number of VINDALOO
trial patients who received placebo and developed ARDS
following esophagectomy was low (n = 4), thus preventing
us from drawing firm conclusions regarding the role of
EVs as biomarkers in this population.

In conclusion, we report that CD14þ /CD81þ BAL EV are
enriched in patients with sepsis-related ARDS compared
with controls, and that an elevated CD14þ /CD81þ BAL EV
count is associated with increased mortality in patients
with ARDS, although the sample size is modest. Thus,
CD14þ BAL EV are a potential biomarker for disease sever-
ity and mortality in sepsis-related ARDS. Our findings

Figure 3. Correlations between bronchoalveolar lavage (BAL) extracellular vesicles (EV) and clinical, biochemical, and immune parameters. A: in patients
with sepsis-related acute respiratory distress syndrome (ARDS), those who died within 30 days of intensive care unit (ICU) admission had a greater num-
ber of CD14þ /CD81þ BAL EV than survivors (medians 3.43 � 108/mL vs. 9.54 � 107/mL, P = 0.027, n = 17). Statistical analysis by Mann–Whitney test,
data shown as median and interquartile range. B: across all patients with sepsis, with and without ARDS, CD66bþ /CD63þ BAL EV correlate directly
with BAL interleukin (IL)-8 concentrations (r = 0.751, P < 0.0001, n = 31). Statistical analyses by Spearman’s correlation coefficient. C: across all patients
with sepsis, with and without ARDS, CD66bþ /CD63þ BAL EV correlate inversely with alveolar macrophage (AM) efferocytosis index (r = �0.612, P =
0.0025, n = 31). Statistical analyses by Spearman’s correlation coefficient.
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provide the impetus to further elucidate the role these EV
play in ARDS pathogenesis.
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