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Abstract

Introduction: Mechanism(s) mediating critical illness in
coronavirus disease 2019 (COVID-19) remain unclear. Previ-
ous reports demonstrate the existence of endotoxemia in
viral infections without superimposed gram-negative bacte-
remia, but the rate and severity of endotoxemia in critically
ill patients with COVID-19 requires further exploration. Ma-
terials and Methods: This is a single-center cross-sectional
study of 92 intensive care unit patients diagnosed with CO-
VID-19 pneumonia. Endotoxin activity (EA) was measured in
patients that met the following criteria: (1) age =18 years and
(2) multi-organ dysfunction score >9 from March 24, 2020, to
June 20, 2020. Results: A total of 32 patients met the inclu-
sion/exclusion criteria for measurement of EA. The median
age of the study cohort was 60 years with a majority male
(21/32, 65%) with hypertension (50%). A significant propor-
tion of the patients exhibited either elevated EA in the inter-
mediate range (0.40-0.59 EA units) (10/32, 31%) or high
range (=0.60 EA units) (14/32, 44%) or were nonresponders

(NRs, low neutrophil response) to EA (6/32, 19%), with the
presence of gram-negative bacteremia only in 2/32 (6%) pa-
tients. Low EA was reported in 2/32 patients. NRs (5/6, 83%)
and patients with high EA (7/14, 50%) exhibited higher acute
kidney injury (AKI) as compared to patients with low/inter-
mediate EA level (1/12, 8.3%). Discussion/Conclusion: Ele-
vated EA was observed in a large majority of critically ill pa-
tients with COVID-19 and multi-organ dysfunction despite a
low incidence of concurrent gram-negative bacteremia.
While we observed that elevated EA and nonresponsiveness
to EA were associated with AKl in critically ill patients with
COVID-19, these findings require further validation in larger
longitudinal cohorts. ©2021 S. Karger AG, Basel

Introduction

Coronavirus disease 2019 (COVID-19) has been de-
clared a global pandemic. As of February 20, 2020, >100
million confirmed cases resulting in over 2 million deaths
were reported worldwide [1]. In early reports from China,
a significant proportion of patients demonstrated fea-
tures of pneumonia in the setting of COVID-19 and ap-

karger@karger.com
www.karger.com/bpu

© 2021 S. Karger AG, Basel

el
Karger~

Correspondence to:
Sandeep K. Mallipattu, sandeep.mallipattu @ stonybrookmedicine.edu



proximately a 3rd of those cases required admission to the
intensive care unit (ICU) with 15% being fatal [2]. These
initial reports also noted that critical disease, which in-
cluded respiratory failure, septic shock and/or multi-or-
gan failure occurred in 5% of the cases [3]. Specifically,
septic shock was present in 6.4% patients with severe CO-
VID-19, butblood cultures and lower respiratory cultures
were negative for bacteria or fungus in 76% of these pa-
tients [4, 5].

Endotoxin (lipopolysaccharide) is a component of the
outer wall of gram-negative bacteria, which has been in-
vestigated and acknowledged as one of the triggers of le-
thal shock during sepsis and drivers of cytokine storm [6].
Furthermore, the Multi-Center Endotoxin Detection in
Critical Illness (MEDIC) study has demonstrated that
high endotoxin activity (EA) level in blood was associated
with higher rates of sepsis and mortality [7]. Monti et al.
[8] also showed that high EA level in patients with sepsis
was associated with higher vasopressor requirements and
increased hospital mortality as compared with intermedi-
ate and low EA groups. While elevation in EA occurs as a
result of gram-negative bacteremia, high EA levels have
also been reported to occur independent of gram-nega-
tive bacteremia [9, 10], suggesting the potential for endo-
toxin translocation across a dysfunctional gastrointesti-
nal barrier. Furthermore, ischemia-mediated gut barrier
dysfunction contributing to organ failure, in the absence
of primary gastrointestinal injury, has been supported by
experimental models [11].

Human pathogenic coronaviruses, SARS-CoV and
SARS-CoV-2, gain entry into target cells by binding to the
angiotensin-converting enzyme-2 (ACE-2) receptor,
which is expressed in endothelial cells as well as epithe-
lial cells of the lung, intestine, and kidneys [12]. Specifi-
cally, enterocytes in ileum and colon express the ACE-2
receptor [13]. Therefore, there is a possibility that break-
down in the intestinal barrier in the setting of severe CO-
VID-19 might lead to endotoxin translocation. A recent
case series from Thailand shows that bacterial toxins and
DNA are present in patients with COVID-19, but without
gram-negative bacteremia [14]. It has also been shown
that adverse ventilation strategy can cause pulmonary to
systemic translocation of endotoxins [15]. In addition,
the inflammatory response to COVID-19 could have
been augmented by a 2nd hit, such as mechanical ventila-
tion (MV) or inflammatory response to trauma [9, 10].
Furthermore, during the previous HIN1 and H5N1 viral
pandemics, endotoxemia was reported in the absence of
gram-negative bacteremia [16]. In this single-center, ob-
servational study, we measured EA in adult critically ill
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patients with COVID-19 and multi-organ dysfunction,
and report our clinical end points based on patient demo-
graphics, presenting clinical characteristics and outcomes
relative to EA level.

Materials and Methods

Study Design and Participants

This is a single-center, cross-sectional study in hospitalized pa-
tients with COVID-19 that were admitted to Stony Brook Univer-
sity Hospital ICU from March 24, 2020 to June 20, 2020. To deter-
mine the critically ill patients with COVID-19 that might be at risk
for endotoxemia, we utilized the multi-organ dysfunction score
(MODS) > 9 from the EUPHRATES clinical study to measure EA
[17]. The aim of this study was to determine the rate and severity
of endotoxemia in critically ill patients with COVID-19 admitted
to the ICU. Our inclusion criteria were as follows: (1) hospitalized
patients with positive reverse transcriptase polymerase chain reac-
tion for SARS-CoV-2 collected by nasopharyngeal swab, (2) age
218 years, (3) requirement of ICU admission, and (4) MODS >9.
Exclusion criteria were as follows: (1) patients with MODS <9, (2)
end-stage kidney disease requiring chronic dialysis, and (3) patient
with severe congestive heart failure (NYHA class IV, Ejection frac-
tion <35%). Blood EA was measured in patients who met the inclu-
sion and exclusion criteria using the previously described endo-
toxin activity assay (EAA) (Spectral Diagnostics, Toronto, Cana-
da) [7]. This study was approved by the Stony Brook University
Institutional Review Board (IRB2020-00474).

Data Collection and Definition of Variables

Demographics, vital signs, laboratory values, and radiographic
tests were extracted from electronic health records. Demographics
included age, gender, race, ethnicity, and reported comorbidities
such as hypertension, diabetes, coronary artery disease, chronic
kidney disease, chronic obstructive pulmonary disease (COPD) as
documented by the healthcare provider’s note, and ICD-9 and
ICD-10 codes collectively. Vital signs included blood pressure with
daily average systolic and diastolic blood pressure and ratio of
PaO; to FiO, (Pa0,/FiO,) on the day of the endotoxin assay, and
maximum temperature within 48 h of the EA level. Laboratory
data included serum creatinine (sCr), alanine aminotransaminase,
aspartate aminotransferase, and procalcitonin levels on the day of
the EA measurement. Inflammatory markers included D-dimer,
lactate dehydrogenase, ferritin, c-reactive protein, erythrocyte sed-
imentation rate were extracted on the day of admission, peak val-
ues during hospitalization, and day of the EA measurement. Blood
culture results were collected within 48 h of the EA measurement.

Radiologic assessment included chest x-ray or CT to confirm
the diagnosis of COVID-19 pneumonia. Clinical outcomes includ-
ed the incidence of acute kidney injury (AKI), need for renal re-
placement therapy (RRT), incidence of MV, need for vasopressor
support, duration of MV, length of hospitalization, and outcome
of hospitalization (discharged alive or death).

COVID-19 pneumonia was defined by positive reverse tran-
scriptase polymerase chain reaction for SARS-CoV-2 collected by
nasopharyngeal swab and evidence of lung opacities as document-
ed by the radiologist. AKI was defined as an increase in sCr >0.3
mg/dL within 48 h period or an increase in sCr 1.5 times baseline
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Patients >18 years admitted to ICU and
confirmed SARS-CoV-2 infection
(March 24, 2020-June 20,2020)
(n=92)

Excluded patients (n = 60)
MODS <9, end stage renal
disease requiring chronic
dialysis, severe heart failure
(NYHA class IV, EF <35%)

Eligible: study cohort
(n=32)

v
v v v

EA <0.60 EA 20.60 Non-responder
(n=12) 38% (n = 14) 44% (n=6)19%

v v

| AKI (7/14, 50%) | AKI (5/6, 83%)

|AKI (1/12, 8.3%)

| RRT (0/10, 0%) RRT (4/6, 67%)

| RRT (4/14, 29%)

Diet during Diet during Diet during
hospitalization hospitalization hospitalization
(3/12, 25%) (8/14, 57%) (3/6, 50%)

Fig. 1. Flow chart of selection of study cohort that had EA level
measured. Total number and percentage of patients in intermedi-
ate, high, and NR EA groups is shown. Total number and percent-
age of patients with AKI, required RRT, and that died is shown per
each group. EA, endotoxin activity; AKI, acute kidney injury; RRT,
renal replacement therapy; NR, nonresponder; ICU, intensive care
unit; MODS, multi-organ dysfunction score.

within last 7 days or urine output <0.5 mL/kg/h for 6 h as per KDI-
GO guidelines [18].

Assay for EA is approved by the US Food and Drug Administra-
tion as a highly sensitive and specific rapid diagnostic test for en-
dotoxemia [7]. As per manufacturer protocol and as previously de-
scribed [7, 19], 3 mL of whole blood was collected in a standard
collection tube containing EDTA anticoagulant. The assay mea-
sures the chemiluminescent reaction from anti-LPS antibody-anti-
gen complex to activated neutrophils and a lumiphor to create
emission of light. The amount of chemiluminescence is propor-
tional to the logarithmic concentration of LPS in the sample and is
specific to the lipid moiety of LPS of gram-negative bacteria. The
reported EA level is a relative scale from 0 to 1.0 E A units based on
an endotoxin standard that is added to each patient sample and was
initially categorized into low, high, and nonresponder (NR) groups
as previously described [7]. Intermediate EA is defined from 0.40
to 0.59 units and represents an elevated risk of severe sepsis. High
EA is defined as 20.60 units and represents high risk of severe sep-
sis. NR is a test result obtained from patients whose neutrophils do

Endotoxemia in COVID-19

Table 1. Demographics and clinical characteristics of the study
cohort

Demographics and clinical characteristics N=32
Age 60+15.8
Gender, 1 (%)
Male 21 (65)
Female 11 (35)
Race/ethnicity, n (%)
Black 0(0)
White 13 (40)
Asian 3(10)
Other 16 (50)
Hispanic 16 (50)
Comorbidities, 1 (%)
HTN 16 (50)
DM 7 (22)
CKD 2 (6)
CAD 2 (6)
COPD 1(3)
Positive blood cultures (+48 h of test day)? 7°(29)
Gram-negative bacteremia® 2
Gram-positive bacteremiad 4
Fungemia® 2

HTN, hypertension; DM, diabetes; CAD, coronary artery dis-
ease; CKD, chronic kidney disease; COPD, chronic obstructive
pulmonary disease. ® Blood cultures available for 24/32 patients
+48 h of test day. ® One patient had positive blood cultures for 2
organisms Candida parapsilosis and Pseudomonas aeruginosa.
¢ One patient with Klebsiella pneumoniae, 1 patient with Pseudo-
monas aeruginosa. * Two patients with Staphylococcus epidermidis,
1 patient with both Staphylococcus hominis and Staphylococcus epi-
dermidis, 1 patient with Enterococcus faecalis group D. € Two pa-
tients with fungemia (Candida parapsilosis and Candida lusitani-
ae).

not have the ability to respond to preformed immune complexes to
EA [7]. The normal reference range was <0.4 EA units for the assay
and has been previously validated using a healthy population of 43
men and 57 women aged 32 + 14 years [7].

Statistical Analysis

Statistical analysis was performed with Prism 8 and SPSS. Con-
tinuous variables with normal distribution were presented as mean
+ SD, and non-normally distributed variables are presented as
mean + interquartile range (IQR). Categorical variables presented
as numbers and percentages. Normally distributed continuous
variables were compared with ordinary one-way ANOVA test be-
tween >2 groups and Welch’s ¢ test for 2 groups of independent
variables. Non-normally distributed continuous variables were
analyzed with Kruskal-Wallis test when compared between >2
groups and Mann-Whitney test when compared between 2 groups
of independent variables. Categorical variables were compared
with Fisher’s exact test. Statistical significance was defined as p
value <0.05.
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Table 2. Clinical characteristics, laboratory values, and clinical outcomes in the study cohort

Clinical characteristics, laboratory EA<0.6 EA>0.6 NR p value
values, and clinical outcomes (N=12) (N=14) (N=6) EA 06  FA>06 EA <06
vs. EA <0.6 vs. NR vs.NR
Demographics
Age, years 55.8+20 63.7£13 60.7£12.3 0.26 0.63 0.54
Male 9 (75%) 9 (64%) 4 (66%) >0.99 >0.99 >0.99
Comorbidities
HTN 5 (42%) 9 (64%) 2 (33%) 0.43 0.34 >0.99
DM 3 (25%) 4 (29%) 0 >0.99 0.27 0.51
CKD 0 2 (14%) 0 0.48 >0.99 >0.99
CAD 1 (8%) 1 (7%) 0 >0.99 >0.99 >0.99
COPD 0 0 1(16%) >0.99 0.3 0.33
Vital signs
Temperature, Tmax +48 h, °C 38.2+0.9 38.5+0.4 37.8+0.9 0.39 0.09 0.28
PaO,/FiO, ratio 168+84 22090 161+113 0.14 0.29 0.90
Blood pressure
SBP, mm Hg 119£12 126+12 11517 0.09 0.18 0.58
DBP, mm Hg 6116 6419 559 0.22 0.05 0.14
MAP, mm Hg 81+7 8618 75+10 0.13 0.02 0.16
SOFA score (test day) 7.3+£2.7 7.1+£3.5 10.0+3.9 0.88 0.15 0.17
Laboratory values (test day)
WBC, K/uL 15.3+£9.2 17.9£13.9 17.6£8.1 0.70 0.60 0.68
sCr, mg/dL? 0.4 (0.2-0.7) 0.8 (0.4-1.8) 1.5(0.8-2.3) 0.16 0.64 0.09
eGFR, mL/min/1.73 m>? 120 (98-120) 87 (28-120) 59 (27-90) 0.06 0.60 0.07
AST, IU/L 45 (26-1,246) 28 (20-51) 41 (16-1,807) 0.12 0.75 0.60
ALT, IU/L 38 (16-662) 28 (11-46) 36 (12-470) 0.28 0.40 0.87
Inflammatory markers
Ferritin, ng/mL
Admission 920 (327-1,408) 963 (615-1,978) 879 (678-2,624) 0.65 0.92 0.65
Peak 1,957 (1,345-5,507) 2,570 (1,419-14,287) 3,934 (1,435-20,821) 0.35 0.75 0.39
Test day 676 (466-1,344) 883 (584-1,973) 905 (436-2,119) 0.32 0.79 0.80
LDH, IU/L
Admission 508 (262-614) 417 (324-704) 408 (405-501) 0.94 0.95 0.37
Peak 803 (668-1,626) 1,005 (573-1,598) 847 (750-4,370) 0.69 0.52 0.49
Test day 433 (266-967) 383 (311-658) 361 (268-674) >0.99 0.77 0.74
ESR, mm/h
Admission 37 (16-66) 50 (35-59) 81 (47-106) 0.58 0.11 0.09
Peak 85 (64-106) 108 (100-127) 130 (82-136) 0.07 0.85 0.19
Test day 52 (13-84) 53 (30-86) 60 (46-64) 0.60 0.98 0.67
D-dimer, ng/mL
Admission 332 (254-601) 317 (196-986) 384 (307-1,840) 0.87 0.44 0.34
Peak 6,821 (2,256-13,775) 4,380 (1,491-12,486) 6,844 (2,909-9,493) 0.60 0.55 0.96
Test day 940 (598-8,087) 906 (528-1,901) 1,679 (650-3,327) 0.54 0.24 0.68
CRP, mg/dL
Admission 10 (2-26) 17 (11-24) 21 (15-29) 0.09 0.30 0.16
Peak 29 (13-32) 30 (21-39) 41 (25-46) 0.31 0.48 0.21
Day of test 5(3-10) 6 (3-10) 9 (1-23) 0.88 0.75 0.55
Procalcitonin (test day), ng/mL 0.2 (0.1-1.2) 0.6 (0.2-1.6) 0.7 (0.2-1.2) 0.41 0.91 0.40
Blood culture
Positive blood cultures (+48 h of test day) 2 (17%)° 4(29%)° ¢ 1(17%) © 0.39 >0.99  >0.99
Gram-negative bacteremia’ 0 2 0
Gram-positive bacteremia® 2 1 1
Fungemia® 0 2 0
Clinical interventions & outcomes
Vasopressor support 9 (75%) 8 (57%) 6 (100%) 0.43 0.12 0.52
Antibiotics 9 (75%) 13 (93%) 3 (50%) 0.31 0.06 0.34
Remdesivir 4 (33%) 5(36%) 1(17%) >0.99 0.60 0.61
Corticosteroids 8 (67%) 13 (93%) 5(83%) 0.15 0.52 0.62
Anticoagulation 11 (92%) 13 (93%) 6 (100%) >0.99 >0.99 >0.99
MV 11 (92%) 14 (100%) 6 (100%)! 0.46 >0.99 >0.99
Duration, days 38+32 33428 49427 >0.99 0.15 0.62
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Table 2 (continued)

Clinical characteristics, laboratory EA<0.6 EA>0.6 NR p value
it N=12 N=14 N=6
values, and clinical outcomes ( ) ( ) ( ) EA>06  EA 0.6 EA <0.6
vs. EA <0.6 vs. NR vs.NR

AKI 1(8.3%) 7 (50%) 5(83%) 0.04 0.32 0.004
RRT 0(0%) 4 (29%) 4(67%) 0.10 0.16 0.005
Death 3 (25%) 8 (57%) 3 (50%) 0.25 >0.99 034
Discharged alive 9 (75%) 6 (43%) 3 (50%)
LOS for patients that were discharged alive, days 49+39 59+31 89+11 0.79 0.14 0.18
LOS for patients that died, days 2421 22+13 38+24 >0.99 0.18 0.70

Corticosteroids were counted for patients who received dexamethasone, prednisone, methylprednisolone, and hydrocortisone before and during the test
day. Anticoagulation was counted for patients who received therapeutic doses of heparin, lovenox, and apixaban on the test day. Categorical variables are
presented as numbers and percentages, normally distributed continuous variables presented as mean+SD, and non-normally distributed continuous vari-
ables presented as median (25th-75th percentile). COPD, chronic obstructive pulmonary disease; EA, endotoxin activity; CAD, coronary artery disease;
CKD, chronic kidney disease; DM, diabetes; HTN, hypertension; PaO,/FiO, ratio, ratio of arterial oxygen partial pressure (PaO, in mm Hg) to fractional
inspired oxygen (FiO,) expressed as a fraction; SBP, systolic blood pressure; DBP, diastolic blood pressure; MAP, mean arterial pressure; SOFA score, se-
quential organ failure assessment score; WBC, white blood count; sCr, serum creatinine; eGFR, estimated glomerular filtration rate; AST, aspartate amino-
transferase; ALT, alanine aminotransferase; LDH, lactate dehydrogenase; ESR, erythrocyte sedimentation rate; CRP, C-reactive protein; AKI, acute kidney
injury; LOS, length of stay; RRT, renal replacement therapy; MV, mechanical ventilation; NR, nonresponder. * Calculated for the patients who did not require
RRT. " Blood cultures available for 10/12 patients. “Blood cultures available for 10/14 patients. ¢ One patient was positive for both Pseudomonas aeruginosa
and Candida parapsilosis. ¢ Blood cultures available on 5/6 patients. { Gram-negative bacteremia due to Pseudomonas aeruginosa and Klebsiella pneumoniae.
One patient was positive for both Pseudomonas aeruginosa and Candida parapsilosis. 8 Gram-positive bacteremia due to Staphylococcus epidermidis, Staph-
ylococcus hominis, Staphylococcus epidermidis, and Enterococcus faecalis group D." Fungemia due to Candida lusitaniae and Candida parapsilosis. One patient

was positive for both Pseudomonas aeruginosa and Candida parapsilosis. ' One still mechanically ventilated at the time of discharge.

Results

A total of 92 patients were screened and 32 patients
met the inclusion/exclusion criteria (shown in Fig. 1).
The mean age of the participants was 60 + 16 years with
the majority male 21/32 (65%) (Table 1). Low EA (<0.4)
was observed in 2/32 (6%) patients, intermediate EA
(0.40-0.59) in 10/32 (31%) patients, high EA (=0.6) 14/32
(44%) patients, and 6/32 (19%) patients were classified as
NR.

Since there were only 2 patients in the low EA group,
we categorized the cohort into 3 groups (<0.6, >0.6, and
NR). All 3 groups were found to have high oxygen re-
quirements with PaO,/FiO, ratio of <300, with 168 + 84
in the EA <0.6 group, 220 + 90 in the EA > 0.6 group, and
161 £ 113 in the NR group (Table 2). Procalcitonin levels
were elevated in the EA > 0.6 group, 0.6 (0.2-1.6), and NR
group, 0.7 (0.2-1.2), as compared to EA <0.6 group, 0.2
(0.1-1.2), but did not reach statistical significance. Blood
culture results were available for 24/32 patients. In these
patients, 7/24 had positive blood cultures and only 2/7
patients had gram-negative bacteremia with concurrent
fungemia in one of these patients. The remaining positive
cultures were a result of gram-positive bacteremia (4/7)
and fungemia (1/7). Furthermore, 78% of the patients
were on antibiotics, with a majority on cefepime/vanco-

Endotoxemia in COVID-19

mycin and 5% of the patients also received meropenem,
ertapenem, or linezolid. There were no significant differ-
ences in therapies for COVID-19 between the groups
(Table 2).

The incidence of AKI was higher in NR group (5/6,
83%) and the EA > 0.6 group (7/14, 50%) than in the EA
<0.6 group (1/12, 8.3%), p = 0.04 and p = 0.004, respec-
tively. The need for RRT was also higher in NR group
(4/6,67%) and the EA > 0.6 group (4/14, 29%), with none
of the patients in the EA <0.6 group requiring RRT, p =
0.005 (Table 2).

Of the 32 patients, 31 patients received MV and by the
end of the study period, 100% reached a disposition of
discharged alive (14/32, 44%) or death (18/32, 56%). NR
(3/6, 50%) and the EA > 0.6 (8/14, 57%) groups trended
toward a higher mortality than the EA <0.6 group (3/12,
25%), but did not reach statistical significance.

Discussion/Conclusion

In this study, endotoxemia was observed in 75% of
our critically ill patients with COVID-19, with only 2
patients having positive blood cultures for gram-nega-
tive organisms. An increase in systemic endotoxin lev-
els can result from infection with gram-negative bacte-
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ria or when the intestinal tract is compromised, causing
translocation of gram-negative bacterial products, in-
cluding endotoxins, into the bloodstream. It has been
observed that endotoxemia can occur independent of
gram-negative bacteremia [10, 20], suggesting a “leaky”
or dysfunctional barrier might contribute to endotoxin
translocation. This also provides evidence that the in-
testinal tract might act as an important reservoir of en-
dotoxins in septic shock and multi-organ failure, inde-
pendent of gram-negative bacteremia. Enterocytes in
ileum and colon express the ACE-2 receptor, serving a
port of SARS-CoV-2 entry, which subsequently might
contribute to a dysfunctional intestinal barrier leading
to endotoxin translocation and systemic toxicity [13],
leading to a possibility that endotoxin translocation
from the intestinal tract might exacerbate the severity
of COVID-19.

Among the critically ill, sepsis is a common cause of
AKI, but the mechanism by which endotoxemia leads
to AKI is incompletely understood. Systemic hypoten-
sion, direct renal vasoconstriction, activation of vasoac-
tive hormones, and activation of inflammatory path-
ways by endotoxins might all contribute to sepsis-asso-
ciated AKI [21]. The release of endotoxin into the
circulatory system is a well-documented phenomenon
that occurs during cardiopulmonary bypass procedure
and after its discontinuation [9], which likely originates
from increased endothelial permeability following isch-
emia and reperfusion of the gut. Increased EA has been
previously associated with renal dysfunction in the set-
ting of infection and sepsis involving altered glomeru-
lar filtration, renal tubular damage, and inflammation,
leading to cell apoptosis [21]. While the incidence of
AKI in patients with COVID-19 and multi-organ dys-
function has been reported to be high in several studies
in the USA [22-24], mechanisms mediating this pro-
cess remain unclear. Our study demonstrates that in
critically ill patients with COVID-19 and multi-organ
dysfunction, endotoxemia might contribute to the de-
velopment of AKI.

Similar to previous reports of poor clinical outcomes
in NR due to low neutrophil priming response to maxi-
mal stimulation with LPS-anti-LPS antibody complexes
in EAA [20], we observed that NR were associated with
higher incidence of AKI. This poor neutrophil respon-
siveness might be an indicator of a late anergic state due
to prolonged or exaggerated early pro-inflammatory
phase [20], suggesting a dysfunctional inflammatory re-
sponse in a subset of patients with COVID-19 and multi-
organ dysfunction.
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Our study has some limitations. This is a single-cen-
ter, cross-sectional study with relatively small cohort of
32 adult ICU patients with COVID-19 that met the cri-
teria of MODS >9. While we observed an association be-
tween elevated EA levels and AKI in these patients with
COVID-19 and severe multi-organ dysfunction, future
studies will need to focus on whether endotoxemia can
prognosticate the development of AKI in all hospitalized
patients with COVID-19 prior to the development of
multi-organ dysfunction. For instance, the MEDIC study
examined EA levels in patients admitted to the ICU [7],
but it has yet to be determined whether elevated EA on
admission to hospital has similar prognostic implica-
tions. Another limitation of the study was that a major-
ity of the patients were already in their 2nd month of
admission at the time of the test and were, hence, already
on broad spectrum antibiotics, which might confound
the detection of bacteremia in those patients. However,
previous studies report no significant increase in EA lev-
els after initiation of antibiotic therapy [25], but future
studies are required to evaluate the impact of antibiotics
on EA assay in the setting of COVID-19. In addition, fur-
ther studies will be required to measure 16S rRNA gene
sequencing to determine whether the circulating bacte-
riomes as well as intestinal microbiota might be the
source of endotoxemia in these critically ill patients with
COVID-19.

In conclusion, we demonstrate that a significant pro-
portion of critically ill patients with COVID-19 and
multi-organ dysfunction exhibit endotoxemia indepen-
dent of gram-negative bacteremia. Future studies are
needed to demonstrate the mechanism(s) by which endo-
toxin levels increase in COVID-19 as well as large pro-
spective studies to determine whether the presence of en-
dotoxemia prognosticates the development of AKI in
critically ill patients with and without COVID-19.
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