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Neutrophil extracellular traps (NETs) are large, extracellular,
web-like structures composed of cytosolic and granule
proteins that are assembled on a scaffold of decondensed
chromatin.!

The composition of NETs varies depending on the stimulus.2

Critical COVID-19 patients differ from septic shock at the
admission in the ICU by presenting higher levels of IL-18 and
T lymphaocyte activation (including IL-7) whereas septic shock
display higher levels of IL-6, IL-8, and a more significant
myeloid response (including triggering receptors expressed
on myeloid cells-1 (TREM-1) and IL-1ra.?

While both conditions have been linked to excessive
NETosis, the direct comparison of NETosis biomarkers
including nucleosomes in these two infectious conditions
has not been described yet.

METHOD

48 controls, 22 COVID-19 patients and 48 sepsis patients were
included.

Patients with critical COVID-19 who were admitted to the ICU for
moderate or severe acute respiratory distress syn-drome (ARDS)
due to SARS-CoV-2 infection were included within five days of
admission. ARDS was diagnosed according to the Berlin definition,
and SARS-CoV-2 infection was demonstrated by real-time reverse
transcription PCR on nasopharyngeal swabs.

Septic shock was defined according to the Sepsis-3 definition as
sepsis with vasopressor therapy needed to elevate the mean
arterial pressure 2 65 mmHg and lactate levels > 2 mmol/L despite
adequate fluid resuscitation of 30 mL/kg of intravenous crystalloids
within 6 hours. Patients with septic shock admitted to the ICU were
included within two days of admission.

Control patients with matched age, gender, and comorbidities were
recruited at a central laboratory consultation.

Nucleosome containing histone H3.1 or containing citrullinated
nucleosome histone H3R8 were measured using the Nu.Q” H3.1
and Nu.Q” H3R8Cit ELISA assays from Volition (Belgian Volition).
Free citrullinated histone H3 (Cit-H3) (citrullinated at R2, R8 and
R17) were measured using the Cayman citrullinated histone H3
ELISA kit (Cayman Chemical). Neutrophil elastase and MPO were
measured using the Human Neutrophil Elastase/ELA2 DuoSet ELISA
and the Human Myeloperoxidase Quantikine ELISA Kit (R&D
systems). Cytokines and chemokines were measured using the Bio-
Plex Pro Human Cytokine 27-plex Assay and ICAM-1 and VCAM-1
were measured by mixing Bio-Plex Pro Human cytokines ICAM-1
and VCAM-1 sets (ICAM-VCAM) on a Bio-Plex 200 (Bio-Rad
Laboratories N.V.).
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Study population Levels of circulating nucleosomes and neutrophil activation biomarkers in control, septic shock and critical
CQVID-19 populations
Control COVID-19 Sepsis p-value — -
n=48 n=22 n=48 = - o -
. 1000005 weee - 100005 100 = 1000 100003
[Demographics e
Men (n, %) 26 (54) 15 (68) 24 (50) 0.36 3 ! ; Y
Women (n, %) 22 (46) 732) 24 (50) ithag T - 7 '™ -1 LN _ o]
% \d = rems 2 . 7 o= - P 3
Age, years (n, sd) 61.9+14.5 59.9£10.3 65.0£14.2 0.53 L. L ™ =l i 30 | . : § 2
Medical History E @ ' fg o 3l = § i £ é ]
Hypertension (n, %) 20 (42) 12 (56) 25 (52) 0.48 ! w] T r g vl 1 i . B i & :
-3 — 2 { 5 10
Bw>25(n, %) 26 (58) 14 (74) 26 (54) 0.34 i =t H E H | g e £ ]
Diabetes (n, %) 11 (23) 8 (36) 5 (10) 0.71 0qd 4 2 4 ] 001 | |
History of smoking (n, %) 10 (21) 1(5) 15 (31) 0.04 e
COPD (n, %) 4(8) 3 (14) 5 (10) 0.75 1 T T r X - ; . 0001 T | : 1 ; T . ' T T T
Control (n=48) Sepsis (n=46) Cowid (n=22) Control (n=48) Sepsis (n=46) Covid (n=22) Cantrol (n=48)  Sepsis (n=46) Covid (n=22) Control (n=48) Sepsis (n=46) Covid (n=22) Control (n=48) Sepsis (n=46) Covid (n=22)
CKD (n, %) 9(19) 0(0) 10 (21) 0.07
Cancer (n, %) 15 (31) 0(0) 9(19) 0.01
(Outcome
30-day mortality 6 (27) 22 (46) 0.45 - | e v
ICU length of stay (days) . 29430 8+9 <0.01 ooy - - 1000y - bt - 1903 100003 -
n Not applicable A -
Thromboembolic events (n, %) 6(27) 4(8) 0.06 i
TIMI major bleeding events (n, %)t 5 (23) 1(2) 0.01 1000 P : 100 N ol 1000
T . H T = -
dmissio g o s 3 E’ § i :
] besnd 2 0d 8 4
Delays since symptoms Not applicable 73132 2.6:2.4 <0.01 2 v " Peas] [ 2 ] g “
ER l g N T 5 o £ w :
0 H ] . : ¥
3 e g 1 . 5 2 2 04
Highest CRP (mg/dL) 323+119 313:122 0.75 H | e 3 E i 2 §
Creatinine (mg/dL) 0.91£0.59 2.19+191 <0.0 3 2 + ' 3 1
- Not reported
Hemoglobin (g/dL) 11.62£1.90 10.34£2.05 0.02 54 .
Lowest Lymphocytes (103/uL) 4841335 469+310 0.86 1 T : . oo . . . s . r o1 r r r o1 . .
Ore i oo R Control (n=46) Sepsis (n=46) Cowid (n=22) Control (n=46) Sepsis (n=46) Cowid (n=22) Control (n=46)  Sepsis (n=46) Covid (n=22) Control (n=46) Sepsis (n=46)  Cowid (n=22) Control (n=46) Sepsis (N=46)  Cowvid (n=22)
Pa0u/FiO2 103£37 225119 <0.01
Ventilation duration (days) 27124 427 <0.01 Nu.H3.1, Nu.Cit-H3R8, Cit-H3, NE and MPO were compared. Results were Riest L AN [ TR soraos [ sorara ] ST ] sorazs Circulating nucleosomes and  histones
Norepinephrine (pg/kg/min) 0.049:0.105 0.330+0.350 <0.01 expressed as absolute value or normalized by neutrophils level for each po - —_— - - e parameters in septic shock and critical
Norepinephrine duration (days) 12+3.4 4.8:6.1 <0.01 individual. All markers were statistically different in septic shock and shock %Q‘TEL *%';? otsy ;{L_:, 1‘3;‘5%‘2] orn | femar COVID-19 patients according to APACHE-II
Renal replacement therapy Not applicable 5(1) 27 (13) 0.04 critical COVID-19 compared to controls. Only Nu.H3.1 and NE were oSl %,U% E;%.ZJ J [l}:s,fjj’, and SOFA scores.
‘Apache Il score 1524 207 <001 different be!‘\:reer;\h septic slhuck.and cr[tlcal CqVID—IQ patients. E‘;oxes R oo e
SOFA Score 2:1 93 001 represent 25'™-75!" percentile with median. Whiskers represent min to Abbreviations: Cit-H3, citrullinated histone
L . . N . 132.7 553.7 . ' . i
SIC score 00) 1104 001 T e S | oot | oosBhen | onbiten | ndben | 5 | G H3; MPO, myeloperoxidase; NE, neutrophil
DIC score 000) 7(16) 009 and non-transparent symbols represent dead patients. *, **, and P — pr — elastase; Nu.Cit-H3R8, citrullinated
- L{ **** represent p-value < 0.05, < 0.005, < 0.0005 and < 0.0001, covioas| (o5 | @sasien (O | (=) nucleosome H3R8; Nu.H3.1, nucleosome H3
respectively. Only differences which are statistically significant are A e <0.0001
reported. Some parameters were not available in all patients (n=2 in .
. : _9 i . . Septic [ 316 702 862 286 685 7.1 -7
control group regarding neutrophil count and n=2 in sepsis patients shock | (102-1836) | (1107583) | Ge3se21) | 4161 | (65263) |eeoesny) | 25
regarding NET measurements). covipgs | s | asiss) essg | orisre
tMajor bleeding complications have been defined according to the TIMI definition. All bleeding i S
complications in COVID-19 group occurred in ECMO-treated patients. Abbreviations: Cit-H3, citrullinated histone H3 (citrullinated in R2, R8 and optlc ;s 3 o1 [
R17); MPO, myeloperoxidase; NE, neutrophil elastase; Nu.Cit-H3RS, O B -7 Rt S B o B
L . i . . ol covips | st | @dsam) ©7180m) | 32613
Abbreviations: APACHE, acute physiology and chronic health evaluation; BMI, body mass index; COPD, citrullinated H3R8-nucleosome; Nu.H3.1, H3.1-nucleosome 09966 T
chronic obstructive pulmonary disease; CKD, chronic kidney disease; CRP, C-reactive protein; DIC, i e - - -
disseminated intravascular coagulopathy; ICU, intensive care unit; PaO2/FiO2, arterial oxygen partial pres- et zgf;;— f-":;‘ﬁ; oo 1&& 0. oot | oo
sure/fractional inspired oxygen; SIC, sepsis-induced coagulopathy; SOFA, sepsis-related organ failure Crtcat| 0% e o 00
assessment; TIMI, Thrombolysis in Myocardial Infarction; VV ECMO, venovenous extracorporeal membrane if:’::’f 0064) 0000) oos) | GOIGA0K)
oxygenation fused p- 0.0002 00038

CONCLUSIONS

in these ARDS conditions.
nucleosomes in septic shock patients

disease

= Circulating H3.1-nucleosomes and Cit-H3R8-nucleosomes appear to be interesting markers of global cell death and neutrophil activation when combined.
* H3.1-nucleosomes levels permit the evaluation of disease severity and differs between critical COVID-19 and septic shock patients reflecting two potential distinct pathological processes

* Normalization of H3.1-nucleosomes on the neutrophil count permit to better discriminate these different populations, reflecting the higher contribution of neutrophils to generate

» Further studies are required to confirm if measurement of nucleosomes and citrullinated nucleosomes may predict disease severity and help in categorizing patients at early stage of the
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