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Abstract 

Cell-free DNA (cfDNA) and neutrophil extracellular traps (NETs), specifically marked by histone type 3.1, play a dual 

pathogenic role in sepsis by reflecting cellular damage and directly exacerbating tissue injury, highlighting their clinical 

relevance for extracorporeal elimination therapies. To evaluate their prognostic value, we conducted a prospective, single-center 

observational study quantifying nucleosomes containing histones of the H3.1 type (Nu.H3.1) in 52 adult patients with septic 

shock admitted to an intensive care unit between August 2023 and May 2024. The cohort (64% male) had a mean SOFA score 

of 10±4 and an APACHE II score of 22±7. The H3.1-nuc concentration was 4658 ± 3962 ng/mL, and the median cfDNA level 

was 3041 (876–7815) ng/mL. Statistical analysis revealed that Nu.H3.1 levels significantly and positively correlated with cfDNA 

(r=0.67; p=0.0001), serum lactate (r=0.4; p=0.004), and SOFA scores (r=0.41; p=0.002). Furthermore, Nu.H3.1 demonstrated 

significant predictive performance for both 28-day mortality (AUC=0.68; 95% CI: 0.53–0.84; p=0.037) and the development of 

acute kidney injury (AKI) (AUC=0.74; 95% CI: 0.57–0.90; p=0.014). In conclusion, Nu.H3.1 serves as an independent predictor 

of adverse outcomes in septic shock, with established threshold values identifying patients at high risk for mortality and AKI. 

These findings suggest that Nu.H3.1 is a promising biomarker for clinical risk stratification and for substantiating indications for 

the extracorporeal elimination of toxic DNA-associated structures from the systemic circulation. 
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1. Introduction 

The concept of personalized intensive care requires the de-

velopment of fundamentally new prognostic tools in the prac-

tice of treating septic shock. Various biomarkers are of interest 

as predictors of septic shock course. Some of them may serve 

not only as markers but also as significant factors in the path-

ogenesis of septic shock, which allows them to be considered 

as target molecules for elimination during extracorporeal ther-

apy [1-6]. Cell-free DNA (cfDNA) possesses such potential, 

representing a promising marker and therapeutic target in sep-

sis [7, 8]. 

cfDNA represents double-stranded extracellular fragments 

of chromosomes and associated structural proteins and en-

zymes released into the bloodstream as a result of apoptosis, 

necrosis, or active secretion by immune system cells. The lat-

ter process represents the formation of neutrophil extracellular 

traps (NETs). This is an anti-infective innate protective mech-

anism whereby decondensed chromatin and nuclear proteins 

are released from neutrophils and some other immune cells, 

forming mesh-like structures that trap microorganisms and 

lyse their cell walls [9, 10]. 

The structural unit of NETs is the nucleosome, which con-

sists of a DNA strand wrapped around a complex of special-

ized nuclear proteins—histones. Histones are necessary for 

compact spatial organization of DNA. Histone type H3.1 is 

characteristic only of neutrophils and serves as a marker of 

NETs levels in blood plasma [11]. 

In sepsis and septic shock, "overproduction" of NETs oc-

curs, leading to additional enhancement of the hyperinflam-

matory response, endothelial damage, thrombosis of microcir-

culation vessels, which directly contributes to the progression 

of organ dysfunction [12]. Prolonged elevation of cfDNA lev-

els in the bloodstream "overloads" the macrophage system in-

volved in its natural elimination, reducing their phagocytic ac-

tivity, which may be one of the causes of secondary immuno-

depression development in sepsis [13]. 

Several studies have demonstrated significant elevation of 

cfDNA and NETs levels in patients with sepsis, with associa-

tion between the degree of this elevation and severity of organ 

dysfunction and increased mortality [11]. Thus, in sepsis, 

cfDNA plays a dual role: it characterizes the degree of cellular 

damage and intensity of inflammatory response while simul-

taneously serving as an etiological agent of both these pro-

cesses [8]. Research on cfDNA and NETs in sepsis has ac-

quired additional practical significance due to the emergence 

of extracorporeal therapy techniques aimed at their selective 

elimination from the bloodstream [14, 15]. 

2. Objective 

The objective of this study was to evaluate the role of NETs 

and cfDNA as independent predictors of mortality in patients 

with septic shock and their correlation with clinical and labor-

atory data and risk of acute kidney injury (AKI) development, 

as well as to study the potential of NETs as a target for blood 

purification techniques. 

2.1. Materials and Methods 

2.1.1. Study Design 

Prospective single-center observational study conducted 

from August 2023 to May 2024 in the intensive care unit of 

Sergey Yudin City Clinical Hospital. 

2.1.2. Inclusion Criteria 

1) Age over 18 years 

2) Established diagnosis of sepsis according to Sepsis-3 cri-

teria 

3) Hypotension persisting after infusion therapy at 30 

mL/kg, requiring norepinephrine vasopressor therapy at 

a dosage exceeding 0.3 µg/kg/min 

2.1.3. Exclusion Criteria 

1) Uncontrolled bleeding or high risk of its occurrence 

2) Presence of venous or arterial thrombosis 

3) Cardiovascular events within the last 2 months: acute 

myocardial infarction, acute cerebrovascular accident, 

pulmonary embolism 

4) Severe congestive chronic heart failure 

5) End-stage chronic kidney disease 

6) Decompensated liver cirrhosis 

7) Severe combined or positional trauma 

8) Presence of human immunodeficiency virus infection 

9) 6Severe granulocytopenia (peripheral blood neutro-

phil count <500 cells/mm³) 

10) 7Oncological pathology at the stage of neo- or adju-

vant therapy 

11) 8Continuous immunosuppressive therapy 

According to the specified criteria, 52 patients were in-

cluded in the study (Figure 1). 
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Figure 1. The study's patient selection scheme. 

The study was approved by the local ethics committee of 

Sergey Yudin City Clinical Hospital (protocol No. 5 dated 

01/11/2023). 

Sample size calculation for two-sided alternative hypothe-

sis was performed based on 80% power, type I error rate of 

5%, using MedCalc Software Ltd. Sample size for Single 

mean. https://www.medcalc.org/calc/sample-size-single-

mean.php (Version 23.3.5; accessed August 16, 2025). Based 

on anticipated effect sizes (mean differences) and variability 

(standard deviation), the minimum sample size for each group 

was 8 patients. 

2.2. Data Collection 

Demographic, clinical, laboratory, and instrumental data of 

patients were collected and analyzed within the first 24 hours 

from septic shock manifestation (Table 1). 

Clinical assessment: Included severity assessment using 

APACHE II (Acute Physiology and Chronic Health Evalua-

tion II) and SOFA (Sequential Organ Failure Assessment) 

scales. Hospital treatment outcomes, duration of ICU stay, 

mechanical ventilation (MV), and vasopressor therapy were 

recorded. 

Hemodynamic monitoring: Along with standard monitor-

ing (electrocardiography, pulse oximetry), blood pressure 

control and echocardiography were performed. 

Laboratory monitoring: Included complete blood count, bi-

ochemical blood analysis, acid-base status analysis, coagulo-

gram, water-electrolyte parameters. Additionally, interleukin-

6 (IL-6), procalcitonin (electrochemiluminescence method, 

Lifortonic eCL8000), C-reactive protein (CRP), ferritin, com-

plement system proteins C3 and C4 (immunoturbidimetry, 

Mindray BS 800), C1 inhibitor of complement factor (fluori-

metric method, Qubit4 Thermo FS), von Willebrand factor 

level, D-dimer (immunoturbidimetric method, Sismexc SC 

5100), protein S, protein C, antithrombin III (chromogenic, 

photometric method, Destiny Max) were determined. 

In addition to standard laboratory parameters, Nu.Q H3.1® 

methodology (Belgian Volition SRL, Belgium) was used to 

measure H3.1 nucleosome (Nu.H3.1) concentration according 

to manufacturer's instructions, and cfDNA was determined us-

ing the "NucleoTest" method (NPF POKARD, Russia). 

"NucleoTest" is a chromogenic method for determining the 

concentration of DNA-containing structures, based on the 

ability of DNA to interact with human histone H1.3. Patient 

plasma test samples were added to wells of an enzyme immu-

noassay plate with pre-immobilized histone H1.3, followed by 

histone H1.3-peroxidase conjugate. DNA concentration in 

samples was determined spectrophotometrically by color de-

velopment at 450 nm. Calibration dependence was con-

structed using purified DNA preparation. The method allows 

quantitative determination of DNA-containing structure levels 

in human blood plasma. 

Intensive care was conducted in accordance with "Septic 

Shock in Adults" recommendations (FAR clinical guidelines, 

Surviving Sepsis Campaign, 2021) [16, 17]. 

2.3. Statistical Analysis 

Standard SPSS v.26 software packages (SPSS Inc., USA) 

were used for statistical processing. Shapiro-Wilk and Kolmo-

gorov-Smirnov tests, kurtosis and skewness assessment were 

used to determine normality of quantitative variable distribu-

tion. If variables followed normal distribution, their values 

were presented as mean and standard deviation (M ± SD). If 

quantitative variable distribution did not follow normal, val-

ues were presented as median (Me) and interquartile range 
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(25–75%). Nominal (qualitative) values are indicated in abso-

lute numbers (n) and percentages (%). 

Spearman's coefficient (r) was used to assess correlations 

between quantitative (with non-normal distribution) and ordi-

nal variables, while Pearson's coefficient was applied for nor-

mal distribution. 

To identify independent predictors of high cfDNA levels, 

which included all statistically significant correlations (p < 

0.1), paired and multiple linear regression analyses were used. 

Multivariate linear regression was performed using stepwise 

exclusion method. 

To identify dependence of Nu.H3.1 level on hospital lethal 

outcome and complications in patients with septic shock, re-

ceiver operating characteristic (ROC) curve analysis was used. 

Cut-off point was selected considering Youden index values 

and comparison of odds ratios for high and low indicator val-

ues. 

Sensitivity, specificity, positive and negative predictive val-

ues were calculated using contingency tables. 

Statistically significant differences were considered at two-

sided p < 0.05. 

3. Results 

The final number of patients included in the study was 52 

(64% men, 36% women) aged 52.1 ± 17.3 years. Body mass 

index (BMI) of subjects approached first-degree obesity (29.0 

± 6.2 kg/m2). All patients met septic shock criteria (organ dys-

function assessment and mortality prediction by SOFA and 

APACHE II scales were 10 ± 4 and 22 ± 7 points respectively, 

median lactate and procalcitonin levels — 2.4 [1.7–4.0] 

mmol/L and 15.7 [5.0–60.5] ng/mL respectively, median 

norepinephrine dosage — 0.52 [0.33–0.87] µg/kg/min). Main 

demographic, clinical-laboratory, and instrumental data are 

presented in Table 1. 

Table 1. The main traits of patients included in the study. 

General Cohort (N=52) 

Demographic Characteristics 

Age, years 52,1±17,3 

Sex (male), % 64,0% 

BMI, kg/m2 29,0±6,2 

Etiology of Septic Shock 

Abdominal, % (N) 35,9% (18) 

Pulmonary, % (N) 37,5% (19) 

Urological, % (N) 12,5% (7) 

Skin and soft tissue infection, % (N) 9,0% (5) 

Other, % (N) 5,1% (3) 

Clinical Data 

SOFA, score 10,0±4,0 

Apache II, score 22,0±7,0 

Heart rate, bpm 103,0±23,0 

Mean arterial pressure (MAP), mmHg 61,7±8,0 

Norepinephrine, µg/kg/min 0,52 (0,33-0,87) 

Hospital length of stay, days 9,0 (6,0-16,0) 

ICU length of stay, days 7,0(4,0-11,0) 

Duration of mechanical ventilation, days 5,0 (3,0-10,0) 

Duration of vasopressor support, days 5,0 (3,0-10,0) 

Instrumental Data 

LVEF, % 59,0 (47,0-63,0) 

LVEDV, mL 95,0 (78,0-118,0) 
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sPAP, mmHg 35,0±11,0 

Laboratory Data 

PaO₂/FiO₂ ratio 300,0±138,0 

Lactate, mmol/L 2,4 (1,7-4,0) 

Leukocytes, ×10⁹/L 17,3 (10,6-24,4) 

Neutrophils, ×10/L 14,9 (7,9-25,5) 

Band neutrophils, % 8,0 (4,0-19,0) 

Lymphocytes, ×10⁹/L 8,0 (5,0-12,5) 

Platelets, ×10⁹/L 137,0 (89,0-220,0) 

IL-6, pg/mL 434,0±387,2 

CRP, mg/L 212,5±88,1 

PCT, ng/mL 15,7 (5,0-60,5) 

Ferritin, ng/mL 974,5 (555,0-1213,0) 

Fibrinogen, g/L 5,9±2,3 

Antithrombin III, % 45,8 (32,7-64,7) 

D-dimer, ng/mL 5971,4 (2161,0-12066,0) 

Protein C, % 57,8±24,3 

Protein S, % 61,7 ±31,0 

von Willebrand factor, % 521,5 ±246,6 

Cholesterol, mmol/L 3,0±1,3 

Triglycerides, mmol/L 2,3 (1,5-4,2) 

Uric acid, µmol/L 350,2 (234,8-463,4) 

Albumin, g/L 27,3±5,3 

Bilirubin, µmol/L 18,8 (7,7-34,6) 

ALT, U/L 38,7 (24,2-99,2) 

AST, U/L 57,4 (27,4-159,6) 

Creatinine, µmol/L 220,1 (117,9-356,8) 

Complement C3, g/L 0,9±0,3 

Complement C4, g/L 0,21(0,14-0,29) 

C1-inhibitor, mg/dL 9,0 (0,5-22,0) 

cfDNA, ng/mL 3041,0 (876,0-7815,0) 

Nu.H3.1, ng/mL 4658,0±3962,0 

Clinical Events 

28-day mortality, % (N) 69,8% (36) 

Thrombotic complications, % (N) 26,4% (13) 

AKI, % (N) 75,5% (39) 

Note: BMI –Body Mass Index, SOFA — Sequential Organ Failure Assessment, APACHE II — Acute Physiology and Chronic Health Evalu-

ation II, ICU — intensive care unit, LVEF — left ventricular ejection fraction, LVEDV — left ventricular end-diastolic volume, sPAP — 

systolic pulmonary artery pressure, IL-6 — Interleukin-6, CRP — C-reactive protein, PCT — Procalcitonin, ALT— alanine aminotransferase, 

АСТ — aspartate aminotransferase, cfDNA — cell free DNA, Nu.H3.1 — nucleosomes containing histones of the H3.1 type, AKI — Acute 

Kidney Injury. 
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Median cfDNA concentration determined by "NucleoTest" 

method in patients with septic shock was 3041 (876–7815.0) 

ng/mL, while Nu.H3.1 level was 4658 ± 3962 ng/mL. Mortal-

ity within 28 days was high (69.8%) and corresponded to mor-

tality frequency in the general population of patients with sep-

tic shock [18]. In 75% of subjects, the condition was compli-

cated by AKI requiring renal replacement therapy. Another 

complication (lower extremity venous thrombosis associated 

with sepsis) occurred in 25% of cases. 

Correlation analysis of Nu.H3.1 concentration allowed 

identification of statistically significant associations among 

the above-mentioned parameters in patients with septic shock 

(Table 2). 

Table 2. Correlation analysis of nucleosome concentration with demographic, clinical, laboratory and instrumental data. 

Nu.H3.1 

Parameter Rxу p 

Clinical scales 

SOFA 0,41 0,002 

Apache II 0,3 0,04 

Hemostasis system 

von Willebrand factor 0,35 0,02 

 Complement system  

С3 -0,39 0,005 

С4 -0,33 0.02 

Liver enzymes 

Bilirubin 0,36 0,01 

ALT 0,3 0,03 

AST 0,28 0,04 

 Inflammatory mediators  

IL-6 0,39 0,04 

 Other parameters  

Oxygenation index -0,37 0,008 

Creatinine 0,29 0,04 

Lactate 0,4 0,004 

cfDNA 0,67 0,0001 

Note: SOFA — Sequential Organ Failure Assessment, APACHE II — Acute Physiology and Chronic Health Evaluation II, C3 — Complement 

components C3, C4 — Complement components C4, АСТ — aspartate aminotransferase, ALT— alanine aminotransferase, IL-6 — Interleu-

kin-6, cfDNA — cell free DNA. 

The most significant correlations of Nu.H3.1 were recorded 

with lactate level (direct moderate strength relationship: rxy = 

0.4; p = 0.004) and SOFA scale (direct moderate strength re-

lationship: rxy = 0.41; p = 0.002). Direct moderate strength 

relationship was also noted between Nu.H3.1 and IL-6 level 

(rxy = 0.39; p = 0.04). Additionally, it should be noted that 

correlation between two NETs markers—cfDNA and 

Nu.H3.1—showed strong direct relationship (rxy = 0.67; p = 

0.0001) (Figure 2). 
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Figure 2. The regression function showing the dependence of the cfDNA level on the Nu.H3.1. 

Subsequently, using paired and multiple linear regression, assessment of dependence of statistically significant parameters 

identified in correlation analysis on Nu.H3.1 concentration in patients with septic shock included in the study was performed 

(Table 3). 

Table 3. Paired and multiple regression of the nucleosome concentration dependence. 

Simple Regression R\R2 ꞵ р Multiple Regression р р R\R2 Adjusted R 

SOFA 0,41/0,17 414,2 0,02 Apache II 0,003 

0,0001 0,74/0,51 0,47 
Apache II 0,29/0,08 175,3 0,04 Lactate 0,003 

Oxygenation index 0,37/0,13 -10,5 0,008 Bilirubin 0,02 

Lactate 0,41/0,17 656 0,002 ALT 0,009 

IL-6 0,39/0,15 4,2 0,04      

von Willebrand factor 0,35/0,12 6,0 0,02      

Bilirubin 0,35/0,12 26,2 0,02      

ALT 0,38/0,15 2,6 0,005      

AST 0,46/0,21 1,0 0,001      

С3 0,39/0,15 -4965 0,005      

Note: SOFA — Sequential Organ Failure Assessment, APACHE II — Acute Physiology and Chronic Health Evaluation II, IL-6 — Interleukin-

6, ALT— alanine aminotransferase, АСТ — aspartate aminotransferase, C3 — Complement components C3. 

The most significant relationships of Nu.H3.1 in paired re-

gression were identified with SOFA scale total score, mixed 

venous blood lactate levels, and AST. However, according to 

multiple regression results, only APACHE II, lactate, biliru-

bin, and ALT retained their dependence on NETs in the final 

regression model, which showed close relationship by Chad-

dock scale (correlation coefficient rxy = 0.74). Significance 

level of this model was p < 0.0001, and combination of these 

factors in the identified model determined 47% of Nu.H3.1 

variance. 

According to ROC analysis results, AUC of Nu.H3.1 
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showed statistical significance regarding 28-day hospital mor-

tality and AKI in patients with septic shock (Table 4, Figure 

3, Figure 4). 

 
Figure 3. The area under the characteristic curve of the concentration of Nu.H3.1 in relation to 28-day mortality in patients with septic shock. 

 
Figure 4. The area under the characteristic curve of the concentration of Nu.H3.1 in relation to AKI in patients with septic shock. 

Table 4. AUC concentrations of Nu.H3.1 in relation to 28-day mortality and development of AKI in patients with septic shock. 

Parameter AKI DeLong 

Test 

28-day Mortality DeLong Test 

AUC (95% CI) р AUC (95% CI) р 

Nu.H3.1 0,74 (0,57-0,90) 0,014 Р1-2 0,37 0,68 (0,53-0,84) 0,037 Р1-2 0,92 

cfDNA 0,67(0,51-0,83) 0,076 0,69 (0,54-0,84) 0,031 

Note: AKI — Acute Kidney Injury, AUC — Area Under the Curve, CI — Confidence Interval, cfDNA — Cell-free DNA, Nu.H3.1 — Nucle-

osomes containing histones of the H3.1 type. 
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When comparing AUC of Nu.H3.1 and cfDNA, no statisti-

cally significant differences were identified, which generally 

allows considering these indicators as equivalent in predicting 

clinical events—AKI and 28-day mortality. 

When dividing the sample of patients with septic shock into 

presence/absence of AKI, median Nu.H3.1 concentration in 

the AKI group differed statistically significantly compared to 

the group without AKI (4252 [1700–8488] vs 2283 [369–3034] 

ng/mL; p = 0.014) (Figure 5, Figure 6). Similar difference was 

noted when comparing Nu.H3.1 concentration in patients with 

septic shock who died within 28 days of hospitalization versus 

those who survived during this period (1925 [933–4084] vs 

4153 [1939–8949] ng/mL; p = 0.037) (Figure 7, Figure 8). 

 
Figure 5. Comparative analysis of median Nu.H3.1 in patients with septic shock with or without AKI. 

 
Figure 6. Comparative analysis of median Nu.H3.1 in patients with septic shock with or without AKI. 
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Figure 7. Comparative analysis of median Nu.H3.1 in patients with septic shock who died and survived for a period of 28 days. 

 
Figure 8. Comparative analysis of median Nu.H3.1 in patients with septic shock who died and survived for a period of 28 days. 

Odds ratio for AKI development at Nu.H3.1 concentra-

tion >2731 ng/mL was 6.0 (95% CI 1.6–26.0; p < 0.018), sen-

sitivity and specificity — 67% and 75% respectively. For 28-

day mortality at Nu.H3.1 concentration >2731 ng/mL, OR 

was 4.4 (95% CI 1.2–15.6; p = 0.03), sensitivity and specific-

ity — 67% and 79% respectively. 

4. Discussion 

Consistently high morbidity and mortality in sepsis deter-

mine the relevance of searching for new diagnostic strategies 

and therapeutic targets [19]. Use of diagnostic and prognostic 

markers in sepsis is associated with several difficulties, the 

dominant one being complex pathogenesis including hyperin-

flammation, coagulation disorders, endothelial dysfunction, 

vasodilation, and organ damage [20]. In this context, DNA-

containing structures—cfDNA and NETs—appear as promis-

ing biomarkers, as their pathophysiological role in sepsis is 

associated with activation of both immune and coagulation 

systems, as well as endothelial and microcirculatory damage 

and, consequently, multiple organ injury. DNA-containing 

structures possess properties of so-called ideal septic process 

biomarker, and modern diagnostic capabilities for their deter-

mination are represented by numerous laboratory techniques 

that can be used not only for research purposes but also in real 

clinical practice [20]. 

In septic shock, cellular, tissue damage and hyperinflamma-

tion occur synchronously with mutual potentiation. Presuma-

bly, parallel monitoring of both cfDNA as a marker of cellular 

damage and inflammatory response intensity, and NETs level 

characterizing cellular immunity and phagocytosis activity, 

would undoubtedly provide diagnostic advantages for patients. 

Component composition and etiology of DNA-containing 

structures in septic patients remain insufficiently studied [21]. 

Our work demonstrated an interesting strong direct correla-

tional relationship between cfDNA and Nu.H3.1 concentra-

tions (rxy = 0.67; p = 0.0001). We were able to find only one 

study where both cfDNA concentration and NETs marker—

MPO-DNA—were measured in sepsis patients, but correla-

tion between them was not studied [22, 23]. 
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The correlations we observed between NETs and classical 

prognostic indicators (including APACHE II and SOFA 

scores, oxygenation index, and markers of endothelial dys-

function, hyperinflammation, and organ dysfunction) are 

well-supported by current pathophysiological models. Specif-

ically, recent literature indicates that NET-mediated organ in-

jury arises through a dual mechanism: the direct cytotoxic ef-

fect of neutrophil extracellular traps on host tissues, com-

pounded by secondary ischemic damage and hypoperfusion 

resulting from NET-driven microvascular thrombosis and un-

controlled systemic inflammation [24-26]. 

In paired regression, the strongest association with elevated 

NETs levels was shown by SOFA scale total score (p = 0.02), 

mixed venous blood lactate level (p = 0.002), and AST (p = 

0.001), but in multiple regression, only APACHE II, lactate, 

bilirubin, and ALT retained their dependence on NETs (cor-

relation coefficient rxy = 0.74). We did not find clinical stud-

ies describing dependence of nucleosome concentration and 

liver dysfunction parameters in available literature sources, 

but it should be emphasized the known role of hepatic macro-

phage system in clearance of DNA-containing structures; it 

should also be mentioned the significant contribution of 

hepatocyte DNA to the total cfDNA pool in sepsis [27, 28]. 

Thus, liver damage in septic shock plays a dual role regarding 

DNA-containing structures, increasing their formation due to 

cytolysis and reducing elimination rate [29]. 

The significant association of lactate and NETs level shown 

in our work corresponds to the accepted concept of hyperin-

flammation influence on reduced tissue perfusion in sepsis. 

However, similar results were shown only for cfDNA [30]. 

Direct relationships of NETs level with severity of multiple 

organ dysfunction determined by APACHE II and SOFA 

scales were shown in retrospective study by Su Y. et al., which 

included 120 patients with sepsis. Nucleosome concentration 

in the group with APACHE II score >20 was higher than in 

groups 11–20 and 0–10 points (all p < 0.001). Nucleosome 

level in the group with SOFA score >10 points was higher 

than in groups 6–10 and 0–5 points (all p < 0.001) [23]. 

Similarly to our results, in the largest study to date by Fil-

ippini D. F. L. et al., which included 1700 ICU patients, direct 

correlations of NETs formation markers and proinflammatory 

cytokines, as well as weak positive associations with CRP, 

were described [11, 31, 32]. This can be explained by proin-

flammatory effects of neutrophil traps capable of inducing cy-

tokine release into bloodstream by other cells, as well as entry 

into bloodstream through disrupted neutrophil membrane of 

vesicles with inflammatory mediators, which occurs with 

chromatin release from nucleus during NETs formation [33]. 

Thus, content of DNA-containing structures in bloodstream 

may be considered as a new diagnostic factor of hyperinflam-

matory sepsis phenotype [11, 34]. 

We showed inverse correlation of NETs level and comple-

ment system protein C3. This may be explained by the ability 

of neutrophil traps to directly activate proteins of this system 

to enhance anti-infective protection in bacterial infections, as 

shown in studies by Leffler J. et al. and Wang H. et al. [35, 

36]. Complement also participates in natural elimination of 

NETs by opsonizing them, which facilitates recognition and 

phagocytosis of NETs by macrophages [37]. Thus, excessive 

NETs formation may lead to depletion of complement protein 

pool in bloodstream [38]. 

Interaction of NETs with von Willebrand factor normally 

represents one of key integrations of hemostasis and is neces-

sary for localization of infectious agent; in sepsis, it acquires 

uncontrolled character, leading to endothelial damage, depo-

sition of NETs components in its glycocalyx, development of 

immunothrombosis. NETs components cause reduced activity 

of metalloproteinase ADAMTS13, which maintains high von 

Willebrand factor level [39]. This explains the direct associa-

tion of NETs and von Willebrand factor found in our study. 

We did not find clinical studies demonstrating relationships 

between these two indicators; however, in work by Mao J. Y. 

et al., correlation of NETs levels and marker of endothelial 

glycocalyx damage syndecan-1 was shown (r = 0.6383, p < 

0.0001). Among significant results of this study, association 

of DIC syndrome presence with higher nucleosome level (140 

[47–233] vs 307 [199–415] ng/mL; [p < 0.0001]) and identi-

fication of NETs as independent risk factor for its develop-

ment (OR 1.0104; 95% CI 1.0032–1.0176) should be high-

lighted [40]. In works by Su Y. et al. and Filippini D. F. L. et 

al., correlations of excessive NETs levels with high frequency 

of sepsis-induced coagulopathy and DIC syndrome develop-

ment were also described [11, 23]. 

Correlational relationship of pulmonary oxygenation func-

tion and NETs level shown in our study is described in numer-

ous works—in patient populations with both sepsis and acute 

respiratory distress syndrome and COVID-19 [11, 34]. For ex-

ample, in study by Middleton E. A. et al., MPO-DNA com-

plexes in plasma increased with COVID-19 progression and 

were associated with decreased oxygenation index [41]. NETs 

components (histones, granular proteins) and DNA itself are 

capable of causing both direct and secondary (due to inflam-

mation) damage to both pulmonary microcirculation vessel 

endothelium and alveolar epithelial cells, causing pulmonary 

tissue edema, which may explain adverse effect of neutrophil 

traps on respiratory function in sepsis [42]. 

Our study demonstrated the significant prognostic value of 

both cfDNA and NETs levels in predicting lethal outcomes 

and the development of acute kidney injury (AKI). This aligns 

with established pathophysiological concepts, as recent litera-

ture confirms the critical role of NETs in the progression of 

renal diseases and their emerging utility as prognostic bi-

omarkers, particularly in conditions such as sepsis-induced 

AKI [43-45]. However, while the general involvement of neu-

trophil extracellular traps in kidney damage is well-docu-

mented, the specific predictive ability of the Nu.H3.1 marker 

for AKI development remains largely unexplored in current 

studies, highlighting the novelty of our findings. 

Regarding risk of lethal outcome, in study by Filippini D. F. 
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L. et al., it was shown that H3.1 nucleosome level was signif-

icantly associated with 28-day mortality when adjusted for age 

and sex, but this association disappeared after adjustment for 

SOFA. In patients with initial concentration of nucleosomes 

containing histones type H3.1 >1000 ng/mL, higher probabil-

ity of 28-day mortality was observed (RR 1.68; 95% CI 1.35–

2.10; p < 0.001) [11]. DNA-containing structures represent 

considerable interest as potential targets for extracorporeal 

therapy, especially in connection with emergence of selective 

hemosorbents capable of eliminating them from bloodstream 

[14, 15]. Despite all assumed clinical advantages of such in-

tervention, substantial questions remain unclear regarding the 

level of DNA-containing structures constituting indication for 

initiation of extracorporeal therapy and timing of its com-

mencement. Our study showed association of NETs with two 

most important clinical events—mortality and AKI develop-

ment. At Nu.H3.1 level >2731 ng/mL, odds of first event in-

creased 4-fold, of second—6-fold. Similar discrete level was 

demonstrated in the largest study to date on nucleosomes in 

sepsis by Haem Rahimi M. et al. with participation of 151 pa-

tients: optimal threshold value predicting lethal outcome was 

4639 ng/mL. In study by Morimont L. et al., which included 

20 patients with septic shock, mean level of H3.1 nucleosomes 

associated with lethal outcome was 1776 (402–16,032) ng/mL. 

In study by Cavalier E. et al. on cohort of COVID-19 patients, 

threshold level determining disease severity and need for in-

tensive care unit treatment was 1250 ng/mL [26, 32, 46]. 

Obvious hypothesis is that indicated levels constitute indi-

cations for initiation of extracorporeal elimination of DNA-

containing structures. However, further research in this direc-

tion is necessary. 

5. Conclusion 

The study showed that the marker of NETs formation—the 

level of Nu.H3.1—is an independent predictor of mortality 

and development of AKI in septic shock. Its threshold concen-

tration associated with significant increase in probability of 

these significant clinical events was identified, which may be 

considered as a laboratory benchmark in determining indica-

tions for extracorporeal elimination of DNA-containing struc-

tures from bloodstream. 

6. Recommendations 

The indicated unresolved issues in septic shock treatment 

and obvious motivation to optimize its intensive care through 

searching for significant mediators (potential targets for extra-

corporeal elimination) could be a source of subjective biases 

in this study. These doubts may be reinforced by the fact that 

similar studies are extremely scarce, and obtained results are 

largely unique. However, transparent study design, including 

measurement of studied mediator levels outside clinical set-

ting (in separate laboratory), excludes such possibility. Based 

on this, discovered associations of studied biomarkers with 

other clinical-laboratory parameters and sepsis treatment out-

comes are considered as objective evidence of prognostic 

value of cfDNA and nucleosome levels. On the other hand, 

feasibility of eliminating these substances in septic shock re-

mains only a working hypothesis, since their significance as 

marker or as active mediator of septic process cannot be iden-

tified. 

Another more obvious limitation is the single-center nature 

of our work. Influence on results of both explicit (in-hospital 

orders) and "latent" (so-called style, manner, and subjective 

preferences in conducting therapeutic measures) hospital pro-

tocols of patient management in intensive care unit cannot be 

excluded. At the same time, study design is easily reproduci-

ble in other clinics and within multicenter study, necessity of 

which is beyond doubt. 
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