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ABSTRACT

Introduction: The neutrophil-to-lymphocyte ratio (NLR) in the diagnosis of sepsis has been found to be
higher in non-survivors than in survivors, and that is associated with mortality. A higher NLR in non-
survivors than in survivors has been reported in two studies during patient follow-up; however, NLR was
not controlled for sepsis severity. Thus, the objective of this study was to determine whether there is an
association between NLR in the first seven days and mortality controlling for sepsis severity.
Methods: This observational study, which included septic patients, was conducted in the Intensive Care
Units of 3 Spanish hospitals. NLR was recorded on the first, fourth, and eighth day of sepsis. Multiple
logistic regression analyses were carried out to determine the association between NLR during the first
7 days of sepsis diagnosis and mortality controlling for sepsis severity.
Results: Thirty-day non-surviving patients (n=68) compared to surviving patients (n=135) showed
higher NLR on the first (p<0.001), fourth (p<0.001), and eighth (p<0.001) day of sepsis diagnosis.
Multiple logistic regression analysis found an association between NLR at days first (p <0.001), fourth
(p=0.004), and eighth (p=0.01) of sepsis diagnosis and mortality controlling for SOFA and lactic acid in
those days.
Conclusions: The new finding of our study was the association between NLR in the first seven days of
sepsis and mortality controlling for sepsis severity.

© 2020 Sociedad Espafiola de
Enfermedades Infecciosas y Microbiologia Clinica. Published by Elsevier Espaiia, S.L.U. All rights reserved.

Asociacion entre la relacion neutrofilos/linfocitos durante los primeros siete
dias de sepsis y mortalidad

RESUMEN

Introduccion: Se ha objetivado que la relaciéon neutréfilos/linfocitos (NLR) en el momento del diagnéstico
de la sepsis es mayor en fallecidos que en supervivientes y que esta asociada con la mortalidad. En dos
estudios, se ha reportado mayor NLR en fallecidos durante la evolucién; sin embargo, NLR no se control
por la gravedad de la sepsis. Por lo tanto, el objetivo de este estudio consisti6é en determinar si existe una
asociacion entre NLR durante los primeros siete dias y mortalidad, controlando por gravedad de la sepsis.

Abbreviations: APACHE, Acute Physiology and Chronic Health Evaluation; aPTT, activated partial thromboplastin time; COPD, chronic obstructive pulmonary disease;
FIO,, fraction inspired oxygen; INR, international normalized ratio; ICU, Intensive Care Unit; NLR, neutrophil-to-lymphocyte ratio; PaO,, pressure of arterial oxygen; SOFA,

sepsis-related organ failure assessment score.
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Métodos: Este estudio observacional, incluyendo pacientes sépticos, fue realizado en las Unidades de
Cuidados Intensivos de tres hospitales espafioles. Se registré NLR en los dias 1, 4 y 8 del diagndstico
de la sepsis. Se realiz6 regresion logistica miltiple para determinar la asociacion entre NLR durante los
primeros siete dias y mortalidad (a los 30 dias), controlando por gravedad de la sepsis.

Resultados: Los pacientes fallecidos en los primeros 30 dias (n = 68), comparados con los supervivientes
(n = 135), tuvieron mayor NLR en los dias 1 (p < 0,001),4 (p < 0,001) y 8 (p < 0,001) del diagnéstico de
la sepsis. La regresion logistica mdltiple mostré la asociacion entre NLR en los dias 1 (p < 0,001),4 (p =
0,004)y 8 (p=0,01) del diagnéstico de la sepsis y mortalidad, controlando por SOFA y lactatemia en esos

dias.

Conclusiones: El nuevo hallazgo de nuestro estudio fue la asociacién entre NLR durante los primeros siete
dias de la sepsis y la mortalidad, controlando por gravedad de la sepsis.
© 2020 Sociedad Espafiola de Enfermedades Infecciosas y Microbiologia Clinica. Publicado por Elsevier

Espafia, S.L.U. Todos los derechos reservados.

Introduction

Sepsis is a major cause of healthcare and deaths.!2 Neutrophils
are manly involved in the innate immune response and lympho-
cytes in the adaptive immune response. In sepsis, blood neutrophil
count increases and the blood lymphocyte count decreases; thus,
the neutrophil-to-lymphocyte ratio (NLR) has been suggested as
an indicator of systemic inflammation. A recently published meta-
analysis has been carried out to clarify the prognostic value of NLR
at admission in patients with sepsis.® The authors included articles
published before March 2019, and finally 14 studies comprising
11,564 patients were included. In a subanalysis with 9 out of 14
studies comprising 1371 patients was found higher NLR at admis-
sion in non-survivors than in survivors. In other subanalysis with
9 out of 14 studies comprising 10,685 patients was found that NLR
at admission was associated with mortality. In other studies pub-
lished after this meta-analysis, NLR at admission was also found
higher in non-survivors than in survivors, and that was associated
with mortality.*~10

In two studies, data on NLR during patient evolution were
reported.'%!! One article found higher NLR in non-surviving than
in surviving patients at days 1, day 3 and in the last day of ICU.10
Another article found a higher NLR in non-survivors than in day 1,
day 3,and day 7 survivors.!! However, the association between NLR
and mortality was not explored by controlling the severity of sepsis
during the patients’ evolution. Thus, the objective of this study was
to determine whether there is an association between NLR in the
first seven days and mortality controlling for sepsis severity.

Material and methods
Design and subjects

This prospective and observational study was conducted during
2013 and 2014 in the Intensive Care Units of 3 hospitals in Spain.
The approval by the Ethics Committee of the 3 hospitals, and the
informed/signed consent from the patients or some family member
was obtained for the participation in the study.

The patients meeting sepsis criteria of Sepsis-3 Consensus were
included in the study.'> We excluded patients with hematologi-
cal tumor, blood white cell count <1000/.l, solid tumor, radiation
therapy, human immunodeficiency virus (HIV), steroid agents,
immunosuppressive therapy, breastfeeding, age <18 years or preg-
nancy.

Variables

Age, sex, and the history of chronic obstructive pulmonary dis-
ease, ischemic heart disease, chronic renal failure and diabetes
mellitus were registered. Additionally, we registered site of infec-

tion, bilirubin, creatinine, activated partial thromboplastin time,
international normalized ratio, platelets, lactic acid, pressure of
arterial oxygen, fraction inspired of oxygen, Acute Physiology and
Chronic Health Evaluation (APACHE)-II score,!? and the develop-
ment of bloodstream infection and septic shock. We also registered
NLR, lactic acid and Sepsis-related Organ Failure Assessment [SOFA]
score'# at days first (at ICU admission), fourth, and eighth of sep-
sis diagnosis. Mortality at 30 days was considered as the endpoint
study.

Statistical methods

We used medians (and percentile 25-75) and frequencies (and
percentages), and Mann-Whitney U test and chi-square test to
report and compare continuous and categorical variables. We com-
pared NLR at days 1,4 and 8 between surviving and non-surviving
patients (Fig. 1). We plotted receiver operating characteristic curves
using NLR on days 1, 4 and 8 of sepsis diagnosis and mortality at
30 days; and area under curve (AUC) and 95% confidence interval
were reported. We carried out multiple logistic regression analy-
ses to determine the association between NLR on days 1, 4, and
8 of sepsis diagnosis and mortality controlling for SOFA and lactic
acid on those days. We constructed Kaplan-Meier curves using NLR
<12.1and >12.1 (point selected in basis to Youden ] index) and mor-
tality at 30 days, and the curves were compared by log-rank test.
Significant differences were established with p <0.05.

Results

We found that non-surviving patients (n=68) compared to sur-
viving patients (n=135) had higher APACHE-II, age, and rate of
diabetes mellitus and septic shock. (Table 1). We found that non-
surviving patients showed higher NLR in the first (p <0.001), fourth
(p<0.001), and eighth (p<0.001) days than survivors (Table 2,
Fig. 1), and also higher lactic acid and SOFA score in those days
(Table 2).

NLR on day one, day four, and day eight had an area under curve
(95% confidence interval) for the prediction of 30-day mortality of
67% (60-73%, p<0.001), 68% (61-75%, p<0.001), and 75% (68-82%,
p<0.001) respectively (Fig. 2, Table 3). No significant differences
were found in AUC between NLR and lactic acid on day 1 (p=0.90),
day 4 (p=0.44) and day 8 (p=0.26). Neither significant differences
were found in AUC between NLR and SOFA at day 1 (p=0.77), day
4 (p=0.47) and day 8 (p=0.98).

Multiple logistic regression analysis found an association
between NLR on days one (p<0.001), four (p=0.004) and eight
(p=0.01) of sepsis diagnosis and mortality controlling for SOFA and
lactic acid in those days (Table 4). We found in the Kaplan-Meier
that patients with NLR > 12.1 had a higher rate of mortality (Hazard
ratio=2.9; 95% Cl=1.80-4.73; p<0.001) (Fig. 3).
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Fig. 1. Neutrophil-to-lymphocyte ratio (NLR) at days 1, 4 and 8 in survivor and non-survivor septic. There were higher NLR at days 1, 4 and 8 in survivor patients.
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Fig. 2. Receiver operating characteristic analysis using neutrophil-to-lymphocyte ratio (NLR) at day 1, 4 and 8 for prediction of mortality at 30 days. The area under curve of

NLR at day 1, 4 and 8 for mortality prediction was between 67-75%.

No significant differences in NLR were found regarding the
development or not of septic shock (p=0.91) and the infection
site (p=0.25). Neither significant differences in NLR were found
when the microorganism responsible of sepsis was Gram-positive
(p=0.65), Gram-negative (p=0.65), fungii (p=0.75), anaerobe
(p=0.72) or unknown (p=0.94).

Discussion

The main new findings from our study was the association
between NLR in the first seven days of sepsis and mortality
controlling for sepsis severity. Previously, anincrease in NLR in non-
survivors compared to surviving patients had been reported during
the evolution!%1; but the association between NLR and mortality
controlling for sepsis severity during the evolution of patients was
not determined. Thus, we believed that the association between

NLR in the first seven days of sepsis and mortality controlling for
sepsis severity found in our study is a new and interesting finding.
Other interesting findings of our study were the prognostic capa-
bility of NLR at days 1, 4 and 8, and that this capability was not
different to lactic acid and SOFA in the same days.

The immune response is the reaction from the body to defend
itself against foreign microorganisms (as viruses, bacteria, para-
sites, and fungi) which if not eliminated from the body could cause
serious health problems. There are two types of immune response,
the innate and the adaptive response, which work together for
the protection against pathogens.'>~'° The innate response is the
first reaction to a foreign microorganism, is a quick and non-
specific response to any type of pathogen. Components of the
innate immune response include physical barriers (as skin and
mucous membranes), immune cells (as neutrophils, macrophages
and monocytes), and circulating factors (as cytokines and com-
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Table 1

Demographic and clinical characteristics of non-surviving and surviving septic patients.
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Total (n=203)

Surviving (n=135)

Non-surviving (n=68)

Surviving vs. non-surviving

p-value

Sex female - n (%) 63 (31.0) 41(30.4) 22 (324) 0.87
Age — median years (p 25-75) 60 (49-70) 56 (45-67) 66 (57-74) <0.001
aPTT (seconds) — median (p 25-75) 2 (28-42) 2 (28-38) 36 (29-45) 0.01
Bilirubin (mg/dl) — median (p 25-75) 0. 90 (0.50-1.73) 0. 90 (0.51-1.50) 0.99 (0.50-2.17) 0.42
Creatinine (mg/dl) - median (p 25-75) 1.30 (0.80-2.38) 1.10 (0.80-1.80) 1.60 (0.90-3.20) 0.01
INR - median (p 25-75) 1.29 (1.10-1.59) 1.23 (1.09-1.50) 1.41(1.14-1.92) 0.005
Leukocytes (cells/mm?3) — median*10? (p 25-75) 14.1(9.2-19.6) 12.9(8.8-18.2) 14.7 (7.3-19.4) 0.07
Pa0,/FIO; ratio — median (p 25-75) 170 (116-264) 165 (117-262) 180 (110-265) 0.73
Platelets (cellsfmm?) - median*103 (p 25-75) 190 (113-268) 226 (148-303) 184 (129-232) 0.005
Microorganism responsibles - n (%)

Unknown - n (% 113 (55.7) 74 (54.8) 39 (57.4) 0.73

Gram-positive — n (%) 48 (23.6) 30(22.2) 18 (26.5) 0.50

Gram-negative — n (%) 43(21.2) 31(23.0) 12(17.6) 0.38

Fungii- n (%) 7(3.4) 3(2.2) 4(5.9) 0.18

Anaerobe - n (%) 1(0.5) 1(0.7) 0 0.48
Chronic renal failure - n (%) 12 (5.9) 5(3.7) 7(10.3) 0.11
COPD - n (%) 25(12.3) 15(11.1) 10(14.7) 0.50
Diabetes mellitus — n (%) 67 (33.0) 38(28.1) 29 (42.6) 0.04
Ischemic heart disease — n (%) 18(8.9) 13(9.6) 5(7.4) 0.79
Empiric antimicrobial treatment adequate-n (%) 0.97

Unknown due to negative cultures - n (%) 113 (55.7) 74 (54.8) 39(57.4)

Adequate- n (%) 76 (37.4) 52 (38.5) 24 (35.3)

Inadequate- n (%) 5(2.5) 3(2.2) 2(2.9)

Unknown due to antigenuria diagnosis- n (%) 9(44) 6(4.4) 3(44)
Bloodstream infection — n (%) 26(12.8) 18 (13.3) 8(11.8) 0.83
Septic shock - n (%) 106 (52.2) 59 (43.7) 47 (69.1) 0.001
Site of infection 0.66

Respiratory - n (%) 116 (57.1) 79 (58.5) 37 (54.4)

Abdominal - n (%) 53 (26.1) 34(25.2) 19(27.9)

Neurological 3(1.5) 3(2.2) 0

Urinary - n (%) 12 (5.9) 7(5.2) 5(7.4)

Skin - n (%) 9(4.4) 6(4.4) 3(44)

Endocarditis — n (%) 9(4.4) 6(4.4) 3(44)

Osteomyelitis - n (%) 1(0.5) 0 1(1.5)
APACHE-II score — median (p 25-75) 20 (15-24) 18 (14-23) 23(18-27) <0.001

aPTT = Activated partial thromboplastin time; INR = International normalized ratio; PaO, /FIO; = pressure of arterial oxygen/fraction inspired oxygen; COPD = Chronic Obstruc-

tive Pulmonary Disease; APACHE = Acute Physiology and Chronic Health Evaluation.

Table 2

Organ dysfunction and laboratory data at day first, fourth, and eighth of sepsis.
Parameters Survivors Nonsurvivors p-Value
Day 1 (n=135) (n=68)
Neutrophil (cells/mm?) - median*103 (p 25-75) 10.9 (6.8-15.9) 13.0(6.4-17.5) 0.39
Lymphocite (cells/mm?) - median*103 (p 25-75) 0.9 (0.5-1.4) 0.6 (0.4-0.9) <0.001
NLR - median (percentile 25-75) 13.5(7.5-22.3) 19.2 (12.9-29.7) <0.001
Lactic acid - median mmol/L (percentile 25-75) 1.8 (1.0-3.3) 3.2(1.5-6.5) <0.001
SOFA score — median (percentile 25-75) 9(7-11) 11(8-14) <0.001
Day 4 (n=135) (n=54)
Neutrophil (cells/mm?) - median*103 (p 25-75) 10.9 (7.2-15.0) 14.3 (7.9-24.6) 0.01
Lymphocite (cells/mm?) - median*103 (p 25-75) 0.9 (0.6-1.4) 0.7 (0.4-1.3) 0.02
NLR - median (percentile 25-75) 11.9(7.0-17.8) 21.6(10.4-36.3) <0.001
Lactic acid - median mmol/L (percentile 25-75) 1.1(0.8-1.5) 1.8(1.1-2.4) <0.001
SOFA score — median (percentile 25-75) 7 (3-10) 10 (7-14) <0.001
Day 8 (n=135) (n=39)
Neutrophil (cells/mm?3) - median*103 (p 25-75) 10.4 (7.5-14.8) 14.0 (9.2-21.0) 0.004
Lymphocite (cells/mm?) - median*103 (p 25-75) 1.2 (0.8-1.6) 0.8 (0.5-1.1) 0.001
NLR - median (percentile 25-75) 9.8 (5.7-14.9) 18.5(12.6-34.0) <0.001
Lactic acid - median mmol/L (percentile 25-75) 1.0(0.8-1.2) 1.2(1.0-1.7) 0.001
SOFA score — median (percentile 25-75) 4(2-7) 10(5-13) <0.001

NLR = neutrophil-to-lymphocyte ratio; SOFA = Sepsis-related Organ Failure Assessment.

plement). The adaptive response is the second line of defense, it
is a specific response against specific antigens, with generation
of immunological memory and taking more time to activate the
components involved. Components of the innate immune response
include immune cells (T cell, and B cells) and circulating factors
(antibodies that directly interact with the antigen). In the early

stage of sepsis, the neutrophil count (fundamental components
of innate immunity) increase rapidly, and there is a decreases in
the lymphocyte count due to generalized lymphocyte apoptosis
(which occurs in the spleen, thymus, and lymph nodes)2?; thus,
NLR increases in early stage of sepsis. Cell death in innate and
adaptive immune systems benefits the host by downregulating
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Table 3

Enfermedades Infecciosas y Microbiologia Clinica 40 (2022) 235-240

Thirty-day mortality prognostic capability of neutrophil-to-lymphocyte ratio, lactic acid and SOFA score at day first, fourth, and eighth of sepsis diagnosis. Data are showed

as area under curve, 95% confidence interval and p-value.

Day 1 Day 4 Day 8
Neutrophil-to-lymphocyte ratio 67% (60-73%) 68% (61-75%) 75% (68-82%)
p<0.001 p<0.001 p<0.001
Lactic acid 68% (60-75%) 72% (64-81%) 67% (57-77%)
p<0.001 p<0.001 p=0.002
SOFA score 69% (61-76%) 72% (64-80%) 75% (65-84%)
p<0.001 p<0.001 p<0.001
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Fig. 3. Survival curves at 30 days using neutrophil-to-lymphocyte ratio (NL) lower or equal vs. higher than 12.1. Patients with NLR > 12.1 had higher mortality rate.

Table 4

Multiple logistic regression analysis models to predict 30-day mortality at day 1, 4

and 8 of sepsis evolution.

inflammatory response in sepsis, but the extensive loss of immune
cells may compromise the ability of the host to eliminate invading
pathogens.2? We think that the association between NLR in the first

Odds ratio 95% confidence interval p-Value seven days of sepsis and mortality that we found in this study could
Model 1: be in relation with a higher state of inflammation in the patients
NLR at day 1 1.049 1.022-1.076 <0.001 who die.
SOFAscoreatday1 — 1.189 1.076-1.312 0.001 Our study has some limitations, such as that we have not reg-
Lacticacid at day 1 1.146 1.010-1.300 0.03 istered NLR in other critically ill patients nor in healthy subjects.
Model 2: However, the objectives of this study were to determine whether
IR &t @y & RO20 L= oes an association between NLR in the first seven days of sepsis and
SOFA score at day 4 1.151 1.042-1.271 0.006 . . . .
R 1775 1110-2.840 002 mortality exists. We did not calculate the sample size, although
an association was found between NLR and mortality controlling
M‘I’\I‘ﬁii - 1044 1009-1.079 001 for sepsis severity in the three moments analyzed..ln additiqn: the
SOFA score at day 8 1.182 1.072-1.304 0.001 number of patients lost or excluded, and the delay time of antibiotic
Lactic acid at day 8 1.438 0.709-2.919 0.31 administration were not registered. Moreover, the bloodstream

NLR = neutrophil-to-lymphocyte ratio; SOFA =sepsis-related organ failure assess-

ment.

infection rate in our patients was low compared with other series
(up to 40%).%!

We think that the use of NLR, a simple laboratory parameter
obtained during a conventional hemogram, could be stan-
dardized for the prediction of mortality in sepsis and its
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determination during the first 7 days could help in the estimation
of prognosis.

Conclusions

The new finding of our study was the association between NLR
in the first seven days of sepsis and mortality controlling for sepsis
severity.

Funding

This study was supported by a grant from Instituto de Salud Car-
los III (PI-18-00500) (Madrid, Spain) and co-financed with Fondo
Europeo de Desarrollo Regional (FEDER).

Conflicts of interest

The authors declare that they have no competing interests.

References

1. Angus DC, Linde-Zwirble WT, Lidicker ], Clermont G, Carcillo J, Pinsky MR. Epi-
demiology of severe sepsis in the United States: analysis of incidence, outcome,
and associated costs of care. Crit Care Med. 2001;29:1303-10.

2. Vincent JL, Sakr Y, Sprung CL, Ranieri VM, Reinhart K, Gerlach H, et al. Sepsis
occurrence in acutely ill patients investigators sepsis in European intensive care
units: results of the SOAP study. Crit Care Med. 2006;34:344-53.

3. HuangZ, FuZ,Huang W, Huang K. Prognostic value of neutrophil-to-lymphocyte
ratio in sepsis: a meta-analysis. Am J Emerg Med. 2019;piiS0735-6757,
http://dx.doi.org/10.1016/j.ajem.2019.10.023 [Epub ahead of print] 30671-0.

4. Djordjevic D, Rondovic G, Surbatovic M, Stanojevic I, Udovicic I, Andjelic T,
et al. Neutrophil-to-lymphocyte ratio, monocyte-to-lymphocyte ratio, platelet-
to-lymphocyte ratio, and mean platelet volume-to-platelet count ratio as
biomarkers in critically ill and injured patients: which ratio to choose to
predict outcome and nature of bacteremia? Mediators Inflamm. 2018;2018:
3758068.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

240

Enfermedades Infecciosas y Microbiologia Clinica 40 (2022) 235-240

. Zhao C, Wei Y, Chen D, Jin J, Chen H. Prognostic value of an inflammatory

biomarker-based clinical algorithm in septic patients in the emergency depart-
ment: an observational study. Int Inmunopharmacol. 2020;80:106145.

. Takada T, Hoogland ], Yano T, Fujii K, Fujiishi R, Miyashita ], et al. Added value of

inflammatory markers to vital signs to predict mortality in patients suspected
of severe infection. Am ] Emerg Med. 2019.;piiS0735-6757:30769-77.

. Meshaal MS, Nagi A, Eldamaty A, Elnaggar W, Gaber M, Rizk H. Neutrophil-to-

lymphocyte ratio (NLR) and platelet-to-lymphocyte ratio (PLR) as independent
predictors of outcome in infective endocarditis (IE). Egypt Heart J. 2019;71:13.

. NiJ,WangH, LiY, ShuY, Liu Y. Neutrophil to lymphocyte ratio (NLR) as a prognos-

tic marker for in-hospital mortality of patients with sepsis: a secondary analysis
based on a single-center, retrospective, cohort study. Medicine (Baltimore).
2019;98:e18029.

. LiuY, Zheng ], Zhang D, Jing L. Neutrophil-lymphocyte ratio and plasma lactate

predict 28-day mortality in patients with sepsis. ] Clin Lab Anal. 2019;33:e22942.
Sari R, Karakurt Z, Ay M, Celik ME, Yalaz Tekan U, Ciyiltepe F, et al. Neutrophil
to lymphocyte ratio as a predictor of treatment response and mortality in septic
shock patients in the intensive care unit. Turk ] Med Sci. 2019;49:1336-49.
Yang M, Li L, Su N, Lin ], Wang J. Dynamic monitoring of the neu-
trophil/lymphocyte ratio could predict the prognosis of patients with
bloodstream infection. Zhonghua Wei Zhong Bing Ji Jiu Yi Xue. 2015;27:471-6.
Singer M, Deutschman CS, Seymour CW, Shankar-Hari M, Annane D, Bauer M,
et al. The third international consensus definitions for sepsis and septic shock
(Sepsis-3). JAMA. 2016;315:801-10.

Knaus WA, Draper EA, Wagner DP, Zimmerman JE. APACHE II: a severity of
disease classification system. Crit Care Med. 1985;13:818-29.

Vincent JL, Moreno R, Takala ], Willatts S, De Mendonga A, Bruining H, et al.
The Sepsis-related Organ Failure Assessment (SOFA) score to describe organ
dysfunction/failure. Intensive Care Med. 1996;22:707-10.

Patricio P, Paiva JA, Borrego LM. Immune response in bacterial and candida
sepsis. Eur ] Microbiol Immunol (Bp). 2019;9:105-13.

Qiu Y, Tu GW, Ju M], Yang C, Luo Z. The immune system regulation in sepsis:
from innate to adaptive. Curr Protein Pept Sci. 2019;20:799-816.

Ghnewa YG, Fish M, Jennings A, Carter M], Shankar-Hari M. Goodbye
SIRS? Innate, trained and adaptive immunity and pathogene-
sis of organ dysfunction. Med Klin Intensivmed Notfmed. 2020,
http://dx.doi.org/10.1007/s00063-020-00683-2 [Epub ahead of print].
Conway-Morris A, Wilson ], Shankar-Hari M. Immune activation in sepsis. Crit
Care Clin. 2018;34:29-42.

Pfortmueller CA, Meisel C, Fux M, Schefold JC. Assessment of immune organ dys-
function in critical illness: utility of innate immune response markers. Intensive
Care Med Exp. 2017;5:49.

Cao C, Yu M, Chai Y. Pathological alteration and therapeutic implications of
sepsis-induced immune cell apoptosis. Cell Death Dis. 2019;10:782.

Martinez ML, Ferrer R, Torrents E, Guillamat-Prats R, Goma G, Suérez D, et al.
Edusepsis study group impact of source control in patients with severe sepsis
and septic shock. Crit Care Med. 2017;45:11-9.



	Outline placeholder
	Déclaration de liens d'intérêts


