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Purpose: The aim of the retrospective, single-center study was to assess the prognostic value of immune cell-based and albumin-
based ratios regarding lethal outcome in critically ill COVID-19 patients.

Patients and Methods: We analyzed 612 adult critically ill COVID-19 patients admitted to the intensive care unit (ICU) between
April 2020 and November 2022. Blood measurement on admission to the ICU encompassed complete blood count (CBC), IL-6,
C-reactive protein (CRP), albumin, lactate, lactate dehydrogenase (LDH), serum bicarbonate, arterial base deficit/excess (BD/E), and
D-dimer. All the measured and calculated parameters were compared between survivors and nonsurvivors, with the outcome measure
being hospital mortality.

Results: Immune cell-based ratios [NLR - Neutrophil-to-Lymphocyte Ratio, MLR - Monocyte-to-Lymphocyte Ratio, PLR - Platelet-
to-Lymphocyte Ratio, MPV - Mean Platelet Volume, MPV/PC - Mean Platelet Volume-to-Platelet Count Ratio, Derived (d-)NLR ratio
- neutrophil count divided by the result of white blood cell (WBC) count — neutrophil count), N/LP - Neutrophil count x 100/
Lymphocyte count x Platelet count, CLR — C-reactive protein (CRP)-to-Lymphocyte Ratio, CPR - CRP-to-Platelet Ratio, LLR -
Lactate dehydrogenase (LDH)-to-Lymphocyte Ratio, Systemic Immune Inflammation Index (SII) - platelet x neutrophil/lymphocyte
count, Systemic Inflammation Response Index (SIRI) - neutrophil x monocyte/lymphocyte count] were investigated. White blood cell
and neutrophil counts were significantly higher, while lymphocyte and platelet counts were significantly lower in nonsurvivors. MPYV,
MPV/PC, NLR, d-NLR, MLR, N/LP, CRP, LDH, CPR, CLR, LLR, SII, and SIRI values were significantly higher in nonsurvivors.
Monocyte count and PLR values did not differ significantly between groups. Albumin-based ratios included CRP-to-Albumin Ratio
(CAR), Lactate-to-Albumin Ratio (LAR) and LDH-to-Albumin Ratio (LDH/ALB). All values were significantly higher in
NoONSurvivors.

Conclusion: The only independent predictor of lethal outcomes at ICU admission is the albumin-based LDH/ALB ratio. Most of the
other parameters were moderate, although highly significant predictors of mortality in critically ill COVID-19 patients.
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Introduction

The hallmark of critically ill patients with infection, regardless of the pathogen, is exacerbated, life-threatening immune
dissonance with devastating consequences.' Patients with severe forms of COVID-19 do fulfill SEPSIS 3.0 criteria for
viral septic shock with specific immunopathogenesis.” Recent efforts to provide tailored immunomodulation have
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focused on analyzing observed heterogeneity into sepsis subtypes, keeping in mind that novel immunomodulatory
therapies have not been successful.’ Even before the COVID-19 pandemic, trends in continuous septic shock mortality
rates over time as well as regional disparities suggested that there was still a need for improvement in standard sepsis
treatment.* Therefore, it is of paramount importance to identify those patients who are at higher risk of mortality, even
more so in a state of medical emergency like a COVID-19 pandemic. In this specific clinical setting, low-cost, readily
available parameters would be useful. Quite a few of them were investigated as outcome predictors in critically ill
patients with bacterial or viral sepsis, often with contradictory results.””’

From the very beginning of the COVID-19 pandemic, efforts have been made to establish the predictive role of
specific laboratory parameters as biomarkers regarding severity and outcome. A review of multiple, mostly nonspecific
biomarkers (C-reactive protein, ferritin, serum amyloid A, and procalcitonin) and T-lymphocyte markers emphasized that
interpretation of the data is limited for the most part due to the small sample size.® That same year, in 2020, interesting
research regarding plasma albumin levels in critically ill COVID-19 patients was published.” The authors demonstrated
that decreased levels of albumin could, at an early stage, be used as an independent predictor of lethal outcome. During
2021, as more features of COVID-19 became known, attempts were made to assess their prognostic value regarding
lethal outcome. One interesting study included 38 critically ill COVID-19 patients in order to assess ICU admission
levels of various endothelial biomarkers as predictors of mortality.'® The authors showed that elevated levels of soluble
E-selectin, angiopoietin 2, and soluble intercellular adhesion molecule 1 in nonsurvivors had a significant prognostic
value, with an AUC/ROC of > 0.85. Authors of another study demonstrated that elevated levels of mid-regional pro-
adrenomedullin on the ICU admission had predictive capacity of mortality in 95 critically ill COVID-19 patients, with an
AUC/ROC of 0.73."" In 2022, larger sample size research regarding inflammatory markers as early predictors of disease
severity and outcome in critically ill COVID-19 patients emerged. One study performed on 100 patients showed that
a triad of C-reactive protein, ferritin, and interleukin-6 at admission may predict the disease severity early in the course.'?
Another study included 380 patients and focused on the role of biomarkers in predicting the outcome in this patient
population. Out of several investigated parameters, the authors found that ferritin was the only significant biomarker with
higher values in nonsurvivors.'> Several other parameters were found to be of significant predictive value for the
mortality in critically ill COVID-19 patients: IL-6 values and IL-6/lymphocyte ratio (sample size of 117 patients)'* and
lactate dehydrogenase (sample size of 168 patients).'> Although COVID-19 was declared no longer to be a global health
emergency on May 5, 2023, interest in biomarkers as predictors of mortality remained. That same year, an interesting
study of 340 critically ill COVID-19 patients was published, focusing on obesity as well as the prognostic values of
biomarkers regarding mortality.'® The authors demonstrated that mortality in obese patients was lower than in the normal
weight and overweight groups, yet it did not reach statistical significance. They also found that ferritin and neutrophil/
lymphocyte ratio were independent predictors of lethal outcome in obese patients. As an indicator of continued interest in
predictive biomarkers of COVID-19 prognosis, just a few months ago, two studies focusing on serum levels of various
cytokines were published.'”'® It is next to impossible to overestimate the importance of routine blood values as
predictors of severity and outcome in general; this is particularly true for critically ill patients. Low cost and short
turnaround time (TAT) make routine blood parameters very useful in this clinical setting. We have previously investi-
gated several immune cell-based ratios as predictors of lethal outcome in a few subgroups of critically ill patients with
secondary bacterial sepsis.” Here, we wanted to expand this approach with both immune cell-based and albumin-based
ratios in a cohort of critically ill COVID-19 patients. In the literature available to us, we did not find any research with
this unique approach and such a wide array of investigated parameters in a large cohort of patients.

The aim of our retrospective, single-center study was to assess the prognostic value of immune cell-based as well as
albumin-based ratios regarding lethal outcome in 612 critically ill COVID-19 patients. The outcome measure was
hospital mortality. Immune cell-based ratios included Neutrophil-to-Lymphocyte Ratio (NLR), Monocyte-to-
Lymphocyte Ratio (MLR), Platelet-to-Lymphocyte Ratio (PLR), Mean Platelet Volume (MPV), Mean Platelet Volume-
to-Platelet count Ratio (MPV/PC), derived NLR ratio, Neutrophil to Lymphocyte x Platelet ratio (N/LP), C-reactive
protein (CRP)-to-Lymphocyte Ratio (CLR) and CRP-to-Platelet Ratio (CPR), and Lactate dehydrogenase (LDH)-to-
Lymphocyte Ratio (LLR). We also calculated Systemic Immune Inflammation Index (SII) as well as Systemic

74 https: Journal of Inflammation Research 2025:18



Zeba et al

Inflammation Response Index (SIRI). Albumin-based ratios included CRP-to-Albumin Ratio (CAR), Lactate-to-Albumin
Ratio (LAR) and LDH-to-Albumin Ratio (LDH/ALB).

Materials and Methods

Study Design

We performed a single-center retrospective analysis of 612 adult critically ill COVID-19 patients who were admitted to
the intensive care unit (ICU) of military hospital Karaburma, which is an integral part of the tertiary university hospital
(Military Medical Academy, Belgrade, Serbia) during 32 months (April 2020-November 2022). Blood measurement
encompassed Complete Blood Count (CBC), IL-6, C-reactive protein (CRP), albumin, lactate, lactate dehydrogenase
(LDH), serum bicarbonate, arterial base deficit/excess (BD/E) and D-dimer. Blood samples were collected on admission
to the ICU. All of the measured and calculated parameters were compared according to the outcome between survivors
and nonsurvivors, with the outcome measure being hospital mortality. Approval in concordance with the Declaration of
Helsinki was obtained from the local ethics committee on March 22, 2024 (No. 33/2024).

Qualified and trained phlebotomists drew the patient’s venous blood. If several measurements were available on the day
of enrollment in the study for some patients, the first one at the time point of diagnostic criteria fulfillment was always used
to maximize consistency among the patient population. We placed the blood samples into BD Vacutainer K2 EDTA tubes
and analyzed them within 2 hours of the venepuncture. The Siemens Advia 120 hematology system, a flow cytometry-based
system, determined a complete blood count. Differentiation of white blood cells is done by the peroxidase and basophil
channels. More details of blood sample laboratory analyses were explained and published elsewhere.’

Study Population

Adult patients with COVID-19, confirmed by positive SARS-CoV-2 detection tests, who required non-invasive or
invasive mechanical ventilation in the ICU were enrolled. There were 723 patients who fulfilled the inclusion criteria.
The exclusion criteria included malignant disease of any origin and/or preexisting immunodeficiency (65 patients). Also,
patients with liver failure (12 patients) and those on renal replacement therapy (34 patients) were excluded from the study
because of the impact on biomarker concentrations. Finally, out of 723 patients, 111 were excluded from the study. The
remaining 612 patients were included; regarding the outcome there were 241 survivors and 371 nonsurvivors. Figure 1
represents a study flowchart.

The study population’s vaccination status and comorbidities have been determined. There was no statistically
significant difference regarding vaccination status (partially or fully vaccinated; booster shot) between survivors and
nonsurvivors. Of all comorbidities, cardiac dysfunction, obesity, and cerebrovascular disease were more frequent in
nonsurvivors (Table 1).

Patients meeting the inclusion
criteria (N=723)

( 111 patients were excluded

malignancy and/or immunodeficiency: 65 cases

patients onrenalreplacement therapy: 34 cases
liver failure: 12 cases

[ 612 patients were included ]

Survivors (N=241) Nonsurvivors (N=371)

Figure | Study flowchart.
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Table | Vaccination Status and Comorbidities of the Study Population According
to Outcomes

Characteristics All Patients | Survivors | Nonsurvivors p
Total number (%) 612 (100.0) | 241 (39.4) 371 (60.6)
Vaccination status
Partially vaccinated 128 (20.9) 44 (18.3) 84 (22.6) 0.193
Fully vaccinated 118 (19.3) 38 (15.8) 80 (21.6) 0.078
Booster dose 45 (7.4) 13 (5.4) 32 (8.6) 0.135
Comorbidity
Hypertension 393 (64.2) 144 (59.8) 249 (67.1) 0.063
Diabetes mellitus 168 (27.5) 58 (24.1) 110 (29.6) 0.130
COPD 69 (11.3) 28 (11.6) 41 (11.1) 0.828
Cardiac dysfunction 185 (30.2) 49 (20.3) 136 (36.7) <0.001
Obesity 29 (4.7) 4 (1.7) 25 (6.7) 0.004
Cerebrovascular disease 35(5.7) 8 (3.3) 27 (7.3) 0.039
Dementia 10 (1.6) 3(1.2) 7(1.9) 0.540
Mental disorder 12 (2.0) 4 (1.7) 8 (2.2) 0.665
Renal dysfunction 20 (3.3) 9(3.7) Il (3.0) 0.601
Hypothyroidism 27 (4.4) 10 (4.1) 17 (4.6) 0.799

Note: Data are presented as a number (percentage) of subjects.
Abbreviation: COPD, Chronic Obstructive Pulmonary Disease.

Lung involvement was determined using a chest CT severity score. The total CT score is measured by the sum of the
individual lobar scores and can range from 0 (no involvement) to 25 (maximum involvement), when all five lobes show
more than 75% involvement. All patients in our study had scores > 15, which indicated severe involvement on the CT
severity grading scale. There was no statistically significant difference between survivors and nonsurvivors in this regard.

Calculation of Various Ratios
Immune cell-based ratios included Neutrophil-to-Lymphocyte Ratio (NLR), Monocyte- to-Lymphocyte Ratio (MLR),
Platelet- to-Lymphocyte Ratio (PLR), Mean Platelet Volume (MPV; fl), Mean Platelet Volume-to-Platelet count Ratio
(MPV/PC; fL 107> uL™"), Derived (d-)NLR ratio (neutrophil count divided by the result of white blood cell (WBC)
count — neutrophil count); Neutrophil count x 100/Lymphocyte count x Platelet count to calculate N/LP ratio; measured
CRP (mg/1) for CRP-to-Lymphocyte Ratio (CLR) and CRP-to-Platelet Ratio (CPR; mg/10° cells), as well as measured
LDH (U/1) for LDH-to-Lymphocyte Ratio (LLR). We also calculated Systemic Immune Inflammation Index (SII) using
following formula: platelet x neutrophil/lymphocyte count as well as Systemic Inflammation Response Index (SIRI)
using following formula: neutrophil x monocyte/lymphocyte count.

Measured albumin-based ratios included CRP-to-Albumin Ratio (CAR), Lactate-to-Albumin Ratio (LAR) and LDH-
to-Albumin Ratio (LDH/ALB).

Data Collection
Designated members of our research team gathered and synthesized a variety of demographic, clinical, and laboratory
data from hospitalized patients’ medical records. The patients’ confidentiality was protected.
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Statistical Analysis

Data are presented using the descriptive statistical methods, for continuous variables, median and interquartile range, Q1-
Q3 (first and third quartile) and for categorical variables, absolute and relative frequencies. The normality of the data
distribution was confirmed by the Shapiro—Wilk tests.

Differences in examined variables between survivors and nonsurvivors were assessed using Mann—Whitney test and
Chi-square test.

The area under the receiver operating characteristic (ROC) curve (AUC) with 95% confidence intervals was
calculated for predicted lethal outcomes. The optimal cut-off value was expressed as its sensitivity, specificity and
Youden index is shown for all biomarkers.

A large number of independent variables with a statistical significance level of 0.05 in the univariate analysis
influenced the careful selection of the independent variables to be used in the multivariate regression analysis model.
In order to minimize the effect of multicollinearity, all variables that had a high correlation were excluded from the
model, while making sure that the excluded variables were contained in the remaining variables. The multivariate model
contained 16 independent variables for outcome prediction (dependent variable).

All statistical analysis was performed using IBM SPSS Statistics 22 (IBM Corporation, Armonk, NY, USA). The
criterion for statistical significance was p <0.05.

Results

Baseline Characteristics of the Study Population
During a 32-month study period, 612 critically ill COVID-19 patients, predominantly male (73%) and older (median age
of 70 years), were enrolled. Overall mortality was 60.6%. Comparison of baseline characteristics of the study population
according to outcome revealed that female mortality rate of 68.9% was significantly higher (y2 = 6.535, p=0.011) than
male mortality rate of 57.5% (Table 2).

Also, nonsurvivors were significantly older (U=493.5, p=0.037). Hospital stay was significantly longer in survivors
(U=224.0, p<0.001) while duration of ICU stay did not differ significantly between survivors and nonsurvivors
(U=548, p=0.131).

Table 2 Baseline Characteristics of the Study Population According to Outcomes

Characteristics All patients Survivors Nonsurvivors P
612 (100.0) 241 (39.4) 371 (60.6)
Gender
Male, n (%) 445 (100.0) 189 (42.5) 256 (57.5) 0.011
Female, n (%) 167 (100.0) 52 (31.1) 115 (68.9)

Age (years)

Median (Min-Max) 70.0 (25.0-99.0) | 62.0 (25.0-94.0) | 75.0 (27.0-99.0) | 0.037

Hospital stay (days)

Median (Min-Max) 17.0 (1.0-74.0) 23.0 (2.0-74.0) 13.0 (1.0-46.0) <0.001
ICU stay (days)

Median (Min-Max) 11.0 (1.0-71.0) 14.0 (2.0-71.0) 9.0 (1.043.0) 0.131

The day of the illness

When blood was drawn

Median (Min — Max) 11.0 (1.0-39.0) 12.0 (1.0-39.0) 10.0 (1.0-29.0) 0.004
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Laboratory Characteristics of the Study Population on Admission to the |ICU

Immune Cell-Based Ratios According to Outcome

White blood cell (WBC) (p<0.001) and neutrophil counts (p<0.001) were significantly higher, while lymphocyte
(p<0.001) and platelet counts (p<0.001) were significantly lower in nonsurvivors. Thrombocytopenia was significantly
more frequent in nonsurvivors (p=0.003). MPV, MPV/PC, NLR, derived NLR, MLR, N/LP, CRP, LDH, CPR, CLR,
LLR, SII, and SIRI values were significantly higher in nonsurvivors (p value for CRP was 0.004; for all other
aforementioned parameters, p value was <0.001). So, all differences reached high statistical significance. Monocyte
count (p=0.937) and PLR values (p=0.136) did not differ significantly between survivors and nonsurvivors (Table 3).

Albumin-Based Ratios, Interleukin(IL)-6, Bicarbonate, Lactate, Arterial B/DE, and D-Dimer According to
Outcome

Lactate, CAR, LAR, LDH/ALB, IL-6, and D-dimer values were significantly higher (p value for IL-6 was 0.001; for all
other aforementioned parameters, p value was < 0.001). Albumin (p<0.001), bicarbonate (p=0.003), and BD/E (p=0.001)

Table 3 Immune Cell-Based Ratios According to Outcomes

Characteristics All patients (n=612) | Survivors (n=241) Nonsurvivors (n=371) | p
WBC count (10°/1) 9.90 (7.0-13.3) 9.1 (6.4-12.0) 10.6 (7.4-14.4) <0.001
Neutrophil (10°/1) 8.7 (5.9-12.0) 7.8 (5.0-10.5) 9.4 (6.4-13.1) <0.001
Monocyte (10%/l) 0.34 (0.23-0.53) 0.36 (0.23-0.36) 0.33 (0.23-0.54) 0.937
Lymphocyte (10°/1) 0.5 (0.4-0.8) 0.6 (0.5-0.9) 0.5 (0.4-0.7) <0.001
Platelet (10°/1) 233.0 (174.5-304.8) 244.0 (189.5-343.0) 225.0 (160.0-288.0) <0.001
Thrombocytopenia n(%) 105 (17.6) 28 (11.6) 77 (20.8) 0.003
MPV (fL) 8.2 (7.7-9.0) 8.0 (7.5-8.6) 8.3 (7.8-9.2) <0.001
MPV/PC ratio (fL 107° uL™") | 3.5 (2.5-4.9) 32 (2.343) 3.7 (2.7-5.7) <0.001
NLR 15.0 (8.1-25.3) 12.0 (6.6—18.0) 18.1 (10.2-29.8) <0.001
Derived NLR 7.36 (4.56—10.65) 6.0 (3.77-8.68) 841 (5.57-11.93) <0.001
MLR 0.6 (0.4-1.0) 0.5 (0.3-0.7) 0.7 (0.4-1.1) <0.001
PLR 411.0 (260.0-654.0) 370.5 (252.0-592.4) 422.0 (267.3-686.7) 0.136
N/LP 6.48 (3.38-11.34) 4.66 (2.50-7.89) 7.64 (4.32-15.51) <0.001
CRP (mg/l) 108.6 (56.2—170.4) 95.1 (49.8-158.7) 116.5 (63.9-178.5) 0.004
LDH (U/l) 451.0 (318.5-619.5) 387.0 (290.0-536.0) 502.5 (352.0-679.5) <0.001
CPR (mg/10° cells) 0.45 (0.21-0.77) 0.37 (0.18-0.63) 0.50 (0.26-0.86) <0.001
CLR 178.8 (86.2-340.9) 153.6 (61.4-260.6) 210.0 (101.3-377.9) <0.001
LLR 822.0 (475.0-1383.2) 621.5 (370.2-967.5) 1048.0 (580.8-1777.5) <0.001
N 3401.0 (1691.0-6494.5) | 2748.0 (1439.0-5291.5) | 3963.0 (1943.0-7266.5) | <0.00I
SIRI 4.62 (2.38-11.27) 3.40 (1.88-7.35) 5.85 (2.87-12.83) <0.001

Note: Data are shown as median (interquartile range, IQR) and categorical variables, as number (percentage).

Abbreviations: NLR, Neutrophil-to-Lymphocyte Ratio; MLR, Monocyte- to-Lymphocyte Ratio; PLR, Platelet- to-Lymphocyte Ratio; MPV,
Mean Platelet Volume; MPV/PC, Mean Platelet Volume-to-Platelet count Ratio; Derived (d-)NLR ratio - neutrophil count divided by the result
of white blood cell (WBC) count — neutrophil count); N/LP, Neutrophil count x 100/Lymphocyte count x Platelet count; CLR — C-reactive
protein (CRP)-to-Lymphocyte Ratio; CPR, CRP-to-Platelet Ratio; LLR, Lactate dehydrogenase (LDH)-to-Lymphocyte Ratio; Systemic Immune
Inflammation Index (Sll), platelet x neutrophil/lymphocyte count; Systemic Inflammation Response Index (SIRI), neutrophil x monocyte/
lymphocyte count.
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values were significantly lower in nonsurvivors. So, as with most immune cell-based ratios, the differences in all
investigated parameters reached high statistical significance (Table 4).

Clinical Accuracy of Immune Cell-Based and Albumin-Based Ratios, IL-6, Bicarbonate, Lactate, Arterial B/DE,
and D-Dimer in Predicting Lethal Outcomes

The clinical accuracy of immune cell-based ratios in predicting lethal outcomes was investigated on admission to the
ICU. Most of these parameters demonstrated insufficient discriminative power regarding outcomes, despite statistically
highly significant differences. Values of Area under the Receiver Operating Characteristic (ROC) Curve (AUC/ROC) for
all cells and most ratios were between 0.49 and 0.60. On the other hand, levels of LLR (AUC/ROC 0.68), N/LP (AUC/
ROC 0.66) and NLR (AUC/ROC 0.65) higher than cut-off values are moderate predictors of lethal outcomes (Table 5).

The same analysis was performed on albumin-based ratios, IL-6, bicarbonate, lactate, arterial B/DE, and D-dimer on
admission to the ICU. Apart from LDH/ALB (AUC/ROC 0.66), LDH (AUC/ROC 0.64), IL-6 (AUC/ROC 0.63), and
D-dimer (AUC/ROC 0.63), all other parameters demonstrated insufficient discriminative power regarding outcomes.
Levels of LDH/ALB, LDH, IL-6, and D-dimer higher than cut-off values are moderate predictors of lethal outcomes
(Table 6 and Figure 2).

Combination of Various Parameters in a Composite Bioscore on Admission to the
ICU

To evaluate whether combining LLR, NLR, IL-6, and D-dimer into a single composite bioscore would enhance their
predictive performance for fatal outcomes, individual values were assigned a score of 1 or 0 according to how they related
(above or below) to previously defined AUC/ROC cut-off levels. The Bioscore I point range is 0—4. It was demonstrated
that composite Bioscore I is a statistically highly significant predictor of lethal outcomes with good discriminative power
(AUC/ROC 0.70; cut-off value >1 point), better than individual components. When these four parameters were expanded
with MLR, LAR, and LDH/ALB and the same type of analysis was performed, composite Bioscore II was created, with
a point range of 0—7. However, its predictive performance regarding lethal outcomes did not improve (AUC/ROC 0.672;
cut-off value >3 points), although it was statistically highly significant (Table 7 and Figure 3).

Table 4 Albumin-Based Ratios, IL-6, Bicarbonate, Lactate, Arterial B/DE and D-Dimer
According to Outcomes

Characteristics All patients Survivors Nonsurvivors p
Albumin (g/l) 35.0 (32.0-38.0) 36.0 (33.0-39.0) 34.0 (30.8-37.0) <0.001
Lactate (mmol/l) 1.4 (1.1-1.9) 1.3 (1.0-1.7) 1.5 (1.1-2.1) <0.001
CAR 3.11 (1.68-5.14) 2.55 (1.43-4.43) 3.52 (1.89-5.44) <0.001
LAR 0.04 (0.03-0.06) 0.04 (0.03-0.05) 0.05 (0.03-0.07) <0.001
LDH/ALB 13.30 (9.32-17.70) | 11.21 (8.28-15.16) | 14.88 (10.68-20.15) | <0.00I
IL-6 (pg/mL) 76.2 (35.7-172.6) | 65.5 (25.0-123.0) 109.1 (49.5-231.0) | 0.001
Bicarbonate (mmol/l) | 25.5 (22.3-29.2) 26.6 (23.5-29.7) 25.1 (21.5-28.9) 0.003
BD/E 1.8 (—1.8-5.5) 2.5 (0.2-6.1) 1.4 (—2.74.9) 0.001
D-dimer (ug/mL FEU) | 1.7 (1.0-4.3) 1.3 (0.8-3.0) 2.1 (1.1-5.4) <0.001

Note: Data are shown as median (interquartile range, IQR).
Abbreviations: CAR, C-reactive protein (CRP)-to-Albumin Ratio; LAR, Lactate-to-Albumin Ratio; LDH/ALB, Lactate
dehydrogenase (LDH)-to-Albumin Ratio; Interleukin (IL)-6, BD/E, base deficit/excess.
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Table 5 Clinical Accuracy of Immune Cell-Based Ratios in Predicting Lethal Outcomes

Parameter AUC 95% Confidence Interval Cut-off Sensitivity Specificity Youden P
ROC Lower Upper value (%) (%) Index
Bound Bound

WBC count (1071) 0.590 0.549 0.630 >10.5 51.0 64.3 0.15 <0.001
Neutrophil (1071) 0.600 0.559 0.640 >94 49.7 67.9 0.18 <0.001
Monocyte (107) 0.498 0.457 0.539 <0.34 53.1 52.7 0.06 0.938
Lymphocyte (107) 0.618 0.577 0.657 <0.47 423 77.1 0.19 <0.001
Platelet (10”) 0.584 0.544 0.624 <202.0 40.0 72.6 0.13 <0.001
MPV (fl) 0.609 0.568 0.649 >7.9 67.2 49.4 0.17 <0.001
MPV/PC (fL 10> uL™") 0.603 0.562 0.642 >47 33.0 83.4 0.16 <0.001
NLR 0.650 0.610 0.688 >18.6 49.1 77.5 0.27 <0.001
Derived NLR 0.644 0.604 0.682 >8.44 49.9 737 0.24 <0.001
MLR 0.604 0.563 0.643 >0.75 434 76.7 0.20 <0.001
PLR 0.536 0.495 0.577 >654.0 28.9 8l1.2 0.10 0.133
N/LP 0.667 0.627 0.705 >5.11 69.1 56.7 0.26 <0.001
CRP (mg/l) 0.570 0.529 0.610 >125.9 47.3 65.6 0.13 0.003
LDH (U/1) 0.640 0.600 0.679 >401.0 68.9 54.9 0.24 <0.001
CPR (mg/10° cells) 0.598 0.557 0.637 >0.37 64.8 51.5 0.16 <0.001
CLR 0.600 0.559 0.640 >230.8 47.1 71.7 0.19 <0.001
LLR 0.681 0.641 0.718 >825.0 61.7 67.9 0.30 <0.001
NI 0.588 0.547 0.628 >3364 57.6 60.0 0.18 <0.001
SIRI 0.612 0.572 0.652 >3.88 65.4 55.2 0.21 <0.001

Abbreviations: AUC ROC, Area under the curve Receiver-operating characteristic; NLR, Neutrophil-to-Lymphocyte Ratio; MLR, Monocyte- to-Lymphocyte Ratio; PLR,
Platelet- to-Lymphocyte Ratio; MPV, Mean Platelet Volume; MPV/PC, Mean Platelet Volume-to-Platelet count Ratio; Derived (d-)NLR ratio - neutrophil count divided by the
result of white blood cell (WBC) count — neutrophil count); N/LP, Neutrophil count x 100/Lymphocyte count x Platelet count; CLR, C-reactive protein (CRP)-to-
Lymphocyte Ratio; CPR, CRP-to-Platelet Ratio; LLR, Lactate dehydrogenase (LDH)-to-Lymphocyte Ratio; Systemic Immune Inflammation Index (SlI) - platelet x neutrophil/
lymphocyte count; Systemic Inflammation Response Index (SIRI) - neutrophil x monocyte/lymphocyte count.

Table 6 Clinical Accuracy of Albumin-Based Ratios, IL-6, Bicarbonate, Lactate, Arterial B/DE and D-Dimer in Predicting Lethal
Outcomes

Parameter AUC 95% Confidence Interval Cut-off Sensitivity Specificity Youden P
ROC value (%) (%) index
Lower Upper
Bound Bound
Albumin (g/l) 0.619 0.578 0.658 <35.0 62.3 57.7 0.20 <0.001
Lactate (mmol/l) 0.602 0.558 0.645 >1.7 387 77.2 0.16 <0.001
CAR 0.593 0.552 0.633 >3.42 52.0 63.2 0.15 <0.001
LAR 0.627 0.583 0.669 >0.05 36.5 82.6 0.19 <0.001
(Continued)
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Table 6 (Continued).

Parameter AUC 95% Confidence Interval Cut-off Sensitivity Specificity Youden P
ROC value (%) (%) index

Lower Upper

Bound Bound
LDH/ALB 0.663 0.623 0.701 >13.24 61.0 65.8 0.27 <0.001
IL-6 (pg/mL) 0.635 0.567 0.699 >111.2 49.1 743 0.23 <0.001
Bicarbonate (mmol/l) | 0.578 0.533 0.621 <213 24.8 88.7 0.14 0.003
BD/E 0.585 0.541 0.628 <-19 29.8 86.7 0.17 0.001
D-dimer 0.629 0.589 0.668 >1.37 68.0 542 0.22 <0.001

AUC ROC, Area under the curve Receiver-operating characteristic; CAR, C-reactive protein (CRP)-to-Albumin Ratio; LAR, Lactate-to-Albumin Ratio; LDH/ALB, Lactate
dehydrogenase (LDH)-to-Albumin Ratio; Interleukin (IL)-6; BD/E, base deficit/excess.

Independent Prognostic Significance of Immune Cell-Based Ratios, Albumin-Based
Ratios, IL-6, Bicarbonate, Lactate, Arterial Base Deficit/Excess (B/DE), and D-dimer in

Predicting Lethal Outcomes

The study employed logistic regression analyses to investigate potential associations between individual variables and

lethal outcomes. To identify the possible predictors of lethal outcomes independent of potential confounders, a forward

stepwise multivariate logistic regression analysis was run (Table 8). Multivariate logistic regression model was statis-

tically highly significant (2 = 152.386, p<0.001). Independent predictors of lethal outcomes by multivariate logistic
regression analysis were age [$=0.120, p<0.001; OR (95% CI)=1.13 (1.07-1.19)], ICU stay [B=0.295, p= 0.001, OR
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Figure 2 Receiver operating characteristic (ROC) curves of Albumin-Based Ratios, IL-6, bicarbonate, lactate, arterial B/DE and D-dimer in predicting lethal Outcomes.
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Table 7 Clinical Accuracy of Composite Bioscore | and Il in Predicting Lethal Outcomes

Parameter AUC 95% Confidence Interval | Cut-off Sensitivity Specificity Youden P
ROC value (%) (%) index
Lower Upper
Bound Bound
Composite bioscore | 0.704 0.638 0.764 >| 727 59.0 0.32 <0.001

(LLR, NLR, IL-6, D-dimer)

Composite bioscore Il 0.672 0.600 0.738 >3.0 57.7 733 0.31 <0.001
(LLR, NLR, IL-6, D-dimer,
MLR, LAR, LDH/ALB)

Abbreviation: AUC ROC, Area under the curve Receiver-operating characteristic.

(95% CI)=1.34 (1.16-1.55)], LDH/ALB [$=0.169, p=0.007, OR (95% CI)=1.18 (1.05-1.34] as well as hospital stays [f=
—0.455, p<0.001, OR (95% CI)=0.64 (0.54—0.75)]. In general, older patients with longer ICU stay and higher LDH/ALB
were more likely to die, while those with longer hospital stays were more likely to survive.

Discussion

From the beginning of the COVID-19 pandemic, clinicians and researchers alike made considerable efforts to investigate
possible prognostic biomarkers. Given the fact that the immune response is crucial in the development of severe forms of
COVID-19, attention has been focused on the interplay between various cells and mediators of innate and adaptive
immunity, as well as cascades of coagulation.'” COVID-19 is a heterogeneous disease spectrum; therefore, timely risk
stratification would be beneficial for selecting adequate therapies and for efficiently utilizing intensive care resources to

save as many lives as feasible.”® As early as 2021, an intriguing review regarding the possible implementation of
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Figure 3 Receiver operating characteristic (ROC) curves of composite Bioscore | and Il in predicting lethal outcomes.
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Table 8 Multivariate Logistic Regression Analyses of
Variables for Predicting Lethal Outcomes

Variables Multivariate logistic regression
[ OR (95% CI) [
Age 0.120 1.13 (1.07-1.19) <0.001
Hospital stay —0.455 0.64 (0.54-0.75) <0.001
ICU stay 0.295 1.34 (1.16-1.55) <0.001
Days before ICU | 0.050 1.05 (0.92-1.21) 0.471
WBC 0.135 1.14 (0.96-1.36) 0.129
MPV/PC 0.075 1.08 (0.89-1.30) 0.432
CPR —-1.167 0.31 (0.02-4.90) 0.407
CLR 0.003 | 1.003 (0.996-1.009) | 0.416
LLR 0.0 1.00 (0.999-1.001) | 0.575
sl 0.0 1.0 (1.0-1.0) 0.508
SIRI —0.069 0.93 (0.85-1.02) 0.128
CAR —0.319 0.73 (0.41-1.28) 0.269
LAR, >0.05 0.24 1.28 (0.33-4.90) 0.722
LDH/ALB 0.169 1.18 (1.05-1.34) 0.007
IL-6 0.0 1.00 (0.997-1.004) | 0.790
D-dimer —0.054 | 0.948 (0.868-1.034) | 0.226

Abbreviations: MPV/PC, Mean Platelet Volume-to-Platelet count Ratio;
CLR, C-reactive protein (CRP)-to-Lymphocyte Ratio; CPR, CRP-to-
Platelet Ratio; LLR, Lactate dehydrogenase (LDH)-to-Lymphocyte Ratio;
Systemic Immune Inflammation Index (Sl), platelet x neutrophil/lympho-
cyte count; Systemic Inflammation Response Index (SIRI), neutrophil
x monocyte/lymphocyte count; CAR — C-reactive protein (CRP)-to-
Albumin Ratio; LAR, Lactate-to-Albumin Ratio; LDH/ALB, Lactate dehy-
drogenase (LDH)-to-Albumin Ratio; Interleukin (IL)-6; OR — odds ratio;
Cl, Confidence Interval.

infection-mediated biomarkers for COVID-19 electrical biosensing platforms was published.”! Apart from immunoin-
flammatory biomarkers (various immunocompetent cells and mediators) and coagulopathy biomarkers (d-dimer), mar-
kers for end-organ injury (lactate dehydrogenase - LDH and lactate) are of interest in this clinical setting.**?
Polypeptide inflammatory biomarkers such as CRP, procalcitonin, LDH, and serum albumin (ALB), as one of the
most important proteins in human physiology, emerge as the focus of COVID-19 biomarker research.?* In addition to
examining the serum ALB level, recent research has also looked into the prognostic value of clinical indices that take
albumin into account as a variable.>> While many parameters generated from blood tests were rapidly incorporated into
standard clinical practice, other suggested circulating biomarkers did not, despite their potential value. This was mostly
because these biomarkers were more expensive and had limited availability in general hospital settings during medical
emergencies like the COVID-19 pandemic.?®

Because of the disease’s intricate pathophysiology, there is undoubtedly no single biomarker that captures the essence
of every remarkable feature of COVID-19. We previously demonstrated that several immune cell-based ratios can be
used as prognostic parameters in critically ill patients who developed secondary sepsis.’ In our present study, our aim was
to investigate a variety of immune cell-based and albumin-based ratios as outcome predictors on admission to the ICU, in
612 critically ill COVID-19 patients. As far as immune cell-based ratios, ie, NLR, d-NLR, MPV, MPV/PC, MLR, N/LP,
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CRP, LDH, CPR, CLR, LLR, SII, and SIRI values, all were higher in nonsurvivors, with differences reaching high
statistical significance. On the other hand, monocyte count, and PLR values did not differ significantly between survivors
and nonsurvivors. Contrary to our results, Ullah et al reported that there was no statistically significant difference in NLR
and LCR values between COVID-19 survivors and nonsurvivors on day 1.”7 They concluded that high NLR and
decreased LCR values predicted higher odds of mortality, but on day 7. Also, these authors included hospitalized
COVID-19 patients, unlike our cohort of critically ill ICU patients. Another study regarding older COVID-19 patients
evaluated NLR and PLR as predictors of mortality on hospital admission.”® It was shown that higher values of both ratios
are associated with a higher risk of mortality. This is partially in accordance with our results; higher NLR values were
associated with lethal outcomes, but PLR values did not differ between survivors and nonsurvivors. In hospitalized
COVID-19 patients, Regolo et al demonstrated that NLR is an independent predictor of mortality and ICU admission,
unlike PLR.*’ In our study, NLR was a highly significant predictor of lethal outcomes only in univariate logistic
regression analysis. It has to be noted that a possible explanation for this lack of independence in multivariate analysis
might be that, in our investigation, only ICU COVID-19 patients were included. Two interesting studies included only
critically ill COVID-19 patients admitted to the ICU, as we did in our investigation. The first one included 272 patients.
Authors investigated NLR, d-NLR, PLR, and MLR as predictors of lethal outcome at time 0 (admission to the ICU), in
addition to other variables at different time points.*® Clinical accuracy of NLR and d-NLR was higher in our study (0.65
and 0.64, respectively, vs 0.62 and 0.60, respectively), while AUCs for PLR, MLR, and SII were between 0.5 and 0.6 in
both studies. These authors investigated the dynamic changes of the listed parameters between time 0 and after 48 hours,
which is a good approach. However, we opted to include more variables at one time point, ICU admission, in our
pragmatic, real-life study. The second study included 348 patients.’’ Several immune cell-based (NLR, PLR, MLR,
MPV, MPV/PC, SII) and albumin-based (LDH/ALB, CAR) parameters overlapped with those investigated in our study.
In accordance with our results, all these parameters were significantly higher in nonsurvivors, except PLR, which was not
statistically different between groups. However, the results of multiple logistic regression analysis showed that indepen-
dent predictors of lethal outcome in this study were age and NLR, while our study demonstrated that independent
predictors of death were age and LDH/ALB.

Given that CPR is an emerging risk factor that can indicate both coagulation state and inflammation, it is surprising
that there is so little research on it in sepsis settings.

An interesting cross-sectional study regarding the clinical value of CPR in neonatal sepsis revealed that higher CPR
values are an independent predictor of severe neonatal sepsis.>> These results are in line with our findings of significantly
higher levels of CPR in nonsurvivors.

CLR has lately gained popularity as an early sepsis marker’> as well as an early biomarker to distinguish sepsis from
pneumonia;>* both of these recently published studies focused on neonates. In a multicenter, retrospective French
investigation, the predictive value of CLR was examined with respect to COVID-19 severity and mortality at the
emergency department (a cohort of around 1000 hospitalized patients with moderate to severe disease).>> Contrary to our
findings, the authors reported that only lymphocyte count was significantly linked with mortality in multivariate analysis.
However, only one-quarter of this large French cohort were ICU patients. Regarding the clinical accuracy of CLR to
predict mortality, French authors reported 159.5 as a cut-off value (AUC/ROC of 0.60; sensitivity 48%, specificity 70%).
We found the same AUC/ROC, with very similar sensitivity and specificity (0.60, 47.1%, and 71.7%, respectively), but
with a much higher best threshold of 230.8, presumably because of our different cohort (only ICU patients).

The prognostic ability of LLR was investigated in 145 severe COVID-19 patients.>® The authors reported that LLR
had the highest accuracy (AUC/ROC of 0.86) compared with other scores (NLR, CLR, CK-lymphocyte ratio, PT-
lymphocyte ratio, APTT-lymphocyte ratio, and D-dimer-lymphocyte ratio). This is consistent with our results, which
demonstrated the highest AUC/ROC of LLR (0.68) compared to other immune cell-based and albumin-based ratios, IL-
6, bicarbonate, lactate, arterial B/DE, and D-dimer. Yet, there are differences between these two studies. Our study
showed a lower LLR AUC/ROC value but was established on a more than 4-fold larger sample size. In another study,’’
a significant positive correlation was found between LLR and IL-6 levels in 94 hospitalized COVID-19 patients, contrary
to our results.
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A few years ago, it was reported that high SII is an independent predictor of lethal outcome in patients with metastatic
colorectal cancer.*® Recently, in a large cohort of 2218 hospitalized patients in the Department of Internal Medicine, SIRI
quartiles 3 and 4, as well as SII quartiles 3 and 4, were independently associated with mortality.>® SII, as a novel
predictor of intubation requirement and mortality, was retrospectively investigated in 224 hospitalized COVID-19
patients. The authors reported that the severity and outcome of COVID-19 could be reliably predicted at admission by
calculating this marker, with an emphasis on routinely assessed and feasible clinical laboratory values.** We agree with
this approach, which can be particularly useful to improve patient management during a pandemic high-influx crisis. Our
study demonstrated that both SI and SIRI values were significantly higher in nonsurvivors. However, their clinical
accuracy in predicting lethal outcomes was not impressive (AUC/ROCs of 0.58 and 0.61, respectively), although it was
statistically highly significant.

Similar to CLR, CAR has recently emerged as an early prognostic biomarker for neonatal sepsis with or without
pneumonia.”*' The authors of recently published interesting research created a novel LASSO-COX-based prognostic
nomogram regarding the association between CAR and 30-day mortality in ICU sepsis patients.** They concluded that
the CAR-based model is highly accurate in predicting the risk of hospital mortality in this patient population. In a study
of 116 COVID-19 patients, CAR was an independent risk factor for 30-day mortality.> However, of 116 enrolled
COVID-19 patients, severe form of disease had only 17 and there were only 8 nonsurvivors. So, regarding mortality,
there is a highly uneven size of two groups (survivors 108 vs nonsurvivors 8, 13.5-fold larger group). The June 2024
review of biomarkers as outcome predictors in sepsis found that CAR outperformed CRP or albumin alone in terms of
sensitivity and specificity.** Contrary to these findings, in our cohort of critically ill COVID-19 patients, CRP, ALB, and
CAR performed similarly in predicting lethal outcome (AUC/ROCs of 0.57, 0.61, and 0.59, respectively).
A retrospective Turkish study enrolled 619 patients with severe COVID-19; the authors analyzed several albumin ratios
[blood urea nitrogen (BUN)/ALB ratio (BAR), D-dimer/ALB ratio (DAR), neutrophil/ALB ratio (NAR), as well as
CAR] regarding their prognostic ability.*> Amazingly, all four studied ratios (BAR, NAR, DAR, and CAR) were found to
be clinically accurate in predicting lethal outcomes with rather high AUC/ROSs (0.81, 0.82, 0.77, and 0.80, respectively).
The authors of another similar large-scale study (611 COVID-19 patients; mortality rate of 73.2%) investigated the
ferritin/ALB ratio (FAR) as a predictor of lethal outcomes.*® They revealed even more impressive results: FAR is not
only an independent predictor of mortality, but it also has an astonishing AUC/ROC of 0.95. Keeping in mind how
protein catabolism is a major issue in critically ill patients, an interesting study revealed a new albumin-based marker, the
urea/ALB ratio (UAR).*” UAR can reflect inflammation and protein catabolism simultaneously, and the authors
demonstrated that this marker is a very good predictor of lethal outcomes (AUC/ROC of 0.77).

LDH is the final marker enzyme in the metabolic pathway of anaerobic glycolysis with the end product of lactate
from glucose; therefore, it is the generator of lactate. This enzyme is also a prognostic biomarker for immune
surveillance.*® During inflammatory activation, innate immune cells release a lot of lactates, implying that lactate
metabolism plays a significant role in inflammation and appears to be a regulator of immune cell metabolism. Despite
the most severe COVID-19 patients meeting the Sepsis-3.0 criteria for septic shock, there is a growing recognition that
the absence of hyperlactatemia often results in an underestimation of illness severity and mortality risk. In severe
COVID-19 patients, the Sepsis 3.0 criteria of septic shock may exclude approximately one third of patients with
a similarly high risk of a poor outcome and mortality rate, which should be equally addressed.” This is in line with
our findings, demonstrating that, although lactate levels were significantly higher in non-survivors, as shown in other
studies,” the maximal value was 2.1 mmol/l, which is barely borderline hyperlactatemia in critically ill COVID-19
patients. Nevertheless, lactate level was a statistically highly significant yet modest predictor of lethal outcomes, with an
AUC/ROC of 0.60.

LAR, as a prognostic biomarker at ICU admission, has been investigated in sepsis patients; the authors of one study
revealed significantly higher 28-day mortality in sepsis patients with elevated LAR.>® This is in accordance with our
results showing that nonsurvivors had significantly elevated LAR at ICU admission. Regarding the clinical accuracy of
LAR in predicting lethal outcomes in critically ill COVID-19 patients, we found that the AUC/ROC was 0.62, so LAR is
in the group of statistically highly significant yet modest predictors. This is in line with results from the study of a total of
282 critically ill COVID-19 patients.”’ The authors revealed much higher AUC/ROCs values for lactate and LAR (0.79
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and 0.82, respectively), while the AUC/ROC of 0.64 for albumin was slightly higher than in our study (the AUC/ROC
of 0.61).

Of all investigated immune cell-based and albumin-based ratios, the only independent predictor of lethal outcomes by
multivariate logistic regression analysis was LDH/ALB, along with age and hospital stay, in our cohort of 612 critically
ill COVID-19 patients. LDH levels may reflect the extent of cellular damage, and ALB is a well-known negative acute-
phase protein. This interesting ratio was investigated in a large cohort of 583 ICU sepsis patients as a predictor of
outcome in a very interesting Korean study.’” The authors used the same approach as we did, and they also investigated
several albumin-based ratios. Regarding the clinical accuracy of LDH/ALB, LDH, ALB, CAR, and LAR in predicting
lethal outcomes, their results were comparable to ours: LDH/ALB AUC/ROC of 0.64 vs 0.66 in our study; LDH AUC/
ROC 0of 0.58 vs 0.64 in our study; ALB AUC/ROC of 0.63 vs 0.61 in our study; CAR AUC/ROC of 0.53 vs 0.59 in our
study; LAR AUC/ROC of 0.61 vs 0.62 in our study. In accordance with our results, these authors demonstrated that the
LDH/ALB ratio was independently associated with in-hospital mortality, and they concluded that it is useful as
a prognostic factor in critically ill patients with sepsis. It has to be noted that we had a different patient population in
terms of the causative organism; our patients had viral sepsis. Two studies recently published focused on the LDH/ALB
ratio as a prognosticator of outcome in critically ill septic patients. In both of them, authors used data from the Medical
Information Mart for intensive Care IV (MIMIC-1V) database for retrospective cohort analysis. First study included 4265
septic patients with a 28-day mortality rate of 51.9%.>® It was demonstrated that patients with higher LDH/ALB levels
had higher mortality. Also, AUC/ROC values for predicting mortality were 0.65 for LDH/ALB, 0.64 for LDH, and 0.55
for ALB. This is consistent with our results. The second study included 6059 septic patients from the MIMIC-IV
database.”® The authors performed retrospective cohort analysis with propensity score matching. Here also, patients with
a high LDH/ALB ratio had a significantly higher mortality rate. The clinical accuracy of LDH/ALB in predicting lethal
outcomes was comparable with our results; the AUC/ROC of 0.68 was slightly higher than our value of 0.66.

In the aforementioned study investigating LDH/ALD in COVID-19 patients,”' contrary to our results, LDH/ALB was
not an independent predictor of lethal outcomes. Another retrospective cross-sectional study evaluated LDH/ALB as an
early outcome predictor in 477 hospitalized COVID-19 patients.”® The authors revealed a higher AUC/ROC value of
0.76, with sensitivity and specificity of 72% and 70%, respectively. These values in our cohort of only critically ill
COVID-19 patients were lower (0.66, 61%, and 65.8%, respectively). The prognostic value of LDH/ALB was investi-
gated in 206 hospitalized COVID-19 patients older than 65 years.’® Again, here the authors reported higher clinical
accuracy of this ratio in predicting lethal outcomes (AUC/ROC of 0.81, sensitivity 75.9%, and specificity 76.3%) in
comparison with our results obtained in a cohort of critically ill COVID-19 patients. The LHD/ALB ratio also proved to
be useful in predicting COVID-19 severity.”’>® There is one interesting study investigating LDH/ALB To-Urea Ratio
(LAU) as a novel prognostic marker in COVID-19 patients.>® The authors demonstrated that patients with high LAU
have increased mortality rates (AUC/ROC of 0.67).

In an attempt to enhance the predictive value of investigated parameters regarding lethal outcomes, we created two
composite bioscores. Bioscore I (LLR, NLR, IL-6, and D-dimer) and Bioscore II (to four existing parameters, MLR,
LAR, and LDH/ALB are added). The clinical accuracy of Bioscore I in predicting fatal outcomes was better than that of
individual components with an AUC/ROC of 0.7; Bioscor II with an AUC/ROC of 0.67 did not improve performance in
comparison with individual parameters. For the most part, individual parameters as well as bioscores are moderate
predictors, although statistically highly significant ones. In our patient population, however, both of the composite
bioscores we created were better than the well-known SII and SIRI immunoinflammatory scoring systems (AUC/ROC of
0.70 and 0.67 vs 0.58 and 0.61, respectively). Our group used a similar approach in previous research, where composite
bioscores were superior to individual parameters in predicting mortality in adult critically ill patients with secondary
sepsis. >

The authors of a fairly recent comprehensive review of sepsis biomarkers concluded that most of them have not been
well studied and that the clinical role of these biomarkers needs to be better evaluated.®' Therefore, finding the perfect
biomarker remains an eternal quest.°> Biomarkers can help clinicians to prognosticate critically ill patients with sepsis of

any origin; they should be useful in making informed decisions regarding patient care. Generally, the clinical context
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should determine the interpretation of biomarkers, never using them as a stand-alone test. However, biomarkers do
remain conceptually attractive.

Cause of death in critically ill COVID-19 patients is a very interesting issue. In 2021, compelling COVID-19-
association-dependent categorization of death causes in 100 autopsy cases was published.®® There were three types of
associations: (1) “strong” (n=57), where COVID-19 was the primary cause of death; (2) “contributive” (n=27), where
a pre-existing condition unrelated to COVID-19 was the primary cause of death; and (3) “weak” (n=16), where COVID-
19 was either barely responsible for death or not at all. For both the “strong” and “contributive” categories, the leading
cause of death was lung involvement, which showed up as diffuse alveolar damage (DAD) on the autopsy. Several post-
mortem studies demonstrated that microthrombi were a major cause of cardiac injury in COVID-19.°*% In our patient
population, in the early phase of treatment for critically ill COVID-19 patients, many fatalities were attributed to sudden
cardiac death of unknown cause or cardiac arrest due to pulmonary thromboembolism, as these patients have a high risk
of immunothrombosis. In contrast, cerebrovascular incidents accounted for a relatively small proportion of deaths among
critically ill COVID-19 patients. The majority of deaths, however, resulted from refractory respiratory insufficiency,
which typically occurs later in the disease progression. Refractory respiratory insufficiency is often a consequence of
pulmonary fibrosis or complications from prolonged mechanical ventilation, such as ventilator-induced lung injury
(VILI). Additionally, bacterial superinfections leading to sepsis were also significant contributors to mortality during
this stage of the illness. In general, late deaths can be attributed to chronic critical illnesses, manifesting as various
clinical endotypes such as persistent inflammation, immunosuppression, and catabolism syndrome (PICS), for instance.®®
Consistent with temporal patterns and clinical outcomes in our study are findings regarding an immunological time
course analysis including COVID-19 patients, who had persistent inflammation and immunosuppression over the time
and suffered worse clinical outcomes, especially when SARS-CoV-2 infection was followed by secondary bacterial
infection.®’

There are several limitations to the current investigation. Since this was a retrospective, single-center study, it was
challenging to avoid any possible residual confounding. We cannot extrapolate our findings to the entire population of
critically ill patients who are infected because the study was conducted during the COVID-19 pandemic in a very unique
clinical setting. Therefore, these data should be interpreted with caution before applying them to the altered reality of
2023 and beyond (vaccination rates, variants, reinfections). Also, it must be acknowledged that all these investigated
markers of inflammation are not specific for COVID-19; they are important parameters for other inflammatory diseases
as well. Another drawback of our research is the single measurement of the investigated parameters.

Conclusion

Our study aimed to assess the prognostic value of an array of biomarkers regarding the likelihood of a lethal outcome in
critically ill COVID-19 patients. We took advantage of the opportunity to classify them into immune cell-based and
albumin-based parameters with a reasonable turnaround time in a critical care setting. The only independent predictor of
lethal outcomes at ICU admission is the albumin-based LDH/ALB ratio. Most of the other parameters were moderate,
although highly significant predictors of mortality in critically ill COVID-19 patients: levels of LLR, N/LP, NLR, LDH,
IL-6, and D-dimer higher than cut-off values are moderate predictors of lethal outcomes.

Data Sharing Statement

Reasonable requests for data will be considered by the corresponding author.

Ethical Statement
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gathered and synthesized a variety of demographic, clinical, and laboratory data from hospitalized patients’ medical
records. The patients’ confidentiality was protected, and written consent was not required due to the retrospective nature
of the study.
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