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Abstract

Background/Objectives: While COVID-19 is typically more severe in males, there is limited data on
sex-specific differences in the predictive value of common inflammatory biomarkers. To address this
gap, their predictive capacity was evaluated in a single-center study of male and female patients
during the Alpha variant wave. Methods: Univariate, multivariable, and receiver operating
characteristic (ROC) analyses were used to evaluate the association of acute-phase proteins,
cytokines, and white blood cell counts (measured on admission and day seven) with COVID-19
severity and mortality in severely/critically ill COVID-19 subjects. Results: On admission, the
combination of ferritin and D-dimer effectively predicted disease severity in both sexes, though cut-
off values and diagnostic accuracy (specificity and sensitivity) varied by sex. In males, neutrophil and
lymphocyte counts provided additional clinically relevant predictive value. Seven days post-
admission the combination of ferritin, D-dimer and fibrinogen in males and ferritin (as independent
predictor comprising model with lactate dehydrogenase) in females emerged as efficient predictors
of severe/critical COVID-19. On this evaluation-point, lymphocytes in males and neutrophil-to-
lymphocyte ratio in females were also identified as independent predictors of severe/critical COVID-
19. Notably, on this evaluation-point C-reactive protein and neutrophil count independently
predicted mortality in males with severe/critical disease. Conclusion: Different acute-phase proteins
(or the same proteins with distinct cut-off values and predictive characteristics) and white blood cell
indices should be considered as independent predictors of severe/critical COVID-19 in males and
females and ii) the prognostic capacity of many of them evolves during disease progression,
indicating their sex-specific, time-dependent pathogenetic role in COVID-19.

Keywords: sex-specificity of inflammatory response; acute-phase proteins; white blood cell counts;
predictors of COVID-19 severity

1. Introduction

SARS-CoV-2 infection in humans can lead to various clinical presentations ranging from mild
flu-like Coronavirus disease 2019 (COVID-19) (presenting with mild cough, sore throat, myalgia,
fatigue, etc) to severe/critical (tachypnea, dyspnea at rest or minimal activity, hemodynamic
instability, extensive chest x-ray infiltrate) and lethal disease [1]. Mainly, the elderly and individuals
with comorbidities such as hypertension, diabetes, and heart problems develop severe/critical illness
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requiring invasive mechanical ventilation and other organ support in the intensive care unit [2]. The
virus emerged in late 2019 in China, leading to widespread infections globally by early 2020 [3]. The
World Health Organization (WHO) declared a Public Health Emergency of International Concern
(PHEIC) on January 30, 2020 [3], and a pandemic on March 11, 2020, with the global emergency
ending in May 2023 [4]. However, given that SARS-CoV-2 has not been eradicated yet [5], new cases
and deaths of COVID-19 are still emerging, and the cumulative number of confirmed COVID-19 cases
and deaths, and the rate of daily COVID-19 cases and deaths by country, income, region, and globally
are updating weekly [6]. Additionally, it has been reported that new variants of corona virus
generally cause lower disease severity (as high-risk groups, particularly the elderly and those with
multiple comorbidities, continue to face significant mortality risks) [7]. However, according to
Markov et al. [7], this trend may be a coincidence. They suggest that the virus's rapid evolution will
likely lead to new variants that are not only more threatening but also capable of bypassing the
protection provided by a full course of COVID-19 vaccination [7]. Not less important, the virus's
evolution could also lead to a rise in the virus transmissivity and consequently a sudden spike in the
number of COVID-19 cases and deaths [5]. As an obvious consequence of these facts, custom PubMed
query of all COVID-19-related MeSH terms and keywords, revealed that tens of thousands, rather
than hundreds of thousands, of new articles on different aspects of COVID-19 were added during the
last 12 months.

A review of the literature indicates that while early identification of prognostic risk factors is
vital for managing severe COVID-19 and reducing mortality, it remains a significant clinical
challenge [8,9]. A severe systemic inflammatory response to SARS-CoV-2, often manifesting as a
cytokine storm, is linked to poor prognosis, acute respiratory distress syndrome followed by multi-
organ dysfunction [10]. Consequently, elevated levels of acute phase proteins, such as C-reactive
protein (CRP), ferritin, D-dimer, and lactate dehydrogenase (LDH), alongside lymphopenia and
neutrophilia, serve as key surrogates- indicators for inflammation [11-17]. These parameters are
essential not only for detection and monitoring, but also for predicting disease severity to guide
clinical interventions [11-17]. While biomarkers/predictors of COVID-19 severity have been
extensively studied, establishing standardized, validated connections remains elusive. Additionally,
to date, there is a lack of data regarding independent predictors and their combined use in disease
severity models.

Although all SARS-CoV-2 variants consistently present with sex-specific disparities, notably
worse outcomes among men, the mechanisms driving these differences remain under-investigated
[18-20]. Therefore, there is a critical need for sex-disaggregated data to elucidate how putative risk
factors influence adverse COVID-19 outcomes. Given that inflammation is a central driver of severe
COVID-19 [11], characterizing sex-specific host inflammatory profiles during hospitalization may
elucidate the mechanisms underlying divergent clinical trajectories. Additionally, defining putative
sex-specific inflammatory predictors (including cut-off values, sensitivity, and specificity) of
severe/critical disease is necessary to enhance risk stratification for COVID-19 patients. Moreover,
such insights also may facilitate informed decision-making and the development of sex-specific
tailored interventions for severe COVID-19 cases.

Considering the above, present study was designed to identify the qualitative and quantitative
sex-specificities in circulating inflammatory acute phase proteins and immune cell-related signatures
during early phase of the disease development to define unique risk models for severe/critical disease
and mortality in severely/critically ill for each sex. To this end, blood levels of acute phase proteins,
and immune cell counts and cytokine levels were investigated on admission and seven days later in
COVID-19 patients admitted to “Dr Dragisa Misovi¢-Dedinje” hospital in Belgrade from the
September 2020 to the April 2021 (corresponding mainly to the Alpha SARS-CoV-2 variant wave),
and obtained data were subjected to further statistical evaluation using univariate and multivariable
binary logistic regression and receiver operating characteristic (ROC) curve analyses.

2. Material and Methods
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2.1. Study Design and Participants

This single-center retrospective cohort study comprised 87 adult patients diagnosed with
COVID-19, who were admitted to the Clinical Hospital Center “Dr Dragisa MiSovi¢ - Dedinje” in
Belgrade between September 2020 and April 2021 during the COVID-19 pandemic. All participants
in this study were diagnosed with COVID-19 based on the presence of clinical symptoms and real-
time reverse transcription polymerase chain reaction (RT-PCR) assay allowing the identification of
SARS-CoV-2 nucleic acid in samples collected from upper respiratory tract swabs [21]. After
providing written informed consent a total of 130 patients with confirmed COVID-19 by RT-PCR
assay were enrolled in the study. Of these participants, 43 were excluded from the study because of
death, withdrawal, hospital discharge, or missing data related to laboratory results and therapy.

Unenhanced computerized tomography (CT) scans were performed on all subjects using a
Canon Agquilion One 320-row MDCT system (Canon, Tokyo, Japan) and all CT images were
independently reviewed by two experienced thoracic radiologists.

Subjects enrolled in this study (total of 87) were classified according to the NIH criteria for
clinical spectrum of SARS-CoV-2 infection [22] as subjects with: i) mild illness - individuals who have
any of the various signs and symptoms of COVID-19 (e.g., fever, cough, sore throat, malaise,
headache, muscle pain, nausea, vomiting, diarrhea, loss of taste and smell) but do not have shortness
of breath, dyspnea, or abnormal chest imaging; ii) moderate illness - individuals who show evidence
of lower respiratory disease during clinical assessment or imaging and who have an oxygen
saturation measured by pulse oximetry (SpO2) 294% on room air at sea level; iii) severe illness- if one
of the following conditions is met: oxygen saturation SpO2 <94% on room air at sea level, a ratio of
arterial partial pressure of oxygen to fraction of inspired oxygen (PaO2/FiO2) <300 mm Hg, a
respiratory rate >30 breaths/min, or lung infiltrates >50%; iv) critical illness-if one of the following
conditions is fulfilled: respiratory failure, septic shock, and/or multiple organ dysfunction. In this
study were incorporated subjects classified as mild/moderate (55) or severe/critical (32).

2.2. Data Collection

Comprehensive data were gathered for each enrolled subject from hospital records documented
within the information management system and subsequently entered into a tailored Excel database.
The collected data encompassed demographic information, comorbidity history, clinical details such
as regular therapies and treatments administered for SARS-CoV-2 infection, length of hospitalization,
oxygen support requirements, laboratory findings as well as radiological findings from admission
CT scans.

2.2.1. Blood Sample Collection and Processing

Venous blood samples were collected from each patient at two time points: the first on the day
after CT scoring, and the second after a seven-day follow-up period. To establish a baseline, blood
samples were collected from a control cohort of 10 healthy volunteers (5 males and 5 females) who
did not have active SARS-CoV-2 infection.

During venipuncture, blood was collected into sodium citrate tubes for coagulation testing, into
serum tubes for biochemical analyses and IL-6, and into EDTA tubes for complete blood counts. After
collection, serum tubes were allowed to clot, and both citrate and serum tubes were centrifuged to
separate plasma and serum, respectively. Biochemical parameters and IL-6 levels were determined
immediately from fresh serum, while neutrophil and lymphocyte counts were measured
immediately from EDTA whole blood. Citrate plasma samples were stored at -80°C for further IL-10
and IL-17 analysis.

2.2.2. Determination of Common Inflammatory Blood Indices

Ferritin levels were determined using the Immulite 2000 analyzer (Siemens Healthineers AG,
Erlangen, Germany) with the IMMULITE® 2000 Ferritin kits (EURO/DPC Ltd, United Kingdom). D-
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dimer levels were measured using the STAGO STA Compact Max3 analyzer (Diagnostica Stago
S.A.S., Asnieres-sur-Seine, France) with the STA® - Liatest® D-Di assay. Fibrinogen levels were
quantified on the BFT Il analyzer (Siemens Healthineers, Eschborn, Germany) with the Multifibren®
U reagent. LDH and CRP levels were measured using the Dimension EXL 200 analyzer (Siemens
Healthcare GmbH, Germany) with the LDI Flex® and CRP Extended Range (RCRP) Flex® reagent
cartridges, respectively. A Sysmex XN automated hematology analyzer (Sysmex Corporation, Kobe,
Japan) was used for blood cell counts and leukocyte differentiation.

2.2.3. Determination of Immune Cell-Based Blood Inflammatory Indices

Blood cell counts and leukocyte differentiation were conducted via the Sysmex XN automated
hematology analyzer (Sysmex Corporation, Kobe, Japan). The neutrophil-to-lymphocyte ratio (NLR)
was calculated by dividing the absolute neutrophil count by the absolute lymphocyte count and
included as variable in the statistical analyses.

IL-6 levels were determined in serum using the Immulite 2000 analyzer (Siemens Healthineers
AG, Erlangen, Germany) with the IMMULITE® 2000 IL-6 kits (EURO/DPC Ltd, United Kingdom), a
solid-phase, enzyme-labeled, chemiluminescent sequential immunometric assay. Analytical
sensitivity of this assay is 2 pg/mL.

Human IL-17 and IL-10 concentrations were determined in plasma using commercially available
enzyme-linked immunosorbent assay (ELISA) kits (DuoSet human IL-17 and DuoSet human IL-10,
R&D Systems, Minneapolis, MN, USA) according to the manufacturer's protocols. Absorbance was
measured using a Thermo Scientific Multiskan FC microplate reader at 450 nm (Thermo Fisher
Scientific Oy, Finland). Standard curves and individual well concentrations were determined using
the GraphPad Prism, version 8.0 (GraphPad Software, San Diego, CA, USA). The minimum
detectable dose (MDD) for IL-17 was 8.05 pg/mL and 11.5 pg/mL for IL-10. The MDD was determined
by calculating the concentration corresponding to the mean optical density (O.D.) of twenty zero-
standard replicates plus two standard deviations.

2.3. Statistical Analysis

The Shapiro-Wilk test was used to assess data distribution. To explore sex differences in
predicting COVID-19 outcomes, data were stratified by sex. Categorical variables were presented as
counts and percentages, and differences between two groups were analyzed using the Chi-square
test or Fisher's exact test, as appropriate for sample size and expected frequencies. Continuous
variables were presented as mean + standard deviation for normally distributed data, which were
compared between two groups using the independent t-test. Non-normally distributed continuous
variables were presented as median and interquartile range and compared using the Mann-Whitney
U test for two groups or the Kruskal-Wallis H test for more than two groups. Univariate logistic
regression was used to assess the relationship between independent variables and disease severity
or COVID-19-related mortality, with results reported as odds ratio (OR) and 95% confidence intervals
(CI). Multivariable logistic regression was conducted by including variables with a p-value less than
0.100 from the univariate analysis. To ensure model stability and minimize the risk of overfitting, the
commonly recommended guideline of having 10-15 subjects per variable was adhered to. Receiver-
operating characteristic (ROC) curves were used to evaluate the predictive efficacy of individual and
combined predictors and to determine the cut-off values of significantly associated ones. The Area
Under the Curve (AUC) was used to measure overall diagnostic accuracy (from 0.5 to 1.0), while
optimal cut-off points were determined using the Youden index (J) to maximize classification
accuracy. ] was calculated based on the sensitivities and specificities for all possible cut-off values of
a diagnostic test and the cut-off value that yielded the maximum J value (closest to 1) was then
identified as the optimal threshold. Statistical analyses were performed using IBM SPSS Statistics,
version 23.0 (IBM Corp, Armonk, NY, USA) and GraphPad Prism, version 8.0 (GraphPad Software,
San Diego, CA, USA). A two-sided p-value < 0.05 was considered statistically significant.
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3. Results

3.1. Baseline Demographic and Clinical Characteristics of COVID-19 Subjects on Admission

Male and female subjects with COVID-19 (total of 87) were included in the study were stratified
by disease severity into two cohorts encompassing mild/moderate (22 males and 33 females) and
severe/critical (19 males and 13 females) subjects. Thus, on admission 46% of males and 28% of
females exhibited severe/critical illness. There was no statistically significant difference in age
between males and females with mild/moderate COVID-19 (Table S1). It should be pointed out that
females with severe/critical COVID-19 were older than their male counterparts, but this difference
also did not reach statistical significance (Table S1). Additionally, differently from males, in females
severely/critically ill COVID-19 subjects were older (p<0.001) compared with those with
mild/moderate disease (Table S1).

Analysis of co-morbidity showed that the proportions of male and female subjects with pre-
existing comorbidities, including cardiovascular diseases (CVD), diabetes mellitus (DM), and cancer,
did not statistically significantly differ between groups with comparable disease severity (Table S1).
Among severely/critically ill male (p<0.05) and female (p<0.001) subjects CVD was more common
than among those with mild/moderate disease (Table S1). Additionally, differently from subjects with
mild/moderate disease (none of whom suffered from DM), a few subjects among males and females
with severe/critical disease suffered from DM (Table S1).

On admission, male and female COVID-19 subjects with severe/critical illness demonstrated
higher (p<0.001) chest CT scores, indicating greater extent and severity of COVID-19 pneumonia,
when compared with sex-matched subjects with mild/moderate disease (Table S1).

The length of stay (LOS) in the hospital increased with the disease severity in male (p<0.001) and
female (p<0.001) subjects (Table S1). Although LOS was longer in males compared with females with
comparable severity of the disease, these differences did not reach statistical significance (Table S1).

Expectedly, male (p<0.001) and female (p<0.01) COVID-19 subjects with severe/critical disease
required more oxygen supplementation compared with sex-matched subjects with mild/moderate
disease (Table S1). Irrespective of disease severity, there was no statistically significant difference in
the level of oxygen supplementation between males and females (Table S1). Additionally, among
severely/critically ill subjects significant proportion of males and even greater proportion of females
underwent intubation (Table S1).

Mortality rate among severely/critically ill subjects was lower in males than in females (Table
S1). No deaths occurred among patients with mild/moderate disease (Table S1).

The analysis of co-medication, revealed that, irrespective of sex, use of corticosteroids and
aspirin were higher (p<0.001) among severely/critically ill subjects compared with sex-matched
subjects with mild/moderate disease (Table S1). There was no sex difference in either corticosteroids
or aspirin use among subjects with comparable severity of the disease (Table S1). Favipiravir, an
antiviral medication, was administered exclusively to subjects with mild/ moderate disease, and
proportions of males and females receiving this medication were comparable (Table S1).

3.2. Sex-Related Differences in Inflammatory-Immune Blood Indices During
COVID-19 Development

Considering that COVID-19 clinical status and laboratory severity indices evolve over time
making time-dependent evaluation of the disease indices more appropriate to predict the disease
progression and the ultimate outcome [23], an array of inflammatory-immune biomarkers was
evaluated for putative sex differences on admission and re-evaluated seven days after this evaluation.
The rational for choosing this particular time-point for re-evaluation was based on data indicating
that around this time, typically, COVID-19 patients at risk of developing severe symptoms start to
experience significant respiratory distress or may require intensive care, while others generally
remain stable or show signs of improvement [24-26].
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3.2.1. Sex-Related Differences in Blood Levels of Acute-Phase Proteins in Covid-19 on Admission

As expected [27], in healthy males and females the blood levels of all tested inflammatory blood
indices were within laboratory reference ranges (Table S2). In these subjects, only the blood level of
ferritin exhibited statistically significant sex-related difference, as it was lower (p<0.05) in females
than in males (Table S2).

On admission, female COVID-19 subjects with mild/moderate disease apart from ferritin blood
level (p<0.001), exhibited lower CRP blood level (p<0.05) than their male counterparts (Figure 1a). In
subjects undergoing severe/critical COVID-19 only ferritin blood level differed between sexes, and it
was also lower (p<0.01) in females than in males (Figure 1a).
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Figure 1. Differences in common inflammatory blood indices in male and female COVID-19 subjects on
admission. Scatter dot plots display blood levels of C-reactive protein (CRP), ferritin, fibrinogen, D-dimer, and
lactate dehydrogenase (LDH) measured on admission in male and female subjects with (a) mild/moderate or
severe/critical COVID-19 disease and (b) severe/critical disease stratified by survival outcome. Data are

presented as median and interquartile range. " p <0.05; * p < 0.01; ™ p < 0.001.

When impact of sex on blood levels of acute-phase proteins in subjects with severe/critical
COVID-19 was analyzed, higher blood levels of CRP, ferritin, D-dimer and LDH were found in these
subjects than in sex-matched subjects with mild/moderate disease (Figure 1a). Differently, only in
females with severe/critical illness the blood level of fibrinogen exceeded (p<0.05) that in
mildly/moderately ill ones (Figure 1a).

Next, when severe/critically ill COVID-19 subjects were divided by the survival outcome, it was
found that the blood levels of LDH and D-dimer were higher (p<0.05) in non-survivors that in
survivors in males and females, respectively (Figure 1b). Additionally, irrespective of survival
outcome, the blood level of ferritin in severely/critically ill subjects was lower in females than in
males, but this difference reached statistical significance (p<0.05) only in non-survivors (Figure 1b).

Seven Days Post-Admission

The re-assessment of the same inflammatory blood indices seven days after post-admission
showed that, differently from what was registered on admission, in COVID-19 subjects with
mild/moderate disease only ferritin blood level was lower (p<0.001) in females than in males (Figure
2a). In severely/critically ill COVID-19 subjects, as on admission, the blood level of ferritin ‘was lower
(p<0.05) in females than in males (Figure 2a).
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Figure 2. Differences in common inflammatory blood indices in male and female COVID-19 subjects seven
days post-admission. Scatter dot plots display blood levels of C-reactive protein (CRP), ferritin, fibrinogen, D-
dimer, and lactate dehydrogenase (LDH) measured seven days post-admission in male and female subjects with
(a) mild/moderate or severe/critical COVID-19 disease and (b) severe/critical disease stratified by survival

outcome. Data are presented as median and interquartile range. "p < 0.05; “p < 0.01; ™"p < 0.001.

On seven days post-admission the blood levels of acute-phase proteins except for fibrinogen
were higher in severely/critically ill male and female subjects that in sex-matched subjects with
mild/moderate disease (Figure 2a). The blood level of fibrinogen was lower in females and males
with severe/critical disease than in those with mild/moderate disease, but this difference reached
statistical significance (p<0.05) only in males (Figure 2a).

The analysis of severe/critical COVID-19 subjects in respect to the survival outcome showed that
seven days post-admission (as on admission) ferritin blood level was lower (p<0.05) in female non-
survivors than in male non-survivors (Figure 2b). Besides, in males LDH blood level was higher
(p<0.05) in non-survivors than in survivors (Figure 2b). Differently from the first evaluation, CRP
blood level was higher (p<0.01) in male non-survivors than in sex-matched survivors (Figure 2b).
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Additionally, in females D-dimer (p<0.01) and LDH (p<0.01) blood levels in non-survivors exceeded
those in survivors (Figure 2b).

3.2.2. Sex-Related Differences in Blood Levels of Immune Cell-Related Indices in COVID-19 on
Admission

Given that COVID-19 patients exhibit abnormalities related to the number of lymphocytes and
neutrophils, and the neutrophil-to-lymphocyte ratio (NLR) [28-32], and that studies on putative sex
differences in their values are extremely limited, healthy and Covid-19 subjects were also examined
for sex disparities in their values.

In healthy subjects all these indices were within established laboratory reference ranges and
there were no statistically significant sex differences in value of any of them (Table S2).

On admission, females with mild/moderate COVID-19 exhibited lower (p<0.01) neutrophil
count compared with males with comparable disease severity, whereas neither lymphocyte count
nor NLR ratio statistically significantly differ between males and females (Figure 3a). Differently, in
severely/critically ill subjects there were sex differences in none of the examined indices (Figure 3a).

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202604.0869.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 13 April 2026 d0i:10.20944/preprints202604.0869.v1

10 of 35
a On admission
Neutrophil count Lymphocyte count NLR
251 dehek 41 601 ek =
dedek B
20- — . 3 J— — 40 0g® :
U# 157 *% %o md 2_ A8 - L 20- ODDO a %- %
210 ° s o7 ef e = 61 ° o S
) . i | B - 4o e o op % O male
5- Jo [a]s] g'(‘_r? iy 14 asall s _é_ 2 ; O female
e 2N SR S I
Mild/moderate Severe/critical Mild/moderate Severe/critical Mild/moderate Severe/critical
b On admission
Neutrophil count Lymphocyte count NLR
25 4+ 60-
20 e 404 °© Q0 =
o 3
o 204 = o
s e g, s % —L
= 10 1 _ T % - N R B 61 oL o® - O male
s{ . 1475 3 o 4
..... o, 1= 2 [0 female

Survivors  Non-survivors Survivors  Non-survivors Survivors  Non-survivors

€ On admission

IL-6 IL-10
* *
1000 — 6007 o -
500 R 400 u o
= o 200
%, 20 S o f&; 5E :E‘_ 00 -gg— e-ée &he
2 5] T jj g 30 % E % O male
[o] o 20
1 =
0 ﬁj ------ et e o 0 TR O female
0 T
Mild/moderate  Severelcritical Mild/moderate Severe/critical

d On admission

IL-6 IL-10

10001 6001
o

e 400

500 °

E o - &0 -E-D TEl 20 oo - - Les
g fg G qlﬂ l $ g :g:t % -n'I-‘— O male
1g: ':: ol - 10v‘_3}"“ O female
0 0
Survivors  Non-survivors Survivors  Non-survivors

Figure 3. Differences in immune cell-based blood indices in male and female COVID-19 subjects on
admission. Scatter dot plots display (a, b) neutrophil and lymphocyte blood counts as well as the
neutrophil-to-lymphocyte ratio (NLR), and (c, d) IL-6 and IL-10 blood concentrations measured on admission in
male and female subjects with (a, ¢) mild/moderate or severe/critical COVID-19 disease, and (b, d) severe/critical
disease stratified by survival outcome. Data are presented as median and interquartile range. " p < 0.05; ™ p <
0.01; ™ p <0.001.

Furthermore, on admission neutrophil count and NLR were higher (p<0.001) in male and female
subjects with severe/critical COVID-19 compared with sex-matched subjects with moderate/mild
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disease (Figure 3a). On the contrary, in males (p<0.01) and females (p<0.001) lymphocyte count was
lower in COVID-19 subjects with the severe/critical disease compared with those with the
mild/moderate disease (Figure 3a).

In severely/critically ill male and female COVID-19 subjects the same immune cell-based blood
inflammatory indices were analyzed in the context of on the survival outcomes. Irrespective of the
survival outcome, none of the examined indices statistically significantly differed between males and
females (Figure 3b).

Furthermore, considering that the COVID-19 progression is associated with disruption in the
balance between pro-inflammatory and anti-inflammatory cytokines leading to the shift towards a
pro-inflammatory state and consequently unwanted outcomes [33,34], influence of sex on blood
levels of proinflammatory (IL-6, IL-17) and anti-inflammatory (IL-10) cytokines was also assessed in
male and female healthy subjects and COVID-19 subjects.

Noteworthy, in healthy males and females none of the examined cytokines exceeded the
laboratory reference ranges (Table S2).

On admission, in 97.60% of male COVID-19 subjects IL-6 blood level was above the detection
limit (2 pg/mL), whereas only 31.70% of males displayed detectable IL-17 blood level (above 8.05
pg/mL) (Table S3). The blood levels of IL-10 exceeded the detection limit (11.50 pg/mL) in 80.50%
male subjects (Table S3). In female COVID-19 subjects, the blood levels of IL-6 and IL-17 were above
the detection limit in 89.10% and 37.00% subjects, respectively (Table S3). The blood levels of IL-10
exceeded the detection limit in 69.60% subjects (Table 53). Considering that in male and female
COVID-19 subjects, IL-17 levels were below the detection limit in over 50% of blood samples, to
maintain data integrity and ensure the reliability of the study's conclusions, this cytokine was
excluded from further analyses [35,36].

On admission, there was no sex-related difference in IL-6 blood levels in COVID-19 subjects with
either mild/moderate or severe/critical disease (Figure 3c). The blood level of IL-6 was higher in
severely/critically ill male and female subjects compared with sex-matched subjects with
mild/moderate disease, but this difference reached statistical significance (p<0.05) only in females
(Figure 3c). Differently, IL-10 blood level was higher (p<0.05) in females with mild/moderate COVID-
19 than in males with comparable severity of the disease (Figure 3c). However, neither in males nor
in females IL-10 blood levels statistically significantly differed between subjects with mild/moderate
and severe/critical COVID-19 (Figure 3c).

Furthermore, given that elevated IL-6 and IL-10 blood levels in severe/critical COVID-19 cases
may be linked to in-hospital mortality [37,38], their blood levels were also evaluated in
severely/critically ill male and female COVID-19 subject taking into account the survival outcome.
Notably, on admission, non-survivors from male and female COVID-19 subjects exhibited higher
levels of IL-6 than survivors, but this difference reached statistical significance (p<0.05) only in males
(Figure 3d). However, there was no statistically significant sex-related difference in IL-6 levels in
either survivors or non-survivors (Figure 3d). Furthermore, there were no statistically significant sex
differences in IL-10 blood level between males and females with the same COVID-19 survival
outcome (Figure 3d).

Seven Days Post-Admission

Differently from the initial evaluation, on the second evaluation seven days post-admission only
NLR differ between sexes, as it was lower (p<0.05) in females with mild/moderate COVI)-19 than in
males with comparable severity of the disease (Figure 4a).
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Figure 4. Differences in immune cell-based blood indices in male and female COVID-19 subjects seven days
post-admission. Scatter dot plots display (a, b) neutrophil and lymphocyte blood counts as well as the
neutrophil-to-lymphocyte ratio (NLR), and (¢, d) IL-6 and IL-10 blood concentrations measured seven days post-
admission in male and female subjects with (a, ¢) mild/moderate or severe/critical COVID-19 disease, and (b, d)
severe/critical disease further stratified by survival outcome. Data are presented as median and interquartile
range. " p <0.05; " p <0.01; ™ p < 0.001.
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The evaluation of changes in leucocyte counts across sub-cohorts with distinct severity of the
disease showed that, similar to the initial evaluation, lymphocyte count was lower (p<0.001), whereas
neutrophil count (p<0.001) and NLR were higher (p<0.001) in COVID-19 subjects developing
severe/critical illness compared with sex-matched ones with mild/moderate disease (Figure 4a).
When male and female severely/critically ill COVID-19 subjects were grouped according to the
survival outcome, it was found that, differently from the initial evaluation, days post-admission
neutrophil count (p<0.05 and p<0.01 in males and females, respectively) and NLR (p<0.05) were
higher in non-survivors than in survivors, whereas the lymphocyte count was comparable between
these two groups of COVID-19 subjects (Figure 4b).

Next, the blood levels of IL-6 and IL-10 were assessed. Seven days post-admission IL-6 levels
were detectable in 90.90% males and females with mild/moderate disease and in 94.70% males and
76.90% females with severe/critical disease (Table S4). On the other hand, IL-10 levels exceeded the
detection limit in 68.20 % males and 51.50% females with mild/moderate COVID-19 and in 84.20%
males and 46.20% females with severe/critical disease (Table S4). Of note, as on the first assessment,
only samples with measurable levels of IL-6 and IL-10 were incorporated in the subsequent statistical
analyses. Irrespective of severity of the disease, there were no sex differences in the blood level of IL-
6 levels (Figure 4c). However, the blood level of IL-10 in females with mild/moderate COVID-19 was
higher (p<0.05) than in males with comparable disease severity (Figure 4c). Differently from what
was found on admission, on the second evaluation IL-6 blood level was higher (p<0.01) in males and
females with severe/critical disease than in sex-matched subjects with comparable severity of the
disease (Figure 4c). As on admission, in males and females re-evaluation incorporated in this study
the blood level of IL-10 did not statistically significantly differ between those with mild/moderate
disease and severe/critical disease (Figure 4c).

When COVID-19 subjects were stratified by the survival outcome, it was found that lower
proportion of subjects among both non-survivors and survivors displayed detectable IL-6 blood level
in females than in males (Table S4).

Furthermore, compared with males, in females lower proportions of non-survivors and none of
survivors exhibited detectable IL-10 blood levels (Table S4). Thus, differently from the initial
evaluation, on the re-evaluation IL-10 blood level was higher in male survivors than in female
survivors (Figure 4d).

3.3. Evaluation of Inflammatory-Immune Blood Indices for Their Capacity to Predict
Severe/Critical Disease During COVID-19 Early Development in Males and Females

Next, inflammatory-immune blood indices were analyzed in COVID-19 patients to identify
predictors of severity and mortality, specifically focusing on potential sex-based differences in their
predictive power

3.3.1. Evaluation of Acute-Phase Proteins as Predictors of the Severe/Critical Disease

To identify markers linked to COVID-19 progression into severe/critical disease univariate
logistic regression (so-called purposeful variable selection) and subsequent multivariable regression
analysis were applied on admission.

On admission, the univariate logistic regression analysis revealed that in male and female
COVID-19 subjects the elevated blood levels of CRP (p<0.05 and p<0.01 in males and females,
respectively), ferritin (p<0.001 and p<0.01 in males and females, respectively), D-dimer (p<0.01 and
p<0.05 in males and females, respectively) and LDH (p<0.01 and p<0.001 in males and females,
respectively) were associated with severe/critical disease (Table 1). Additionally, at this evaluation
point, differently from males, in females the elevated blood level of fibrinogen was also associated
(p<0.01) with severe/critical COVID-19 (Table 1).
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Table 1. Univariate and multivariable logistic regression analyses of commonly used inflammatory blood indices
as predictors of severe or critical COVID-19 disease in male and female subjects on admission and seven days

post-admission.

Male Female
Univariate Multivariable Univariate Multivariable
Logistic Logistic Logistic Logistic
Regression Regression Regression Regression
Inflammato
ry blood
indices OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)
On
admission
CRP 1.284 (1.010 - - 1.482 (1.153 - -
1.634) 1.905)
p<0.05 p<0.01
Ferritin 1.038 (1.018 - 1.030 (1.007 - 1.093 (1.034 - 1.100 (1.023 -
1.030) 1.053) 1.155) 1.255)
p<0.001 p<0.05 p<0.01 p=<0.05
Fibrinogen - - 2.626 (1.224 - -
5.633)
p=<0.05
D-dimer 1.537 (1.158 - 1.392 (1.025 - 1.153 (1.030 - 1.136 (1.027 -
2.038) 1.891) 1.292) 1.255)
p=<0.01 p<0.05 p <0.05 p <0.05
LDH 1.078 (1.028 - - 1.163 (1.063 - -
1.130) 1.272)
p <0.01 p <0.001
Seven days post-admission
CRP 1.330 (1.039 - - 2.246 (1.216 - -
1.704) 4.146)
p <0.05 p<0.01
Ferritin 1.027 (1.009 - 1.047 (1.004 - 1.171 (1.048 - 1.154 (1.003 -
1.046) 1.091) 1.309) 1.326)
p=<0.01 p=<0.05 p<0.01 p=<0.05
Fibrinogen 0.464 (0.210 - 0.095 (0.010 - - -
1.024) 0.867)
p>0.05 p<0.05
D-dimer 1.217 (1.052 - 1.354 (1.058 - 1.067 (1.010 - -
1.409) 1.733) p<0.05 1.126)
p=<0.01 p=<0.05
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LDH 1.077 (1.030 - - 1.176 (1.066 - 1.121 (0.995 -
1.127) 1.297) 1.263)
p <0.001 p <0.001 p>0.05

Inflammatory blood indices that demonstrated statistically significant differences between
severe/critical and mild/moderate male and female subjects were included in a univariate logistic
regression analysis, using severe/critical COVID-19 outcome as the dependent variable.
Multivariable logistic regression was performed using variables with p < 0.100 in the univariate
analysis and results are given only for variables remaining in the model. Data are presented as an
odds ratio (OR) with a 95% confidence interval (CI). OR for CRP, ferritin, and LDH were determined
based on each 10-fold increase in mg/L, ng/mL, and U/L, respectively, while for d-dimer, the OR was
calculated per 0.1 mg/L increase. p < 0.05 was considered statistically significant. CRP, C-reactive
protein; LDH, lactate dehydrogenase.

Next, to estimate the independent effect of each variable on the outcome, following the test for
multicollinearity, the variables associated with the development of severe/critical COVID-19 at p<0.1
entered the multivariable logistic regression analyses as independent variables with severe/critical
COVID-19 as the dependent variable (Table 1). According to this analysis, the elevated levels (p<0.05)
of ferritin and D-dimer were associated with the progression of the COVID-19 to severe/critical
disease in males and females (Table 1).

Next, to assess the predictive capacity of predictor variables in males and females with COVID-
19, ROC analysis, which summarizes overall ability of variable/s to discriminate between positive
and negative classes, was performed. According to AUC, the ROC analysis parameter indicating how
well the classifier (predictor) distinguishes positive and negative classes, viz. its predictive accuracy,
all inflammatory blood predictors except for CRP (AUC:0.774, 95% CI:0.630-0.918) in males and
fibrinogen (AUC:0.696, 95% CI:0.504-0.887) in females exhibited outstanding predictive accuracy
(AUC>0.90) (Figure 5a, Table 2).
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Figure 5. Receiver operating characteristic (ROC) curves for prediction of severe or critical COVID-19
outcome in male and female subjects based on the levels of inflammatory blood indices on admission and
seven days post-admission. Solid lines illustrate the predictive accuracy for severe/critical COVID-19 outcome
of (a,b, left) CRP, ferritin, D-dimer, and LDH in male and (a, right) CRP, ferritin, fibrinogen, d-dimer, and LDH
and (b, right) CRP, ferritin, D-dimer, and LDH in female subjects (a) on admission and (b) seven days post-
admission. (a, b) Dashed lines display the predictive accuracy for severe/critical COVID-19 outcome of model
combined of (a) ferritin + D-dimer in (left) male and (right) female subjects on admission and (b) ferritin + D-
dimer + fibrinogen in (left) male and ferritin + LDH in (right) female subjects seven days post-admission.
Diagonal reference line represents a test with no diagnostic ability (AUC = 0.5). y-axis represents sensitivity%
(true positive rate) and x-axis represents 100% - specificity% (false positive rate). Area under the curve (AUC)
values (quantitative measure of diagnostic accuracy), sensitivity, specificity, cut-off and Youden’s index for
inflammatory blood indices and models are displayed in Table 2. CRP, C-reactive protein; LDH, lactate
dehydrogenase.

Of note, generally AUC values above 0.80 are considered clinically useful, while the values
below 0.80 are reckoned to be of limited clinical utility [39]. The ROC analysis also showed that at
this early evaluation point optimal cut-off values [identified by determining the Youden index (J) to
maximize the test’s sensitivity and specificity] for all independent variables that were common to
males and females differed between sexes, but this difference was particularly striking for the blood
levels of ferritin (929.00 ng/mL in males vs 191.00 ng/mL in females) and D-dimer (0.505 mg/L in
males vs 0.840 mg/L in females) (Figure 5a, Table 2).

Next, the predictive capacity of model combining ferritin with D-dimer was assessed by ROC
analysis. Generally, in males and females with COVID-19 this combination showed greater AUC
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value and narrower 95% CI than any single independent predictor/variable (Figure 5a, Table 2).
Additionally, it revealed that at the optimal cut-off this model exhibited sex-related specificities in
sensitivity- probability that a test correctly identifies positive cases (lower in males) and specificity -
the proportion of true negatives, viz. subjects without the target condition (higher in males). In the
following step, considering that individual cut-off may not be optimal when that variable is
considered in conjunction with other predictors in a more complex model, the multivariable (D-
dimer-ferritin) model predicting progression to severe/critical disease was subjected to in-depth
evaluation by sequential ROC analyses of the predictive capacity of D-dimer and ferritin in sub-
cohorts including subjects with supra cut-off blood levels of ferritin and D-dimer, respectively [40].
In male (p< 0.05) and female (p< 0.05) sub-cohorts encompassing subjects with supra-optimal cut-offs
of ferritin blood levels the predictive accuracy of the D-dimer (as indicated by the AUC value)
remained significant (Table 2, Table S5). However, the optimal cut-offs for D-dimer increased in male
sub-cohort (0.84 mg/L) and female sub-cohort (1.40 mg/L) when compared with sex-matched entire
cohort indicating subgroup where the combined presence of both factors exceeds a risk threshold
that neither might reach alone (Table 2, Table S5). Similarly, in male (p=0.05) and female (p< 0.01)
sub-cohorts encompassing COVID-19 subjects with the supra-optimal D-dimer cut-off values ferritin
retained its predictive accuracy (Table 2, Table S5). However, only in females the optimal cut-off
value (395.50 ng/mL) for this marker was higher in the sub-cohort that in entire cohort (Table 2, Table
S5).

Table 2. Receiver operating characteristic (ROC) analyses of predictive performances of common inflammatory
blood indices for severe or critical COVID-19 outcome in male and female subjects on admission and seven days

post-admission.

Male Female
Inflammatory blood AUC Sensitivity Specificity Cut- 7 AUC Sensitivity Specificity Cut- 7
indices (95% Cl) %) %) off (95% Cl) %) %) off
On admission
T 0.962(0.909-1) ] 0.984 (0.956 - 1) ]
Model (ferritin + D-dimer) p <0001 89.5 95.5 0.849 p <0001 100 87.9 0.879
0.774 (0.630 -
CRP (mg/L) 0.918) 63.2 864 38704950995 (0892-1) o4 939 313 0.862
p<0.001
p<0.01
0.903 (0.809 -
Ferritin (ng/mL) 0.997) 842 864 929 07060965 (0919-1) 4 848 191 0.848
p<0.001
p<0.001
0.696 (0.504 -
Fibrinogen (g/L) - - - - 0.887) 462 100 4.95 0.462
p=<0.05
. 0.914 (0.825 - 1) 0.946 (0.885 - 1)
D-dimer (mg/L) o ol 94.7 818 05050766 " (O 100 848  0.84 0.848
0.933 (0.842 - 1) 0.970 (0.918 - 1)
LDH (13/L) by 100 909 2715090977 ({8 100 939 316 0.939
Seven days post-admission
Model
(ferritin + D-dimer + 0.981(0.945-1) g5 955 - 0.902 ; ; - -
L p <0.001
fibrinogen)
Model 0.986 (0.962 - 1)
(ferritin + LDH) - - - T p<0001 100 %09 - 0909
0.737 (0582 - 0.809 (0.664 -
CRP (mg/L) 0.891) 78.9 636 6950426  0953) 615 939 218 0.555
p<0.01 p<0.001
0.804 (0.666 -
Ferritin (ng/mL) 0.942) 94.7 501 575 05380960 (0898-1) o5 5 939  237.50.862
p<0.001
p<0.001
" 0.920 (0.828 - 1) 0.924 (0.845 - 1)
D-dimer (mg/L) > 0! 89.5 909 065 0804”0 (40 923 818  08450.741
0.885 (0.775 -
LDH (1/L) 0.995) 895 818 270507130963 (0910-1) 4 909 241 0.909
b= 0001 p<0.001

Data are presented as area under the curve (AUC) and 95% confidence interval (CI). p < 0.05 was considered
statistically significant. ’J - Youden’s index. Youden’s index and the cut-off value were determined as described
in the Materials and Methods section. CRP, C-reactive protein; LDH, lactate dehydrogenase.

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202604.0869.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 13 April 2026 d0i:10.20944/preprints202604.0869.v1

18 of 35

Seven Days Post-Admission

The association between COVID-19 severity and the common inflammatory blood indices was
re-assessed seven days after the admission. The univariate logistic regression analysis revealed that
in male and female COVID-19 subjects the elevated blood levels of CRP (p<0.05 and p<0.01 in males
and females, respectively), ferritin (p<0.01), D-dimer (p<0.01 and p<0.05 in males and females,
respectively) and LDH (p<0.001) were associated with severe/critical disease (Table 1).

Next, following the negative test for collinearity, multivariable logistic regression analysis with
severe/critical COVID-19 as dependent variable was performed. The analysis showed that in males,
apart from the elevated blood levels of ferritin and D-dimer (as shown on admission), the decreased
fibrinogen blood level was also independently associated with the progression to severe/critical
disease, so the multivariable logistic regression model for predicting unwanted development of the
disease encompassed the set of these three independent variables (Table 1). Differently, in females
multivariable logistic regression analysis led to the model encompassing, besides increased ferritin
blood level, elevated blood levels of D-dimer and LDH. (Table 1). However, of these three variables
only ferritin was shown to be independent predictor of severe/critical COVID-19 (p<0.05), while other
two variables (D-dimer and LDH) were retained because they, in combination with ferritin (the
significant variable), contribute to the overall explanatory power of the model (although their
individual contributions are not unique). Next, to estimate contribution each of them to the model,
R2 (coefficient of determination measuring the proportion of variance in the dependent variable
explained by all variables combined) was calculated for full model and sequentially for models with
omitted insignificant variables. (Table 1). Given that it was found that only LDH significantly
contributed to the explanatory power of the model (R2 for model without D-dimer 0.650 vs R2 for
the full model 0.643) whereas R2 for models without LDH and LDH and D-dimer were lower (0.605
and 0.554, respectively), D-dimer (OR:0.897, 95%ClI: 0.788-1.020; p>0.05) was removed for a simpler,
more robust model.

As at the initial evaluation, to assess the predictive capacity of the acute-phase protein
predictors, ROC analysis was performed. Considering the optimal cut-off for AUC clinical utility [39],
in males all predictors, except for the increased CRP blood level (AUC:0.737, 95%CI:0.582-0.891) were
found to be of clinical utility in the predicting development of severe/critical COVID-19, but only the
increased blood level of D-dimer displayed outstanding predictive capacity (Figure 5b, Table 2).
Differently, in females, all predictors exhibited outstanding predictive performances except for CRP
blood level (AUC:0.809, 95%CI:0.664-0.953) (Figure 5b, Table 2).

Next, as on admission, the analysis of optimal cut-offs for the independent predictors of
severe/critical illness common to males and females revealed that they differed between female and
male COVID-19 subjects, but this difference was particularly striking for the blood levels of ferritin
(575.00 ng/mL in males vs 237.50 ng/mL in females) and CRP (6.95 mg/mL in males vs 21.80 mg/mL
in females) (Table 2).

Next, seven days post-admission the predictive capacity of the models (combining ferritin with
D-dimer and fibrinogen in males and ferritin and LDH in females) was evaluated using ROC analysis.
Generally, in males and females with COVID-19 this combination resulted in greater AUC value and
narrower 95% CI than any single independent predictor/variable (Figure 5a, Table 2). Next, the
multivariable models predicting progression to severe/critical COVID-19 in males was subjected to
in-depth evaluation for predictive performances by sequential ROC analyses of: i) ferritin and
fibrinogen in sub-cohort with supra-optimal cut-off blood levels of D-dimer, ii) D-dimer and
fibrinogen in sub-cohort with supra-optimal cut-off values of ferritin and iii) D-dimer and ferritin in
sub-cohort with sub-optimal cut-off values of fibrinogen [40]. It was found that in sub-cohort with
supra optimal values of D-dimer neither ferritin nor fibrinogen retained statistically significant
predictive accuracy (Table S6). Typically, the lack of significance of these predictors in this specific
sub-cohort may indicate conditional independence or saturated risk. Specifically, this suggests that
once the D-dimer reaches the optimal cut-off value, the additional prognostic information provided
by either ferritin or fibrinogen is negligible or statistically non-discernible within that specific
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subgroup. Clinically, this indicates that these predictors although significant in the entire male
COVID-19 cohort were non-significant in this high-risk sub-cohort, viz. that they may be of "limited
clinical utility" for predicting cases at the highest risk. Additionally, this analysis revealed that in
male sub-cohort with supra optimal cut-off values for ferritin both D-dimer (p <0.01) and fibrinogen
(p<0.001) retained the predictive accuracy (Table S6). Noteworthy, the optimal cut-off for D-dimer
was 1.140 mg/L, i.e. high than in entire cohort, whereas the optimal cut-off for fibrinogen was 3.20
g/L (Table 2, Table S6). Furthermore, the sequential ROC analysis in males revealed that both D-dimer
(p<0.001) and ferritin (p<0.001) maintained the predictive accuracy in sub-cohort characterized by
fibrinogen sub-optimal cut-off values (Table S6). The optimal cut-off values for D-dimer (0.375 mg/L)
and ferritin (571.00 ng/mL) in this male sub-cohort were lower than and equal to those in entire
cohort, respectively (Table 2, Table S6).

3.3.2. Evaluation of Immune Cell-Related Blood Indices as Predictors on Admission

The univariate logistic regression analysis of predictive capacity of immune cell-related
inflammatory blood indices in male COVID-19 subjects revealed that the elevated blood count of
neutrophils, the increased NLR and the decreased blood count of lymphocytes were linked (p<0.01)
to the severe /critical disease (Table 3).

Table 3. Univariate and multivariable logistic regression analyses of commonly used immune cell-based blood
indices as predictors of severe or critical COVID-19 disease in male and female subjects on admission and seven

days post-admission.

Male Female
Univariate Multivariable Univariate Multivariable
Logistic Logistic Logistic Logistic
Regression Regression Regression Regression
Immune
cell-based
blood
indices OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)
On
admission
Neutrophil 1.054 (1.019 - 1.051 (1.013 - 1.097 (1.036 - -
count 1.091) 1.089) 1.162)
p<0.01 p=<0.01 p=<0.01
Lymphocyte 0.736 (0.592 - 0.766 (0.594 - 0.658 (0.507 - -
count 0.916) 0.988) 0.854)
p=<0.01 p<0.05 p<0.01
NLR 1.033 (1.011 - - 1.217 (0.988 - 1.206 (0.987 -
1.056) 1.500) 1.473)
p=<0.01 p> 0.05 p>0.05
IL-6 - - 1.530 (0.885- -
2.643)
p>0.05

Seven days post-admission
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Neutrophil 1.041 (1.017 - - 1.117 (1.037 - -
count 1.066) 1.203)
p<0.001 p<0.01
Lymphocyte 0.529 (0.350 - 0.456 (0.256 - 0.823 (0.726 - -
count 0.799) 0.815) p= 0.934)
p<0.01 0.01 p<0.01
NLR 1.040 (1.011 - - 1.047 (1.019 - 1.061 (1.016 -
1.068) 1.076) 1.107)
p=<0.01 p<0.001 p<0.01
IL-6 1.895 (1.003 - - 1.972 (1.009 - -
3.580) p<0.05 3.853)
p <0.05

Immune cell-based blood indices that demonstrated statistically significant differences between severe/critical
and mild/moderate male and female subjects were included in a univariate logistic regression analysis, using
severe/critical COVID-19 outcome as the dependent variable. Multivariable logistic regression was performed
using variables with p <0.100 in the univariate analysis and results are given only for variables remaining in the
model. Data are presented as an odds ratio (OR) with a 95% confidence interval (CI). OR for IL-6 was determined
for every 10 pg/mL increase. OR for neutrophil and lymphocyte counts were calculated for each 0.1 x 10°/L
increase and decrease, respectively, while the OR for NLR was based on every 0.1 unit increase in the ratio. p <

0.05 was considered statistically significant. NLR, neutrophil-to-lymphocyte ratio; IL, interleukin. .

Differently, in female COVID-19 subjects only the elevated neutrophil count (p<0.01) and the
decreased lymphocyte count were associated (p<0.01) with the severe/critical disease (Table 3).
Subsequent multivariable regression analysis (following negative test for multicollinearity)
encompassing all variables with p<0.1 revealed that in males the combination of elevated neutrophil
count with decreased lymphocyte count could be considered as effective predictor of severe/critical
COVID-19 (Table 3). Differently, in females no single predictor maintained a unique, independent
effect on the outcome once other variables were controlled (Table 3).

The subsequent ROC analyses to evaluate the discriminative/predictive capacity of predictors in
males suffering from COVID-19 revealed that the AUC values for neutrophil count and NLR were
above 0.80 (Figure 6a, Table 4), viz. indicated that they could be of clinical utility as predictors of
severe/critical outcome [39]. Differently, the AUC for lymphocyte count was below 0.80 indicating it
limited clinical utility (Figure 6a, Table 4).
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Figure 6. Receiver operating characteristic (ROC) curves for prediction of severe or critical COVID-19
outcome in male and female subjects based on the immune cell-based blood indices on admission and seven
days post-admission. Solid lines illustrate the predictive accuracy for severe/critical COVID-19 outcome of (a)
neutrophil and lymphocytes counts, and NLR in (left) male and neutrophil and lymphocyte counts in (right)
female on admission as well as of (b) neutrophil and lymphocytes counts, NLR, and IL-6 in (left) male and (right)
female subjects seven days post-admission. Dashed lines display the predictive accuracy for severe/critical
COVID-19 outcome of (a, left) model combined of neutrophil count + lymphocyte count in male subjects on
admission and independent predictors (b, left) lymphocyte count in male and (b, right) NLR in female subjects
seven days post-admission. Diagonal reference line represents a test with no diagnostic ability (AUC = 0.5). y-
axis represents sensitivity% (true positive rate) and x-axis represents 100% - specificity% (false positive rate).
Area under the curve (AUC) values (quantitative measure of diagnostic accuracy), sensitivity, specificity, cut-off
and Youden'’s index for immune cell-based blood indices and model are displayed in table 4. NLR, neutrophil-
to-lymphocyte ratio; IL, interleukin.

The ROC analysis showed that in males the AUC value for the model (combining neutrophil
count with lymphocyte count) was greater, while 95% CI was narrower than those for any single
predictor (Figure 6a, Table 4). Differently from males, in females it was found that neutrophil and
lymphocyte counts were of clinical utility in predicting the progression to the severe/critical outcome
[39] (Figure 6a, Table 4). Moreover, it was found that the optimal cut-off for lymphocyte count did
not differ between males and females, whereas that for neutrophil count (5.67x10%L in males vs
4.96x10°/L in females) was higher in males than in females (Figure 6a, Table 4).
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Next, we evaluated the multivariable model predicting severe disease in males using sequential
ROC analysis. This assessed how neutrophil and lymphocyte counts performed in sub-groups where
neutrophil count and lymphocyte count were above and below optimal cut-off value, respectively
[40]. Neither neutrophil count in the sub-cohort encompassing COVID-19 subjects with sub-optimal
cut-off values of lymphocyte counts nor lymphocyte count in the sub-cohort with COVID-19 subjects
displacing supra-optimal values of neutrophil count reached statistically significant prognostic
accuracy (Table 4, Table S7), indicating that both variables were strong predictors. However, it should
be assumed that the combination of such strong predictors provides a more holistic view of the factors
driving the outcome of disease [41].

Seven Days Post-Admission

The analysis of the association between immune cell-based inflammatory blood indices seven
days post-admission revealed that in male and female COVID-19 subjects the increased count of
neutrophils (p<0.001 and p<0.01 in males and females, respectively), NLR (p<0.01 and p<0.001 in
males and females, respectively) and IL-6 blood level (p<0.05), and the decreased count of
lymphocytes (p<0.01) were linked to the severe /critical disease (Table 3). Subsequent multivariable
regression analysis revealed that in male COVID-19 subjects lymphopenia was only variable with
statistically significant (p<0.01) relationship with the dependent variable, viz. severe/critical disease,
whereas in female COVID-19 subjects NLR was only variable statistically significantly (p<0.01) linked
with the severe/critical disease (Table 3).

The subsequent evaluation of the predictive accuracy of immune-cell based inflammatory blood
predictors of severe/critical COVID-19 by ROC analyses showed that in males and females all
predictors exhibited the AUC values above the suggested threshold for clinical utility of 0.80 [39]
(Figure 6b, Table 4). It is noteworthy that at this evaluation point the optimal cut-offs for neutrophil
count (9.85x 10%/L in males vs 6.62 x 10%/L in females) and NLR (6.66 in males vs 3.52 in females) were
greater in males than in females (Figure 6b, Table 4), additionally warning on necessity of sex-based
evaluation of subjects with COVID-19.
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Table 4. Receiver operating characteristic (ROC) analyses of predictive performances of common immune cell-based blood indices for severe or critical COVID-19 outcome in male and female

subjects on admission and seven days post-admission.

Female
Immune cell-based AUC RN N 3 " AUC PN N ) "
blood indices (95% Cl) Sensitivity (%) Specificity (%)  Cut-off J (95% Cl) Sensitivity (%) Specificity (%)  Cut-off J
On admission
Model (neutrophil count + lymphocyte count) 0.928 (0.852 - 1) 94.7 818 ) 0766 ) ) ) ) )
p<0.001 : : :
Neutrophil count (10°/L) 0'883é°<'707 %(;10'994) 78.9 90.9 567 0699 0'8?335%70%71' 1 769 93.9 496 0709
0.770 (0.626 - 0.915) 0.902 (0.812 - 0.993)
9
Lymphocyte count (10°/L) b= 001 52.6 95.5 09 0481 b 0.001 84.6 87.9 09 0725
0.904 (0.814 - 0.995) ) ] ] ) ]
NLR 5= 0.001 100 72.7 3463 0.727
Seven days post-admission
Neutrophil count (10%/L) o.gzoéoésé%)(;lo.ggg) 73.7 955 9.85 0691 0'9125%%%21 -1 923 93.9 662 0.862
Lymphocyte count (10°/L) * 0'9‘:)3 <(%%7091 -1 78.9 955 11 0744 0'8135%%‘;31' 1 846 93.9 118  0.786
NLR® 0.95p9<((()).%(())81 -1) 84.2 955 6.661 0.797 09?3%%%}3 -1 923 90.9 352 0832
] 0.807 (0.663 - 0.951) 0.812 (0.627 - 0.996)
IL-6 (pg/mL) 50001 88.9 70.0 59 0589 02001 80 80 67  0.600

Data are presented as area under the curve (AUC) and 95% confidence interval (CI). p < 0.05 was considered statistically significant. * multivariable regression analysis revealed that in male

COVID-19 subjects decreased lymphocyte count was only independent predictor linked with severe/critical disease seven days post-admission. » multivariable regression analysis revealed that

in female COVID-19 subjects NLR was only independent predictor linked with the severe/critical disease seven days post-admission. ] - Youden’s index. Youden’s index and the cut-off value

were determined as described in the Materials and Methods section. NLR, neutrophil-to-lymphocyte ratio; IL, interleukin.
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3.4. Evaluation of Inflammatory-Immune Blood Indices for Their Capacity to Predict COVID-19 Death
Outcome During Early Disease Development in Males and Females

Finally, on admission and seven days post-admission the association of inflammatory-immune
blood indices with COVID-19 mortality was assessed in severely/critically ill subjects using
univariate and multivariable logistic regression analyses followed by ROC analysis.

3.4.1. On Admission

On admission, none of the examined inflammatory-immune blood indices in either male or
female subjects with severe/critical COVID-19 was found to be linked to the death outcome (data not
shown).

3.4.2. Seven Days Post-Admission

Acute-Phase Proteins as Predictors
Seven day after the admission it was found that in severely/critically ill male subjects the

elevated blood levels of CRP (p<0.05) were linked to the death outcome (Table 5).

Table 5. Univariate and multivariable logistic regression analyses of commonly used inflammatory and immune

cell-based blood indices as predictors of COVID-19 death outcome in male and female subjects seven days post-

admission.

Male Female

Univariate Multivariable Univariate Multivariable

Logistic Logistic Logistic Logistic

Regression Regression Regression Regression
Seven days
post-
admission OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)
Inflammator
y blood
indices
CRP 1.612 (1.054 - 1.612 (1.054 - - -

2.465) 2.465)
p<0.05 p <0.05
D-dimer - - 1.285 (0.953 - -
1.733)
p>0.05
LDH 1.039 (0.993 - - 1.245 (0.975 - -
1.087) 1.589)
p > 0.05 p>0.05

Immune
cell-based
blood indices
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Neutrophil 1.364 (1.017 - 1.364 (1.017 - 1.003 (0.523 - -
count 1.829) 1.829) 1.925)
p=<0.05 p=<0.05 p>0.05
NLR 1.106 (0.987 - - 1.242 (0.937 - -
1.239) 1.646)
p > 0.05 p>0.05
IL-6 1.054 (0.883 - - - -
1.257)
p>0.05

Inflammatory-immune blood indices that demonstrated statistically significant differences between male and
female survivors and non-survivors were included in a univariate logistic regression analysis, using COVID-19
death outcome as the dependent variable. Multivariable logistic regression was performed using variables with
p < 0.100 in the univariate analysis and results are given only for variables remaining in the model. Data are
presented as an odds ratio (OR) with a 95% confidence interval (CI). OR for CRP, LDH, and IL-6 was calculated
per 10x mg/L, U/L, and pg/mL increase, respectively, and for d-dimer, neutrophil count, and NLR per 0.1x mg/L,
10°/L, and units of ratio increase, respectively. p < 0.05 was considered statistically significant. CRP, C-reactive

protein; LDH, lactate dehydrogenase; NLR, neutrophil-to-lymphocyte ratio; IL, interleukin.

Differently, in severely/critically ill female subjects none of the examined inflammatory blood
indices was associated with death outcome (Table 5). The multivariable regression analysis identified
CRP (p<0.05) as only independent predictor (Table 5).

According to the subsequent ROC analysis CRP could be considered as clinically relevant
predictor of the death outcome in severally/critically ill male COVID-19 subjects, as the AUC value
for CRP value surpassed 0.8 (AUC:0.856, 95%Cl: 0.670-1.0) [39] (Figure 7a, Table 6).

Seven days post-admission

a b

Male Male
100~ I_ 1004
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R =
ER 2 0
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Figure 7. Receiver operating characteristic (ROC) curves for prediction of death outcome in severely or
critically ill male COVID-19 subjects based on the inflammatory and immune cell-based blood indices seven
days post-admission. Solid lines illustrate the predictive accuracy for death outcome of (a) CRP and (b)
neutrophil count in severely or critically ill male COVID-19 subjects seven days post-admission. Diagonal
reference line represents a test with no diagnostic ability (AUC = 0.5). y-axis represents sensitivity % (true positive

rate) and x-axis represents 100% - specificity% (false positive rate). Area under the curve (AUC) values
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(quantitative measure of diagnostic accuracy), sensitivity, specificity, cut-off and Youden’s index for CRP and
neutrophil count are displayed in Table 6. CRP, C-reactive protein.

Table 6. Receiver operating characteristic (ROC) analyses of predictive performances for death outcome of

inflammatory and immune blood indices in severely or critically ill male COVID-19 subjects seven days post-

admission.
Male
Seven days AUC Sensitivity Specificity Cut-off 7
post-admission (95% CI) (%) (%)
Inflammatory
blood indices
CRP 0.856 (0.670 - 1)
(mg/L) <001 77.8 90 39.25 0.678
Immune cell-based
blood indices
Neutrophil count  0.844 (0.668 - 1)
(10%/L) p<0.05 100 60 11.03  0.600

Data are presented as area under the curve (AUC) and 95% confidence interval (CI). p < 0.05 was considered
statistically significant. " J - Youden's index. Youden's index and the cut-off value were determined as described

in the Materials and Methods section. CRP, C-reactive protein. .

Immune Cell-Related Blood Indices as Predictors

Seven days post- admission, in severely/critically ill male COVID-19 subjects only neutrophil
count (p<0.05) was associated with the death outcome (Table 5). Multivariable regression analysis
confirmed that neutrophil count (p<0.05) was only independent predictor of mortality. According to
subsequent ROC analysis, neutrophil count with the AUC value of 0.844 (95% CI:0.668-1.00) could be
expected to serve as clinically useful predictor of the death outcome in severally/critically ill male
COVID-19 subjects (Table 6, Figure 7b).

Differently, in severely/critically ill female COVID-19 subjects none of the examined immune-
cell based inflammatory blood indices was associated with the death outcome (Table 6).

4. Disscussion

The study delineated sex-specific easy accessible peripheral blood acute-phase protein and
immune cell-related signatures linked to the development of severe/critical COVID-19 and mortality.
By analyzing data from admission and seven days post-admission, the study aimed to: i) pinpoint
early predictors of severity and death for males and females, and ii) better elucidate the initial stages
of COVID-19 pathogenesis in males and females.

Sex Specificity in Predictive Capacity of Acute-Phase Proteins

The univariate regression analysis followed by ROC analysis revealed that on admission in
males suffering from COVID-19 elevated blood levels of CRP, ferritin, LDH, D-dimer predicted
progression into severe/critical disease. While these biomarkers were common to both groups, their
cut-off levels, sensitivity, and specificity differed significantly between males and females implying
distinct clinical relevance (e.g. CRP was found to be clinically relevant only in females). In females,
on the same evaluation point, fibrinogen was also associated with COVID-19 progression into severe
disease, but without significant clinical relevance. Besides, seven days post-admission all acute-phase
proteins were associated with the progression into severe/critical COVID-19 in males and females
alike, but again with distinct associated criterion (i.e. cut-off levels, sensitivity, and specificity, so
again in males CRP was shown to be without clinical significance). Of note, although (i) the blood
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levels of acute-phase proteins in COVID-19 patients have been reported by sex and (ii) their links to
disease progression have been documented in general cohort [42], there is still not sufficient data on
how sex specifically influences the relationship between these indices and COVID-19 severity. The
hereby reported findings revealed that on admission ferritin and D-dimer were independent
predictors of COVID-19 progression into severe/critical disease (comprising the multivariable
regression predictive model), but not predictors of fatality in males and females alike. Furthermore,
the findings indicated that the cut-off values for these independent predictors of severe/critical
COVID-19 differed substantially between females and males. Specifically, compared with females, in
males, the cut-off values for ferritin and in entire COVID-19 cohort and in the sub-cohort
encompassing subjects with supra-optimal cut-off values of D-dimer were strikingly higher than in
females, whereas the cut-off values for D-dimer in entire cohort and in the sub-cohort encompassing
cases with supra-optimal cut-off values of ferritin were markedly lower. This is particularly relevant
given (to the best of our knowledge) that sex-specific diagnostic thresholds for COVID-19 are rarely
employed. To corroborate the previous findings are data indicating that, as hereby reported, in
COVID-19 patients: i) ferritin blood levels substantially increase with the disease severity being
higher in males than in females [43,44] and ii) they are not just associated with the progression to
sever/critical illness [45,46], but they are independent predictors of the disease severity with higher
cut-offs in males than in females [43,44]. Of note, as hereby reported, blood levels of ferritin, which is
widely recognized as a reliable marker of total body iron stores [47] are not only higher in male
subjects suffering from COVID-19 when compared with their female counterparts, but also in healthy
males than in healthy females (particularly in reproductive age) [27,48]. The latter could be most
likely ascribed to menstrual blood loss and increased inflammatory status in premenopausal and
postmenopausal females, respectively, and the androgen-driven stimulation of erythropoiesis
affecting iron metabolism and storage in males [48,49]. The sex difference in ferritin blood levels in
COVID-19 subjects are also consistent with data indicating that, compared with females, males
develop exacerbated inflammatory responses in COVID-19, even when matched for disease severity
[50]. The more pronounced inflammatory response to Sars-CoV-2 infection in males could be linked
with differences in sex steroid hormone profile in males and females, as high levels of androgens in
males are shown to worsen the infection by increasing the expression of TMPRSS2, a protease that
helps the virus to enter into cells [51,52]. Additionally, higher ferritin blood level in COVID-19
subjects could be associated to data indicating although male and female sex steroid levels decrease
with development of acute inflammation, these changes, in turn, differently affect blood ferritin levels
[53-55. Specifically, androgen blood levels are negatively correlated with ferritin blood levels [56,57],
whereas estrogens and progesterone exert opposing (increasing and decreasing, respectively) effects
on blood ferritin levels [58]. Since males typically develop less favorable COVID-19 clinical trajectory,
viz. more severe disease than females [59,60], the observed sex bias in ferritin blood levels in COVID-
19 subjects aligns with its role (particularly when its blood levels are extreme high) as a key mediator
of immune dysregulation [43,44,61] (via direct immune-suppressive and pro-inflammatory action).
Namely, high ferritin levels can trigger hypercytokinaemia through direct immunosuppressive and
pro-inflammatory actions, leading to serious clinical complications [43,44,61].

To corroborate predictive role of D-dimer in COVID-19 severity on admission is positive
association between the increase in blood D-dimmer levels and severe/critical disease [62-64]. While
D-dimer is a standard marker for coagulation activation [65], its early elevations in COVID-19
patients often stem from alveolar inflammation and cytokine production. Thus, at this stage, it acts
primarily as an acute-phase reactant; however, in later stages, it may also signals emerging
coagulopathy [63,66,67]. To corroborate the former are data indicating that abnormalities in
prothrombin time, partial thromboplastin time, and platelet counts are relatively uncommon in initial
presentations of COVID-19 patients, viz. they usually occur in later phases of the disease
development [63,66,67]. Considering lower D-dimer levels in healthy males compared with their
female counterparts (although we failed to confirm that in small cohort of healthy subjects included
in this study) [68,69], it may be speculated that sex differences in the virus-induced D-dimer lung
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production, reflecting greater production in males than in females due to more robust inflammation
[50], were not sufficient to overcome the premorbid sex differences in its levels. Notably, although on
admission the regression multivariable models for predicting progression of COVID-19 into
severe/critical illness in males and females were composed of same predictors/variables, they differed
in their predictive criteria-specifically cut-off levels, sensitivity, and specificity. Sensitivity, indicating
its effectiveness at identifying true positives (i.e., patients at risk of severe/critical COVID-19) was
lower in males than in females, whereas specificity was higher in males than in females, suggesting
a lower rate of false positives in males.

Considering that it was shown that at least the predictive capacity of D-dimmer changes during
COVID-19 development [70], the predictive capacity of acute-phase proteins was re-evaluated seven
days after the initial evaluation on admission. Indeed, although in male and female COVID-19
subjects all attested acute-phase proteins, except for fibrinogen, were associated with the disease
progression, it was found that multivariable regression model predicting severe/critical illness varied
in their composition between males and females. In male COVID-19 subjects this model encompassed
ferritin, D-dimer and fibrinogen as independent predictors of severe/critical illness, while in their
female counterparts ferritin was only independent predictor of unwanted progression of the disease.
Additionally, although LDH was not independent predictor of progression into critical/severe illness
in females, it substantially contributed to the overall model predictive capacity. The sex differences
in the capacity of D-dimer to predict progression into severe/critical illness on the second evaluation
is fully consistent with data indicating that D-dimer is dynamic predictor, i.e. predictor which
capacity to independently predict unwanted progression of COVID-19 changes during the disease
trajectory [70]. Importantly, while sex does not influence the association between admission D-dimer
and COVID-19 severity, it does affect peak D-dimer values, which show a strong correlation with
severe COVID-19 illness in male patients [71]. To corroborate hereby reported finding that a
decreased fibrinogen level seven days post-admission is an independent predictor of severe or critical
COVID-19 there are two previous findings: i) males generally face a higher risk of severe disease
[59,60], and ii) fibrinogen levels often drop due to increased consumption during the progression of
severe infections-specifically in cases of sepsis, septic shock, or disseminated intravascular
coagulation [72,73]. These conditions are recognized complications of the later stages of COVID-19
[63,66,67]. The association between elevated blood levels of LDH, a marker significant cell death and
cytoplasm loss leading to organ destruction [74], and severity of COVID-19 was found in males and
females. Given that rise in LDH blood levels in COVID-19 patients it is not casually linked with of
cell damage, but it reflects cell damage [74], quite expectedly, LDH was not found to be independent
predictor of the disease severity in either males or females. In contrast to male patients, seven days
post-admission, the combined LDH and ferritin in females provided a more robust explanation for
COVID-19 outcomes than ferritin as a single independent variable.

Finally, hereby was also reported that seven days post-admission, in males suffering from
severe/critical COVID-19, but not in their female counterparts, CRP was independent predictor of
mortality. To corroborate this finding are data linking higher levels of CRP after statistical correction
for age and comorbidities with a poorer outcome in hospitalized COVID-19 male patients when
compared with female COVID-19 ones [75]. This sex bias can be linked to the fact that CRP levels
increased only in male non-survivors, as CRP, primarily marker of inflammation, has been also
shown to be an active driver of tissue injury [76], viz. it could suggest its pro-active damaging role
only in males during early stage of the disease.

Sex Specificity in Predictive Capacity of Immune Cell-Related Blood Indices

On admission and seven days post-admission in male COVID-19 subjects and female COVID-
19 subjects the neutrophilia and lymphopenia were associated with progression to severe/critical
illness, as indicated by univariate regression analysis. These findings are consistent with those
obtained in en block cohort studies investigating association between their counts in blood and
COVID-19 severity [32,77,78]. Additionally, elevated NLR was associated with greater severity of
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COVID-19 in males and in males and females on admission and seven days post-admission,
respectively. This is in line with data obtained in previous studies investigating NLR association with
severe/critical COVID-19 in cohort of COVID-19 patients not segregated by sex [79]. Multivariable
regression analysis on admission showed that neutrophilia and lymphopenia were independent
prognostic markers of severe/critical COVID-19 in males, but not in females. In favor of sex
differences in neutrophil count prognostic significance are studies indicating that although
neutrophil count show severity-dependent increase in COVID-19 in males and females, its predictive
utility is limited in COVID-19 females [50]. This has been related to data indicating that females often
exhibit a more “favorable” immune profile, most likely due to more robust anti-inflammatory
responses and earlier activation of adaptive immunity, thereby making neutrophil count a less
specific predictor of severity in females [50]. This sex bias is also fully consistent with findings
showing that the activation of neutrophils in the lungs causes inflammation, cytotoxicity and overall
lung damage [80] and that males develop more robust inflammatory response in lugs to Sars-Cov2
infection when compared with females [59,60]. The aforementioned sex-based difference in how
lymphopenia predicts COVID-19 severity aligns with previous research, as it suggests that decreased
lymphocyte count has greater predictive weight in COVID-19 males than in their female counterparts
[81-84]. This could be ascribed to data indicating that: i) viral fusion and multiplication is enhanced
in males compared with females [85] and ii) the adaptive immune system of males is more susceptible
to the adverse effects of virus impact compared with adaptive immune system of females [86,87], so
females develop more robust adaptive immune responses than males [88]. In the same vein, on the
second evaluation seven days post-admission, multivariable regression analysis showed that,
differently from females, in males decreased lymphocyte count was only independent predictor of
unwanted progression of COVID-19. Differently, at the same evaluation point, despite higher NLR
was associated with greater severity of COVID-19 in males and females alike, multivariable
regression analysis identified NLR, a variable integrating neutrophil-dominant inflammatory
activation and relative lymphopenia [89], as unique independent predictor of the severe/critical
disease only in females. This finding is consistent with a recent prospective cohort study suggesting
that the NLR, which was associated with greater severity at hospital admission is an independent
predictor of early mortality and severe outcomes specifically in females, but its predictive significance
may be attenuated or lost in males, particularly after adjusting for factors like age and vaccination
status and co-morbidities [89]. Given than NLR was higher in male COVID-19 subjects than in their
female counterparts, and that higher inflammatory markers are generally linked to greater severity
of the disease [89], it may be speculated that this predictor variable does not offer the same
independent predictive, time-sensitive window for disease severity in males as it does in females.

Finally, it should be pointed out that, in accordance with hereby findings and those reported in
other studies, which indicate that neutrophilia is a less specific predictor of COVID-19 severity in
females than in males [50], multivariable regression analysis identified elevated neutrophil count as
independent predictor of mortality only in male COVID-19 subjects with severe/critical illness. This
is consistent with findings indicating that neutrophils (which count was higher in COVID-19 males
than in their female counterparts, but this this difference did not reach statistical significance, most
like due to the cohort size) are associated with the development of thrombosis and pulmonary
infiltrates that were detected in post-mortem samples of patients with severe SARS-CoV-2 infection
[90,91], viz. with detrimental role of neutrophils in pathogenesis of COVID-19 through contribution
to and exacerbations of complications such as thrombosis and acute respiratory distress syndrome
[80].

In conclusion, briefly, the hereby reported findings taken as whole indicate that in early phase
of COVID-19:1i) different acute-phase proteins (or different cut-off for the same proteins) and immune
blood immune cell-related indices should be considered as independent predictors of the disease
progression into severe/critical illness in males and females and ii) their pathogenetic role is evolving
and is sex-specific even in this early phase of the disease development, so many of them (fibrinogen,
D-dimer, neutrophils, NLR) are dynamic predictors, i.e. predictors being as causative factors at one
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evaluation point but not in another (as they gain/lose casual connection with the disease progression),
thereby pointing to their not only sex-dependent, but also time-dependent pathogenetic role in
COVID-19. Thus, the study may be important not only for better (sex-specific) stratification of
COVID-19 patient to optimize therapeutic approach, but also for better understanding of early steps
in the pathogenesis of this disease, particularly sex differences in this process, as rational basis for
further improvement of therapy in both sexes.

Strengths and Limitations

The main strength of this study is that it is among a limited number of studies investigating
impact of sex on (i) prognostic strength of routinely analyzed blood inflammatory indices,
particularly those taking into account their putative interactions, in COVID-19 and (ii) evaluating its
influence on their prognostic weight at different time-points during early developmental trajectory
of the disease.

However, this study has a number of limitations mainly related to the following facts: i) it is
single-centered study with a relatively small sample size; ii) age of female and male subjects were not
fully matched (particularly age of subjects with severe/critical illness, viz. s females were older than
males); iii) sex steroid hormone levels were not considered and iv) baseline (premorbid) values of the
examined parameters (to more accurately evaluate influence of the disease) were not evaluated.
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