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Abstract: A prospective clinical-epidemiological study was conducted to evaluate the dynamics of
biomarkers in hospitalized patients with moderate to severe COVID-19 (according to the National
Institute of Health severity scale) treated with Anakinra, compared to those receiving standard
treatment. The study included 65 patients with a mean age of 75.51+9.54 years, ranging from 44 to
99 years. Among the study participants, 38 (58.5%) were male and 27 (41.5%) were female. The
patients were divided into two groups: control group (standard treatment): 24 patients (36.9%) and
target group (Anakinra treatment): 41 patients (63.1%). The results showed a significant relationship
between the dynamics of leukocytes, ASAT, LDH, D-dimer, ferritin, and IL-6 and the administration
of Anakinra. In the control group, no significant dynamics were observed in leukocyte count, D-
dimer, ferritin, or IL-6. A statistically significant decrease in ASAT and LDH values in the control
group was noted only on Day 7. In the Anakinra group, significantly (or with borderline statistical
significance, p<0.1) lower mean values were observed for leukocytes, NLR, D-dimer, ferritin, and
IL-6 on Days 3 and 7 compared to the control group. Additionally, significantly lower CRP values
were detected in the Anakinra group on Day 7 compared to the control group.

Keywords: COVID-19; hyperinflammation; treatment evaluation; IL-1 receptor antagonist

1. Introduction

The SARS-CoV-2 pandemic posed a significant challenge to the medical community. Although
the infection typically leads to mild to moderate disease, with viral replication generally confined to
the upper respiratory tract, severe to critical illness can sometimes develop. These clinical forms of
disease often manifest as pneumonia, respiratory failure, and multiple organ failure. These forms
typically develop about a week after the initial symptoms, with dyspnea being one of the most
observed clinical manifestations, resulting from hypoxemia [1,2], followed by the progression to
respiratory failure. Numerous studies have demonstrated the significance of dysregulated immune
processes due to SARS-CoV-2 infection in the developing severe and critical COVID-19. The
hyperactivation of immune cells (macrophages, NK cells, B and T lymphocytes) leads to abnormal
systemic inflammation, with cytokine release syndrome (CRS), which has been identified as a
pathogenic mechanism in the progression of severe COVID-19 [3-6].

Additionally, macrophage activation syndrome (MAS) has been observed, commonly seen in
autoimmune and malignant diseases [7-11], as well as in sepsis. This syndrome is characterized by
the hyperactivation of tissue macrophages and the overproduction of inflammatory cytokines, such
as IL-1, IL-6, and IL-8, and elevated levels of markers of inflammation- C-reactive protein (CRP),
ferritin, and coagulation disorders- D-dimer [12-21]. Dysregulation in immune function is also
reflected in leucocytes number, showing leukocytosis, lymphopenia, and an increased neutrophil-to-
lymphocyte ratio (NLR) [22,23], with a correlation established between lymphopenia and an elevated
NLR on one side, and the severity of COVID-19 on the other. Numerous studies have been conducted
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on the dynamics of various biomarkers throughout SARS-CoV-2 infection. Changes in specific
biomarkers have been identified as strong indicators of the degree of immune dysfunction, and the
severity of infection, and have high prognostic value for the outcome of the disease. These include
elevated ferritin levels (a result of macrophage activation), increased NLR, elevated levels of aspartate
aminotransferase (ASAT) and lactate dehydrogenase (LDH), indicative of liver involvement,
increased D-dimer due to coagulation abnormalities, and elevated CRP and IL-6, indicative of
hyperinflammation [24-28].

The dysregulation of immune function in severe and critical clinical forms of COVID-19
provides a rationale for including medications in the treatment regimen that modulate the immune
response through various mechanisms.

In 2021, the European Medicines Agency (EMA), and in 2022, the U.S. Food and Drug
Administration (FDA) approved the use of Anakinra for COVID-19 [29-31]. Anakinra is a
recombinant human IL-1 receptor antagonist that binds to IL-1a and IL-1( receptors. Studies have
demonstrated a connection between the early initiation of Anakinra therapy in hospitalized COVID-
19 patients and the positive dynamics of examined biomarkers, including the reduction of CRP,
ferritin, D-dimer, and NLR [32-37].

Considering the above, a study was conducted to evaluate the dynamics of biomarkers in the
treatment of hospitalized patients with moderate to severe COVID-19 using Anakinra, compared to
those receiving standard care.

2. Materials and Methods

2.1. Study Population

A prospective clinical-epidemiological study was conducted, involving 65 patients with
moderate to severe clinical forms of SARS-CoV-2 infection (according to the National Institute of
Health NIH severity scale) who were hospitalized at the Specialized Hospital for Active Treatment
of Infectious and Parasitic Diseases "Prof. Ivan Kirov", Sofia with COVID-19 during the period from
November 2022 to November 2023. The average age of the study population was 75.51+9.54 years,
ranging from 44 to 99 years. Among the participants in the study sample, 38 (58.5%) were men and
27 (41.5%) were women.

The age group with the highest number of male participants (26) was 60-79 years, followed by
80-99 years with 10 participants, and the smallest group (2) was 40-59 years. Among female
participants, the largest age group (13) was 80-99 years, followed by 60-79 years with 12 participants,
and the smallest group (2) was 40-59 years (Figure 1).
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Figure 1. Distribution of Study Participants by Gender and Age Groups.

For this study, the patients were divided into two groups:

Control Group (Standard treatment)- n=24 (36.9%)

Target Group (Anakinra treatment) - n=41 (63.1%)

General Characteristics of the Groups

The two study groups were statistically balanced regarding the key confounding factors of
gender and age, which is a strong basis for the accuracy of subsequent comparisons. The control and
target groups did not show statistical differences in the following variables: antibiotic treatment,
dexamethasone administration, clinical form, 28-day survival rate, and duration of hospitalization.

2.2. Specimen Sampling and Biomarker Measurement

The diagnosis of COVID-19 was etiologically confirmed by qualitatively detecting the genetic
material of SARS-CoV-2 in samples taken from epithelial cells of the upper respiratory tract
(nasopharyngeal swabs). A multiplex qualitative RT-PCR (Real-Time Polymerase Chain Reaction)
analysis was used to detect the viral RNA (SARS-CoV-2 RNA).

The PCR diagnostic system for SARS-CoV-2 contains specific oligonucleotide primers,
fluorescently labeled probes targeting specific regions of the viral genes, and the matrix RNA
(mRNA) of human ribonuclease P. The system also included the reverse transcriptase enzyme (DNA
polymerase), a human ribonuclease inhibitor, free deoxynucleotides (ANTPs), and a positive control.
The reaction proceeded through the following steps: 1. Extraction of viral RNA 2. Reverse
transcription of complementary DNA 3. Amplification of specific sections of complementary DNA
using specific oligonucleotide primers, the reverse transcriptase enzyme, and free deoxynucleotides
as building blocks of complementary DNA. 4. Visualization of the PCR products (amplicons).

The PCR diagnostic system simultaneously detected three different regions of the SARS-CoV-2
viral genome: the Nucleocapsid gene (N), the Envelope gene (E), and the RNA-dependent RNA
polymerase gene (RARP), as well as the matrix RNA (mRNA) of human ribonuclease P (RNase P).
The detection of RNase P mRNA was an internal control to monitor the RNA extraction and
amplification processes, reducing false-negative results.

In addition to the internal control, the Real-Time RT-PCR reaction included positive and
negative controls. For each target gene, the reaction was considered positive if the fluorescence curve
for the corresponding gene crossed the threshold line by the 40th cycle (Ct < 40). The result was
considered positive if at least two of the three SARS-CoV-2 genes tested positive. If only one of the
three target genes was positive, the result was considered indeterminate, and a new test was required.

Table 1. PCR result interpretation.

RNase P gene
N gene E gene RdARP gene (internal cfntrol) Result
One of the three SARS-CoV-2 target genes is positive +/- Indeterminate
Two or three SARS-CoV-2 genes are positive +/- Positive
- - - + Negative
- - - - Invalid

The analysis was conducted using the Tianlong® Real-Time PCR System. Reagents from the
SOLIScript® SARS-CoV-2 RT-qPCR Multiplex Assay by Solis BioDyne were used for the RT-PCR
analysis of SARS-CoV-2 RNA. These reagents comply with ISO 9001 and ISO 13485 standards.

For the patients included in the study, hematological (WBC, NLR), biochemical (CRP, ASAT,
LDH, ferritin), coagulation (D-dimer), and immunological (IL-6) parameters were measured on days
1,3,and 7.

Blood samples for testing the parameters in blood and serum were collected using vacutainer
tubes—closed vacuum tubes. Hematological parameters (WBC, neutrophils, lymphocytes) were
determined using the automated hematology analyzer Arcus 380. Whole blood collected with EDTA
anticoagulant was used for this analysis. For biochemical (CRP, ASAT, LDH, ferritin) and
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immunological (IL-6) parameter measurements, vacutainer tubes with a clot activator, which
accelerates the blood clotting process and separates serum needed for the analysis, were used. The
analyses were conducted on the Selectra pro S automated biochemical analyzer, while IL-6 was
measured using the Cobas e 411 automated analyzer. Plasma was used as the sample material for D-
dimer testing. Vacutainer tubes containing sodium citrate were used, and the testing was performed
on the Finecare Fia Meter Wondfo.

The measurements of hematological parameters (WBC, neutrophils, lymphocytes) and
biochemical parameters (CRP, ASAT, LDH, ferritin, and D-dimer) were conducted immediately after
sample collection. Following centrifugation of the blood samples, the separated sera for IL-6
measurement were stored at -80°C until analysis.

2.3. Statistical Methods

Data were entered and processed using the statistical software packages IBM SPSS Statistics 25.0,
MedCalc Version 19.6.3, and Excel Office 2021. Differences with p-values less than 0.05 were
considered statistically significant.

The following statistical methods were applied: descriptive analysis — frequency distribution of
the observed variables was presented in tabular form; graphical analysis was used for visualizing the
obtained results; Comparison of Relative Shares; Fisher’s Exact Test, Fisher-Freeman-Halton Exact
Test and Chi-square 2 for testing hypothesis for dependency between categorical variables;
Kolmogorov-Smirnov and Shapiro-Wilk Nonparametric Tests were used to test the normality of
distributions. Student’s T-Test for testing hypotheses regarding the differences between the means of
two independent samples; Mann-Whitney Nonparametric Test was used for testing hypotheses
regarding the differences between two independent samples; Repeated measures ANOVA — analysis
of variance to compare arithmetic averages in multiple comparisons; Mauchly’s Test was performed
to check the assumptions of sphericity in repeated measures ANOVA; Friedman Nonparametric Test
for testing hypotheses regarding differences between multiple dependent samples; Wilcoxon
Nonparametric Test for testing hypotheses regarding differences between two dependent samples.

3. Results

This section may be divided by subheadings. It should provide a concise and precise description
of the experimental results, their interpretation, as well as the experimental conclusions that can be
drawn.

In the following Tables 2-17, the grey color highlights the differences between measurements
taken on Day 3 and Day 7 compared to the baseline values (both in absolute terms and percentages)
where the dynamics are statistically significant. The yellow color indicates higher values in
comparisons between male and female groups, as well as across different age groups.

3.1. Dynamics of WBC

Table 2. Dynamics of WBC by Gender and Age in the Control Group.

Day of the examination

Indicator Group n 1 3 7
X SD X SD X SD

Total 24 7.92a 423 8.262 3.69 8.60a 434

Difference (absolute) 0.34 3.06 0.68 4.01
Difference % 214 924 27.4 102.2
Male 15 8.102 4.04 8.29a 4.04 8.91a 4.81

Difference (absolute) 0.18 1.35 0.81 242
Difference % 4.3 15.1 114 29.7
Female 9 7.61a 4.77 8.21a 3.26 8.062 3.63

Difference (absolute) 0.60 4.85 0.45 5.99
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Difference Y% 50.0 150.6 54.0 165.0

P= 0.428 0.815 0.861
Age Group 60-79 13 7.862 4.19 8.11a 4.26 8.422 4.42
Difference (absolute) 0.25 1.45 0.56 2.19
Difference Y% 54 17.0 11.0 30.6
Age Group  80-99 9 8.712 4.68 9.062 3.03 9.362 4.75
Difference (absolute) 0.35 4.86 0.65 6.22
Difference % 45.3 151.8 50.1 166.1

P= 0.662 0.292 0.695

* - Identical letters across the horizontal rows indicate no statistically significant difference, while different letters
indicate the presence of a statistically significant difference (p<0.05). ** - Changes are measured on Day 3 and
Day 7, compared to the baseline values on Day 1.

3.1.1. Dynamics of WBC in the Control Group

No statistically significant dynamic changes in WBC values were observed for the entire sample,
nor in the subgroups formed based on gender and age. Additionally, no statistically significant
differences were observed between the subgroups at any of the three control time points (Table 2).

Table 3. Dynamics of WBC by Gender and Age in the Target Group.

Day of the examination

Indicator Group n 1 3 7
X SD X SD X SD
Total 41 7.23a 3,9 5.69b¢ 2.80 6.02ac 2.35
Difference (absolute) -1.53 3.28 -1.21 3.87
Difference % -14.9 38.5 -5.2 44.6
Male 23 7.39 3.64 5.65b¢ 3.19 5.93ac 2.47
Difference (absolute) -1.74 3.69 -1.46 4.20
Difference % -18.8 39.2 -9.5 40.7
Female 18 7.02a 2.86 5.752 2.29 6.132 2.27
Difference (absolute) -1.27 2.74 -0.88 3.51
Difference % -9.8 38.1 0.3 49.8
P= 0.813 0.478 0.655
Age Group 60-79 25 7.302 2.94 6.192 3.16 6.492 241
Difference (absolute) -1.11 3.12 -0.80 3.34
Difference Y% -11.7 36.5 -2.3 40.2
Age Group  80-99 14 7.512 3.99 5.072 2.07 5.502 2.18
Difference (absolute) -2.44 3.69 -2.01 494
Difference % -21.0 45.0 -9.2 55.1
P= 0.919 0.361 0.195

* - Identical letters across the horizontal rows indicate no statistically significant difference, while different letters
indicate the presence of a statistically significant difference (p<0.05). ** - Changes are measured on Day 3 and
Day 7, compared to the baseline values on Day 1.

3.1.2. Dynamics of WBC in the Target Group

A statistically significant decrease in WBC values was observed on Day 3 for the entire sample,
as well as in the male subgroup. The absolute decrease ranged from 1 to 3 units, while the percentage
decrease was between -15% and -32%. No significant differences were observed between the
subgroups (Table 3).

3.2. Dynamics of NLR
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Table 4. Dynamics of NLR by Gender and Age in the Control Group.

Day of the examination

Indicator Group n 1 3 7
X SD X SD X SD
Total 24 8.27a 7.04 6.702 5.82 5.49> 4.39
Difference (absolute) -1.58 5.08 -2.78 6.24
Difference % -3.1 61.9 -1.3 95.2
Male 15 7.21a 5.11 6.732 6.40 5.21a 4.61
Difference (absolute) -0.48 3.87 -2.00 4.97
Difference % -9.3 44.2 -11.2 81.0
Female 9 10.042 9.54 6.642 5.08 5.952 421
Difference (absolute) -3.40 6.47 -4.09 8.09
Difference % 7.1 86.1 15.3 118.6
P= 0.428 0.318 0.411
Age Group  60-79 13 8.84a 5.44 6.99a 5.93 4.97v 3.50
Difference (absolute) -1.85 3.49 -3.87 473
Difference % -23.5 30.7 -27.0 80.3
Age Group 80-99 9 8.852 9.34 7.052 6.38 6.442 5.77
Difference (absolute) -1.80 7.31 -2.41 8.22
Difference % 14.5 86.3 12.0 99.5
P= 0.695 0.948 0.744

* - Identical letters across the horizontal rows indicate no statistically significant difference, while different letters
indicate the presence of a statistically significant difference (p<0.05). ** - Changes are measured on Day 3 and
Day 7, compared to the baseline values on Day 1.

3.2.1. Dynamics of NLR in the Control Group

The only statistically significant dynamic change was observed on Day 7, both in the entire
sample and in the 60-79 age group. On this day, the measured values were significantly lower by
around 3-4 units in absolute terms, and the percentage decrease ranged from 1% in the entire sample
to 27% in the younger age group compared to baseline values. No statistically significant differences
were found between the subgroups at any of the control checks (Table 4).
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Table 5. Dynamics of NLR by Gender and Age in the Target Group.

Day of the examination

Indicator Group n 1 3 7
X SD X SD X SD
Total 41 8.97a 7.71 5.01b 5.91 4.26> 4.50
Difference (absolute) -3.97 7.83 -4.71 8.36
Difference % -26.7 66.2 -16.3 1124
Male 23 10.602 8.84 6.090 6.89 4.95p 4.79
Difference (absolute) -4.51 9.76 -5.65 9.47
Difference % -23.1 734 -20.0 95.8
Female 18 6.89 5.53 3.62b 413 3.39» 4.07
Difference (absolute) -3.28 447 -3.51 6.75
Difference % -31.2 57.5 -11.6 133.5
P= 0.172 0.062 0.217
Age Group 60-79 25 9.69 8.15 6.460¢ 7.04 4.72be 451
Difference (absolute) -3.23 8.42 -4.97 8.18
Difference % -18.0 59.3 -20.6 73.6
Age Group  80-99 14 8.382 7.44 2.85bc 2.26 3.86% 4.79
Difference (absolute) -5.53 7.31 -4.52 9.52
Difference % -38.7 80.9 -1.2 167.9
P= 0.534 0.044 0.149

* - Identical letters across the horizontal rows indicate no statistically significant difference, while different letters
indicate the presence of a statistically significant difference (p<0.05). ** - Changes are measured on Day 3 and
Day 7, compared to the baseline values on Day 1.

3.2.2. Dynamics of NLR in the Target Group

In this group, the dynamics of NLR were much more pronounced (Table 5):

e Day 3: A significant decrease was observed in the entire sample, as well as in the male subgroup,
female subgroup, and the 80-99 age group.

e Day 7: A statistically significant decrease was seen in the entire sample, as well as in the male
subgroup, female subgroup, and the 60-79 age group.

e In absolute terms, the significant decrease ranged from 3 to 6 units, while the percentage
decrease ranged from 11% to 45%.

e Day 3: Statistically significant differences (or borderline significance, p<0.1) were observed
between male and female subgroups (with higher average values in men) and between age
groups (with higher average values in younger patients).

e Day 7: No significant differences were found between the subgroups.

3.3. Dynamics of CRP

Table 6. Dynamics of CRP by Gender and Age in the Control Group.

Day of the examination

Indicator Group n 1 3 7
X SD X SD X SD
Total 24 161.042 103.51 87.75b 76.56 43.69¢ 42.28
Difference (absolute) -73.29 59.62  -117.35 90.67
Difference % -40.9 39.9 -60.5 69.2
Male 15 176.072 112.68 97.74b 87.90 40.28¢ 40.22
Difference (absolute) -78.32 64.07  -135.79 103.02
Difference Y% -37.6 46.9 -58.4 87.1

Female 9 135.992 86.36 71.09» 53.22 49.38¢ 47.44
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Difference (absolute) -64.90 53.91 -86.61 57.97
Difference % -46.4 25.9 -64.0 22.2

P= 0.238 0.379 0.770
Age Group 60-79 13 188.062 117.53 100.38v 92.78 46.78¢ 44.36
Difference (absolute) -87.68 71.07  -141.28 113.19
Difference % -37.4 51.2 -51.6 93.8
Age Group 80-99 9 140.90- 80.39 79.16° 55.84 44.51¢ 44.94
Difference (absolute) -61.74 40.21 -96.39 42.26
Difference % -46.8 229 -72.0 13.7

P= 0.110 0.616 0.920

* - Identical letters across the horizontal rows indicate no statistically significant difference, while different letters
indicate the presence of a statistically significant difference (p<0.05). ** - Changes are measured on Day 3 and
Day 7, compared to the baseline values on Day 1.

3.3.1. Dynamics of CRP in the Control Group

The results from Table 6 show that a statistically significant decrease in CRP values was
observed:

e  Both control checks (Day 3 and Day 7): A significant reduction was observed in the entire sample
and all subgroups.

e The absolute decrease ranged from 61 to 141 units, with a greater reduction on Day 7. In
percentage terms, the decrease ranged from 37% to 73%.

e No significant differences were found between the subgroups.

Table 7. Dynamics of CRP by Gender and Age in the Target Group.

Day of the examination

Indicator Group n 1 3 7
X SD X SD X SD
Total 41 146.957 54.34 68.12> 62.17 17.28¢ 24.96
Difference (absolute) -78.83 4446  -129.67 38.84
Difference % -56.4 27.0 -89.8 9.2
Male 23 147.792 65.06 83.78> 76.57 22.13¢ 31.82
Difference (absolute) -64.01 46.05  -125.66 41.74
Difference % -48.3 30.7 -87.8 11.2
Female 18 145.892 38.31 48.12b 27.43 11.09¢ 9.11
Difference (absolute) -97.77 35.05  -134.79 35.28
Difference % -66.8 16.8 -92.4 5.1
P= 0.694 0.156 0.415
Age Group 60-79 25 144.01- 62.25 71.68b 71.40 17.22¢ 27.90
Difference (absolute) -72.33 4699  -126.78 43.50
Difference % -54.0 29.1 -90.0 8.9
Age Group  80-99 14 155.182 41.34 63.90° 47.67 18.16¢ 21.55
Difference (absolute) -91.27 41.74  -137.01 31.80
Difference % -60.2 24.6 -89.3 10.6
P= 0.228 0.919 0.988

* - Identical letters across the horizontal rows indicate no statistically significant difference, while different letters
indicate the presence of a statistically significant difference (p<0.05). ** - Changes are measured on Day 3 and
Day 7, compared to the baseline values on Day 1.
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3.3.2. Dynamics of CRP in the Target Group

From Table 7, it is evident that a statistically significant reduction in CRP values was observed:

e  Both control checks (Day 3 and Day 7): A significant reduction was seen in the entire sample and
all subgroups.

e The absolute decrease ranged from 64 to 145 units, with a larger reduction on Day 7. In
percentage terms, the decrease ranged from 48% to 92%.

¢  No significant differences were found between the subgroups.

3.4. Dynamics of ASAT

Table 8. Dynamics of ASAT by Gender and Age in the Control Group.

Day of the examination

Indicator Group n 1 3 7
X SD X SD X SD
Total 24 4408 32.62 38.042 31.12 31.83b 17.84
Difference  (absolute) -6.04 15.24 -12.25 23.35
Difference ~ % -10.6 32.6 -18.4 374
Male 15 43.07= 36.41 41.93= 37.49 32.80a 18.98
Difference  (absolute) -1.13 12.96 -10.27 23.09
Difference % -1.4 35.5 -15.6 23.3
Female 9  457& 27.10 31.562 15.76 30.22a 16.72
Difference  (absolute) -14.22 15.92 -15.56 24.80
Difference ~ % -26.0 20.9 -23.0 55.1
P= 0.770 0.815 1.000
Age Group 60-79 13 43.622 38.51 42.002 39.82 33.382 18.91
Difference  (absolute) -1.62 14.44 -10.23 26.96
Difference % 2.1 40.4 9.7 46.1
Age Group 80-99 9 4644 26.43 32.78v 14.27 28.00¢ 12.20
Difference  (absolute) -13.67 15.76 -18.44 19.06
Difference % -23.5 16.5 -33.7 171
P= 0.695 0.896 0.462

* - Identical letters across the horizontal rows indicate no statistically significant difference, while
different letters indicate the presence of a statistically significant difference (p<0.05).** - Changes are
measured on Day 3 and Day 7, compared to the baseline values on Day 1.

3.4.1. Dynamics of ASAT in the Control Group

From Table 8, a statistically significant decrease in ASAT values was observed:
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¢ Day 3: A significant reduction was seen in patients from the higher age subgroup.

e Day 7: A significant decrease was observed in the entire sample, as well as in patients from the
higher age subgroup.

e  The absolute decrease ranged from 4 to 18 units, with a larger reduction on Day 7. In percentage
terms, the decrease ranged from 10% to 34%.

e  No significant differences were observed between the subgroups.

Table 9. Dynamics of ASAT by Gender and Age in the Target Group.

Day of the examination

Indicator Group n 1 3 7
X SD X SD X SD
Total 41 45.852 26.71 41.07° 2493 32.20¢ 16.42
Difference (absolute) -4.78 24.32 -13.66 25.62
Difference % -4.1 45.2 -20.3 37.0
Male 23 45.43a 27.31 42.78a 24.24 34.170 19.53
Difference (absolute) -2.65 20.31 -11.26 26.02
Difference % -1.0 335 -16.8 38.7
Female 18 46.392 26.69 38.892 26.31 29.67v 11.33
Difference (absolute) -7.50 29.06 -16.72 25.49
Difference % -8.1 57.6 -24.7 35.3
P= 0.554 0.554 0.772
Age Group 60-79 25 43.12a 24.43 39.767 24.11 31.120 16.18
Difference (absolute) -3.36 18.36 -12.00 21.89
Difference % -4.6 36.4 -21.2 35.0
Age Group  80-99 14 44.002 25.66 40.43q¢ 27.61 31.00vc 14.19
Difference (absolute) -3.57 31.08 -13.00 27.30
Difference % 0.2 60.4 -16.9 411
P= 0.874 0.828 0.942

* - Identical letters across the horizontal rows indicate no statistically significant difference, while
different letters indicate the presence of a statistically significant difference (p<0.05). ** - Changes are
measured on Day 3 and Day 7, compared to the baseline values on Day 1.

3.4.2. Dynamics of ASAT in the Target Group

From Table 9, it is evident that a statistically significant reduction in ASAT values was observed:

e  Day 3: A significant decrease was observed in the entire sample.

e Day 7: A significant reduction was seen in the entire sample, both genders, and both age
subgroups.

e  The absolute decrease ranged from 5 to 19 units, with a larger reduction on Day 7. In percentage
terms, the decrease ranged from 4% to 30%.

e  No significant differences were observed between the subgroups.

3.5. Dynamics of LDH

Table 10. Dynamics of LDH by Gender and Age in the Control Group.

Day of the examination

Indicator Group n 1 3 7
X SD X SD X SD
Total 24 337.00c  115.27 317.632 122.88  284.46><  137.08
Difference (absolute) -19.38 126.95 -52.54 140.56
Difference % -1.4 38.7 -12.4 324
Male 15 312.802 90.67 315.672 110.31 277.402 90.87

Difference (absolute) 2.87 114.85 -35.40 97.95
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Difference % 5.7 44.3 -7.1 29.5
Female 9 37733 144.53 320.89= 148.65 296.222 198.30
Difference (absolute) -56.44 144.13 -81.11 196.32
Difference % -13.3 24.8 -21.2 36.8
P= 0.190 0.861 0.815
Age Group  60-79 13 310.622 85.48 324.54a 110.29 286.922 90.81
Difference (absolute) 13.92 112.66 -23.69 95.89
Difference % 8.8 45.6 -3.6 29.7
Age Group  80-99 9 37144~ 152.96 307.782 153.15 278.007 202.15
Difference (absolute) -63.67 152.33 -93.44 199.17
Difference % -14.0 28.5 -24.4 37.5
P= 0.245 0.292 0.209

* - Identical letters across the horizontal rows indicate no statistically significant difference, while
different letters indicate the presence of a statistically significant difference (p<0.05). ** - Changes are
measured on Day 3 and Day 7, compared to the baseline values on Day 1.

3.5.1. Dynamics of LDH in the Control Group

The results from Table 10 show that no statistically significant dynamic changes in LDH values
were observed. Additionally, no significant differences were found between the subgroups.

Table 11. Dynamics of LDH by Gender and Age in the Target Group.

Day of the examination

Indicator Group n 1 3 7
X SD X SD X SD
Total 41 343.59a 139.06 302.93v 173.60 286.83v 209.91
Difference (absolute) -40.66 142.97 -56.76 171.43
Difference % -8.8 33.1 -16.8 38.9
Male 23 331.652 145.01 326.52=¢ 21541  306.13>  267.32
Difference (absolute) -5.13 150.89 -25.52 202.89
Difference % -1.4 35.8 -12.4 47.3
Female 18 358.832 133.59 272.78p 95.61 262.17° 100.23
Difference (absolute) -86.06 121.42 -96.67 113.45
Difference % -18.1 27.4 -22.5 24.8
P= 0.331 0.723 0.713
Age Group 60-79 25 332.40a 136.07 305.282 141.47 276.72a 165.61
Difference (absolute) -27.12 127.62 -55.68 143.75
Difference % -34 33.7 -15.7 40.2
Age Group  80-99 14 358.79a 156.85 300.50= 234.50 308.29= 288.27
Difference (absolute) -58.29 177.23 -50.50 226.00
Difference % -16.2 33.2 -16.8 39.9
P= 0.586 0.553 0.761

* - Identical letters across the horizontal rows indicate no statistically significant difference, while
different letters indicate the presence of a statistically significant difference (p<0.05). ** - Changes are
measured on Day 3 and Day 7, compared to the baseline values on Day 1.

3.5.2. Dynamics of LDH in the Target Group

Statistically significant reductions in LDH values were observed (Table 11):

e Day 3: A significant decrease was noted in the entire sample and the female subgroup.

e Day 7: A significant decrease was observed in the entire sample and both gender subgroups
(male and female).
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e  The absolute decrease ranged between 40 and 105 units, with a higher reduction on Day 7. In
percentage terms, the decrease ranged from 9% to 30%.
e  No significant differences were observed between the subgroups.

3.6. Dynamics of D-Dimer

Table 12. Dynamics of D-dimer by Gender and Age in the Control Group.

Day of the examination

Indicator Group n 1 3 7
X SD X SD X SD
Total 24 1.762 1.59 1.87a 1.71 1.69a 1.80
Difference (absolute) 0.12 1.13 -0.06 1.67
Difference % 25.5 80.4 9.2 99.6
Male 15 1.61ac 1.62 1.462 1.30 1.1Qpe 0.97
Difference (absolute) -0.16 0.86 -0.52 1.04
Difference % 20.1 80.2 -10.5 63.4
Female 9 2.00= 1.59 2.567 2.13 2.682 2.44
Difference (absolute) 0.57 1.43 0.69 2.26
Difference % 344 84.7 42.0 139.9
P= 0.482 0.238 0.138
Age Group 60-79 13 1.602 1.76 1.342 1.39 1.142 1.12
Difference (absolute) -0.27 0.86 -0.46 1.15
Difference % 19.3 86.0 -7.4 69.0
Age Group  80-99 9 2.07a 1.54 2.622 2.09 2.502 2.49
Difference (absolute) 0.54 1.43 0.43 2.34
Difference % 28.1 84.2 29.6 142.5
P= 0.209 0.082 0.186

* - Identical letters across the horizontal rows indicate no statistically significant difference, while
different letters indicate the presence of a statistically significant difference (p<0.05). ** - Changes are
measured on Day 3 and Day 7, compared to the baseline values on Day 1.

3.6.1. Dynamics of D-Dimer in the Control Group

Table 12 shows that no statistically significant dynamic changes were observed in the values of
the examined parameter. However, a significant (or borderline statistically significant, p<0.1)
difference was found between the age subgroups, with higher average values observed in older
patients.

Table 13. Dynamics of D-dimer by Gender and Age in the Target Group.

Day of the examination

Indicator Group n 1 3 7
X SD X SD X SD
Total 41 1.57a 1.58 1.34b 1.91 0.96¢ 1.87
Difference (absolute) -0.24 1.32 -0.61 2.23
Difference % -11.1 70.7 -26.8 97.8
Male 23 1.88a 1.98 1.70p 244 1.24p 2.45
Difference (absolute) -0.19 1.75 -0.64 2.99
Difference % -8.3 83.2 -15.4 127.1
Female 18 1.182 0.74 0.87» 0.68 0.60¢ 0.46
Difference (absolute) -0.30 0.37 -0.58 0.44
Difference % -14.7 52.7 -414 34.5

pP= 0.581 0.783 0.743
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* - Identical letters across the horizontal rows indicate no statistically significant difference, while
different letters indicate the presence of a statistically significant difference (p<0.05). ** - Changes are
measured on Day 3 and Day 7, compared to the baseline values on Day 1.

3.6.2. Dynamics of D-Dimer in the Target Group

A statistically significant reduction in the values of the examined parameter was observed (Table

13):

e Day 3: A significant decrease was noted in the entire sample and all subgroups, except for the
80-99 age group.
e Day 7: A significant decrease was observed in the entire sample and across all subgroups.
e  The absolute decrease ranged from 0.19 to 1.03 units, with a higher reduction observed on Day
7. In percentage terms, the decrease ranged from 8% to 53%.
e  Asignificant (or borderline statistically significant, p<0.1) difference was found between the age
subgroups, with higher average values observed in older patients.

3.7. Dynamics of Ferritin

Table 14. Dynamics of Ferritin by Gender and Age in the Control Group.

Day of the examination

Indicator Group n
X SD X SD X SD
Total 24 878.18 749.52  832.09 711.07 848.72a 883.93
Difference (absolute) -46.09 234.95 -29.45 525.89
Difference % 44 40.2 45 56.5
Male 15 974.592 798.55  879.667 746.24 944 462  1002.22
Difference (absolute) -94.93 257.72 -30.13 626.42
Difference % 0.4 42.0 1.1 53.7
Female 9 717.48 672.83  752.807 683.96 689.162 665.38
Difference (absolute) 35.32 174.74 -28.32 329.23
Difference % 11.2 38.6 10.1 63.9
pP= 0.347 0.770 519
Age Group  60-79 13 1011.31a 85790  933.26° 802.69  1037.60=  1067.67
Difference (absolute) -78.05 291.34 26.29 679.18
Difference % 1.3 47.0 7.0 59.4
Age Group 80-99 9  696.372 666.77  698.572 670.53 647.722 637.14
Difference (absolute) 2.20 164.28 -48.64 278.76
Difference % 11.4 35.3 10.0 58.3
P= 0.357 0.556 0.512

* - Identical letters across the horizontal rows indicate no statistically significant difference, while
different letters indicate the presence of a statistically significant difference (p<0.05). ** - Changes are
measured on Day 3 and Day 7, compared to the baseline values on Day 1.
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3.7.1. Dynamics of Ferritin in the Control Group

No significant dynamic changes in ferritin levels were observed in the control group as a whole,
nor in the subgroups formed based on gender or age. Additionally, no statistically significant
differences were found between the subgroups at any of the three-time points during the control
checks (Table 14).

Table 15. Dynamics of Ferritin by Gender and Age in the Target Group.

Day of the examination

Indicator Group n 1 3 7
X SD X SD X SD
Total 41 783.42a 74026  597.65P 569.24 480.10¢ 422.31
Difference (absolute) -185.77 323.04  -303.31 503.67
Difference % -20.7 329 -29.1 43.5
Male 23 804.032 545.61 669.56° 525.60 583.96° 455.27
Difference (absolute) -134.48 24520  -220.07 350.64
Difference % -15.4 38.3 -21.5 52.0
Female 18 757.082 950.17  505.77° 623.70 347.40¢ 343.74
Difference (absolute) -251.31 399.53  -409.68 645.33
Difference % -27.5 23.5 -38.7 27.9
P= 0.207 0.207 0.098
Age Group 60-79 25 835.432 862.68  628.08° 642.91 499.52¢ 467.20
Difference (absolute) -207.35 385.75  -335.91 593.29
Difference % -20.0 38.5 -26.7 51.9
Age Group  80-99 14 711.04= 528.79  573.56° 471.95 446.24¢ 365.23
Difference (absolute) -137.48 183.62  -264.81 350.74
Difference % -21.1 224 -33.8 28.5
P= 0.919 0.828 0.851 919

* - Identical letters across the horizontal rows indicate no statistically significant difference, while
different letters indicate the presence of a statistically significant difference (p<0.05). ** - Changes are
measured on Day 3 and Day 7, compared to the baseline values on Day 1.

3.7.2. Dynamics of Ferritin in the Target Group

From Table 15, it is evident that a statistically significant reduction in ferritin values was

observed:
e  Both control checks (Day 3 and Day 7): Significant decreases were observed in the entire sample
and all subgroups.

e  The absolute decrease ranged from 134 to 409 units, with a greater reduction noted on Day 7. In
percentage terms, the decrease ranged from 11% to 40%.
e  No significant differences were found between the subgroups.

3.8. Dynamics of IL-6

Table 16. Dynamics of IL-6 by Gender and Age in the Control Group.

Day of the examination

Indicator Group n 1 3 7
X SD X SD X SD
Total 24 122.652 303.71 62.992 84.18 44.67= 37.06
Difference (absolute) -59.66 224.75 -77.98 291.72
Difference % 9.3 455 0.1 100.9
Male 15 163.812 381.74 74.072 103.63 50.452 38.94

Difference (absolute) -89.74 282.86  -113.36 367.59
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* - Identical letters across the horizontal rows indicate no statistically significant difference, while
different letters indicate the presence of a statistically significant difference (p<0.05). ** - Changes are
measured on Day 3 and Day 7, compared to the baseline values on Day 1.

3.8.1. Dynamics of IL-6 in the Control Group

No statistically significant dynamic changes in IL-6 values were observed in the control group
as a whole, nor in the subgroups formed based on gender and age. Additionally, no significant
differences were found between the subgroups at any of the three time points during the control
checks (Table 16).

Table 17. Dynamics of IL-6 by Gender and Age in the Target Group.

Day of the examination

Indicator Group n 3
X SD X SD X SD
Total 41 120.332 184.10 34.90° 66.79 12.37¢ 22.64
Difference (absolute) -85.43 167.64  -107.96 186.07
Difference % -55.1 40.0 -65.9 61.4
Male 23 109.90a 150.47 42.88b 79.62 15.99¢ 29.44
Difference (absolute) -67.02 121.63 -93.90 155.86
Difference % -54.5 40.2 -60.1 76.5
Female 18 133.662 223.86 24.71v 45.79 7.73¢ 6.66
Difference (absolute) -108.95 214.33  -125.93 222.31
Difference % -55.8 41.0 -73.3 344
P= 0.528 0.331 0.237
Age Group 60-79 25 139.862 208.43 44 55b 80.73 13.33¢ 27.31
Difference (absolute) -95.30 185.46  -126.53 211.37
Difference % -57.0 35.9 -65.4 74.0
Age Group 80-99 14 98.532 146.72 21.54b 34.75 11.76¢ 13.74
Difference (absolute) -76.99 148.43 -86.78 147.65
Difference % -50.4 49.2 -64.9 38.0
P= 0.988 0.874 0.346

* - Identical letters across the horizontal rows indicate no statistically significant difference, while
different letters indicate the presence of a statistically significant difference (p<0.05). ** - Changes are

measured on Day 3 and Day 7, compared to the baseline values on Day 1.

3.8.2. Dynamics of IL-6 in the Target Group

The results from Table 17 show that a statistically significant reduction in IL-6 values was

observed:
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e  Both control checks (Day 3 and Day 7): A significant decrease was observed in the entire sample
and all subgroups.

e The absolute decrease ranged from 55 to 142 units, with a greater reduction on Day 7. In
percentage terms, the decrease ranged from 50% to 75%.

e No significant differences were found between the subgroups.

4. Discussion

The relationship between the severity of COVID-19, patient outcomes, and the values and
dynamics of biomarkers such as leukocytes, neutrophil-to-lymphocyte ratio (NLR), CRP, ASAT,
LDH, D-dimers, ferritin, and IL-6 has been demonstrated in numerous studies.

In their study, Chaudhary et al. (2021) found significantly higher levels of CRP, D-dimers,
ferritin, and IL-6 in patients with severe COVID-19 and those with fatal outcomes [14]. These results
are consistent with those reported by Ullah et al. (2022), who, in a study of 500 COVID-19 patients,
demonstrated a correlation between elevated levels of biomarkers, including CRP, LDH, D-dimers,
and IL-6 with the severity of COVID-19 and the likelihood of a fatal outcome [38]. Similar conclusions
were drawn by other authors: Yun et al. (2020) observed significantly higher levels of neutrophils,
CRP, ASAT, LDH, D-dimers, and lower levels of lymphocytes in patients with severe and critical
forms of COVID-19 [17]. Elshazli et al. (2020), in a meta-analysis, also identified similar correlations
between elevated biomarker levels, including increased leukocyte counts, and the progression to
critical COVID-19 [18]. Wu et al. (2020) highlighted the importance of elevated neutrophil, LDH, and
D-dimer levels as risk factors for the development of ARDS and death [16,39].

The hyperactivation of the immune system, resulting in abnormal inflammation and cytokine
release syndrome, has been established as a pathogenic mechanism in the development of severe and
critical COVID-19. The effect of medications that modulate the immune response on the above-
mentioned biomarkers has been examined in multiple studies [5,33,40]. In this context, the role of
Anakinra, an interleukin-1 receptor antagonist, has been explored in numerous studies [32-35,37,41].

In the present study, the values and dynamics of the indicated biomarkers were monitored in
patients treated with Anakinra, compared to those who received standard treatment.

The analysis from Table 18 reveals the following findings regarding the dynamics of the studied
blood parameters (WBC, NLR, and CRP):

e  WBC - The dynamics of WBC significantly depend on the administration of Anakinra. In the
Anakinra group, there was a statistically significant decrease in WBC values, whereas no
dynamic changes were observed in the control group. Additionally, the Anakinra group showed
significantly lower average WBC values during the control checks on Day 3 and Day 7.

e NLR (Neutrophil-to-Lymphocyte Ratio) — Average NLR values are significantly lower in the
Anakinra group on Days 3 and 7 compared to the control group.

e  CRP (C-reactive Protein) — The dynamics of CRP (specifically the downward trend) were not
statistically significantly dependent on Anakinra administration. However, significantly lower
average CRP values were observed in the Anakinra group during the control check on Day 7
compared to the control group.

Table 18. Dynamics of Blood Parameters (WBC, NLR, and CRP) by Group, Gender, and Age.

Day of the examination

Indicator Group n 1 3 7
X SD X SD X SD

Control Group 24 7.922 4.23 8.262 3.69 8.602 4.34

WBC Anakinra 41 7.23q¢ 3.29 5.69> 2.80 6.02b¢ 2.35
P= 0.639 0.002 0.012

Control Group 24 8.272d 7.04 6.70bd 5.82 5.49¢ 4.39

NLR Anakinra 41 8.972 7.71 5.010 5.91 4.26> 4.50
P= 0.755 0.033 0.075

CRP Control Group 24  161.04= 103.51 87.75b 76.56 43.69¢ 42.28
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Anakinra 41 146.952 54.34 68.12b 62.17 17.28¢ 24.96
P= 0.978 0.206 <0.001

* - Identical letters across the horizontal rows indicate no statistically significant difference. Different
letters indicate the presence of a statistically significant difference (p<0.05).

From Table 19, the following observations are made regarding the dependence of the dynamics

of the studied blood parameters (ASAT, LDH, D-dimer, ferritin, and IL-6):

ASAT - the dynamics of ASAT are significantly influenced by Anakinra treatment. In the
Anakinra group, there is a consistent and statistically significant decrease in ASAT values
throughout the study, while in the control group, a statistically significant drop was only
observed during the control check on Day 7.

LDH - The dynamics of LDH also show a significant dependence on Anakinra treatment. In the
Anakinra group, a statistically significant decrease occurred as early as Day 3. In the control
group, a significant decrease was only observed on Day 7, and this was only when compared to
Day 3, not the baseline values.

D-dimer — The dynamics of D-dimer levels are significantly dependent on Anakinra treatment.
The Anakinra group showed a consistent and statistically significant reduction in D-dimer
levels, whereas no dynamics were observed in the control group. Furthermore, significantly (or
borderline significantly, p<0.1) lower mean D-dimer values were recorded in the Anakinra
group on Days 3 and 7.

Ferritin — There is a significant dependence of the downward trend in ferritin levels on Anakinra
treatment. The Anakinra group experienced a consistent and statistically significant decrease in
ferritin levels, while no significant changes were observed in the control group. Additionally,
borderline significantly lower mean ferritin values were noted in the Anakinra group during the
control checks on Days 3 and 7.

IL-6 — The downward trend in IL-6 levels is significantly influenced by Anakinra treatment. In
the Anakinra group, a consistent and statistically significant decrease in IL-6 was observed
throughout the study, while no significant changes were detected in the control group.
Furthermore, significantly lower IL-6 values were recorded in the Anakinra group during the
control checks on Days 3 and 7.

Table 19. Dynamics of Blood Parameters (ASAT, LDH, D-dimer, Ferritin, and IL-6).

Day of the examination

Indicator Group n 1 3 7
X SD X SD X SD
Control
24 44,082 32.62 38.04a 31.12 31.83p 17.84
Group
ASAT
Anakinra 41 45.852 26.71 41.07° 24.93 32.20¢ 16.42
P= 0.514 0.395 0.828
Control
24 337.00  115.27 317.632 122.88 284.46b  137.08
Group
LDH
Anakinra 41  343.59a 139.06 302.93p 173.60 286.83b 209.91
P= 0.930 0.135 0.324
Control
24 1.762 1.59 1.87a 1.71 1.692 1.80
Group
D-dimer
Anakinra 41 1.572 1.58 1.34b 1.91 0.96¢ 1.87
P= 0.693 0.064 0.013
Control
ferritin 24  878.182 749.52 832.092 711.07 848.72a 883.93

Group

d0i:10.20944/preprints202409.0840.v1


https://doi.org/10.20944/preprints202409.0840.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 11 September 2024 d0i:10.20944/preprints202409.0840.v1

18

Anakinra 41 = 783.422  740.26 597.65b 569.24 480.10¢ 422.31

P= 0.532 0.097 0.054
Control
24 122.652  303.71 62.99a 84.18 44.672 37.06
L6 Group
Anakinra 41  120.332 184.10 34.90p 66.79 12.37¢ 22.64
P= 0.876 <0.001 <0.001

* - Identical letters across the horizontal rows indicate no statistically significant difference. Different
letters indicate the presence of a statistically significant difference (p<0.05).

5. Conclusions

The experience from the SARS-CoV-2 pandemic, alongside the current state of infection spread
and its global consequences, demonstrates that COVID-19 remains a significant public health issue
and is likely to continue as such in the future. The findings of this study underscore the need for
ongoing research into the therapeutic effects of Anakinra, not only concerning the biomarkers
analyzed but also regarding its impact on clinical symptoms and long-term outcomes associated with
post-COVID syndrome.
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