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Abstract: The objective of our study was the analysis of using immunosuppressive therapy in patients with COVID-19 at the Clinic of the 
Bashkir State Medical University. 
Material and methods — We conducted the analysis of clinical and laboratory parameters of inflammatory response in 322 patients with 
COVID-19 who received tocilizumab, baricitinib, high doses of dexamethasone, or standard therapy. 
Results — There was an increase in the levels of leukocytes (p=0.04) and neutrophils (p=0.002) in patients receiving tocilizumab, compared 
with standard therapy, on days 5 and 10 of a hospital stay. The level of C-reactive protein was initially elevated in all patients, but by day 5 
of hospitalization it was significantly higher in patients treated with tocilizumab and baricitinib (p=0.0019 and p=0.013, respectively), 
compared with high-dose glucocorticoid therapy and standard treatment, against which the normalization of parameter values was noted. 
The neutrophil-to-lymphocyte ratio increased in the group of patients receiving tocilizumab and high-dose glucocorticoid therapy on day 5 
of hospitalization (p=0.017 and p=0.004). When assessing the dynamics of pneumonia, based on computed tomography data, the median 
of changes exhibited an increase in the volume of lung damage in all groups, compared with the baseline level. 
Conclusion — Tocilizumab in the form of monotherapy effectively reduced inflammation, while the efficacy of baricitinib for stopping the 
cytokine storm in monotherapy was insufficient. Based on CT data, both target drugs did not stop the progression of lung lesions on day 5.  
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Introduction  

In 2019, a new species of virus, severe acute respiratory 
syndrome coronavirus type 2 (SARS-CoV-2), triggering COVID-19 
disease, has been detected in Wuhan, China. This virus can cause 
both mild asymptomatic forms of the disease and severe course, 
accompanied by the cytokine storm, development of acute 
respiratory distress syndrome (ARDS), and multiple organ failure 
[1]. The unfavorable outcome of the COVID-19 disease largely 
depends on the forcefulness of the immune response, in 
particular, on excessive release of circulating proinflammatory 
cytokines: IL-1, IL-2, IL-6, IL-10, TNF-α and interferon gamma (IFN-
γ) [2, 3] significantly correlate with the severity of the disease [4], 
the frequency and degree of lung damage [5], the development of 
multiple organ failure. Consequently, immunosuppressive therapy 
is an important part of the pathogenetic therapy of severe forms 
of COVID-19. At this stage, the main groups of medicamentous 
drugs are: glucocorticosteroids (GCS) (methylprednisolone, 
dexamethasone, hydrocortisone), and also targeted therapy: a 
type of molecular medicine carried out via interfering with the 
action mechanism of specific (target) molecules by interrupting 
some metabolic pathway. Since most medicines for targeted 
therapy are biopharmaceuticals, the term biological (genetically 
engineered) therapy is sometimes synonymous to targeted 
therapy. The main representatives of targeted therapy drugs for 

the cytokine storm are JAK-kinase (aka Janus kinase) inhibitors 
(baricitinib, tofacitinib), IL-6 inhibitors (tocilizumab, olokizumab, 
levilimab, sarilumab), and IL1β inhibitors (canakinumab). Published 
sources describe the results of using these drugs, but they are 
quite controversial [6, 7, 8]. 

The objective of this study was to analyze the dynamics of a 
complete blood count, C-reactive protein level, and CT of the chest 
organs in various options of immunosuppressive therapy of 
patients with COVID-19 at the Clinic of Bashkir State Medical 
University (BSMU).  

 

Material and Methods 

Patients  

We distributed 332 patients (mean age 57,01±1,6 years) of the 
COVID hospital at BSMU Clinic between four groups depending on 
received therapy: Group 1 (receiving high doses of 
dexamethasone, n=70), Group 2 (receiving tocilizumab, n=13), 
Group 3 (treated with baricitinib, n=21), and Group 4 including 
patients undergoing standard therapy (control, n=228). The 
characteristics of these groups are presented in Table 1, along with 
the results of the analysis of studied parameters in formed groups, 
compared with the standard therapy group. The exclusion criteria 
for our study were: history of thrombophlebitis, latent 
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tuberculosis infection, HBV or HCV infection, current bacterial 
infection, pregnancy, lactation, intake of oral contraceptives, 
previous (over the last 5 years) or current malignant neoplasms, 
neutrophil count <109/L, lymphocyte count <0.2×109/L, platelet 
count <50×10 9/L, and transaminase content exceeding fourfold 
upper normal limit. The study was conducted in compliance with 
the guidelines of the Declaration of Helsinki, and was approved by 
the Ethics Committee of Bashkir State Medical University (Protocol 
11, of 07 November, 2020). 

 

Analysis of clinical parameters  

Hematological parameters were analyzed using an automated 
analyzer, CELL-DYN Sapphire (Abbot, USA). Biochemical 
parameters were examined using an automated analyzer, CA-800 
(Furuno Electric Co. Ltd., Japan). Computed tomography was 
conducted using Optima CT660 device (General Electric, USA). 
COVID-19 diagnosis was confirmed by real-time polymerase chain 
reaction (RT-PCR) (Vector-Best COVID-19 RT-qPCR kit, Russia) of 
viral nucleic acids from throat swab specimens. 

 

Treatment  

All patients received curative treatment with 
hydroxychloroquine or lopinavir/ritonavir according to the 
recommended regimens (at the time of treatment, these were 
Interim Guidelines, “Prevention, Diagnosis and Treatment of a 
New Coronavirus Infection (COVID-19)”, version 7 of 06.03.2020, 
Russian Federation), dexamethasone at a dosage of 8 mg/day, 
anticoagulants and antibiotics according to indications. 
Tocilizumab dosage was 8 mg/kg intravenously x 1 dose (maximum 
of 800 mg). Dexamethasone was prescribed at a dose of 20 mg 
twice a day intravenously for 3 days, then the dose was reduced by 
50% every 3 days until complete withdrawal (off-label), and 
baricitinib was introduced at a dose of 4 mg once a day for 7-14 
days. To evaluate the effectiveness of treatment, the following 
tests were performed: blood test with determination of the 
number of leukocytes starting on day 1 and then every 5 days, 
biochemical blood test (C-reactive protein, CRP), CT scan of the 
chest on days 1 and 5.  

 

 

Table 1. Characterization of the study groups  
Group 1 (n=70) Group 2 (n=13) Group 3 (n=21) Group 4 (n=228) 

Age, years 57.07±2.70 p=0.230 59.1±9.4 p=0.531 59.4±6.6 p=0.336 57.6±1.9 
Male, n (%) 29 (42) p=0.514 6 (43) p=0.847 9 (43) p=0.514 103 (45) 
Outpatient treatment, days 7.55±0.97 p=0.332 6.1±1.3 p=0.416 6.8±2.3 p=0.811 8.1±1.0 
Duration of hospital stay, days 12.67±1.46 p=0.112 16.5±2.6 * p=0.024  18.1±2.25 * p=0.017  11.8±0.5 
Artificial lung ventilation, n (%) 4 (5.71) p=0.356 4 (30.77) * p=0.041  2 (9.52) p=0.411 20 (8.77) 
Intensive care unit, n (%) 7 (10) p=0.844 4 (30.77) * p=0.029  6 (28.57) * p=0.035 22 (9.65) 

* – statistically significant difference yielded by the comparison with Group 4. 

 

Table 2. Results of laboratory tests in the study groups 

Parameter Day of hospitalization Group 1 Group 2 Group 3 Group 4 

Leukocytes, 106/L 
1 4.80 [3.40; 6.80], p=0.215 5.39 [3.40; 6.50], p=0.226 4.60 [3.40; 6.60], p=0.451 5.11 [3.80; 7.10] 
5 8.74 [6.75; 13.28], p=0.665 11.30 [7.00; 13.80], p=0.04 8.70 [5.81; 13.70], p=0.298 7.85 [5.85; 9.95] 

10 8.06 [6.55; 12.33], p=0.925 9.50 [7.30; 12.20], p=0.511 9.06 [6.06; 11.63], p=0.322 7.36 [5.70; 10.65] 

Neutrophils, % 
1 72.10 [58.70; 78.00], p=0.215 63.60 [61.20; 75.70], p=0.502 71.70 [60.30; 82.80], p=0.499 70.90 [61.13; 78.15] 
5 78.05 [68.95; 84.10], p=0.008 83.00 [79.10; 89.20], p=0.002 79.50 [68.20; 85.40], p=0.014 71.75 [60.83; 80.35] 

10 73.60 [60.58; 76.93], p=0.225 83.40 [63.00; 87.20], p=0.622 67.40 [62.00; 78.95], p=0.615 67.10 [58.60; 80.30] 

CRP, mg/L 
1 32.30 [12.60; 51.40], p=0.537 52.10 [23.50; 68.90], p=0.630 38.80 [15.00; 78.90], p=0.220 26.85 [6.00; 67.95] 
5 5.00 [3.00; 30.00], p=0.250 54.00 [15.10; 70.60], p=0.0019  16.60 [11.60; 52.00], p=0.013 6.00 [3.00; 27.70] 

10 4.00 [2.00; 9.30], p=0.884 10.20 [3.00; 49.8], p=0.174 22.00 [4.00; 71.20], p=0.023 4.00 [1.99; 15.13] 

Neutrophil-to- 
lymphocyte ratio  

1 3.22 [1.84; 4.65], p=0.302 2.06 [1.82; 4.35], p=0.911 2.91 [1.82; 6.80], p=0.548 2.92 [1.90; 4.70] 
5 4.89 [3.19; 7.15], p=0.004 5.73 [3.67; 15.37], p=0.017 4.73 [3.43; 7.76], p=0.207 3.44 [1.89; 5.88] 

10 3.76 [2.00; 4.70], p=0.328 6.67; [1.37; 11.13], p=0.281 3.19 [2.25; 4.83], p=0.460 2.66 [1.82; 5.08] 

Lymphocyte-to-
CRP ratio 

1 0.51 [0.26; 0.95], p=0.814 0.69 [0.46; 1.18], p=0.328 0.44 [0.16; 1.25], p=0.544 0.51 [0.25; 1.35] 
5 0.45 [0.14; 0.86], p=0.524 0.25 [0.09; 1.14], p=0.537 0.65 [0.19; 1.83], p=0.297 0.48 [0.16; 1.16] 

10 0.93 [0.10; 1.87], p=0.544 0.11; [0.15; 0.65], p=0.299 0.61 [0.32; 0.83], p=0.805 0.60 [0.20; 1.73] 

CRP, C-reactive protein. p-level – statistically significance for difference yielded by the comparison with Group 4. 

 

Table 3. Dynamics of lung damage based on CT data 

Study groups Deterioration on day 5, n (%) No deterioration on day 5, n (%) Day of hospitalization Lung damage, % P 

Group 1  17 (24.29) 53 (75.71) 
1 48.00 [40.00; 60.00] 

0.438 
5 48.00 [42.00; 60.00] 

Group 2 6 (46.15) 7 (53.85) 
1 52.00 [44.00; 68.00] 

0.157 
5 64.00 [55.00; 69.00] 

Group 3 12 (57.14) 9 (42.86) 
1 48.00 [40.00; 60.00] 

0.030 
5 60.00 [51.00; 68.00] 

Group 4 43 (18.86) 185 (81.14) 
1 44.00 [32.00; 56.00] 

0.268 
5 48.00 [36.00; 56.00] 
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Data processing 

Statistical data processing was carried out using Statistica 12 
software and Microsoft Excel. The normality of data distribution 
was examined by using Kolmogorov-Smirnov test. Quantitative 
data are presented as median with lower and upper quartiles – Me 
[LQ; UQ]. Intergroup differences were assessed using the Mann-
Whitney U test and Fisher’s exact test, at a threshold significance 
level of p=0.05. 

 

Results 

In all study groups, a complete blood count and serum C-RP 
level were identified during hospitalization, on days 5 and 10 of 
inpatient treatment. The results are presented in Table 2. 

There were no significant differences in the leukocyte content 
in all groups after analyzing the level of leukocytes on the first day 
of hospitalization: their number corresponded to the physiological 
norm for adults. By day 5 of a hospital stay, there was an increase 
in the level of leukocytes in patients of Groups 2 and 3 above the 
reference values; for the tocilizumab group, this increase reached 
statistical significance, compared with the control group (p=0.04). 
By day 10 of treatment, normalization of the leukocyte content 
was confirmed in all groups. The relative number of neutrophils 
was initially within the reference range in all groups, increasing to 
the maximum in the tocilizumab group by day 5 (p=0.002).  

CRP content was slightly higher in the tocilizumab and 
baricitinib groups (52.10 mg/L and 38.80 mg/L, correspondingly) 
versus the control group (26.85 mg/L and dexamethasone (32.30 
mg/L), but the differences were not statistically significant. This 
can be explained by the indications for the appointment of 
targeted therapy (an initially higher level of CRP). However, on day 
5, in the level of CRP was higher Groups 2 and 3 (54.00 mg/L and 
16.60 mg/L, respectively) than in the control group (p=0.0019 and 
p=0.013, correspondingly), and remained such on day 10 of 
therapy in the baricitinib group (1800, p=0.023), compared with 
Groups 1 and 4 (4.00 mg/L in each), in which the normalization of 
this parameter took place already on day 5 of hospitalization. 
Comparison of the neutrophil-to-lymphocyte and lymphocyte-to-
CRP ratios on the first day yielded no differences. On day 5, we 
observed an increase in the neutrophil-to-lymphocyte ratio in 
Groups 1 and 2 (6.67, p=0.004 and 5.73, p=0.017), compared with 
the control group. No intergroup differences in lymphocyte-to-CRP 
ratio were detected. 

When evaluating the dynamics of pneumonia, based on 
computed tomography, the criterion for the effectiveness of 
therapy was the absence of an increase in the extent of lung tissue 
damage. The highest percentage of lung damage on the CT picture 
was observed in Group 3, acquiring statistical significance (p=0.03), 
which could be associated with both initially more pronounced 
inflammation and ongoing therapy. Overall, none of the treatment 
regimens led to a decrease in the extent of lung damage on day 5 
of treatment (Table 3). 

 

Discussion 

The data on the effectiveness of tocilizumab in the treatment 
of cytokine storm is conflicting and still being studied. Tocilizumab 
is a humanized monoclonal antibody that recognizes soluble and 
membrane-bound forms of the IL-6 receptor. Excessive stimulation 
of the immune response leads to excessive release of IL-6, 
responsible for a number of events leading to organ damage and 

deterioration of the general clinical condition of the patient. IL-6 is 
a pleiotropic cytokine with several immunological activities. It 
plays a role in the differentiation of mature B lymphocytes into 
plasma cells and (in combination with TGF-β) induces the triggers 
the production of acute phase proteins, such as C-RP, fibrinogen, 
serum amyloid A, and hepcidin. In the bone marrow, IL-6 
stimulates the maturation of megakaryocytes into platelets and 
the activation of hematopoietic stem cells [9] produced by 
fibroblasts and activated macrophages, exerting a profibrotic 
effect in various organs, such as lungs, skin, and liver [10]. 
Tocilizumab inhibits signaling, mediated by IL-6, causing effective 
suppression of the immune system [11], which, according to some 
researchers, reduces the extent of lung damage shown by CT. It 
also normalizes oxygen saturation level in the blood, CRP, and the 
number of lymphocytes in the majority of patients [7]. However, 
some authors ignored the benefits of tocilizumab therapy and 
provide data on a higher incidence of secondary infection, which 
complicates the course of viral pneumonia and leads to an 
increase in a hospital stay duration [12]. In our study, patients 
treated with tocilizumab experienced a significantly slower 
decrease in C-RP levels and regeneration of lung tissue damage. 
The relative number of neutrophils and neutrophil-to-lymphocyte 
ratio were also elevated, which characterized activity of 
inflammation and also the extent of lung damage and disease 
progression in general [13], thereby playing the role of a predictor 
of an unfavorable outcome [14]. This can be interpreted as a 
secondary bacterial infection caused by immunosuppression or a 
possible response to the drug per se. 

Of interest is baricitinib, an oral reversible selective JAK1/JAK2 
inhibitor. As part of the intracellular signaling pathway, JAK kinases 
phosphorylate and activate STATs (signal transducers and 
transcription activators), which in turn activate gene expression in 
the cell. JAK-STAT is a major cytokine-regulated signaling pathway, 
critical for triggering innate immunity, driving adaptive immune 
mechanisms, and limiting inflammatory and immune responses 
[15]. Via blocking JAK1/JAK2, baricitinib intracellularly suppresses 
proinflammatory signal of several cytokines, such as IFN-α, IFN-γ, 
IL-1β, IL-6, IL-12, IL-18, IL-33, and TNF-α [16]. On the one hand, this 
results in immunosuppression; on the other hand, having an 
affinity for AAK1 (adapter-associated kinase type 1) or AMP-
activating kinase 1 and cyclin-G-associated kinase [17], it inhibits 
the clathrin-dependent pathway of endocytosis, which prevents 
the penetration of the virus into cells [18]. Some studies noted a 
faster elimination of the virus from the patient’s body in the 
baricitinib subjects by taking swabs from the nose and throat, a 
decrease in the number of transfers to the ICU, and a reduction in 
the hospital stay duration [19, 20], compared with the control 
group. Our results implied that monotherapy with baricitinib did 
not provide a reduction in C-RP level to normal values on day 5 
and did not stop the progression of lung damage sensu CT. It is 
noteworthy that Interim Guidelines, “Prevention, Diagnosis and 
Treatment of a New Coronavirus Infection (COVID-19)”, version 8 
of 09/03/2020 and subsequent versions), baricitinib was excluded 
as a medication for monotherapy and treatment of severe forms 
of the disease [21]. Glucocorticosteroids (GCS) are widely used to 
treat acute and chronic inflammatory diseases, such as 
rheumatoid arthritis, inflammatory bowel disease, multiple 
sclerosis, etc. Besides, GCS is frequently prescribed to prevent 
graft-versus-host immune reaction after organ transplantation, 
and in some cases – cancer types, such as lymphoma [22]. 
However, GCS have a number of undesirable side effects, including 
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impaired glucose tolerance and insulin resistance, osteoporosis, 
muscle and skin atrophy, arterial hypertension, glaucoma, delayed 
wound healing, and mental disorders (e.g., insomnia and 
depression) [23]. Use of corticosteroids in COVID-19 treatment 
regimens was described with caution: only after the completion of 
the large controlled British study, RECOVERY, dexamethasone at a 
dosage of 6 mg per day was included in standard treatment 
regimens. According to the results of this study, dexamethasone 
alone significantly reduced mortality in patients with COVID-19, 
but increased mortality in patients who did not require oxygen 
therapy and artificial ventilation [24]. This conclusion was 
supported by a number of authors, especially those focusing on 
potentially positive effects of dexamethasone on ICU patients and 
treatment of ARDS [25]. However, in a single-center retrospective 
study of 256 ICU patients by Monil Majmundar et al., 
corticosteroid treatment was associated with a significantly lower 
risk of ICU admission, intubation, or hospital death [26]. 
Undesirable effects of corticosteroids were also noted, such as 
decelerating the elimination of the virus [27] and introduction of a 
secondary infection. According to published sources, 
corticosteroids could cause neutrophilic leukocytosis [28]. 
However, in our study, there were no significant differences in the 
level of leukocytes between the group of patients who received 
high doses of corticosteroids and the control group.  

 

Conclusion 

Hence, the results of our study revealed insufficient 
effectiveness of baricitinib in monotherapy of patients at the stage 
of cytokine storm. Medicines in targeted monotherapy did not 
stop the increase in the percentage of lesions according to lung CT. 
C-RP is a sensitive marker, along with the neutrophil/lymphocyte 
ratio, that can be used as an indicator of poor outcome and 
progression of COVID-19. 

 

Study limitations 

The limitations of our study include relatively small sample of 
patients, lack of long-term control over the state of the studied 
parameters, and significant differences among study subjects in 
compiled groups in a number of parameters, such as duration of 
hospitalization and need of treatment at the intensive care unit. 
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