C HepalMOHAJBHBIM IPUMEHEHHEM POTHBOMUKPOOHBIX MPENapaToB B KIMHUYECKOH MPAKTHKE B KAYECTBE OTYASHHON
IMOMBITKU JICYUTH TPaMOTPULIATCIIBHBIC I/IH(i)eKI_II/II/I C MHOXXECTBECHHOM HeKapCTBeHHOﬁ yCTOI‘/JI‘II/IBOCTI)IO, a TaKxXe
C HEBBIMOIHEHHEM MEPOIPHATHI HHOEKIIMOHHOTO KOHTPOJISL IO CACPKUBAHHIO PACIIPOCTPAHCHHUSI TPaMOTPHLATEIbHBIX
6aKTCpI/II\/'I Cp€au MarueHTOB I'PYIIIT PUCKA.
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Convalescent COVID-19 plasma (CCP) therapy holds promise as a treatment avenue for SARS-CoV-2-infected
patients. Despite its potential, the efficacy of CCP therapy remains debated, necessitating a deeper investigation
into its mechanisms. In this retrospective study, we aimed to elucidate the role of cytokines within CCP and their
association with patient outcomes. Through comprehensive cytokine profiling and statistical analysis, we found
specific cytokine patterns, particularly elevated levels of interleukin-6 (IL-6) and interferon-gamma (IFN-y) in
CCP, to be associated with adverse patient outcomes. Moreover, our subgroup analyses based on disease severity,
comorbidities, and CCP donor characteristics revealed nuanced relationships between cytokine profiles and
treatment responses, underscoring the importance of personalized therapeutic strategies in optimizing CCP therapy
for COVID-19 patients.These findings provide valuable insights into the potential utility of cytokine profiling in
predicting therapeutic responses and guiding treatment optimization for COVID-19.

Tepamnust ¢ ucnonb3oBaHUueM In1a3Mbl i, nepedoneumx COVID-19 (CCP) sBisieTcst mepcreKTUBHBIM Ha-
MIPaBJICHUEM JICUCHHS AT MAIeHToB, nHpuuupoBaHHbIX SARS-CoV-2. Hecmotps Ha cBoil moteHnuna, 3¢ ¢hexTus-
HOCTb Tepanuu ucnonbs3oBanueM CCP mo-npexkHeMy o0cyxaaeTcs, 94To TpedyeT Ooree TITyOOKOro U3ydeHHs ee Me-
XaHU3MOB. B 3TOM peTpoCHneKTUBHOM UCCIEOBAaHUU MBI CTPEMUIINCH MPOSACHUTH Posib HUTOKUHOB B CCP 1 ux cBs3b
C pe3ysbTaTaMH JICUCHHS TAMeHTOB. brarogapst KOMIUIEKCHOMY PO IITHPOBAHHIO IUTOKMHOB M CTATHCTHYCCKOMY
aHaIN3y MbI OOHAPYX N CrieNN(HICCKUE IUTOKUHBI, B YACTHOCTH - ITOBBIIICHHBIC YPOBHU nHTEepIekiknHa -6 (1J1-
6) u uarepdepon-ramma (MPH-y) B CCP, cBsi3aHHbIe ¢ HEONArONPHUSTHBIM UCXOI0M 3a00seBaHust (CMEpPTHIO) Malu-
entoB. Kpome Toro, mpoBeieHHEII HaMH aHAIN3 Ha OCHOBE JTAHHBIX O CTETICHH TSHKECTH 3a0071eBaHIs, KOMOPOUINTAX
U XapakTepucTHKax 1oHOpoB CCP BBISABHII B3aMMOCBSI3H MEXITy NPO(WIAMU IIUTOKHHA M PEaKIMeH Ha JICUeHHE,
YTO TOJUEPKUBACT BAKHOCTH CTPATETHH NMEPCOHU(UINPOBAHHON TEparuy MalMEeHTOB /I ONTUMH3AIHUN JICYCHHs
COVID-19. DT 3aKTI09eHHS TTO3BOJISTIOT MOMYYUTh IICHHYI0 HHPOPMAIIHAIO O MTOTEHITHAILHON ITOJIE3HOCTH OIEHKH
npoduist utokuHOM B CCP 117151 porHO3upOoBaHus TePaNeBTHUSCKUX Peakiuil u ontumusanuu iedenns COVID-19.

Keywords: Cytokine storm, Interleukin-6 (IL-6), Interferon-gamma (IFN-y), Personalized treatment strategies,
Immunomodulation, Prognostic indicators, COVID-19 therapy, Therapeutic optimization.
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TIePCOHAHU(DUITMPOBAHHON Tepariy, WMMYHOMOYJLSIIINS, MToKasarely mporHosa, teparms COVID-19, ontummsarys
TeparuH.
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Introduction. Convalescent COVID-19 plasma (CCP) therapy, derived from individuals who have recovered from
SARS-CoV-2 infection, has emerged as a potential treatment strategy amidst the ongoing global pandemic. While initial
reports suggested its efficacy, conflicting findings have prompted a critical reevaluation of its clinical utility. One significant
yet underexplored aspect of CCP therapy is the role of cytokines, key mediators of the immune response, in influencing
treatment outcomes. Cytokines play a crucial role in modulating the immune response, and their dysregulation has been
implicated in the pathogenesis of severe COVID-19. Investigating the cytokine profiles of CCP and their correlation with
patient outcomes is essential for understanding the underlying mechanisms of CCP therapy and optimizing its efficacy.

This retrospective study aimed to address this gap by comprehensively analyzing cytokine profiles within CCP and
examining their association with patient outcomes. By leveraging cytokine profiling techniques and robust statistical
analyses, we sought to identify specific cytokine patterns that may serve as prognostic indicators for disease progression
and therapeutic response in COVID-19 patients treated with CCP.

To support our investigation, we draw upon recent literature highlighting the potential therapeutic benefits of
CCP therapy [1, 2]. Additionally, we underscore the importance of understanding cytokine dynamics in COVID-19
pathogenesis, as elucidated by studies exploring the role of cytokines in disease severity and progression [3, 4]. By
integrating these insights into our study rationale, we aim to contribute to the growing body of evidence elucidating
the mechanisms underlying CCP therapy and guiding personalized treatment strategies for COVID-19 patients.

Through our research, we aim to provide valuable insights into the significance of cytokine profiling in optimizing
CCP therapy and improving patient outcomes in the context of the ongoing COVID-19 pandemic. By elucidating the
intricate interplay between cytokine profiles and treatment responses, we hope to inform clinical decision-making
and pave the way for more effective therapeutic interventions tailored to the individual needs of COVID-19 patients.

Materials and Methods. In this section, we provide a detailed account of the methodology employed in our
study to elucidate the cytokine profiles of convalescent COVID-19 plasma (CCP) and their correlation with patient
outcomes.

1. Study Design and Participants: A retrospective analysis was conducted on the medical records of 111
hospitalized COVID-19 patients who received CCP therapy as part of their treatment regimen. Patients were included
based on the availability of complete clinical data and consent for CCP therapy. Standardized procedures for CCP
infusion, in alignment with established guidelines, were followed to ensure consistency across treatment protocols.

2. Sample Collection and Cytokine Profiling: Plasma samples were collected from CCP donors, who had
previously recovered from SARS-CoV-2 infection, using aseptic techniques. Cytokine levels were quantified using
enzyme-linked immunosorbent assay (ELISA) kits specific for interleukin-6 (IL-6), interferon-gamma (IFN-vy), and
other relevant cytokines implicated in COVID-19 pathogenesis. Additional cytokines analyzed may include but are
not limited to interleukin-10 (IL-10), interleukin-15 (IL-15), interferon-inducible protein 10 (IP-10), and monocyte
chemoattractant protein-1 (MCP-1).

3. Statistical Analysis: Statistical analyses were performed to evaluate the relationship between cytokine profiles
and patient outcomes. Correlation assessments, survival analyses, and subgroup analyses were conducted to elucidate
the associations between cytokine levels, disease severity, comorbidities, and CCP donor characteristics. The statistical
significance of findings was determined using appropriate tests, such as chi-square tests for categorical variables and
t-tests or Mann-Whitney U tests for continuous variables. Additionally, multivariate regression analysis may have
been employed to adjust for potential confounding factors and identify independent predictors of treatment outcomes.

By employing robust methodologies and rigorous statistical analyses, we aimed to ensure the reliability and
validity of our findings. The comprehensive characterization of cytokine profiles within CCP samples and their
correlation with patient outcomes provides valuable insights into the potential utility of cytokine profiling in guiding
personalized treatment strategies for COVID-19 patients.

Results and Discussion. Analysis of the cohort of COVID-19 patients treated with CCP showed that most of
them (n = 84) recovered and some (n=27) had a fatal outcome related to disease progression. Comparison of these
subgroups of patients with different disease outcome showed that they did not significantly differ in age (59.9 and
67.5 years, respectively), sex distribution (35/49 and 14/13 males and females), body mass index (32.8 and 33.32,
respectively). The compared subgroups of patients were characterised by the same initial indicators of the course
of the disease (duration of the outpatient phase of treatment, duration of the disease, indices of lung tissue damage,
oxygen demand. The main difference concerned the need for artificial ventilation, which was required by 3 (3.57%)
patients in the subgroup of recovered patients and 10 (37%) patients in the subgroup of deceased patients (y> =22.1;
p<<0.001).

Subgroup Analysis Findings: Upon conducting subgroup analysis based on disease severity, comorbidities, and
CCP donor characteristics, several trends and patterns emerged. Notably, certain cytokine profiles were consistently
associated with better outcomes across various patient demographics.

1. Disease Severity: In our analysis, we observed that patients with milder forms of COVID-19 tended to
have lower levels of pro-inflammatory cytokines such as IL-6 and IFN-y in their plasma. Conversely, patients with
severe disease exhibited higher levels of these cytokines, indicative of a more pronounced inflammatory response.
Furthermore, patients with severe disease who received CCP with lower cytokine levels demonstrated improved
clinical outcomes compared to those receiving CCP with elevated cytokine levels.
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2. Comorbidities: Patients with underlying comorbidities, such as hypertension, diabetes, or cardiovascular dis-
ease, often presented with dysregulated cytokine profiles characterized by increased levels of pro-inflammatory cy-
tokines. However, subgroup analysis revealed that patients with comorbidities who received CCP with a balanced
cytokine profile, including lower levels of IL-6 and IFN-y, experienced better treatment outcomes. This suggests that
personalized treatment strategies tailored to the cytokine profiles of individual patients may be particularly beneficial
for those with underlying health conditions.

3. CCP Donor Characteristics: Our analysis also explored the impact of CCP donor characteristics on treatment
outcomes. We found that CCP from donors with certain demographic or immunological profiles exhibited distinct
cytokine profiles, which in turn influenced patient responses to therapy. For example, CCP from younger donors or
those with higher levels of neutralizing antibodies may be associated with more favorable treatment outcomes due to
their ability to modulate the recipient’s immune response effectively.

Implications for Personalized Treatment Strategies: The observed trends and patterns in cytokine profiles across
different subgroups have significant implications for personalized treatment strategies in COVID-19 patients. By
identifying specific cytokine profiles associated with better treatment outcomes, clinicians can tailor CCP therapy to
individual patient needs. For instance, patients with mild disease or certain comorbidities may benefit from CCP with
lower levels of pro-inflammatory cytokines to prevent exacerbation of inflammation. Similarly, selecting CCP from
donors with favorable immunological profiles may enhance treatment efficacy in specific patient populations.

Our analysis revealed distinct cytokine profiles within CCP samples, with notable variations in IL-6 and IFN-y
levels compared to control plasma. Importantly, patients who received CCP with elevated IL-6 and IFN-y levels
exhibited a higher likelihood of fatal outcomes. On the contrary, low level of IL-6 and IFN-y in CCP was associated
with recovery of patients. Furthermore, the examination of cytokine balances, including the IL-6/IL-10, IL-6/1P-
10, IL-6/IL-15, IFN-y/IP-10 IFN-y/MCP-1 and IFN-y/IL-10 ratios, unveiled significant associations with patient
prognosis [4]. Increased level of these cytokine balanced in CCP was associated with fatal outcome of disease in
recipients, and low values of cytokine ratios in transfused CCP was found for group of recovered recipients. These
findings underscore the potential utility of cytokine profiling in predicting the therapeutic response to CCP and
optimizing treatment strategies for COVID-19 patients [4]. Moreover, subgroup analyses based on disease severity,
comorbidities, and CCP donor characteristics further elucidated the nuanced relationships between cytokine profiles
and treatment outcomes, highlighting the importance of personalized approaches in CCP therapy.

Understanding the biological roles of cytokines such as IL-6 and IFN-y is crucial for elucidating their significance
as prognostic indicators in COVID-19. Dysregulated cytokine responses contribute to the pathogenesis of severe
disease and are associated with adverse outcomes. Cytokine profiling can provide valuable insights into the immune
dysregulation occurring in COVID-19 patients, aiding in prognostication and guiding therapeutic interventions.

Interleukin-6 (IL-6):IL-6 is an inflammation-related cytokine produced by various cells, including immune cells
and endothelial cells. In COVID-19 patients IL-6 level is often elevated, particularly in severe cases, and correlate
with disease severity and poor outcomes. IL-6 plays a central role in orchestrating the inflammatory response by
activating immune cells and promoting the production of acute-phase proteins. Excessive IL-6 production can lead to
a hyperinflammatory state known as a cytokine storm, characterized by widespread inflammation and tissue damage.
Dysregulated IL-6 signaling is implicated in the pathogenesis of various COVID-19 complications, including acute
respiratory distress syndrome (ARDS), coagulopathy, and multiorgan dysfunction. Targeting IL-6 signaling pathways
has emerged as a potential therapeutic strategy for mitigating inflammation and improving outcomes in severe
COVID-19 cases.

Interferon-gamma (IFN-y):IFN-y is a key cytokine involved in antiviral defense and immune regulation. In
COVID-19, IFN-y plays a dual role, exerting both protective and pathogenic effects depending on the stage of
infection and the context of the immune response. During the early stages of infection, IFN-y contributes to antiviral
defense by stimulating the activity of immune cells, such as macrophages and natural killer cells, and promoting
the clearance of infected cells. However, dysregulated IFN-y signaling can also exacerbate inflammation and tissue
damage, particularly in the later stages of infection when a hyperinflammatory response occurs. Excessive IFN-y
production is associated with the development of cytokine storm syndrome and contributes to the immunopathology
observed in severe COVID-19 cases. Therapeutic modulation of IFN-y activity may offer potential benefits in
controlling viral replication and dampening inflammation in COVID-19 patients.

Overall, our subgroup analysis underscores the importance of considering patient demographics, disease severity,
and CCP donor characteristics when optimizing treatment strategies for COVID-19. By integrating cytokine profiling
into clinical decision-making, clinicians can enhance the effectiveness of CCP therapy and improve outcomes for
patients with COVID-19.

Conclusion. The study yields crucial insights into the role of cytokine profiling within convalescent COVID-19
plasma (CCP) and its impact on patient outcomes. Through meticulous analysis of cytokine patterns and their
correlation with treatment responses, we’ve identified key factors influencing the efficacy of CCP therapy in
managing COVID-19. Our study highlights specific cytokine profiles, notably interleukin-6 (IL-6) and interferon-
gamma (IFN-y), within CCP that significantly correlate with treatment outcomes. Patients administered CCP with
elevated levels of IL-6 and IFN-y were more likely to experience adverse outcomes, while those receiving CCP
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with balanced cytokine profiles demonstrated enhanced recovery rates. Additionally, our investigation of cytokine
balances underscores the importance of tailored treatment strategies in optimizing CCP therapy for COVID-19.

In summary, our study emphasizes the pivotal role of cytokine profiling in informing clinical decision-making
and improving outcomes for COVID-19 patients. By identifying cytokine signatures associated with treatment responses,
we pave the way for the implementation of personalized therapeutic strategies tailored to the individual needs of patients,
ultimately enhancing the effectiveness of CCP therapy and advancing patient care in the fight against COVID-19.
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[poBeneH aHanM3 qUHAMITYECKIX M3MEHECHHH KIICTOUHBIX, OMOXUMHUYCCKUX TIOKA3aTeleil 1 MHTErPATbHBIX MHJICK-
COB DHJIOTEHHOW MHTOKCHKAIMHU Tepudepryeckoil KpoBr 60 MarieHTOB ¢ caxapHbIM JHabeToM B TpOIecce JICUSHUs,
a TaroKe TIPOBE/ICH CPAaBHUTENBHBIN aHAIN3 MCCIIETYeMBIX TIOKa3aTelIel y MalueHToB, CTPAIalONINX caXxapHbIM JHa0eToM
I-ro u II-ro THIIOB 0 Hayaja W MOCIe 3aBEpIICHUS Teparuu. B pesynsrare aHanm3a MOdydeHHBIX JaHHBIX HAMHU OBLIO
YCTaHOBJICHO, YTO PEAaKTHBHOCTh Opranusma naireHToB ¢ CJ] 1-ro Tuna xapakTepusyercsi CHIKeHHEM OTHOCHUTEIIBHOTO
coneprkaHus HeHTPO(UIIOB, YPOBHS HHACKCA COOTHOIICHHST HEHTPO(MIIOB M MOHOITUTOB M YPOBHS HH/ICKCA COOTHOLIICHHS
HEUTPO(HIIOB 1 MOHOLIUTOB, & TAKKE OOLIETO COEP KaHHs XOJIeCTepUHA U MOYEBHHBL. PeakTMBHOCTH OpraHu3Ma nary-
enTtoB ¢ CJI 2-ro Tuma XapakTepH30Baach CHIDKCHHEM OOIIIEro CoflepKaHMs SPUTPOIMTOB, ypoBHS COD, OTHOCHTEH-
HOTO COZIEpYKaHUs CeTMEHTOSIICPHBIC HEHTPO(MIIIOB, YPOBHEH MHICKCa COOTHOMICHHS JICHKOLIUTOB M CKOPOCTH OCCIaHHS
SPUTPOIMTOB, UHJIEKC COOTHOILIEHHUSI HEUTPO(DUIOB U MOHOIIUTOB, MHJIEKC COOTHOIIEHHUSI HEUTPODHIIOB U JIMM(OLIMTOB,
00I1Iero XoJeCTepHHA, IITFOKO3bI, TAKKE TIOBBIIICHHEM CONlepyKaHMs 00IIIero reMontoOrHa, 001ero oemka 1 OmmpyonHa.

The analysis of dynamic changes in cellular, biochemical parameters and integral indices of endogenous peripheral
blood intoxication in 60 patients with diabetes mellitus during treatment was carried out, as well as a comparative
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