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CHANGES IN BLOOD LEVELS OF IL1 FAMILY CYTOKINES IN PATIENTS WITH ESSENTIAL HYPERTENSION
AFTER HAVING COVID-19
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Pathogenetic progression mechanisms in the SARS-CoV-2-essential hypertension (EAH) system are more complex than interaction at the level of angiotensin-
converting enzyme 2 (ACE2). The study was aimed to assess the dynamic changes of the IL1 members (IL18, IL1a, IL1ra, IL18, IL18BP, IL37) blood levels in patients
with EAH 10, 30, and 180 days after having COVID-19 in order to define cytokine-mediated mechanisms of EAH progression during the period following infection.
The study involved four groups of patients: with a history of EAH and COVID-19 (pneumonia/no pneumonia), with a history of COVID-19 (pneumonia/no pneumonia)
and no EAH. Cytokine levels were determined by enzyme immunoassay. The study results demonstrate the prolonged proinflammatory immune response during
the period following infection in patients with EAH (retaining higher levels of IL18, IL1a, and IL18 on days 10, 30, and 180 after recovery (p < 0.001) compared to
levels measured prior to SARS-CoV-2 infection). In the group with no EAH, the balance of assayed cytokines was restored on day 30 of follow-up. The two-fold
increase of blood IL18 levels in patients, having a history of EAH and COVID-19 and showing no increase in the IL18BP levels after 30 days of follow up compared
to the values measured prior to infection, is associated with cardiovascular complications occurring during the first six months of follow-up. This makes it possible
to hypothesize the importance of these immunoregulatory peptides for the pathogenesis of complications and enhances the relevance of further scientific research.
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W3MEHEHWE COOEP>XAHUNA LIMTOKWHOB CEMEWCTBA IL1 B KPOBU BOJIbHbIX 3CCEHLMANBHON
FMNEPTEH3UNEN NOCHE COVID-19
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MexaHnam naToreHeTnHecKoro yTsbkeneHns B cucteme SARS-CoV-2-acceHumanbHom runepteHsnm (QAN) HocUT Bonee CNOXKHbBIN XapakTep, Y4eM B3aMMOAeNCTBIE
Ha ypOoBHE aHrMoTeH3uHMNpeBpallatoLlero depmerTta 2 (ACE2). Llenbto vccnenoBaHust 6bi1o NMpoaHanmsnpoBaTh AMHAMUKY COAEPXKaHVs NpeacTaBuTeneit
cemenctaa L1 (IL1B, IL1a, IL1ra, IL18, IL18BP, IL37) B kpoBu 60nbHbIX DA HYepes 10, 30 1 180 gHeit nocne COVID-19 ans onpegeneHyst LUTOKVHONOCPe0BaHHbIX
3BeHbEB NporpeccupoBaHns DAl B NOCTUHMDEKLMOHHOM Nepuoae. B nccnegoBaHmnm yHacTeoBanm YeTbipe rpynnbl naupueHToB: ¢ QA n COVID-19 B aHamHese (C
nHeBMoHMen/6e3 nHeBMoHuY), ¢ COVID-19 B aHamHese (C nHeBMOHMen/6e3 nHeBMmoHMM) 6e3 SAI. CoaepykaHne LIMTOKMHOB onpeaensnm MMMyHOMepMeHTHbIM
MeTofdoM. [NonydenHble pedynsTaTtsl AEMOHCTPUPYHOT MPOMOHMMPOBAHHbIN XapakTep NMPOBOCHAMTENBHOMO VMMYHHOIO OTBETA B MOCTUHMEKLWIOHHOM Nepunoae
y 60onbHbIX ¢ DAl (CoxpaHeHue 6onee Bbicokux yposHen IL1B, IL1a, IL18 Ha 10-i, 30-1 1 180-11 aHW nocne BbiI3noposneHns (o < 0,001) npu conoctasneHnn ¢
neproaoM Ao nHunumposarns SARS-CoV-2). B rpynne 6e3 DAl BbisiBNEHO BOCCTaHOBMEHWE GanaHca aHanM3npyemMbiX LMTOKMHOB K 30-My AHIO HAOMOAEHS.
[BykpaTHOe yBennderne cogepxanmns IL18 B kpom naumeHTos ¢ DA 1 COVID-19 B aHaMHe3e Ha doHe oTcyTcTBms pocTa IL18BP yepes 30 gHeit Habnonerns
NPy CPaBHEHUM C AONHMEKLMOHHBIM MEPVOAOM aCCOLMMPYETCS C Pas3BUTUEM CEPAEHHO-COCYANCTLIX OCIOXHEHUI B MEPVOA C MEPBOro MO LLECTON MecsL|
HabMoAeHVs, YTO MO3BONSET BbIABUHYTb MMMOTE3Y O 3HAYMMOCTU AaHHbIX UMMYHOPErynsSTOPHbBIX MEnTUAOB B MaTOreHe3e OCNOXHEHUA U akTyanuavpyet
[aNbHENLLNIA HAYyHHbIA MOUCK.
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During the pandemic the efforts of healthcare workers and
researchers are more broadly focused on combating the infection
with SARS-CoV-2 and the acute mortality reduction. However,
there have been increasing reports on the importance of the
“long COVID-19” investigation [1]. It is important to consider
the delayed effects of SARS-CoV-2 realized through imbalance
of cytokine-mediated vectors, underlying the progression of a
number of cardiovascular disorders during the period following
infection, and the increased risk of complications [2, 3]. The data
are discussed, showing links between various types of ARVI
and a higher rate of subsequent cardiovascular complications
[4, 5]: up to four times higher during the first 30 days, and
1.5 times higher over the years, especially in people with arterial
hypertension (AH) [6]. The long-term monitoring of patients with
SARS-CoV-2 demonstrates the development of cardiovascular
complications and metabiomic alterations during the period
following infection, however, these data are scarce and require
revision in terms of SARS-CoV-2. In addition to the conclusion
that individuals with AH may be more susceptible to COVID-19
and are characterized by more severe course of the disease
[7, 8], the literature also reports that the SARS-CoV-2 infection
may trigger both the progression of pre-existing pathological
process, and the initiation of different pathological process [3].

Understanding of the relationship between COVID-19 and
chronic disorders is important for management of patients
with comorbidities during the period following infection. The
pathogenetic progression mechanisms in the SARS-CoV-2—
essential hypertension (EAH) system are more complex than
interaction at the level of ACE2. Considering the significance if
cytokine-mediated vectors in the EAH pathogenesis, there is a
decent chance for alteration of the immune regulation principles
associated with hypertension progression after having
COVID-19. Immune system is a target for SARS-CoV-2 along
with the respiratory system [9], however, currently there is little
information on the dynamic changes in the immunoregulatory
peptides during the period following the COVID-19 infection.
COVID-19 is a novel infectious disease, which explains the
scientific community declaration of the importance of acquiring
more information about delayed complications in patients with
chronic neurological and cardiovascular disorders after SARS-
CoV-2 infection, as well as about the role of immunoregulatory
peptides in the pathogenesis of such complications [10]. The
IL1 family members (IL1B, IL1a, IL1ra, IL18, IL18BP, and IL37)
involved in COVID-19 [2, 11-12] are considered significant
factors of endothelial dysfunction progression and vascular
remodeling, both due to alteration of the balance within the
vasopressor and vasodilator system, and due to reprogramming
of matrix metalloproteinases synthesis [13-15].

The study was aimed to assess the dynamic changes of
the IL1T member (IL1B, IL1a, IL1ra, IL18, IL18BP, IL37) levels in
peripheral blood serum of patients with EAH 10, 30, and 180
days after having COVID-19 in order to define the cytokine-
mediated mechanisms of potential EAH progression during the
period following infection.

METHODS

The assessed data were obtained during phase 3 of the open
non-randomized prospective study “Cytokines in Pathogenesis
and Diagnosis of EAH” launched in 2008. In the course of the
study the four groups of patients were formed, the patients
were taken from the database of people with stage 2 EAH
(402 people) followed up for 10 (7.5-12.3) years (complex
functional, clinical and biochemical examination, which included
assessment of levels of 32 cytokines, was performed in 2008,

2013, and in January—-February 2020): group 1 — patients with
stage 2 EAH having a history of COVID-19 without pneumonia;
group 2 — patients with stage 2 EAH having a history of SARS
CoV-2-associated pneumonia; group 3 — individuals without
EAH having a history of COVID-19 without pneumonia; group
4 — individuals without EAH having a history of SARS-CoV-2-
associated pneumonia (groups 3 and 4 included generally
healthy individuals (no hypertension), who were followed
up for a long time (154 people) within the framework of the
study and were comparable both by age and major clinical
and biochemical characteristics). Inclusion criteria: stage 2
EAH; relatively similar antihypertensive therapy prior to SARS-
CoV-2 infection (ACE inhibitors and/or thiazide diuretics); age
60-65; relatively similar levels of total cholesterol, lipoproteins,
triglycerides, glucose prior to SARS-CoV-2 infection; waist
circumference less than 102 cm in men and less than 88 cm
in women, BMI < 25 kg/m?2. Exclusion criteria: history of
associated clinical conditions at the start of phase 3 of the
study (acute cerebrovascular event, myocardial infarction (M),
angina pectoris, coronary revascularization), kidney failure, type
1 or type 2 diabetes mellitus, autoimmune disorders, allergic
diseases, symptomatic arterial hypertension, alcohol or drug
addiction, smoking, patient’s refusal to participate in the study
on along term basis. The comparison group included generally
healthy individuals with systolic blood pressure (SBP) of
100-130 mm Hg and diastolic blood pressure (DBP) of 70-89 mm Hg.

An essential aspect of the reported study design is the
availability of data on the surveyed patients’ cytokine status
prior to SARS-CoV-2 infection (January—February 2020).

The diagnosis of COVID-19 was established in accordance
with the up-to-date interim guidelines for prevention, diagnosis
and treatment of the novel coronavirus infection COVID-19
based on the PCR test results (hereinafter PCR test for detection
of SARS CoV 2 RNA), as well as the detection of IgM and IgG
anti-SARS CoV 2 immunoglobulin level dynamic changes. Two
clinical variants were reported in patients: ARVI or pneumonia
with no respiratory failure (mild or moderate course). The
patients received relatively similar therapy in accordance with
the guidelines valid at the time of the therapy (May-October
2020). The fasting blood sanpling was performed at 8 a. m.
10, 60, and 180 days after two negative PCR tests. Blood
underwent centrifugation; the separated serum was stored in
the labeled tubes at a temperature of —30° C for a period not
exceeding 45 days. The levels of IL1B, IL1«a, IL1ra, IL18, IL18
BP, and IL37 were assessed using enzyme immunoassay in
the laboratory of the Department of Immunology, Microbiology,
and Virology (Laboratory of Microbiology and Immunology,
unlimited license Ne 13.01.04.0001./1.000005.06.11) by
certified specialists, who used the Personal Lab TM platform
for microELISA testing (Adaltis; Italy). The test systems had
adequate sensitivity and specificity: IL1 (eBioscience (Bender
MedSystems), measurement range — 0.3-250 pg/mL; IL1a
(eBioscience (Bender MedSystems), measurement range —
1.06-100.0 pg/mL; IL1ra (eBioscience (Bender MedSystems),
measurement range — 30-7,000 pg/mL; IL18 (eBioscience
(Bender MedSystems), range — 9-5,000 pg/mL; IL18BP (R&D
Systems, USCN Life Science), range — 0.51-100 ng/mL); IL37
(Fine Biotech), range — 31.2-2,000 pg/mL.

Telephone interviews were conducted monthly in order
to detect cardiovascular complications with subsequent
verification of information in the medical institution responsible
for management of the patient.

Statistical processing of the data was carried out using
the Statistica 13.5 software (StatSoft; USA). The data were

presented as median (Me) and percentiles (Q,..~Q, .. Data
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Table 1. Comparison of serum cytokine levels (pg/mL) in patients with stage 2 EAH prior to COVID-19 and 10, 30, and 180 days after recovery (Me [Q,.-Q,])
Patients with stage 2 EAH and COVID-19
no pneumonia (n = 53 people) pneumonia (n = 41 people)
before COVID-19 10 days after 30 days after 180 days after before COVID-19 10 days after 30 days after 180 days after
1 2 3 4 5 6 7 8
IL1B 18.7 [13.2-22.1] | 23.9 [20.1-26.4]"' | 19.6"2[13.9-20.8] 25.7 [14.8-31]13 19.3 [14-21.3] 37.8"2.4 [34.3-39.1] | 30.2*35'0[26.7-38.4] | 42.3 [33.4-47.2]557
IL1a 13.2[10.6-15.5] | 16.9 [12.6-19.1]" | 14.4[11-16.6]"2 18.3[13-23.4]"'2% | 20.7 [13.1-22.7]"' | 26.7 [18.1-31.8]2% 31.1[25.7-33.4]%5¢ | 35.6[29.3-38.1]567
IL1ra 698 [602-754] 750 [665-812]A1 690 [508-787]*2 984 [733-1187]*123 612 [524-690]"" 645 [572-735]*2 602 [518-720]* 621 [503-668]*
IL18 301 [243-352] 399 [243-420]7" 411 [270-452]1 412 [264-436] *! 394 [321-658] "1 460 [345-732]A25 479 [345-532]*¢5 474 [387-609]*1145
IL18 BP | 5980 [5311-6720] | 7900 [7132-8640] | 8190*1[7243-8930] | 7870*1 [5311-6720] | 5110*'[4963-6265] | 4960*[4872-6120] | 5230* [4850-6334] | 4890* [4730-5970]
IL37 65.7 [54.7-68.9] 68.3[51.2-72.4] 64.9 [57.2-75.1] 88.3 [76.4-94.4]"12% | 52.7 [48.1-60.3]"" | 51.3 [44.2-55.1]"2 52.1 [46.3-56.7]" 49.7 [45.4-55.3]"
Note: * — significance level p < 0.001, * — p < 0.01, ' — p < 0.05 (the Wilcoxon test was used for related samples, and the Mann-Whitney U-Test was used for

independent samples).

distribution was different from the Gauss-Laplace distribution,
therefore, the Wilcoxon test was used for comparison of
dependent samples, and the Mann-Whitney U-Test was used
for comparison of independent samples.

RESULTS

Prior to SARS-CoV-2 infection, the patients with stage 2 EAH
were characterized by higher IL13, IL1a, IL18, IL18BP, and
IL37 levels in peripheral blood serum compared to generally
healthy individuals (p < 0.001) (Tables 1 and 2). After having
COVID-19, the different quantitative and qualitative indicators,
reflecting dynamic changes of blood IL1B3, IL1a, IL1ra, IL18,
IL18BP, and IL37 levels, were measured in patients with stage 2
EAH compared to patients who had been infected with SARS-
CoV-2 but had no EAH. Thus, in individuals with stage 2 EAH,
regardless of the COVID-19 form (pneumonia/no pneumonia),
higher levels of proinflammatory IL1 family members (IL18,
IL1a) were observed 10 days after the second negative PCR
test compared to the period prior to infection (p < 0.001; see
Table 1). Among patients with no hypertension, this pattern was
limited to individuals with SARS-CoV-2-associated pneumonia.
Furthermore, blood levels of IL1B, IL1a in this category of
patients were back to normal (the levels measured prior to
infection were achieved) on day 30 after recovery and remained
the same after 6 months (see Table 2). Among patients with
EAH, the decrease in IL1B and IL1a levels compared to data
obtained on day 10 after recovery was also observed, however,
the levels measured prior to infection were not achieved in the
group of patients having a history of EAH and SARS-CoV-2-
associated pneumonia. It is important to note the repeated
increase in blood levels of IL18 and IL1a in patients with EAH
(regardless of the history of pneumonia) 180 days after negative
PCR test compared to levels measured prior to infection and on

day 30 after laboratory-confirmed recovery (negative PCR test;
see Table 1). When assessing the individual indicators, it was
discovered that the trend of IL1a level increase by the end of
month 6 resulted primarily from the level increase in the group
of female patients with EAH (in women the level increased
by 79% (75% CI [61-87]) compared to data obtained after a
month, and in male patients it increased by 32% (75% ClI [12-44]))
respectively; p < 0.001). No sex-related dynamic changes
in IL1B levels were observed. Meanwhile, the increase in the
IL1B and IL1a levels during the period following infection in the
group of patients with EAH and COVID-19 without pneumonia
came against the backdrop of elevated anti-inflammatory IL1ra
level, which matched trends observed in the group of patients
with no hypertension. Patients with EAH and COVID-19 with
pneumonia were characterized by the increase in levels of
IL1B and IL1a and no increase in blood levels of the natural
antagonist IL1ra (see Table 1).

Analysis of dynamic changes in the levels of IL18 and IL18
BP showed that the patients with stage 2 EAH, regardless
of COVID-19 disease form (pneumonia/no pneumonia), had
elevated serum IL18 levels 10 days after negative PCR test
compared to levels measured prior to infection (p < 0.001); this
pattern remained the same 30 and 180 days after (see Table 1).
It is important to note that in the group of patients with EAH
and no history of pneumonia, the increase in the levels of IL18
was accompanied by an increase in the levels of IL18 BP
(o < 0.001), which remained the same both 30 and 180 days
after the laboratory-confirmed recovery; no compensatory
increase in the levels of IL18 BP during the period following
infection was observed in the group of patients having a history
of EAH and pneumonia (p < 0.05). It was also determined
that individuals with stage 2 EAH and the history of COVID-19
without pneumonia had significantly higher levels of IL37 180
days after the negative PCR test compared both to the levels

Table 2. Comparison of serum cytokine levels (pg/mL) in patients with no stage 2 EAH prior to COVID-19 and 10, 30, and 180 days after recovery (Me [Q,.-Q,.])

COVID-19 patients with no EAH
no pneumonia (n = 41 people) pneumonia (n = 44 people)
before COVID-19 10 days after 30 days after 180 days after before COVID-19 10 days after 30 days after 180 days after
1 2 3 4 5 6 7 8
IL1B 5.12 [4.83-5.32] 5.33[4.12-5.2] 5.29 [8.89-5.41] 4.97 [3.65-5.44] 5.38 [4.97-5.44] 17.2 [14.1-20.1]*24 5.72 [3.3-4.15]*° 5.42 [4.53-5.65]*4°
L1« 3.22 [3.04-3.41] 3.39 [3.16-3.56] 2.99 [2.56-3.45] 3.18 [2.93-3.39] 3.14 [2.97-3.24] 4.72 [3.11-5.82]*25 3.25% [2.61-2.49] 3.18 [2.67-4.14]"
IL1ra 697 [584-791] 830 [690-914]"1 667 [458-733]1? 728 [602-816]"2 657 [504-731] 843 [693-913]*? 609 [515-769]"° 642 [526-712]14°
IL18 162 [145-197) 157 [137-172) 166 [151-183) 147 [139-203] 234 [177-267]M 298 [235-367]"2" 247 [224-274]"36 228 [207-259]*'46
IL18 BP 4880 [3510-5670] | 5070 [3670-5830] | 4834 [3220-5470] | 4993 [3440-5580] | 4768 [3640-5721] | 5930*2° [4930-8216] | 6200* [4850-7334] | 6180**° [4603-7100]
IL37 80 [68.7-93.3] 76 [62.3-89.4] 78.9 [67.4-86.6] 82.3 [61.2-94.6] 77.1[63.3-95.7] 74.4[66.2-83.7] 75.3 [65.7-82.3] 79.5 [55.7-85.3]
Note: * — significance level p < 0.001, » — p < 0.01, ' — p < 0.05 (the Wilcoxon test was used for related samples, and the Mann-Whitney U-Test was used for

independent samples)
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measured during the period prior to infection (p < 0.001) and
the indicators measured in patients with stage 2 EAH and
a history of COVID-19 with pneumonia (o < 0.001). When
comparing periods prior to infection and following infection, no
changes in the levels of IL18, IL18 BP, and IL37 were detected
in patients with EAH, who had had COVID-19 not involving
lungs (p < 0.05). In the group of patients with SARS-CoV-2-
associated pneumonia having no pneumonia, the levels of IL18
and IL18 BP increased compared to levels measured prior to
SARS-CoV-2 infection (p < 0.001). However, the levels of those
were back to the values measured prior to infection 30 days
later (see Table 2). No dynamic changes in the IL37 levels were
detected in patients having no EAH during the period following
infection (p < 0.05).

Comparison of cytokine levels measured prior to infection
in patients with SARS-CoV-2-associated pneumonia and stage
2 EAH, and patients with EAH and no pneumonia showed that
the patients with EAH and pneumonia demonstrated greater
increase in the peripheral blood serum levels of IL1a and IL18
(o < 0.001) together with lower concentrations of IL1ra, IL18
BP, and IL37 (p < 0.001) compared with the patients with
EAH and COVID-19 without pneumonia. No such pattern was
observed in the group with no EAH.

[t is important to mention, that comparison with classical
scales for calculation of cardiovascular complication risk
in patients with AH showed the following: the patients were
comparable both prior to COVID-19 and after COVID-19,
however, acute coronary syndrome, acute stroke and transient
ischemic attack occurred in eight patients (males) with EAH
and COVID-19 (pneumonia) during 1-6 months of follow-up.
Considering the limited number of individuals with complications
during the period following infection, their data were assessed
separately: the patients were characterized by two-fold
increase in peripheral blood serum levels of IL18 after 30 days
of follow-up compared to levels measured prior to infection,
as well as the increase by 50% compared to values measured
on day 10 (prior to infection — 410 [397—-426] pg/mL; day 10 —
562 [544-681] pg/mL; day 30 — 824 [807-903] pg/mL). In
the group of patients with EAH and a history of SARS-CoV-2-
associated pneumonia having no cardiovascular complications
in the next months (days 30-180 of follow-up), there were no
dynamic changes in the IL18 levels on day 30 compared to day
10 of follow-up. The IL18 level increase in cases of subsequent
complications was associated with individual low blood levels of
IL18BP (prior to infection — 4,805 [4,793-4,826] pg/mL; day
10 — 4,786 [4,741-4,798] pg/mL; day 30 — 4,630 [4,665—
4,662] pg/mL); and IL37 (prior to infection — 46.9 [46.7-47.3]
pg/mL; day 10 — 44.5 [44.1-44.9] pg/mL; day 30 — 45.1
[44.6-45.5] pg/mL). This corresponded to the first quartile
when analyzing the patients’ distribution taking into account
the levels of IL18BP and IL37 measured both prior to infection
and later. Comparison with patients having no complications
during the first six months revealed no differences in the levels of
other IL1 family members. Two men in the group with a history
of EAH and COVID-19 (no pneumonia) also had acute stroke
after the laboratory-confirmed recovery (during 1-6 months of
follow-up) and had similar features of the IL1 system, as well as
individual qualitative and quantitative characteristics, different
from that of individuals having a history of EAH and COVID-19
(no pneumonia).

DISCUSSION

The evidence of dynamic changes in the levels of
proinflammatory IL1 family members (IL18, IL1a, and IL18) and

their natural antagonists (IL1ra, IL18BP) in patients, who had
had COVID-19, was obtained during the study. These data
confirmed the prolonged proinflammatory immune response
during the period following infection in patients with EAH
(changes from the levels measured prior to infection persisted
for 6 months after laboratory-confirmed recovery) compared
to generally healthy individuals (cytokine levels reached the
values measured prior to infection 30 days after the laboratory-
confirmed recovery in individuals with SARS-CoV-2-associated
pneumonia, and 10 days after recovery in patients with no
pneumonia). Other researchers also noted the significance
of changes in the levels of a number of immunoregulatory
peptides (IL6, MCP1, IP10, etc.) in COVID-19 patients [16],
specifying the proinflammatory activity and the relationship with
potential progression of concomitant diseases in the future.
These data are scarce due to the novelty of the virus; there is no
information about the patterns considering the cytokine levels in
CQVID-19 patients measured prior to infection. This increases
the relevance of the reported study aimed at assessment of the
changes in blood levels of IL18, IL1a, IL1ra, IL18, IL18 BP, IL37
taking into account the period prior to SARS-CoV-2 infection.
A long-lasting retention of the elevated proinflammatory L1,
ILTa and IL18 concentrations in the blood of post-COVID
patients is essential for “enhancement” of the hypertension
progression pathogenetic aspects. The evidence of the IL18
stimulatory effect on the ADMA levels (mediated vasopressor
due to protein arginine methyltransferase (PRMT) activation and
inhibition of dimethylarginine dimethylaminohydrolase (DDAH)
has been pubished [17, 18]. Moreover, the IL1a-NF-xB-CCL2
signaling pathway has been described, promoting the immune
cell migration and consolidation of vascular remodeling [19],
which has been also confirmed by our data [13] supporting
greater significance in women with EAH. It should be noted that
in patients with a history of EAH and SARS-CoV-2-associated
pneumonia, the increase in the levels of IL1B and IL1a, IL18 is
not accompanied by the compensatory increase in the levels
of natural antagonists (IL1ra and IL18BP, IL3). According to the
data published so far, the IL37 and IL18BP functional complex
formation is due to common receptor subunits of IL37 and
IL18ra, it is directed both at leveling of the IL18 vasopressor
effect, and at direct blocking of the SDMA synthesis [20, 21].
No increase in their levels in patients with EAH after SARS-
CoV-2 infection together with the elevated IL18 levels increase
the likelihood of vasopressor and remodeling effects realization
in the IL18-IL18BP-IL37 system with a potentially higher risk
of target organ (myocardium, brain, etc.) damage in patients
with EAH. This hypothesis is partially confirmed by analysis of
individual curves for cytokine level changes in the peripheral
blood serum of patients with acute coronary syndrome, acute
stroke and transient ischemic attack, characterized by two-
fold increase in blood IL18 levels without any compensatory
increase in the levels of IL18BP and IL37 during the first month
of follow-up. The significantly increased IL18 levels in patients
with EAH during the period following the COVID infection can
be a key element of the pathogenetic chain, which mediates
vascular remodeling promoted by AT Il [22], with secondary
left ventricular dysfunction progression and increased intima-—
media thickness of the common carotid artery, which is a
consequence of AH and a marker of future cardiovascular
risk in patients [23]. The increased IL18 synthesis during
the period following the COVID infection may be also due to
activation of CD147, the potential receptor for SARS-CoV-2
adhesion [24], which induces the IL18 mRNA via stimulation
of binding sites in the NF-kB and AP1 (activator protein 1) for
the IL18 gene promoter through Raci1-mediated PI3K/Akt/
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IKK (phosphatidylinositol 3-kinase/Akt/IkB kinase)-dependent
degradation of IkB-a (inhibitory-xB kinase a) and MKK7/JNK
(mitogen-activated proteinkinase kinase 7/c-Jun N-terminal
kinase)-coupled AP1 activation [25], which is of greater
pathophysiological significance in people with high IL18 levels/
low IL18BP-IL37 levels prior to COVID infection and has been
revealed during our study.

It is important to mention that patients with SARS-CoV2-
associated pneumonia had higher levels of IL1a and IL18 in
peripheral blood serum prior to infection amidst lower levels
of antagonists (IL1ra, IL18BP and IL37) compared to patients
with EAH and COVID-19 without pneumonia. This suggests
the importance of the reported cytokine concentrations and
ratio (cytokine status of the patient prior to infection) upon
SARS-CoV-2 entry for initiation of pathological process in
the lung tissue. However, no differences related to presence
of pneumonia were revealed in patients with no EAH and
low levels of IL1a and IL18 prior to infection. Therefore, one
could speak of potential IL1a- and IL18-mediated elements of
pneumonia pathogenesis in patients with COVID-19 and EAH,
as well as of dose-dependent effects of the reported cytokines
in this category of patients.
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