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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or
compu-ter-printed on a single side of standard typing paper, with the left margin of 3 centimeters width,
and 1.5 spacing between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to
Georgian and Russian materials). With computer-printed texts please enclose a CD carrying the same file titled
with Latin symbols.

2. Size of the article, including index and resume in English, Russian and Georgian languages must
be at least 10 pages and not exceed the limit of 20 pages of typed or computer-printed text.

3. Submitted material must include a coverage of a topical subject, research methods, results,
and review.

Authors of the scientific-research works must indicate the number of experimental biological spe-
cies drawn in, list the employed methods of anesthetization and soporific means used during acute tests.

4. Articles must have a short (half page) abstract in English, Russian and Georgian (including the
following sections: aim of study, material and methods, results and conclusions) and a list of key words.

5. Tables must be presented in an original typed or computer-printed form, instead of a photocopied
version. Numbers, totals, percentile data on the tables must coincide with those in the texts of the
articles. Tables and graphs must be headed.

6. Photographs are required to be contrasted and must be submitted with doubles. Please number
each photograph with a pencil on its back, indicate author’s name, title of the article (short version), and
mark out its top and bottom parts. Drawings must be accurate, drafts and diagrams drawn in Indian ink
(or black ink). Photocopies of the X-ray photographs must be presented in a positive image in tiff format.

Accurately numbered subtitles for each illustration must be listed on a separate sheet of paper. In
the subtitles for the microphotographs please indicate the ocular and objective lens magnification power,
method of coloring or impregnation of the microscopic sections (preparations).

7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
In GMN style for each work cited in the text, a bibliographic reference is given, and this is located at the end
of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
by Cyrillic and Latin).

9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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IMPACT OF THE ANGIOTENSIN-CONVERTING ENZYME (ACE) INHIBITORS ON
THE COURSE OF THE SEPTIC SHOCK DEVELOPED DURING COVID-19 AND OTHER
SEVERE RESPIRATORY INFECTIONS IN PRESENCE OF HYPERFERRITINEMIA

Rurua Magda, Ratiani L, Sanikidze T, Machvariani K, Pachkoria E, Ormocadze G, Mikadze I, Didbaridze T.
Thilisi State Medical University.

Abstract.

Introduction: SARS-CoV-2 can cause sepsis regardless of
the presence of secondary bacterial or fungal infections. The
virus itself likely causes sepsis through a variety of possible
mechanisms, including immune dysregulation, with respiratory
dysfunction, which as a result of circulatory dysfunction leads
to hypoxemia and metabolic acidosis.

Methods and Objectives: We conducted cohort study,
comparing outcomes of 212 critically ill patients with Septic
shock (134 men (63.3%) and 78 women (36.7%), with a mean
age between 40-70 years) were evaluated, who were treated in
the intensive care unit of First University Clinic during 2020-
2021 years. All four groups had documented Hyperferritinemia
(HF). Patients were divided according to ferritin concentrations:
moderate HF (ferritin <1500ng/ml) and severe HF (ferritin
>1500ng/ml).

The study aimed to reveal the impact of the Angiotensin-
Converting enzyme -2 (ACE2) inhibitors on the course of the
Septic shock developed during COVID-19 and other severe
respiratory infections in conditions of hyperferritinemia (HF).

Results: Study results show that severe HF in patients with
Septic shock is associated with a high risk of mortality and can
be considered an indicator of the severity of the disease. The
consumption of ACE2 inhibitors plays an important role in
the regulation of inflammatory processes in both COVID-19-
infected and non-infected patients with Septic shock: ACE2
inhibitors reduce the levels of Ang II and C reactive protein
(CRP) in the blood in both COVID-19-infected and non-
infected patients with Septic shock in conditions of moderate
and severe HF; regulate the activity of leukocytes and the blood
pro-coagulation system in both COVID-19-infected and non-
infected patients with Septic shock in conditions of moderate
HF; reduce the expression of pro-inflammatory cytokines (IL-
6), decrease the level of D dimer in COVID-infected patients in
conditions of moderate HF; Procalcitonin levels do not differ
between COVID-19 infected and non-infected patients with
Septic shock.

Conclusion: Based on our study, we can assume that there is
the important link between elevated Ang 2 and the quality of
immunological disorders and inflammation. The consumption
of ACE2 inhibitors plays an important role in the regulation of
inflammatory processes in both COVID-19-infected and non-
infected patients with Septic shock.

Key words. ACE 2 inhibitors, Septic shock, Ferritin.

Introduction.

COVID-19 is characterized by heterogeneous clinical
manifestations, complex pathophysiology, and a wide spectrum
of the clinical picture. COVID-19 is not only a localized
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“respiratory infection” but a “multisystem disease” caused
by diffuse systemic processes involving complex interactions
of immunological, inflammatory, and coagulation cascades.
Genetic and acquired alterations in the patient's immune
system further complicate his condition, which leads to wide
heterogeneity in the clinical picture, course, and outcome of
the disease. To properly, with the highest accuracy, assess the
disease outcomes of COVID-19 it’s especially important to
effectively analyze the combination of the visual observations
results, clinical trial outcomes, and disease-specific parameters
[1-3].

SARS-COV-2 can cause sepsis regardless of the presence
of secondary bacterial or fungal infections. The virus itself
likely causes sepsis through a variety of possible mechanisms,
including immune dysregulation, with respiratory dysfunction,
which as a result of circulatory dysfunction leads to hypoxemia
and metabolic acidosis. Thus, the multiorgan failure observed in
COVID-19 can be explained by hypoxia and blood circulation
disorders that develop as a result of microvascular dysfunction.

SARS-COV enters alveolar cells via a membrane-bound
angiotensin-converting enzyme 2 (ACE2), which is the binding
site for the coronavirus spike protein, promoting its adhesion
to the cell surface, followed by internalization of the SARS-
COV/ACE2 complex, endosome formation, release of viral
RNA and its subsequent transcription and replication to spread
the infection [1,3]. The ACE isoform, ACE2, unlike ACE,
producing Ang II with potent vasopressor effects, enhancing
sympathetic tone, and revealing pro-inflammatory and mitogenic
properties over the endothelial and epithelial cells, produces a
heptapeptide called Ang 1-7 characterized vasodilatory, anti-
inflammatory activity [1,4]. ACE2 is expressed on the surfaces
of alveolar epithelial cells and vascular endothelial cells and
plays an important role in blood pressure (BP) regulation [5].

During SARS-COV infection, virus-bound ACE2 is
internalized into the cytoplasm which reduces ACE2 expression
on the membrane surface [6-8], and leads to the weakened
ACE2-Ang (1-7)-MasR axis, mainly manifested by the increase
of Ang II and decrease of vasodilator Ang (1-7) level [2], and
can cause dysregulation of vascular tone, inflammation of the
endothelium, thrombosis, initiating life-threatening respiratory
distress, blood pressure dysregulation and development of
thrombotic complications. The potential anti-inflammatory
effects of Ang 2 have generated much interest from the point
of view of revealing the relationship between Ang 2, organ
failure, and mortality [9-11] inhibitors interrupt ACE which
catalyzes cleavage of angiotensin I to angiotensin II. There have
been several studies to evaluate whether ACE inhibitors can be
beneficial in sepsis, but contradictory results have been reported
[12,13]. Several studies have shown that sepsis is associated
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with the downregulation of AT-1 receptors, which is driven
by inflammatory cytokines, which in turn leads to a decrease
in catecholamine release and aldosterone production from the
adrenal medulla [14].

Hyperferritinemia is associated with a multitude of clinical
conditions and with a worse prognosis in critically ill patients.
Ferritin is known to be a pro-inflammatory mediator inducing the
expression of pro-inflammatory molecules, yet it has opposing
actions as a pro-inflammatory and as an immunosuppressant.
We propose that the exceptionally high ferritin levels observed
in these uncommon clinical conditions are not just the product of
the inflammation but rather may contribute to the development
of a cytokine storm. In addition, ferritin is also able to directly
modulate the lymphocyte function and thus regulate the immune
response. Ferritin represents a biomarker of disease progress
and an independent predictor of various clinical outcomes in
different patients [15].

The study aimed to reveal the impact of the AGE2 inhibitors
on the course of the Septic shock developed during COVID-19
and other severe respiratory infections in conditions of
hyperferritinemia.

Materials and methods.

We conducted cohort study, comparing outcomes of 212
critically ill patients with Septic shock (134 men (63.3%) and
78 women (36.7%), with a mean age between 40-70 years) were
evaluated, who were treated in the intensive care unit of First
University Clinic during 2020-2021 years.

Inclusion criteria for the study were: Age>40ys; COVID-19
and other respiratory diseases associated with Septic shock, with
respiration dysfunctions in presence of hyperferritinemia (HF)
(a) with prior exposure to ACE2 inhibitors or (b) no history of
treatment with the ACE2 inhibitors.

Patients enrolled in the study were divided into 4 target groups:
Group I comprised of individuals who were diagnosed with
COVID - 19 infection and septic shock and were undergoing
treatment with ACE2 inhibitors. Group 2 included patients with
septic shock who were not infected with COVID -19 but were
receiving ACE2 inhibitors. Group 3 patients were those with
septic shock and COVID -19 infection who were not taking
ACE 2 inhibitors; Group 4 comprised of patients diagnosed
with septic shock who did not exhibit COVID -19 infection
nor were administered ACE 2 inhibitors. In patients with septic
shock who were not infected with COVID-19 (Groups 2, 4) the
main Causative microorganisms were gram negative bacteria.

All four groups had established HF. Patients were divided
according to ferritin concentrations: moderate HF (<1500ng/
ml) and severe HF (>1500ng/ml).

Laboratory tests:

The routine laboratory tests including biochemistry,
coagulation function, and blood cells (platelets, leucocytes)
count were performed in each patient. We evaluated also changes
in variables such as Angiotensin II (ANG II), Interleukin-6 (IL-
6), C reactive protein (CRP), lactate and procalcitonin (PCT).

The level of Ang II in the blood was measured by the ELIZA
method, on the Huma Reader HS device with reagent Human
ANGII ELISA Kit; IL-6 concentration in the blood - by the
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electrochemiluminescence (ECL) method on the Cobas e 411
(Roche) device with Elecsys IL-6 reagent; CRP was determined
by spectrophotocolorometric method, on biochemical
analyzer Cobas C 111 (Roche) with Cobas 111 CRP reagent.
Procalcitonin was measured by immunofluorescence method
using a Fin care III Plus device. Lactate was measured by
spectrophotocolorometric method, on biochemical analyzer
Cobas C 111.

Statistical analysis:

Analysis of variance (ANOVA) was used for statistical
analysis. We used the Software Program SPSS-12 for Windows
to process the data and visualize the results. Statistically
significant differences between parameters were assumed at p
<0.05.

Results.

Patients infected with COVID-19 with no prior ACE2
inhibitors history had the initial level of Ang II higher than non-
infected individuals with moderate HF (ferritin <1500) (F = 4.8,
p = 0.045); with extreme HF (ferritin >1500) this difference was
diminished (F = 0.6, p = 0.45). The level of Ang II significantly
decreased (to 0) in ACE2 inhibitor groups (F = 488, p<0.001; F
=468, p<0.001) (Figure 1).

Leukocytes count did not differ in COVID-19-infected and non-
infected patients [ACE2 inhibitor (+) F=1,89; p = 0,18; ACE2
inhibitor (-) F = 0,19; p = 0,66] when the ferritin concentration
was <1500. In the setting of extreme HF (ferritin >1500) in
patients who didn’t use ACE2 inhibitors, leukocytes level was
higher in COVID-19-infected patients [ACE2 inhibitor (-) F
= 4,58; p = 0,05], however, in the patients’ group, who used
ACE?2 inhibitors difference in leukocyte level was not detected
[ACE2 inhibitor (+) F = 1,05; p = 0,31]. ACE2 inhibitors cause
a reduction in inflammatory markers, leukocytes count, in
COVID-19-infected [F =4,25; p = 0,05] and uninfected patients
[F=14,56; p = 0,001] with a ferritin concentration was <1500,
and in COVID-19-infected patients with a ferritin concentration
>1500 [F=10,33; p = 0,004] (Figure 2).

IL-6 level in COVID-19-infected patients was higher than
in non-infected patients without prior use of ACE2 inhibitors
[ACE2 inhibitor (-) F = 10,95; p=0,003] when the ferritin
concentration was <1500. In the setting of extreme HF (ferritin
>1500) IL-6 level was not statistically important different in
COVID-19-infected and noninfected patients [ACE2 inhibitor
(-) F=1,78; p = 0,21; ACE2 inhibitor (+) F = 0,006, p = 0,93].
ACE2 inhibitors decreased IL-6 levels in COVID-19-infected
patients, when ferritin concentration was <1500 [F = 5,03; p =
0,03] and did not affect the level of IL-6 in all other patients’
groups [ferritin >1500; COVID-19(+) F = 0,35; p = 0,55;
COVID-19(-) F=0,25; p = 0,62] (Figure 3).

In patients infected with COVID-19, without prior use of
ACE2 inhibitors, platelets count was higher than in those
without COVID-19 when the ferritin concentration was <1500
[F =4,92; p = 0,037]; in the setting of extreme HF (ferritin
>1500), without prior use of ACE2 inhibitors there was not
detected a statistically important difference in platelets count in
COVID-19-infected and noninfected patients [F = 0,18; p =
0,67]. Chronic use of ACE2 inhibitors suppressed the increase in
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Figure 1. Angiotensin Il levels control level: (31.25-2000 g/ml) in COVID-19-infected and un-infected patients with (1) or without (2) prior
ACE? inhibitors use (A - ferritin level <1500ng/ml; B - ferritin level >1500ng/ml) /£ - COVID-19-infected patients;, £ - COVID-19-noninfected
patients.
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Figure 2. Leukocyte levels in COYID-19-infected and non-infected patients with (1) or without (2) prior ACE2 inhibitors use (4 - ferritin level
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Figure 3. Levels of interleukin-6 (control level :1-7pg/ml) in COVID-19-infected and non-infected patients with (1) or without (2) prior ACE
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platelets count in COVID-19-infected and noninfected patients
when the ferritin concentration was <1500 [COVID-19(+) F
=15,72; p = 0,001; COVID-19(-) F = 4,7128; p = 0,031]. In
patients with extreme HF (ferritin >1500) chronic use of ACE2
inhibitors suppressed the increase in platelets count in COVID-
19-noninfected patients [F = 7,15; p = 0,02] but had no effect in
COVID-19-infected patients HF (Figure 4).

In patients infected with COVID-19, D-dimer levels
appear to be higher than in those without COVID-19 when
the ferritin concentration was <1500 [F = 4,1142; p = 0,05];
while in the setting of extreme HF (ferritin >1500), D-dimer
level was not statistically importantly different in COVID-19-
infected and noninfected patients [F = 0,02; p = 0,88]. Chronic
ACE2 inhibitors use was associated with a slight lowering of
D-dimer levels in COVID-19-infected [F = 6,26; p = 0,02]
and noninfected patients [F = 2,1; p = 0,07] when the ferritin
concentration was <1500, but there was no notable difference in
D-dimer levels between COVID-19-infected and non-infected
patients with extreme HF was detected [COVID-19(-) F= 0,02;
p =0,88; COVID-19(+) F =0,19; p = 0,75] (Figure 5).

CRP level did not differ between COVID-19-infected and
non-infected patients when the ferritin concentration was <1500
[ACE2 inhibitor (+) F = 0,57; p = 0,45; ACE2 inhibitor (-) F =
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0,14; p=10,71]; CRP levels were significantly higher in COVID-
19-non-infected patients compared to COVID-19-infected
patients in the setting of extreme HF [ACE2 inhibitor(+) F =
4.19 p = 0,05 and ACE2 inhibitor(-) F = 11,85; p = 0,006].
ACE?2 inhibitors cause the reduction in inflammatory markers -
CRP in patients in all groups [COVID-19 (-) F = 3.,8; p = 0,05
and COVID-19(+) F =4,12; p = 0,045; ferritin< 1500]; and
[COVID-19(-) F=7,2711;p=0,022; COVID-19(+) F=3,77;
p = 0,050; ferritin> 1500].

Lactate levels did not differ between COVID-19-infected and
non-infected patients when the ferritin concentration was <1500
[ACE2 inhibitor (-) (F = 1.428; p = 0.246)]; ACE2 inhibitors
didn't change lactate level in COVID-19-infected (F = 1,144; p
=0,291), while induced its increase significantly in COVID-19-
noninfected patients F = 6,889; p = 0,012).

In the setting of extreme HF (ferritin >1500), a higher
lactate level was observed in COVID-19-noninfected patients,
although statistically insignificantly [ACE2 inhibitors (-) F =
0.385; p = 0.548; (ACE2 inhibitors (+) F = 2.491; p = 0.130].
ACE2 inhibitors practically do not change the lactate level
either in COVID-19-infected (F=.092, p=.911) or in COVID-
19-noninfected patients (F=.102, p=.791)).

In conditions when the ferritin level was <1500 procalcitonin
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Figure 4. Platelets count (Normal range 150-380 10°/ul) in COVID-19-infected and non-infected patients with (1) or without (2) prior ACE2
inhibitors use (A - ferritin level <1500, B - ferritin level >1500). (!'& - COVID-19-infected patients; % - COVID-19-noninfected patients).
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level was statistically significantly lower in COVID-19-infected
patients (ACE2 inhibitors (-) F = 16.106; p < 0.001). ACE2
inhibitors induced statistically significant rice of procalcitonin
level in COVID-19-infected patients [ACE2 inhibitors (+)
F = 4.382; p = 0.041] but didn’t affect procalcitonin level in
COVID-19-uninfected patients ACE2 inhibitors (+) [ACE2
inhibitors (+) F = 1,28; p = 0,281).

In the setting of extreme HF (ferritin >1500), a higher lactate
level was observed in COVID- 19-noninfected patients,
although statistically insignificantly [ACE2 inhibitors (-) F =
0.385; p = 0.548; (ACE2 inhibitors (+) F = 2.491; p = 0.130].
ACE2 inhibitors practically do not change the lactate level
either in COVID-19-infected (F=.092, p=.911) or in COVID-
19-noninfected patients (F=.102, p=.791)).

In COVID-19-noninfected patients, the level of procalcitonin
was higher, but statistically unreliable [ACE2 inhibitors (-)
F = 0.688; p = 0.448; ACE2 inhibitors (+) F = 2.631; p =
0.081]. ACE2 inhibitors practically do not change the level
of procalcitonin in either COVID-19-infected positive (ACE2
inhibitors (+) F=.097, p=2_811) and COVID-19-uninfected
patients (ACE2 inhibitors (+) F=.0652, P = 0.958).

Discussion.

ACE2 was identified to be the cell receptor of SARS-CoV-2
[16], therefore, ACE2 distribution and expression in the human
body may represent the possible routes of COVID-19 infection.
High ACE2 expression was recognized in type II alveolar cells
of the lungs, oral mucosa, myocardial cells, kidney proximal
tubule cells, and bladder urothelial cells [17,18]. It was
demonstrated that alveolar epithelial type II cells, being the
main pathway for viral invasion, represent about 83% of ACE2-
expressing cells [5].

After binding of SARS-CoV-2 to the ACE2 receptor, both
SARS-CoV-2 -ACE2 complex is internalized in a cell by
endocytosis, so that surface ACE2 receptors are downregulated,
resulting in unopposed Ang II accumulation [19]. Acting
via the type 1 Ang II receptor (AT1), Ang II induces the
production of reactive oxygen species (ROS) by activation of
NADP(H) oxidases [20,21], initiates an inflammatory cascade
by reduced nicotinamide-adenine dinucleotide phosphate
oxidase, and nuclear factor-xB, which mediates transcription
and proinflammatory gene expression and increases ROS,
adhesion molecules and chemokines levels, having a pro-
inflammatory effect on leucocytes, endothelial, and vascular
smooth muscle cells. An excess of ROS decreases nitric oxide
(NO) bioavailability and causes vasoconstriction. Moreover,
Ang Il interrupts the anti-inflammatory effects of insulin.
Together, these effects promote the formation of prothrombotic
conditions, as well as plaques destabilization and rupture as
well as plaques destabilization and rupture [22]. ACE2 down-
regulation and elevation of Ang II level in severe COVID-19
patients can be crucial factors inducing excessive cytokine
release and pro-thrombotic activation [23].

According to our study results, in patients infected with
COVID-19 who did not receive ACE2 inhibitors, the initial
level of Ang II was higher than in non-infected patients (Figure
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1); accordingly, the content of leukocytes and IL-6 was higher
in COVID-19-infected patients compared to their levels in
COVID-19-non-infected critical patients (Figure 2, 3), the levels
of platelets, and D-dimer in the blood of COVID-19-infected
patients also increased (Figure 4, 5). Recent studies suggest
that Ang II promotes thrombosis through increased platelet
activation induced by T cell-dependent IL-6 signalling [24]. A
high level of IL-6 contributes to hypercoagulation (by enhancing
platelet production and activation), promoting an imbalance
between plasma levels of coagulative and anti-coagulative
factors, and the development of endothelial dysfunction. Hence,
the elevated serum levels of pro-inflammatory cytokines in
severe COVID-19 participate in Ang II-mediated thrombosis
and vascular injury.

ACE2 inhibitors play an important role in the regulation
functioning of the immune system by modifying T-cell
populations and regulating cytokines and chemokines
production, which is probably related to the inhibition of Ang
IT formation [25,23]. According to the results of our studies,
ACE2 inhibitors by controlling systemic inflammation reduced
inflammatory markers, leukocyte and IL-6, levels (Figure
2,3), CRP content (Figure 6), in COVID-19-infected and non-
infected patients with septic shock, regulated the functioning of
the blood coagulation system that revealed in the decrease of the
platelets and D-dimer levels in the blood of COVID-19-infected
patients with septic shock. As a result, the risk of vascular
thrombosis in patients with septic shock was reduced. It is
well known that the level of RAS expression sharply elevates
in sepsis, which induces oxidative stress, vascular permeability,
excess production of pro-inflammatory cytokines, and pro-
coagulant effects [26].

Ferritin, known as a molecule storing iron ions, is a dynamic
“buffer” of iron, in maintaining the steady-state availability of
iron. Cellular ferritin values are regulated at the translational
level by the iron regulatory proteins/iron-responsive elements
(IRP/IRE) system, which is dependent on the amount of iron
in the body [27]. In cells, it can be localized in the cytoplasm,
nucleus, and mitochondria. The existence of ferritin in
erythrocytes has also been proven, and it is also found in blood
serum [28-30].

In response to the inflammatory state, cells produce large
amounts of ferritin. Still is not clear whether ferritin is only
a sign of disease progression or has a modulating role in
the pathogenesis of the disease. Over the last few years,
accumulated data implicates a role for ferritin as a signaling
molecule and direct mediator of the immune system. Ferritin
by the activation of NF-kB promotes the further release of
pro-inflammatory mediators, and also directly modulates the
lymphocyte function. Thus, acting as a modulator of the innate
immune response, ferritin increases the inflammatory response,
resulting in a vicious cycle [31,32]. HF during a multitude of
clinical conditions, including COVID-19, is associated with
worse prognosis in critically ill patients. It is believed, that in
response to the virus-induced injury, cytokines (IL-1(, IL-6,
and IFN-y) stimulate the production of defense proteins in the
liver, including ferritin and CRP [33]. As the concentrations of
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ferritin in the cells are about 1000 times higher than those in the
serum, the increase of serum ferritin can be the result of cellular
stress and cell lysis [34-36]. HF promotes the production of ROS
and lipoperoxidation, which leads to extensive cell and tissue
damage resulting in cellular apoptosis, and cascade-amplified
inflammatory events. In addition to damaged cells, macrophages
are also an additional source of increased ferritin levels [37,38].
Possibly, during COVID-19-induced hyperinflammatory
state high blood ferritin, as a prooxidative agent and immune
response modulator, initiates a cycle of destructive events,
which can cause additional lesions in tissues. Therefore, the
level of iron metabolism plays a key role in the COVID-19
outcome [39,40]. It was proposed that the exceptionally high
ferritin levels observed in clinical conditions are not just the
product of the inflammation but rather may contribute to the
development of a cytokine storm [15]. The role of ferritin in
the pathophysiology of COVID-19 is not fully understood. The
alterations of ferritin levels in patients with severe COVID-19
and the subsequent high mortality rates in patients with high
ferritin levels need further investigation [33].

Our study results show that in COVID-19-infected patients
with Septic shock at hyperferritinemia conditions the levels
of Ang II, were especially high, at the same time. This data
indicates the link between elevated Ang II and ferritin levels
and inflammation, and lung alveoli dysfunction in COVID-
19-infected critically ill patients. It was reported that Ang II
participates in the induction of iron metabolism-related gene
expression, including hepcidin [41], which is a key regulator
controlling the delivery of iron to blood plasma from intestinal
cells absorbing iron, erythrocyte-recycling macrophages, and
iron-storing hepatocytes. Secretion of hepcidin can be increased
during inflammatory states [42], including COVID-19, and
IL-6 is the necessary and sufficient cytokine for the induction
of hepcidin during inflammation [43]. During viral infections,
the immune system supports increased serum ferritin levels
in the cells, limiting the availability of iron to pathogens
(necessary for their proliferation) [44,45]. As the result, the
concentration of iron in the systemic circulation decreased, and
serum ferritin increased, which was recorded in COVID-19.
Additionally, based on the similarity of the hepcidin and part
of the spike glycoprotein structure of the SARS-CoV-2 virus,
it is hypothesized that this protein could have a hepcidin-like
effect [37] and therefore, also may increase cellular and serum
concentrations of ferritin regardless of the inflammatory effect.

Conclusion.

Based on our study, we can assume that severe HF (ferritin
>1500 ng/ml) in patients with septic shock is associated with a
high risk of mortality and can be considered an indicator of the
severity of the disease.

ACE2 inhibitors reduce the levels of ANG II and markers of
inflammation, CRP, in the blood in both COVID-19-infected
and non-infected patients with septic shock in conditions of
moderate (<1500) and severe (>1500) HF, regulate the activity
of leukocytes and the blood pro-coagulation system in both
COVID-19-infected and non-infected patients with septic shock
in conditions of moderate HF (<1500).

In conditions of moderate HF (<1500), ACE2 inhibitors reduce
the expression of pro-inflammatory cytokines (IL-6) in COVID-
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19-infected patients. Procalcitonin levels did not differ between
COVID-19-infected and non-infected critically ill patients in
case of severe HF.

This data indicates the important link between elevated Ag 2
and the quality of immunological disorders and inflammation.
The consumption of ACE2 inhibitors plays an important role in
the regulation of inflammatory processes in both COVID-19-
infected and non-infected patients with Septic shock.

Limitation.

It should be noted that the studied cohort was quite limited (212
patients), and therefore, given the importance of comorbidities
in the development of complications of COVID-19, it is
unlikely to be representative of the general population. In this
regard, it is considered less appropriate the generalization of
the final conclusions according to the examined cohort, due
to its probable low representativeness, however, considered
less appropriate the generalization of the final conclusions
according to the examined cohort, due to its probable low
representativeness, however, the clinical value of the findings is
obvious in the present article.
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