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Angiotensin-converting enzyme (ACE) is a key enzyme of the renin-angiotensin-aldosterone system
(RAAS), which is directly involved in the regulation of blood pressure. It is assumed that the inser-
tion/deletion (1/D) polymorphism of the gene of this enzyme (ACE gene) appears due to the pres-
ence/absence of ~ 287 bp Alu repeats in the 16™ intron and is associated with the risk of the develop-
ment of some diseases, including cardiovascular diseases, various kinds of mental disorders, Alzhei-
mer's disease, gestational diabetes, etc. Given the lack of data on ACE gene I/D polymorphism for
the Azerbaijan population, we studied polymorphism of this gene by PCR, using sequence specific
pairs of primers (Hace3s and Hace3as (I), ACE-F and ACE-R (I1)). DNA samples isolated from 346
individuals were divided into 4 groups: (1) patients with various mental disorders (90 patients); (2) a
group of young students involved in various sports (84 male persons); (3) patients with diabetes (28
patients with | type DM (3A subgroup) and 72 patients with 11 type DM (3B subgroup); (4) a group
of conditionally healthy people of different ages and specialties (72 persons, control). Based on the
results of PCR of both primer pairs, the following genotypes were obtained: 16 individuals with gen-
otype 11 (4.6%, homozygous co-dominants for the I-allele), 101 individuals with genotype DD (29.2%,
homozygous co-dominants for the D-allele) and 228 individuals with genotype ID (66.2%, heterozy-
gotes for both alleles). The frequency of occurrence was: f,=0.373, fp=0.627, Np:N,=1.681. The ratio
of separate genotypes within the studied population: 1D:DD=2.173; ID:11=14.125; DD:11=6.500.
Comparison of the values of the dominant model for the allele D - (DD+ID)/11=20.625 and the reces-
sive model DD/(ID+11)=0.430 relative to the dominant model for the allele I - (I11+1D)/DD=1.152 and
the recessive model 11/(ID+DD)=0.048 indicates that in both models the probability of the D allele to
associate with any particular trait is higher than that of the I allele (17.904 and 8.958 times, respec-
tively). These results confirm the literature data on the association of the D allele with many pathol-
ogies or diseases. The analysis of the obtained data also revealed a significant correlation (p<0.01) of
the studied features from the D allele both within groups and between groups.
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INTRODUCTION of hypertension and fluid as well as electrolyte ho-
meostasis. ACE is a key enzyme in the RAAS that

The renin-angiotensin-aldosterone system is converting angiotensin | to the vasoactive pep-

(RAAS) which include renin inhibitors, angioten-
sin-converting enzyme (ACE) inhibitors, angioten-
sin Il type 1 receptor antagonists, and mineralocor-
ticoid receptor antagonists, is known as a regulator
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tide angiotensin Il. Renin (EC 3.4.99.19), the en-
zyme that catalyzes the proteolytic conversion of
angiotensinogen to the decapeptide angiotensin I
(Khakoo et al., 2008) Angiotensinogen, a large
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globular protein that serves as the substrate for
renin (Malikova et al., 2016). Angiotensin Il and
the angiotensin Il receptor, control the transduction
of the cellular effects of angiotensin Il (Forrester et
al., 2018). Binding of the angiotensin Il to its re-
ceptor mediates vasoconstriction, aldosterone and
catecholamine release, as well as fluid consump-
tion, secretion of prolactin, adrenocorticotrophic
hormone, and glycogenolysis (Lynch et al., 2018).
The four major components of the RAAS
(renin, angiotensinogen [angiotensins I and 1], an-
giotensin-converting enzyme, and the AT recep-
tors) are important components of vascular dis-
eases (De Mello et al., 2017; Lynch et al., 2018).

ACE was the first discovered in the 1950s by
Skeggs and colleagues. This enzyme was able to
convert angiotensin | to angiotensin Il (called hy-
pertensin | and hypertensin |1 at that time) in horse
plasma. ACE was originaly called "converting en-
zyme". Later Phillips and colleagues identified an
enzyme in human blood, designated kininase I,
which was able to degrade bradykinin (Phillips et
al., 2018). Converting enzyme and kininase Il was
later found to be the same enzyme and today the
enzyme is referred to as angiotensin-converting en-
zyme. ACE is a dipeptidyl carboxypeptidase that
exists in 2 isoforms. Somatic ACE is induced in
different tissues and cell types including the cardi-
ovascular system, lungs, kKidneys, etc, whereas tes-
ticular ACE only can be found in sperm cells. Both
isoforms have a hydrophobic trans-membrane do-
main and a short cytoplasmic fragment (De Mello
et al., 2017). The ACE gene is located in chromo-
some 17 (17923 region) and contains a polymor-
phism based on the presence (insertion) or absence
(deletion) of a 287 base-pair (bp) fragment on 16"
intron of ACE gene. Based on the polymorphism
there are three genotypes; ID, I, DD which are

classified as | and D alleles which are termed as
insertion or deletion, respectively (Turgut et al.,
2004) .

ACE 1/D polymorphism associated to the
level of ACE in plasma and with higher risk for
cardiovascular diseases. Three ACE genotypes —
Il, ID, and DD, have different correlation with the
percentage of hypertension, myocardial hypertro-
phy, diabetes mellitus, psychological disorders and

other diseases. The D allele has been connected
with an increased risk of developing various patho-
logical processes, such as coronary heart disease
and ventricular hypertrophy. While various cardiac
disorders appear to have a worse prognosis in indi-
viduals homozygous for the D allele, the I allele
has been associated with increased endurance per-
formance in athletes (Goessler et al., 2016). Poly-
morphisms of the ACE gene was found to be in-
volved in bipolar disorders as well as in schizo-
phrenia (Song et al., 2015). Bipolar disorders are
severe early-onset diseases that comprise psychiat-
ric conditions characterized by recurrent mood
changes from depression to mania. Their preva-
lence is high, possibly as much as 5%, in the US
population (Dal Mas et al., 2019). The presence of
the I/D genotype of the ACE gene contribute to an
increase of ACE plasma activity, which could be a
predictor in schizophrenia diagnosis (Dal Mas et
al., 2019; Gadelha et al., 2015).

The results of the polymorphism of the ACE
gene in American 45 male football athletes vs 72
non-athletes showed a greater frequency of the D
allele in athletes with comparison in non-athletes
(Santoro et al., 2019). Moreover, a significant dif-
ference (p<0.05) in the genotypic distribution of
the athletes was composed of a higher number of
the DD genotype as compared to the control
group. However, the association of the I/D poly-
morphism of the ACE in sports abilities have been
debated.

ACE gene I/D polymorphism is also associ-
ated with the development of diabetes mellitus (ba-
sically type Il DM), gestasional diabetes and vari-
ous comorbidities in different world populations
(Purnamasari et al., 2012; Pan et al., 2016; Mir-
Feizi et al., 2018; Pirozzi et al., 2018; Shen et al.,
2019).

The new coronavirus COVID-19 (or Severe
Acute Respiratory Syndrome SARS-CoV-2) which
activated by transmembrane proteins (for example
by transmembrane protease serine 2 (TMPRSS2))
mainly penetrates into the cells (endocytosis)
through a receptors by binding to membranal ACE-
2 widely expressed in cardiac cells including endo-
thelial cells, smooth muscle cells in the myocardial
vasculature and in cardiac myocytes (Fig. 1, for de-
tailed see: Abbasi et al., 2020).
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Fig. 1. The simplified scheme of the processes at the invasion of SARS-CoV-2.

Almost all cells, particularly cells of the epi-
thelium and diaphragm of the lungs, which are
more sensitive and accessible to the penetration of
coronavirus, contain many of such receptors be-
longing to various forms and classes of ACE. In the
way to produce an approaches for the treatment and
prevention of infected by coronavirus patients, it is
required to know all possible mechanisms of endo-
cytosis that are directly or indirectly associated
with both ACE receptor and ACE gene polymor-
phism (Das et al., 2020).

Coronavirus infection has a particularly high
risk of fatalities with co-presence a number of auto-
immune and chronic diseases (diabetes mellitus (I
and II types), hypertension, chronic obstructive pul-
monary disease, cardiovascular disease, cancer, etc.)
as well as in seasonal respiratory diseases (influenza,
inflammation, etc.) (Abbasi et al., 2020; Bosso et al.,
2020; Brojakowska et al., 2020; Cure E., Cumhur
Cure M., 2020; Devaux et al., 2020; Guo et al., 2020;
Hussain et al., 2020; Li et al., 2020; Lippi et al., 2020;
Othman et al., 2020; Oztiirk et al., 2020; South et al.,
2020; Yamamoto et al., 2020; Zhang et al., 2020).
The investigation of 1/D polymorphism of ACE gene
may help to understand molecular mechanisms of co-
ronovirus infection. However, 1/D polymorphism of
ACE gene in the Azerbaijan population has not been

studied yet. Therefore, in this work, we study the
ACE gene I/D polymorphism in the Azerbaijan pop-
ulation with various primers to clarify the association
of these polymorphism with different diseases.

MATERIALS AND METHODS

Population Studied. The fresh blood samples
were collected on a voluntary basis from 346 citi-
zens of the republic in different ages and with dif-
ferent professional activities. The studied popula-
tion sample include following groups:

(1) 84 male atlethes engaged in various sports;
(2) 90 menthal pacients with various diagnoses (24
female, 66 male); (3) 100 pacients with diabetes
mellitus (28 pacients I type DM (11 male and 17
female); 72 patients Il type DM (21 male and 51
female)); (4) 72 condiotionally healthy individuals
(control group, 42 female, 30 male).

DNA isolation procedures. DNA from 200 pl
blood samples was isolated using “Diatom™ DNA
Prep 200" kit (Izogen, Russian Rederation) on
manufacturer protocols. DNA samples were stored
at -80°C. The concentrations and purity of the DNA
samples were determined spectrophotometrically
in Epoch™ Microplate Spectrophotometr (BioTek,
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Aglient, USA) using Gene5 software. DNA sam-
ples were dilited individually before PCR.

Detection of 1/D Polymorehism of ACE
gene. ACE polymorphism on 16" intron was de-
termined by polymerase chain reaction (PCR) us-
ing two pairs of specific primers: Hace3s (5°-
GCCCTGCAGGTGTCTGCAGCATGT-3’) and
Hace3as (5’-GGATGGCTCTCCCCGCCTTGTC
TC-3”) (Castellano et al., 1995), ACE-F (5'-CTG-
GAGACCACTCCCATCCTTTCT-3) and ACE-R
(5-GATGTGGCCATCACATTCGTCA GAT-3)
(Rigat et al., 1992).

The obtained DNA fragments were electro-
phoresed in a 1.5% agarose gel and visualized by
ethidium bromide staining. The sizes of fragments
were estimated by comparison with previously
known molecular weight markers M100. The poly-
morphism detected by PCR was evident as a 490-bp
and 597 bp fragments in the presence of the insertion
(Iallele) and as a 190-bp and 319 bp product in the
absence of the insertion (D allele). Each sample
found to have the D/D genotype was subjected to a
second PCR amplification with insertion-specific
primers (5a: 5-TGGGAC-
CACAGCGCCCGCCACTAC-3' and 5c: 5'-
TCGCCAGCCCTCCCATGCCCATAA-3)inor-
der to avoid D/D mistyping (Shanmugam et al.,
1993).

RESULTS AND DISCUSSION

Primers Hace3s and Hace3as (Figure 2) re-
vealed an insertion-specific 597 bp fragment in 16
samples, deletion-specific 319 bp fragment in 104
samples and insertion-deletion fragments of both
types in 226 samples. Similar results were ob-
served with the primer pair ACE-F and ACE-R
(Figure 3), which yielded the corresponding 190
(with deletion) and 490 (with insertion) b.p. frag-
ments.

Interestingly, the primer pair ACE-5a and
ACE-5¢c, which synthesizes a specific 335 bp frag-
ment, gave a positive result in only one case. Thus,
we show that the allelic forms of the ACE gene for
the Azerbaijan population of 346 individuals, con-
sists of 66.2% of the 1D, 29.2% of the DD and 4.6%
carriers of the Il genotype. Genotypes revealed
among studied groups shown in Table 1.

10

Fig 2. The amplification results with the Hace3s and
Hace3as primers

Fig 3. The amplification results with the ACE-F and
ACE-R primers

Table 1. Genotypes revealec among studied groups

Groups, gender Genotypes

(M — male; F - female) 1 1D DD

M 6 45 15

1 F 3 18 3
Total: 9 63 18

M - 63 21

2 E - - N
Total: 0 63 21

M - 9 2

I type DM (3A) = 1 9 7

3 11 type DM M - 12 9
(3B) F - 33 18
Total 1 63 36

M - 15 12

4 F 5 21 18
Total 6 36 30

. M 6 144 59

Total on stud_led = 10 81 6
population 16 275 05

Note: — indicates the absence of given genotype.

ID heterozygous can be observed incorrectly
by the PCR method (Shanmugam et al., 1993).
Thus, the initial amplification of the shorter D allele
during the studies leads to incorrect classification of
approximately 4-5% of ID genotypes as DD. An ad-
ditional PCR-based amplification reaction devel-
oped to confirm all DD genotypes obtained from the
initial standart PCR to prevent any ID genotype be-
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ing misidentified. This confirmatory results ob-
tained in the classification of ACE polymorphism
by the insertion-specific PCR method. The com-
bined use of standard and confirmatory PCR meth-
ods used in numerous studies investigating the asso-
ciation of DD genotype with the diseases. Based on
the numerous literature data (Gatt et al., 2015,
Mengesha et al., 2019; Shen et al., 2019; Zhang et
al., 2019) on the meta-analysis of the ACE gene pol-
ymorphism, the models in which the alleles D and |
are dominant or recessive can be observed. The
dominant model of the D allele (DD+1D)/11=20.625,
the recessive model of the D allele
DD/(ID+11)=0.430; The dominant model of the I al-
lele (11+DD)/DD=1.152, the recessive model of the
| allele 11/(ID+DD)=0.048 (table 2). Apparently, the
dominant and recessive association of the allele D is
greater than that of the allele 1 (17.904 and 8.958
times, respectively). The results are in agreement
with the above literature.

Table 2. The dominant and recessive models revealed
alleles on separate groups and at the population level

Models

Groups Dominant Recessive

D | D |
1 8.0 15 0.250 0.125
2 - 1 0.333 0
3 99.0 1.029 0.538 0.010
4 11.0 12 0.714 0.091
Total at the pop-
ulation level 20.625 | 1.152 0.430 0.048

There are many association studies showing
influence of ACE 1I/D polymorphism on the onset
of diabetes mellitus (Al-Saikhan et al., 2017, Pi-
rozzi et al., 2018, Mirfeizi et al., 2018, Aggarwal et
al., 2016, Ohkuma et al.,2019). However, recent
findings do not support this statement. For in-
stance, several studies done on Japanease and Cau-
casion population indicate the assosiation of the
DD genotype with risk of type 2 diabetes while in
Guijarati population (India) this assosiation was not
found (Doshi et al., 2015). This result was con-
firmed in other studies in different ethnic groups,
both in patients with and without nephropathy
(Arfaetal., 2008, Eroglu et al., 2008, Van-Valken-
goed et al., 2008). Thus, the usage of ACE poly-
morphism as an independent factor responible for
diabetes is questionable. However, we can not rule

out the other effective genetic factors and environ-
mental factors on the possible role of ACE in the
onset of diabetes (Cassis et al., 2019).

Based on the frequency distribution of ACE
genotypes showed that ID and Il genotypes are fre-
guent in high performance endurance athletes
while DD genotype is mainly found among low
and middle performance endurance athletes (Hadi
et al., 2019). It has been observed that | allele with
phenotypes related more to strength than to endur-
ance in 1,027 teenagers (Moran et al. 2006). It sug-
gests a more complicated role for the ACE gene in
human physical performance than previously de-
scribed. Thus, a modest influence of ACE gene on
physical performance is clear in general popula-
tion. Now, the challenge is to clarify the mecha-
nism of ACE influence on performance related
phenotypes.

CONCLUSION

We investigated the insertion/deletion (1/D) pol-
ymorphism of the angiotensin-converting enzyme
(ACE) gene in the Azerbaijani population among
346 people refering to different age groups, non-
relatives and different activities. Based on the re-
sults of the PCR method the ressesive and domi-
nant model of both allele was performed. Accord-
ing to the models the D alllele is highly assosciated
with the any particular trait than that of the I allele.
This finding suggests that the ID polymorphisms
of the ACE gene may play an important role sus-
ceptibility to schizophrenia in Azerbaijan popula-
tion. Moreover, the results obtained from the ath-
letes also revealed high susceptibility of ID or DD
polymorphism of ACE gene to different sport per-
formances. Additionally, the role of ACE gene pol-
ymorphism in the risk of diabetes was researched
and ID genotype was mainly found among patients
with type 1 and 2 diabetes. However, these find-
ings require repetition in larger samples. Since the
features and localization of functional polymor-
phisms of the ACE gene have not yet been fully
understood, our study confirmed that most of them
are closely associated with 1/D polymorphism.
Thus, the physiological significance of ACE poly-
morphism should be understood as its relationship
with the levels of ACE expression in plasma.
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Azarbaycan populyasiyasinda angiotensin ceviron fermentin (ACF) geninin
insersiya/delesiya (1/D) polimorfizmi

G.R. Blibayova, S.M. Riistamova, L.9. Axundova, N.S. Mustafayev, i.M. Hiiseynova
AMEA-mn Molekulyar Biologiya va Biotexnologiyalar Institutu, Baki, Azarbaycan

Angiotenzin-geviran ferment renin-angiotenzin-aldosteron sisteminin (RAAS) agar fermentlorindan olub gan
tazyiqinin tonzimlonmosinds bilavasits istirak edir. Giiman edilir ki, bu fermenti kodlagdiran genin (ACE geni)
16-c1 intronunda uzunlugu ~287 n.c. olan Alu tokrarlarin olmasi/olmamasi ilo sortlonan insersiya/delesiya (1/D)
polimorfizmi bazi xastaliklorin yaranma riski ils, 0 ciimladan iirak-damar xastoliklari, miixtalif tip psixi pozuntu-
lar, Alzheymer xastoliyi, hestasion sokorli diabetlo va S. assosiasiya toskil edir. Azorbaycan populyasiyasi tigiin
ACE geninin I/D polimorfizmi iizro molumatlarin olmadigini nozars alaraq torafimizdon bu genin polimorfizmi
spesifik praymer ciitlorindon (Hace3s va Hace3as (1), ACE-F va ACE-R (l1)) istifads etmaklo PZR metodu ilo
todqiq edilmisdir. Todqgiqatin obyekti 4 qrupa boliinmiis 346 noforin qanindan ayrilan DNT niimunalori
olmusdur: (1) miixtalif psixi pozuntulari olan xastalor (90 nafar); (2) idmanin miixtalif nvlari ilo mosgul olan
gonc idmangilar (84 nofar tolaba); (3) miixtalif tipli sokarli diabetli xastolar (28 nafar I tip SD (3A subgrupu) vo
72 nofar 11 tip SD (3B subgrupu)); (4) miixtalif yaslara va ixtisaslara malik sorti saglam insanlar (72 nofar, nozarat
grupu). Hoar iki praymer ciitii ilo |1 genotipli 16 nofor (4.6%, I-allelo géra homozigot ko-dominantlar), DD geno-
tipli 101 nafor (29.2%, D-allelo gora homozgot ko-dominantlar) va 1D genotipli 228 nofor (66.2%, har iki allelo
gora heteroziqotlar) askar edilmisdir. Rastgolma tezliklori: fi=0,373, fp=0,627, Np:N;=1,681. Populyasiya daxil-
inda ayri-ayr1 genotiplorin nisbatlori: ID:DD=2,173; ID:11=11,125; DD:11=6,500. D-allelina géra dominant mod-
elin (DD+ID)/11=20,625 va resessiv modelin DD/(ID+11)=0,430 qiymatlatinin I allelino gbro dominant
(I+ID)/DD=1,152 va resessiv I[(ID+DD)=0,048 modellorin qiymatlori miiqayisasi onu gostorir ki, hom
dominant, hom do resessiv model iizra D allelinin har hans1 bir miioyyon slamaotls (genetik) ilisgisi ehtimali
I allelina nisbaton daha yiiksokdir (uygun olaraq 17.904 va 8.958 dofs). Bu naticalar bir ¢ox patologiyalar
va ya xastaliklorlo mahz D allelinin assosiasiya taskil etmasi haqqinda adabiyyat molumatlarini tosdiq edir.
Alinan naticelorin analizi hom qruplar daxilinds, ham do qruplar arasinda todqiq olunan slamatlorin D al-
lelindan asililiginin statistik etibarli sokilda (P<0.01) korrelyasiya etdiyini agkar etmisdir.

Agar sozlor: Renin-angiotensin-aldosteron sistemi (RAAS), angiotenzin-geviran ferment (ACE), insersiya,
delesiya, hipertenziya, psixi pozuntular, sokorli diabet (SD), polimorphizm, ko-dominant, homozigot, het-
erozigqot, COVID-19

Nucepunonnslii/nenennonnslii (1/D) mosiuMopdusM reHa aHruioTeH3UH-NPEBPAIAIOIIETO
tepmenTa (AIID) B AzepOaiifxkaHCKOH NOMYyISIUU

I'.P. AnubexoBa, C.M. PycramoBa, JI.A. Axynnosa, H.IIl. Mycradaes, U.M. I'yceiiHoBa
Unemumym monexyaspuoii 6uonoeuu u ouomexnonoeuit HAH Azepoaiioscana, Baxy, Azepbaiioscan

AnrvorensuH-npespamaonmii pepment (AIID) spiserca kiIr0ueBbIM (PEPMEHTOM PEHUH-AHTHOTEH3HUH-
anpocteponoBoit cuctemsl (PAAC), koTopasi HEMOCPEACTBEHHO YYaCTBYET B PETYISAILNU apTEPHATEHOTO
nmaenenvst. [IpeamonaraeTcs, 4to WHCEPIMOHHLIN/ qenermonnbiii (I/D) monmumopdusm rema storo ¢ep-
menTa (rena ACE), 6naromaps Hammuus/otcyTcTBus B 16-M uHTpoHE AlU-1I0oBTOpOB AMHON ~287 TLH.,
ACCOIMHMPOBAH C PHUCKOM Pa3BUTHSI HEKOTOPHIX 3a00JIeBaHWH, BKIIOUYAs CEPJEYHO-COCYAHMCTHIE 3abole-
BaHUsI, pa3JIMYHbIC BUJIBI ICUXUIECKUX PACCTPOUCTB, 00JIe3Hb AJIbIIreiMepa, reCTallMOHHBIH JHa0eT U Jp.
VYuuteiBasi oTcyTcTBUE AaHHBIX 110 |/D-nomumopdusmy rena ACE mist AsepOaiipkaHCKOM TTOITYIISIIIAA MbI
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n3ydanu monumop¢usM 3toro rera Merogom 1P ¢ mcmomb30BaHMEM KOHKPETHBIX MHap MpaitMepoB
(Hace3s u Hace3as (1), ACE-F u ACE-R (Il)). O6bexToM nccienoBanus ciayxumin oopasust JJHK, BbI-
JIeNICHHBIC ¥ 346 4YenoBek, pa3AelicHHbIX Ha 4 Tpymnibl: (1) HalueHThl ¢ pa3IuYHbIMU ICUXUYECKUMH Pac-
crpoiictBamu (90 marieHToB); (2) TpyIia IOHBIX CTYACHTOB, 3aHUMAIOIINXCS PA3IMIHBIMU BHIAMHU CIIOPTA
(84 genoBeka myskckoro nosna); (3) 6ospHbIe caxapHbiM quadetoM (28 marmentos ¢ CJ1 | Tuma (moarpyrma
3A) u 72 nauuenra ¢ CJ] Il tuna (moarpynma 3B); (4) rpymnma ycIoBHO 310pOBBIX JIFOJICH Pa3HOr0 Bo3pacTta
U cneuuanbHocTel (72 venoBeka, KOHTpoib). O0e mapbl npaiiMepoB uaeHTH(UIMpoBanu 16 mul ¢ re-
HoturoM Il (4,6%, roMo3uroTHeIe KO-AO0MHHAHTHI 110 |-atenio), 101 genosek ¢ remoruniom DD (29,2%,
TOMO3HTOTHBIC KO-IOMHUHAHTHI 10 ayiiesto D) u 228 mui ¢ renotuniom ID (66,2%, reTepo3uroTsl mo 060um
amtensM). Yacrora Bcrpewaemoctn cocrtaswia: =0,373, fp=0,627, Np:N=1,681. CoorHoleHnne oT-
JICNIBHBIX TEHOTHUIOB B Hccienyemoit nomyssinuu: 1D:DD=2,173; ID:11=14,125; DD:11=6.500. CpaBHeHue
3HAYCHUM moMuHAHTHOW Momenu mns amwtens D - (DD+ID)/11=20,625 u perieccuBHON MOJETH
DD/(ID+11)=0,430 otHocuTensHO moMHHaHTHON Momenu mus amrens | — (11+1D)/DD=1,152 u pernec-
cuBHoi momenu st amtens | — 11/(ID+DD)=0,048 yka3piBaeT Ha TO, YTO KaK B JOMHUHAHTHOM, TaKk U B
PEIECCUBHON MOJICNIAX BEPOSTHOCTh accolualuy amieis D ¢ KOHKpETHBIM MPHU3HAKOM BBIIIC, YEM Y
amnens | (B8 17,904 u 8,958 paza cooTBeTCTBEHHO). DTH pe3yNbTaThI HOATBEPKAAIOT TUTEPATYPHBIE JaHHEIE
00 acconmanuu UMeHHO amtens D co MHOTUMH MaTONOTUSIMY WK 3a00JICBaHUSAMH. AHAITH3 TIOTYYCHHBIX
JAHHBIX TakKXe BBIIBHI JocTOBepHYIO Koppemsiuuio (P<0,01) uccienyembix mpusHakoB amiens D kak
BHYTPH TPYIII, TAK ¥ MEKIY TPYIIIaMH.

Knroueswie cnosa: Penun-aneuomensun-anvoocmepornosas cucmema (PAAC), aneuomensun-npespawaio-

wuii pepmenm (AIID); uncepyus, deneyus; 2unepmonus, NCUXUYECKUe paccmpoucmed, CaxapHuli ouabem
(C/l), nonumopghusm, KoOOOMUHaHmMHbLU, 20M0o3u20mHubll, cemepozucomuuiii, COVID-19
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Severe acute respiratory syndrome SARS -CoV-2 is a newly emerging infectious disease caused by a
novel coronavirus, SARS-CoV. The World Health Organization announced the outbreak of corona-
virus disease (COVID-19) pandemic on 11 March 2020. SARS-CoV-2 and the Middle Eastern res-
piratory syndrome-related coronavirus (MERS-CoV) constitute the most life-threatening species
among all human coronaviruses. Until now, not any vaccines have been developed against corona-
viruses. Therefore, it is essential to develop vaccines to prevent outbreaks of COVID-19. Live atten-
uated, inactivated, subunit, recombinant protein, epitope, DNA, RNA based vaccines, adenovirus-
based vectors, virus-like particle vaccine forms the bases of vaccine candidates against COVID-19.
Each current vaccine strategy has distinct advantages and disadvantages. Therefore, it is paramount
that multiple strategies be advanced quickly and then evaluated for safety and efficacy. According to
the World Health Organization report, 42 COVID-19 vaccine projects are in clinical evaluation. Vac-
cine candidates developed against COVID-19 are different from the vaccine candidates previously
developed against SARS-CoV, MERS-CoV, and have a wider platform and are new hopes to develop
a vaccine against COVID-19.

Keywords: SARS-CoV-2, COVID-19, vaccines

INTRODUCTION

Severe acute respiratory syndrome SARS -
CoV-2 is a newly emerging infectious disease caused
by a novel coronavirus, SARS-CoV. The World
Health Organization announced the outbreak of coro-
navirus disease (COVID-19) as a pandemic on 11
March 2020. WHO reported that ~80% of COVID-
19 patients have mild-to-moderate symptoms, while
~20% develop serious manifestations such as severe
pneumonia, acute respiratory distress syndrome
(ARDS), sepsis, and even death. The virus SARS-
CoV-2 belongs to the genus Betacoronavirus (-
CoV) of the family Coronavirdae SARS-CoV-2
have a single-stranded positive sense RNA genome,
Encoding 4 structural proteins; spike (S), envelope
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(E), membrane (M), and nucleocapsid (N) which S
is a major protective antigen that elicits highly potent
neutralizing antibodies (NAbs), 16 non-structural
proteins (nsp1-nsp16) and several accessory proteins
(Rabaan et al., 2020). The SARS-CoV spike (S) pro-
tein is composed of two subunits; The S1 subunit
contains a receptor-binding domain that engages with
the host cell receptor angiotensin-converting enzyme
2 (ACE2). The S2 subunit mediates fusion between
the viral and host cell membranes. The S protein
plays key parts in the induction of neutralizing-anti-
body and T-cell responses, as well as protective im-
munity, during infection with SARS-CoV. The vac-
cine is a non-pathogenic immunobiological sub-
stance that has specific protection against any dis-
ease. The immunobiological substance causing
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recognition and elimination of the foreign agent by
stimulates the body's immune system cells. The im-
munobiological substance should consist of particles
of microbial agents or synthetic forms of these parti-
cles. The ideal vaccine Should be Immune effective
and cause long time immunity, Can be stored for a
long time, Immunity should be sufficient with a sin-
gle dose, Should not have any side and toxic effects,
Should be cost effective and easy to find, Must be re-
liable Should not cause infection. The mRNA-based
vaccine targeted to the S protein of SARS-CoV-2
works by active immunization (Rabaan et al., 2020;
Chen et al., 2020). This technique will not use part of
the virus but only recombine mMRNA of the S protein
in vitro according to the gene sequence, which is
coated with lipid nanoparticles for effective delivery.
Once injected into the muscle, the myocytes take up
the lipid nanoparticle (LNPs) and then release the
mMRNAs into the cytoplasm for translation into the S
proteins. These endogenously synthesized S proteins
will be secreted to activate both humoral and cellular
immune responses. S protein — spike protein; IM —
intramuscular, LNP — lipid nanoparticle; DC —den-
dritic cell; MHC — major, histocompatibility com-
plex; Ag — antigen. In one study researchers used
S377-588-Fc protein as a pattern antigen and evalu-
ated the effects of different adjuvants on the stimula-
tion of host immune responses to MERS coronavirus
recombinant binding domain (RBD) based subunit
vaccine. They used dissimilarly formulated vaccines
to immunize mice and then gave a demonstration of
the comparison of MERS coronavirus typical hu-
moral immune responses and neutralizing antibodies,
as well as T cell-mediated immune responses (Zhang
et al., 2016). No any specific drugs or vaccines have
developed for the treatment and prevention of
COVID-19 till now. This article aims to share infor-
mation about the recent potential vaccine candidates
against SARS-CoV-2.

Vaccine development against SARS-CoV-2

Various types of vaccines such as DNA-,
RNA-based formulations, recombinant-subunits
containing viral epitopes, adenovirus-based vec-
tors, and purified inactivated virus are under devel-
opment against SARS-CoV-2. Traditionally vac-
cine development methods such as Purified inacti-
vated viruses have been found to be effective safe
against viruses like influenza and poliovirus.
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Inactivated vaccines

Inactivated virus vaccines are obtained by kill-
ing viruses by various methods. The methods used
in the virus inactivation are essentially preserved an-
tigenic properties by disrupting the reproductive
abilities of the virus. It mostly stimulates the hu-
moral immune response. Inactivated vaccines must
be noninfective, biosafe. Methods used in inactiva-
tion vaccines include Heat, UV, Formaldehyde
(exm HAV), Beta prophylactone (influenza, jerusa-
lem), Phenol (Chua et al., 2018). In one study scien-
tists developed a pilot-scale production of a purified
inactivated SARS-CoV-2 virus vaccine candidate
(PiCoVacc), which induced SARS-CoV-2-specific
neutralizing antibodies in mice, rats, and non-human
primates. These antibodies neutralized 10 repre-
sentative SARS-CoV-2 strains, suggesting a possi-
ble broader neutralizing ability against SARS-CoV-
2 strains. These data support the clinical develop-
ment of SARS-CoV-2 vaccines for humans (Gao et
al., 2020). Thus, the obtained results with the inacti-
vated vaccine candidate against SARS-CoV and
SARS-CoV-2 reveal that this approach is promising
in developing the vaccine against both types of coro-
navirus.

Live attenuated vaccines

Live vaccines are vaccines which virulence is
reduced or eliminated but are prepared without de-
grading their antigenic nature. Live vaccines create
both humoral and cellular immunity and form a
large number of memory cells. Immunization of
live vaccines usually lasts a lifetime. Live-attenu-
ated vaccines reveal high immune responses that
can present to long term immunity after first or sec-
ond time vaccination. These vaccines have been
used against measles, yellow fever, chickenpox, in-
fections, and several other diseases. This type of
vaccine usually is comparatively easy to generate
for viruses, but it is not easy to create for bacteria
and parasites (Minor, 2015). An ideal vaccine can-
didate has to contain genetic selectors that could be
separately attenuating and also could be stimulated
by recombination processes. In one study research-
ers inoculated the mice with UV-inactivated
SARS-CoV in the presence or absence of adjuvant.
After vaccination, a high rate of humoral immune
response that revealing to the production of long-
term antibody expression and the memory B cells
was recognized. Antibodies which was generated
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in mice against SARS-CoV observed both S
(spike) and N (nucleocapsid) proteins of the path-
ogen and could prevent the infection (Takasuka et
al., 2004). Thus, the results obtained with the inac-
tivated vaccine prepared against SARS-CoV reveal
that this approach is important in developing the
vaccine against SARS-CoV-2.

Subunit vaccines

A number of technologies that target S protein
have been previously used for the development of
vaccines and antiviral therapeutics. The generation
of subunit vaccines appropriates to ensure wide pre-
vention should target the variety of the major immu-
nogenic agents of the Spike (S) protein (Malik et al.,
2020). Subunit vaccines for both SARS corona-
viruses rely on eliciting an immune response against
the S-spike protein to prevent its docking with the
host ACE2 receptor. scientists have developed and
tested a subunit vaccine comprised of only the re-
ceptor-binding domain (RBD) of the SARS-CoV S-
protein when formulated on alum, the SARS-CoV
RBD vaccine elicits high levels of protective im-
munity on the homologous virus challenge. An ad-
vantage of the RBD-based vaccine is its ability to
minimize host immunopotentiation (Wang et al.,
2020). Initial findings that the SARS-CoV and
SARS-CoV-2 RBDs exhibit more than 80% amino
acid similarity and bind to the same ACEZ2 receptor
offer an opportunity to develop either protein as a
subunit vaccine. Thus, subunit vaccines do not in-
clude the whole pathogen, but only the specific
compounds or antigens which induce the immune
system.

Recombinant protein vaccines

A recombinant vaccine is a vaccine produced by
using recombinant DNA technology. In this technol-
ogy, certain protein antigens can be produced in bac-
teria, yeast, mammalian cells, or plants. Recombinant
protein vaccines or recombinant subunit vaccines
compared to other vaccine platforms have the best bi-
osafety property, such as inactivated virus, live-atten-
uated virus, and viral vector-based subunit vaccines.
Recombinant protein-based vaccines do not rise a
risk for incomplete, inactivation, recovery of viru-
lence of the attenuated virus, or undesirable responses
of host cells to virus vectors. In one study researchers
synthesized a recombinant adenovirus type-5 (Ad5)

vectored COVID-19 vaccine expressing the S glyco-
protein of a severe acute respiratory syndrome
(SARS-CoV-2) strain. After an experiment on 18-60
years’ adults, they demonstrated that the Ad5 vec-
tored COVID-19 vaccine is tolerable and immuno-
genic at 28 days’ post-vaccination. Humoral re-
sponses against SARS-CoV-2 peaked at day 28 post-
vaccination in healthy adults, and rapid specific T-
cell responses were noted from day 14 post-vac-
cination. The results suggest that the Ad5 vectored
COVID-19 vaccine warrants further investigation
(Zhu et al., 2020).

Preparation of plant based recombinant
protein vaccines

Recombinant proteins based on plants are
safe, effective, and inexpensive. In one study re-
searchers showed that SARS-coronavirus (CoV)
spike protein (S protein) and its truncated frag-
ments have expressed (the N-terminal) in tomato
and low-nicotine tobacco plants. Incorporation of
the S1 fragment into plant genomes as well as its
transcription was confirmed by PCR and RT-PCR
analyses. High levels of expression of recombi-
nant S1 protein were observed in several trans-
genic lines by Western blot analysis using specific
antibodies. Plant-derived antigen was evaluated
to induce systemic and mucosal immune re-
sponses in mice. Mice showed significantly in-
creased levels of SARS-CoV-specific IgA after
oral ingestion of tomato fruits expressing S1 pro-
tein. Sera of mice parenterally primed with to-
bacco-derived S1 protein revealed the presence of
SARS-CoV-specific 1gG as detected by Western
blot and ELISA analysis

Epitope vaccines

Epitopes are the part of antigens that identify
by the immune system, specifically by, B and T
cells antibodies. in recent years new approaches in
vaccine technology based on epitopes show great
immunity both in humans and pathogens. Epitope-
based vaccines can be consist of the short peptide
with poor immunogenicity or longer peptides com-
posed of multiple epitopes, based on dendrimer
structures such as multiple-antigenic peptides
(Palatnik-de-Sousa et al., 2018). In one study re-
searchers demonstrated the potency of epitopes
from the S protein of MERS-CoV and detected that
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the antigenic epitopes may present as effective vac-
cines for the prevention of MERS-COV pathogen
(Tahir Ul Qamar et al., 2019).

In another study researcher to obtain immuno-
genic epitopes, characterized spike glycoprotein.
They choose 13 Major Histocompatibility Com-
plex-(MHC) I and 3 MHC-II epitopes, having anti-
genic properties. To increase fast immuno-
genic property of these epitopes they performed im-
munoinformatics analysis. Moreover, they demon-
strated that the molecular docking of vaccine com-
ponents with the TLR-5 proves the significance and
effectiveness of these epitopes as an ideal vaccine
candidate against SARS-COV-2. Development of
epitope-based peptide vaccine against novel corona-
virus 2019 (SARS-COV-2) (Bhattacharya et al.,
2020). in one study scientists designed a multi-pep-
tide subunit-based epitope vaccine against COVID-
19. The recombinant vaccine contains cytotoxic T-
lymphocyte, an adjuvant, T-lymphocyte, and B-cell
epitopes joined by linkers. The computational data
demonstrate that the vaccine is non-toxic, non-aller-
genic, thermostable, with the capability to elicit a
humoral and cell-mediated immune response. The
stabilization of the vaccine construct is validated
with molecular dynamics simulation studies. This
unique vaccine consists of 33 highly antigenic
epitopes derived from three proteins and plays an
important role in viral entry and pathogenicity and
host-receptor recognition. They recommend that
this vaccine be synthesized and tested quickly
(Kalita et al., 2020).

Virus-like particle vaccines

Compared to other traditional live virus vac-
cines, virus-like particles are more biosafe and ef-
fective. VLP based vaccines are not infective. As
VLPs don’t require inactivation or attenuation it
makes this technology so important. If special nat-
ural proteins, that have the ability to suppress im-
mune response, eliminated from the VLP structure
can remarkably improve the potential of these par-
ticles. Virus-like particles, obtained by different
expression methods, have been broadly used as
vaccines and delivery systems for drugs and genes
(Charlton Hume et al., 2019). VLPs have ex-
tremely repetitive surface they are capable to boost
the high level of B-cell responses in case using ad-
juvant.
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Bacterium like particle vaccines

The action of Bacterium-like particles based on
the membrane surface receptor TLR2 (innate recep-
tor) activation which is specific for different viral,
fungal, and bacterial compounds. The BLPs are new
types of immunostimulators (Van Braeckel-
Budimir et al., 2013). To increase protective im-
munity BLPs can be used in combination with anti-
gens. The successful attaches of antigen to particle
could boost the immune response. BLPs have been
successfully used for Streptococcus pneumonia, in-
fluenza, and Yersinia pestis (Nganou-Makamdop et
al., 2012; Saluja et al., 2010). researchers designed
a bacterium-like particle (BLP) vaccine against
MERS-CoV, presenting the recombinant binding
domain (RBD) antigen protein. The results of this
research indicated that BLP based vaccine can stim-
ulate a high characteristic mucosal immune re-
sponse. They suggested that MERS-CoV bacte-
rium-like particle with GELO1 adjuvant is a poten-
tial platform for vaccine development (Li et al.,
2019).

Polymeric nanoparticle based vaccines

Nanoparticle-based vaccines have gained
more importance in recent years because of their
more effectiveness, offering numerous advantages
over inactivated or subunit vaccines, the ways of
immunization, and features such as boosting the
immune response as a targeted carrier system.
Nano particle-based vaccines could be produced
by encapsulating vaccine compounds within na-
noscale particles or by binding viral antigens to the
surface of the particle. These nanoparticles can pre-
vent the degradation effect of proteolytic enzymes
on antigens along with their availability and pre-
serve the prolonged and systematic release of anti-
gens. These features of nanoparticle vaccines give
the opportunity to stimulate high immune re-
sponses in contrast to soluble antigen vaccines
(Dhakal & Renukaradhya, 2019). This technology
also is considered a new approach to generating
vaccines against MERS-CoV, RSV, and Epstein
Barr virus.

Inorganic nanoparticle based vaccines

Physicochemical features of inorganic nano-
particles make it a suitable option for use in immu-
notherapy applications because these specifica-
tions prohibit the generation of antibodies against
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the platform. In addition, some studies demonstrate
that different immune cells, such as macrophages,
dendritic cells, and lymphocytes, that are induced
via Gold nanoparticles and AuNPs, cause the gen-
eration of pro-inflammatory and Thl cytokines.
One study, explored the effectiveness of AuNPs
and TLR agonists. Of these two kinds of vaccine
adjuvants, AuNPs are used as antigen delivery sys-
tems and adjuvants for subunit vaccines. The anti-
bodies that were stimulated by recombinant S
(spike) protein prevented SARS-CoV infection,
but an eosinophilic immunopathology was recog-
nized in the lungs of immunized mice after SARS
infection. According to this study, an adjuvant is
necessary for the prevention of eosinophilic im-
munopathology in the lungs after SARS-CoV in-
fection, even with the spike (S) protein vaccine.
Researchers in one study designed a recombinant
spike (S) protein of SARS coronavirus by using the
expression system of baculovirus. Furthermore,
they investigated the effectiveness of the vaccine
and its ability to stimulate lung eosinophilic im-
munopathology in the murine SARS model
(Sekimukai et al., 2019).

DNA vaccines

DNA vaccine technology is a new effective
way to induce humoral and cellular immune re-
sponses to protein antigens. Bacterial plasmids are
the DNA vaccines component. antigen expression
unit and production unit include bacterial se-
guences are expression plasmids which use in
DNA-based vaccination technology. DNA vac-
cines have been used against several diseases (such
as influenza, HIV, Ebola, West Nile and other vi-
ruses) in various animal models (Gurunathan et al.,
2000). In contrast to success in animal models, the
use of these vaccines on humans have been carried
out just in recent years. More investigations are
needed to demonstrate its potential to prevent hu-
man diseases. According to the disadvantages of
the animal model for SARS-CoV pathogen, to de-
termine the immunogenicity of plasmids in hu-
mans is important. The description of efficacious
virus genes can lead to the option of inserts for vac-
cination technologies that based on genes Accord-
ing to one study, DNA vaccination has been used
to stimulate cellular and humoral immunity against
S glycoprotein of SARS-CoV. The humoral im-

munity that involves the expression of NA (neu-
tralizing antibodies) can prevent the replication of
viruses in the experimental animal model and rec-
ommend that this kind of vaccination reveals
prophylactic immune response (Yang et al., 2004).
In one study, researchers explored the biosafety,
immunogenicity, and endurance of MERS corona-
virus DNA-based vaccine (GLS-5300) They
demonstrated that this DNA vaccine candidate did
not reveal undesirable side effects and stimulated
identical cellular and humoral responses. Immune
responses were recognized in most of the persons
(£85%) that participate in trials after vaccination
twice and lasted through 1 year. They noted that
this phase-1 clinical research does not evaluate the
effectiveness of DNA vaccine and it needs further
investigations in an endemic region of MERS-CoV
(Modjarrad et al., 2019).

Messenger RNA vaccines

RNA or mRNA is a new vaccine technology
that provides immunity through RNA containing
the vector. mMRNA vaccines have shown strong im-
munity against infectious disease, influenza virus,
Zika virus, and others. The absence of genome in-
tegration, the production of multimeric antigens,
rapid development capacity, the stimulation of im-
mune response against different diseases, make
mRNA vaccines more effective than traditional
vaccine candidates. mRNA vaccine development
technology involves the capability to combine sev-
eral mRNAs into a single vaccine and to induce
more potent protective immunity. Messenger RNA
vaccine development technology involves the ca-
pability to combine several mRNAS into a single
vaccine and to induce more potent protective im-
munity. However, some limitations also were eval-
uated, such as instability of messenger RNA, prob-
lems with carriage of mMRNA into cells and etc. For
this, the design of biosafe and effective products
for in vivo carriage of MRNA and improved proce-
dures to produce high-grade mRNA are required.
Previously, scientists generated mRNA vaccine
candidate that prevents Zika virus in mice and
monkeys after injection of a single dose. Research-
ers were used mRNA vaccines produced for pro-
tection from influenza viruses (A H1IN1, H3N2 and
H5N1) vaccine prompts B and T cell-dependent
protection. It purposes several antigens, containing
strongly protected virus nucleoprotein, displaying
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its profit as a cross-protective vaccine candida. Re-
combinant vector vaccines caused both cellular
and humoral immunity, adenovirus vectored vac-
cines are one of the widely used recombinant vec-
tor vaccines against several diseases including
HIV, influenza, malaria etc. According to previous
animal researches, different vaccine candidates
showed effectiveness, biosafety, and immunogen-
icity against MERS-CoV. Among these options,
the recombinant viral vector-based candidates are
evaluated as the most suitable platform (Wang et
al., 2020; Pardi et al., 2017).

Recombinant vector vaccines

A vector vaccine is obtained by genetic engi-
neering. Vector vaccines prepare from live micro-
organisms which are non-pathogenic or have low
pathogenicity for the desired species and induce an
immune response against micro-organisms by en-
coding antigens via genes. viral vectors are a tool
used to deliver genetic material into cells. This pro-
cess can be done in a living organism (in vivo) or
in cell culture (in vitro).

In one study researchers synthesized AOaV-1
based topical respiratory vaccine candidate against
CoVID-19. They engineered a virulent strain of
AOaV-1 to express full-length spike (S) glycopro-
tein which is highly neutralizing and is a major pro-
tective antigen of the SARS-CoV-2. As a result,
they mentioned that the recombinant vaccine vec-
tor stably expressed S protein after multiple propa-
gations in chicken embryonated eggs, and this ex-
pression did not remarkably affect the in vitro
growth characteristics of the recombinant. And
they inform that the synthesized vaccine carries the
potential for clinical studies against COVID19
(Rohaim & Munir, 2020).

CONCLUSION

According to the World Health Organization
(WHO) report, 42 COVID-19 vaccine projects are
in clinical evaluation. Vaccine candidates devel-
oped against COVID-19 are different from the vac-
cine candidates previously developed against
SARS-CoV, MERS-CoV, and have a wider plat-
form and are new hopes to developing of a vaccine
against COVID-19. Until now, no vaccines have
been applied against coronaviruses. Therefore, it is
essential to develop vaccines to prevent outbreaks
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of COVID-19. Live attenuated, inactivated, subu-
nit, recombinant protein, epitope, DNA, RNA
based vaccines, adenovirus-based vectors, virus-
like particle vaccine forms the bases of vaccine
candidates against COVID-19.
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SARS-CoV-2-a qars1 hazirlanmaqda olan peyvand namizadlarina iimumi baxis
A.M. Allahverdiyev *, S. Dinparvar ?, M. Bagirova ', A.l. Qurbanov *, R.B. Bayramh °

LV.Y. Axundov adina EImi Tadgigat Tibbi Profilaktika Institutu, Baki, Azarbaycan
2 Yildiz Texnik Universitetnin Biomiihandislik Boliimii, Istanbul, Tiirkiya
*Azarbaycan Tibb Universsitetinin Tibbi mikrobiologiya va immunologiya sébasi, Baki, Azarbaycan

Agir kaskin tonaffiis sindromu koronavirus 2 (SARS-CoV-2) yeni bir koronaviriis olan SARS-CoV'un se-
bep oldugu yeni bir yoluxucu xastolikdir. Umumdiinya Sohiyya Toskilat: 11 mart 2020-ci il tarixinda ko-
ronavirus xastaliyinin (COVID-19) yayilaraq pandemiyaya sabab oldugunu elan etdi. SARS-CoV-2 va
Yaxin Sorq tonaffiis sindromuna (MERS-CoV) sobab olan koronavirus insanlar {igiin an tohliiksli korona-
virus novlordir. indiya qoder koronaviruslara gars: hor hansi bir peyvand hazirlamaq miimkiin olmamisdir.
Bu odsbiyyat icmalinda COVID-19-a gars1 diinyanin miixtalif laboratoriyalarinda hazirlanan peyvondlor
haqqinda malumat verilmokls birlikds onlarin miisbat vo monfi toroflori miizakirs edilmisdir. Hazirda CO-
VID-19-a qars1 canli, zoiflomis, tosirsiz hala gatirilmis, subunit, rekombinant ziilal, epitop, DNT vo RNT
osasl vaksinlor, adenovirus asasli vektorlar, virusa banzar hissaciklorin asasinda namizad peyvandlar {izo-
rindo todqiqgatlar aparilmagdadir. Umumdiinya Sohiyyoe Toskilatinin hesabatina goro 42 COVID-19_a qgarst
peyvand layihasi Klinik gqiymatlondirmadadir. Hazirlanacaq peyvendlarin giymatlondirilmasinds onlarin bi-
otohliikasizliyina va effektivliyine digqet emoak ¢ox vacibdir. COVID-19-a qarst hazirlanan peyvond nami-
zadlari, avvallar SARS-CoV, MERS-CoV-a qarsi hazirlanan peyvand namizadlarindon farqli olub, daha
genis bir platformaya sahibdir. Buna gora do aparilan bu todqiqatlar COVID-19-a gars1 peyvend islenilib
hazirlanmasinda yeni timidlor verir.

Acar sozlor: SARS-CoV-2, COVID-19, vaksinlar
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00630p pa3zpadaTbiBaeMbIX BAKIIMH-KaHIUAAaTOB npoTuB SARS-CoV-2
A.M. Amnaxsepaues ', C. lunnapsap °, M. Baruposa ', A.H. Kyp6anos *, P.5. Baiipamisr °

' Hayuno-uccredosamenscruii uncmumym meduyunckoii npogunaxmuxu umenu B.IO. Axyndosa,
baxy, Azepbatioscan
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TspKenblit OCTphIi PecIMPaTOPHBIN CHHAPOM - KopoHaBupyc 2 (SARS-CoV-2) - 3To HelaBHO BO3HHUKIIIEE
uH(DEKIIMOHHOE 3a00IeBaHNe, BbI3bIBarOIee KOpoHaBHPYCHYO O60e3Hb (COVID-19). Becemupnas opranu-
3amms 3paBOOXpaHEeHUsT O0BSIBIIIA O MAaHAEeMHH KopoHaBHpycHOro 3aboinesanus (COVID-19) 11 mapra
2020 roga. SARS-C0oV-2 1 KOpPOHABHPYC, CBA3aHHBIN C OIMKHEBOCTOUHBIM PECIUPATOPHBIM CHHAPOMOM
(MERS-CoV), cunTatorcst HanboJiee OMacHbIME KOPOHABUPYCAMH UTS JKH3HU 4eiioBeka. J[o cux mop He
ObUTIO pa3paboTaHO BaKUWH NMPOTHB KOPOHAaBUPYCOB. CledoBaTeNbHO, Ui NPENOTBPALLCHHUS BCHBIILIEK
COVID-19, ouens BaxkHo pazpaboTaTh OCHOBHI BakIMH-KaHauaatoB npotuB COVID-19: aTtrenyupoBan-
HbIC, MHAKTHBUPOBAHHbIE, CyObeTUHUYHBIE BAKI[MHBI, BAKI[MHbI U3 PEKOMOMHAHTHOTO O€JKa, 3MUTOIIA,
BakuHbl Ha ocHoBe JIHK u PHK monekyn, BakuuHbBI Ha OCHOBE BEKTOPOB-aICHOBUPYCOB, BAaKIIMHbI Ha
OCHOBE BHUPYCOMOAOOHBIX wacTHi. Kakmas Tekymias cTpaTervsi BaKIHMHAIIMM HMEET OIpe/eiiCHHbIC
NpEeuMYIIeCTBa U HeJocTaTku. [103ToMy KpaifHe BayKHO OBICTPO pa3padoTaTh HECKOIBKO CTpaTeruii u
3aTeM OIeHHTh WX Oe3omacHOCTh W 3ddektuBHOCTh. CoriacHo ordery BcemupHoit OpraHuzanuu
3npaBooxpanenus 42 mpoekta BakuuH npotus COVID-19 npoxoasT KIMHUYECKYIO OLEHKY. BakiuHbl-
KaHAuJaThl, pazpadorannsie mpotuB COVID-19, otnnyarotest OT BakKIMH-KaHAWIATOB, paHee pa3paboTaH-
HeIxX ipotuB SARS-CoV, MERS-CoV, umeroT 6osiee MUpoKyro maatGopMy U SBISIOTCS HOBOU HaIeK IO
Ha pa3paboTky BakuuHbI potuB COVID-19.

Knrouesvie cnosa:. SARS-CoV-2, COVID-19, saxyunol
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COVID-19 as a public health concern of the world has spread worldwide and a combination of vari-
ous methods including tomography imaging, reverse transcription-polymerase chain reaction (RT-
PCR), enzyme-linked immunosorbent assay (ELISA) and cell culturing were developed to detect and
identify SARS-CoV-2. Due to the absence of specific antiviral agents or vaccines for COVID-19 treat-
ment, early detection and identification are vital. An alternative, sensitive, fast point-of-care (POC)
detection tool that can be routinely used by health care providers utilizing biological fluids as a spec-
imen before starting an emergency process is desired. Efforts are underway to develop more effective
diagnostic and surveillance technologies with loop-mediated isothermal amplification (LAMP) tests,
antibody testing and microfluidic RT-PCR devices (Lab-on-a-chip). Point-of-care diagnostics are
promising candidates in SARS-Cov-2 detection and encourage scientists to improve their technolo-
gies beyond conception. The reverse transcription LAMP (RT-LAMP) method developed for SARS-
CoV-2 could detect the virus even in saliva samples in less than an hour (Harapan et al., 2020). Lab-
on-a-chip devices contain a small size chip, microchannel, microelectrodes and microheater. Cell ly-
sis, DNA extraction and PCR amplification stages could be integrated on these microchips (Sharma
et al., 2020). Because of the rapid detection, small volume of the specimen and integration with PCR
in a portable tiny system, these devices are promising for SARS-CoV-2 detection (Huang et al., 2018).
The validity and sensitivity of all the above-mentioned methods need to be improved for salivary
specimen usage; in case of improvement, they might provide an opportunity for salivary detection of
the virus without a waiting period and complex analytical infrastructure.

Keywords: COVID-19; RT-PCR; polymer chip; thermocycler; emergency situations; biosensors

INTRODUCTION

The family of coronaviride are responsible for
respiratory, hepatic, neurological and enteric man-
ifestations of the new epidemy of COVID-19.
Coronaviride family has four general classes in-
cluding, alpha, beta, gamma and delta corona-
viruses (Harapan et al., 2020). The crown-like
shape of the virus under electron microscope has
been attributed to the term coronom (Sharma et al.,

2020). A broad range of mammels such as humans,
animals and rodents could be infected via corona-
viruses. High recombination and mutation rate
leads to the rapid adjusting of the virus in the new
host (Sharma et al., 2020; Huang et al., 2018).The
common symptoms of this pandemic health con-
cern include fever, cough, myalgia, plummeted
leukocytes and opacities (Chan et al., 2020; Hoff-
manet al., 2020). Headaches, abdominal pain, hem-

doi.org/10.29228/jlsbh.58
Auvailable online 25 December 2020



mailto:eftekharia@tbzmed.ac.ir
https://jlsbjournal.org/archives/73-rapid-and-simple-detection-of-sars-cov-2-with-point-of-care-covid-19-testing.html

Rapid and simple detection of SARS-CoV-2 with point-of-care COVID-19 testing

optysis and diarrhea are considered as other symp-
toms (Harapan et al., 2020).However, many cases
are asymptomatic and the validity of testing assays
is low, and thus the real number of affected patients
is certainly underestimated. This in turn increases
the spreading of the disease (To et al., 2020). In ad-
dition, the symptoms are commonly similar to nor-
mal cold and flu. So, accurate and early diagnosis
of the disease is crucial in order to prohibit the fa-
tality. In particular, early detection allows the cli-
nicians to avoid serious complications in COVID-
19 patients. Also, identification of negative indi-
viduals helps the removal of unnecessary quaran-
tine time. In the current paper, novel developments
in the diagnosis of COVID-19 and innovations es-
pecially in the context of biosensors and point of
care settings will be discussed.

MATERIAL AND METHODS

1. Rapid and portable detection devices

The nonspecific manifestations of COVID-19
require an urgent need for rapid diagnosis of sus-
pected individuals and an exact screening (Yang et
al.,2020). Point of care settings which are rapid, ef-
ficient, cost-effective and do not need experts are
demanded (Nguyen et al., 2018). These devices
could be utilized in emergency situations
(Baroneet al., 2020).This would inhibit rapid
spreading of the diseases (Nguyen et al., 2020).
However, the current standard methodology is
based on the real-time reverse transcription-poly-
merase chain reaction (rRT-PCR) with five steps
(Berry et al., 2016) that include sample collection,
storing the specimens, transmission to the labora-
tory, testing protocol and result reporting. In addi-
tion, sample transportation to the rRT-PCR central
laboratory is time-consuming and thus postpones
obtaining the results (Berry et al., 2016; Chu et al.,
2020). This is a pivotal drawback in the COVID-
19 outbreak since can lead to the rapid distribution
of the disease. The need for technical expertise and
being very expensive are other problems (Liaw et
al., 2012; Cho et al., 2014). Also, co-detection of
coronaviruses with other respiratory viruses via
PCR might result in false positive cases (Fig. 1)
(Cho et al., 2014).

2. Loop-Mediated Isothermal Amplification
(LAMP) Assays in PoC devices

Surrogate molecular amplifications methods to
overcome the limitations of RT-PCR technique are
required. A novel nucleic acid amplification method
with high efficiency and specificity under isother-
mal situations is loop-mediated isothermal amplifi-
cation (LAMP) (Fig. 2). A DNA polymerase with
strand displacement function and a series of four pri-
mers are used in the LAMP to fabricate several
DNA copies in a short time that are stem-loop with
multiple inverted repeats of the target and cauli-
flower-like shape (Nagamine et al., 2002). In addi-
tion to high sensitivity and specificity, simple proto-
col has turned it into an appealing method in the
realm of molecular biology and pathogen detection.
Instead of heat denaturation, LAMP used strand-dis-
placement polymerases to synthetize a single-
stranded template. The main advantage is diminish-
ing the use of energy in thermocycler because it runs
in a constant temperature. In comparison with PCR,
this technology is more stable and sensitive (Labar-
rere et al., 2011; Galvez et al., 2020). So, there is a
great hope that LAMP could be a potential candidate
in point-of-care detection of COVID-19. In the pro-
ject of Veterinary validation of point-of-care diag-
nostic instrument), LAMP has been utilized as a
point-of-care device in detection of some respiratory
viruses such as avian influenza virus (Galvez et al.,
2020). In this project the detection time was then 60
min. also, combination of LAMP with disposable
polymer chips as a lateral flow strip would be bene-
ficial. The example for this method might be
COVID-19 IgM/IgG Rapid Test of BioMedomics
(Cassaniti et al., 2020) with the sensitivity of ap-
proximately 89%.

3. New technologies for SARS-CoV-2 detec-
tion

Biosensors are novel detection tools which
mix the selectivity properties of a biomolecule with
the sensitivity of a transducer (Kurbanoglu, 2020).
Biosensors can achieve rapid, reliable, real time
and sensitive diagnosis of different diseases (Sin et
al., 2014). Different types of biosensors have for-
merly been applied in the detection of infectious
diseases and pathogens (Fig. 3) (Sin et al., 2014).
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Fig. 2. Hlustration of -LAMP amplification method.

The trapping of conductive nanoparticles with
smaller wavelength of light is the basis of an optical
sensor termed as Localized surface plasmon reso-
nance (LSPR). Coherent localized plasmon oscilla-
tion is generated by the interaction of the incidence
light and surface electrons in the conduction band.
Local alterations such as the differences in the re-
fractive indices and molecular binding change the
resonance frequency (Petryayeva and Krull, 2011).
Viral sequences such as ORFlab COVID, RdRp-

COVID and SARS-CoV-2 e genes havebeen

detected via localized surface plasmon reso-
nance (LSPR) sensing transduction and Dual-func-
tional plasmonic biosensor utilizing plasmonic
photothermal (PPT) impact. The in situ hybridiza-
tion of RdRp of SAR S-CoV-2 and its complemen-
tary DNA has been increased using a converted
PPT heat energy near the gold nano-islands. Pho-
todermal increased LSPR produced a higher slope
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compared to the system destitute of phototermal ef-
fect. This biosensor could distinguish between
SARS-CoV and SARS- CoV-2 viruses. However,
a false positive response signal was achieved for
RdRp-SARS sequence in the absence of photother-
mal effect. The detection limit for this fabricated
device was estimated to be 0.22 pM (Qiu et al.,
2020).

The basis for the field effect transistor (FET)
is the regulation of carrier mobility through a bi-
ased semiconductor owed to the electrostatic field
(Fig. 4). The selective diagnosis of special targets
is provided with the covering of the gate surface
which is covered with a layer that could be altered
using different biomolecules (Ahmad et al., 2020).

The SARS-CoV-2 spike protein S1 was de-
tected using a graphene FET modulated with an an-
tibody of SARS-CoV-2 spike S1 subunit protein

(CSADb) or angiotensin-converting enzyme 2
(ACE2).
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The  graphen  surface  encompasses
CDADb/ACE?2 receptors and the binding of S1 pro-
tein with a positive charge mediate the conduction
and resistance in the FET. In this study, the CSAb-
altered graphene FET showed higher affinity to the
antibody and thus a higher sensitivity with an LOD
of 0.2 pM (Yiiceet al., 2020).

The alterations in channel surface potential of
the FET and its impact on the electrical impulse has

provided the platform for detection of SARS-CoV-
2. The S protein as the main transmembrane pro-
tein in the virus and acts as a great antigen but ex-
hibits diversities in the amino acid sequences in
coronaviruses.

The SARS-CoV-2 S1 antigen was also de-
tected with a Cell-based potentiometric biosensor
A membrane-engineered renal cell changed with
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the SARS-CoV-2 SpikeS1 antibody. The anti-
gen/antibody interaction changes the potential of
the membrane. Eight gold screen printed electrodes
along with polydimethylsiloxane (PDMS) layer
with eight wells was the structure of the device.
Protein adding was done subsequent to the addition
of suspension of the modified membrane and the
signal was measured by a potentiometer. The de-
tection limit was estimated to be 1fg/ml which was
great (Mavrikou et al., 2020).

CONCLUSION

Recent developments in the field of biosens-
ing technology, and molecular systems including
LAMP microfluidics are promising to improve the
quality and efficiency of diagnostics and will re-
place RT-PCR. Additional researches are needed
to improve sensitivity, reproducibility, reliability
of new detection methods. Furthermore, developed
systems should analyze samples from diverse
routes to confirm the results. The production of
POC devices is still an urgent need to sensing of
pathogens on-site without the need for trained per-
sonnel.
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SARS-CoV-2—-nin xasta iizarindo COVID-19 testi ilo siiratli vo sado askarlanmasi
O. Eftixari*?, A.N. Nasibova®*, R.i. Xalilov >**

"Maraga Tibb Elmlari Universitetinin Farmakologiya va toksikologiya kafedrasi, Maraga, Iran
2 Nanobiotexnologiya va Funksional Nanosistemlarin Unkrayna-Azarbaycan Beynalxalg Tadgigat va
Tahsil Markazi, Drohobig, UKrayna va Azarbaycan, Baki, Azarbaycan
*Baki Déviat Universitetinin Biofizika va biokimya kafedrasi, Baki, Azarbaycan
*AMEA-nmin Radiasiya Problemlori Institutu, Baki, Azarbaycan

COVID-19 bir ictimai saglamliq problemi olaraq diinya miqyasinda yayilmisdir vo tomografiya goriintiisi,
oks transkripsiya-polimeraza zoncir reaksiyasi (RT-PCR), ferments bagli immunosorbent analizi (ELISA)
va hiiceyrs kultivasiyasi daxil olmagla miixtolif metodlarin birlosmasi SARS-CoV-2-nin askar edilmasi vo
miisyyan olunmasi ii¢iin inkisaf etdirilmisdir. COVID-19-un miialicasi {igiin spesifik antiviral maddalorin
va ya peyvandlorin olmamasi sabobindon onun erken askarlanmasi vo identifikasiyasi ¢ox vacibdir.Tacili
yardim omsliyyatina baslamazdan avval bioloji mayelsri niimuns olaraq istifade edan sohiyys iscilori
torafindon miitomadi olaraq istifads edils bilon alternativ, hassas, siiratli xasts lizerinds agkarlama vasitasi
arzuolunandir. D6nga vasitagiliyi ilo izotermik giiclondirmo (LAMP) testlori, antikor testlari vo mikrofluik
RT-PZR cihazlar (¢ip laboratoriyast) ilo daha tosirli diagnostika vo nozarat texnologiyalarinin inkisafi tizro
islar davam etdirilir.POC diagnostika, SARS-Cov-2 askarlanmasinda timidvericidir vo alimlari konsepsiya
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xaricindo texnologiyalart inkisaf etdirmoyo tosviq edir. SARS-CoV-2 iigiin inkisaf etdirilmis oks tran-
skripsiya LAMP (RT-LAMP) metodu, bir saatdan az miiddst arzinds tiipiircok niimunslarinds bels virusu
askar edo bilor. “Lab-on-a-chip” qurgusu kicik olgiili mikrosxem, mikrokanal, mikroelektrodlar va
mikroqizdiricidan ibarstdir. Hiiceyra lizisi, DNT ekstraksiyasi vo PZR amplifikasiyast marhalalori bu
mikrogiplars inteqrasiya edils bilor.

Agar sozlor: COVID-19, RT-PZR, polimer ¢ip, termosikl, f6vgalads hallar, biosensorlar

BricTpoe u npoctoe ooHapy:kenne SARS-CoV-2 ¢ TecTupoBaHuEM
COVID-19 B npucyTcTBHH MAIHEHTA

A. I/Iq)Tnxapnl'z, A.H. Hacu6osa**, P.M. Xaauios”>*

1
Dakynvmem gapmaxonio2uu U MoKcuKoro2uu Yuusepcumema meduyunckux Hayk Mapaza, Mapaza, Upan
2 . . . L .
ObvedunenHbvlll YKpauncko-A3epbationcanckutl MexcOyHapOOHblll HAYYHO-00pa308amenbHbIl YeHmp
HaHOOUOMEXHOI02UU U (PYHKYUOHATbHBIX HaHOocucmeM, [poeoduiy, Ykpauna u Azepoaiiorcan,
baxy, Azepbaiiosncan
3
Kageopa buoghuzuxu u dbuoxumuu baxuncrkoeo cocydapcmeentnozo ynusepcumema,
baxy, Azepbaiioxncan
4 . .
Uncmumym paouayuonuwix npobaem HAH Azepbationcana, baxy, Azepbatiosxcan

COVID-19 xak mpo0iieMa MHPOBOTO OOIIECTBEHHOTO 3/PAaBOOXPAHEHHs PACIPOCTPAHUIICS IO BCEMY
mupy. Jns obHapyxxenus u uaentupukanun SARS-CoV-2 paspaboTanbl pa3nuuHble METOJBI, BKIIOYAS
ToMorpaduio, MOIMMEpa3HyIo IEMHYK peakiuio ¢ oopatHon TpaHckpurimeil (RT-PCR), ummyHodep-
MeHTHBIH aHanmu3 (ELISA) u xynmeTUBUpOBaHHWE KIETOK. M3-3a oTCyTCTBHS CrieMU(UYIECKHX TPOTHBO-
BUPYCHBIX areHTOB win BakiuH s nedeHns COVID-19 pannee oOHapyskeHHe U MACHTH(PHUKALIUS HMEIOT
KU3HEHHO Ba)KHOE 3HaueHue. JKenareabHO ObIIO ObI, YTOOBI MEAUIIMHCKHE PAOOTHHUKH, CITONB3YIOIINE B
KadecTBe 00pasia OMOJIOrHYeCKHe KUAKOCTH, NIEepe]] HauyaJloM OKa3aHUsl CKOPOM MEIUIMHCKOW TOMOIIN
(POC) umenu B HanM4yuu albTEPHATHBHBIN UYYBCTBUTEJBbHBIH HHCTPYMEHT OBICTPOrO OOHApYXKEHHUS,
KOTOPBI MOT ObI PEryJISIPHO UMH MCIIOJIb30BaThcsl. B HacTosIiee BpeMs MPEANPUHUMAIOTCS YCUIHS 10
pas3paboTke Oonee 3 (HEKTUBHBIX TEXHOJOIHHA TUArHOCTHKH M HAOMIOJCHHS C MCIIOJIb30BAHUEM TECTOB C
nemieBoil u3orepmudeckoi ammmbukanueir (LAMP), TecTupoBaHHs Ha aHTHUTENa M NPUMCEHEHHEM
mukpodronansix yerpoiicte RT-PCR (Lab-on-a-chip). POC-nuarsoctuka nepcrniekTHBHA B OOHapyxe-
Hun SARS-Cov-2 1 noOyxaaeT yaeHbIX, COBEpIICHCTBYIOIUX TEXHOJIOTHH, BEIXOJUTD 32 TpeIesbl KOH-
uernuy. Metox oopartHoit Tpanckpunuun LAMP (RT-LAMP), pazpabotanssiii uiss SARS-CoV-2, moxer
00HapyKUTh BUPYC Ja’ke B 00pa3Iax CIIOHBI MEHee YeM 3a yac. Y CTpOicTBa THNA «1abopaTopHs Ha YUIIE)
coJiepKaT MHUKPOCXeMy HEOOJIBIIOro pa3Mepa, MUKpPOKaHall, MUKPOAJIEKTPOIbl ¥ MUKpOHArpeBarelb. B
3TH MUKPOYHIIBI MO’KHO HHTETPUPOBATH 3TAllbl JIM3Kca KieTok, skcTpakuuu JHK u [MLP-ammnudukanmu.
Bnaronaps 6picTpomy 00HapykeHuUI0, HeOoIbIIOMY 00beMy 0Opasia u unrerpamuu ¢ [1LP B mopraruBHO#M
KPOILIEYHOH CHCTEME, 3TH YCTPOUCTBA SBISIOTCS MHOrooOemaronmMu s ooHapyxenuss SARS-CoV-2.
Heo0xomumMo MOBBICHTH TOCTOBEPHOCTh W UYBCTBHUTEJIBHOCTH BCEX BBIMICYIOMSHYTHIX METOMIOB IS
WCTIONB30BaHuA 00pa3loB CIIOHBL, B CiIydae YJIyYIICHHS OHM MOTYT NPEIOCTaBUTH BO3MOKHOCTD
oOHapy»XeHHs BUpYca B CIItOHE 03 Iepro/ia OXKHUIAHNS U CIIOKHOW aHATUTHYECKON HHPPACTPYKTYPHI.

Knrouesvte cnoea: COVID-19, OT-III[P, norumepHbulii uun, mepmoyuxiep, agaputidvle Cumyayuu,
buocencopwl
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The aim of this study was to present our personal experience on the basis of the results of the treat-
ment of patients with COVID-19 in our clinic. Clinical results of COVID-19 patients treated and
observed by authors at the AMU Surgical Hospital were investigated. Patients' demographics, the
severity of infection, co-morbidities, clinical signs, viral examination, lung X-ray and CT, complica-
tions, treatments and their results were analyzed. Diagnosis and treatment of COVID-19 were car-
ried out under the recommendations of TABIB and WHO. Antiviral Arbidol (Umifenovir) and Vit-
amin C were mainly used for the treatment of patients of the mild group (stable vital functions, nor-
mal saturation, no pneumonia). Arbidol, vitamin C, inhalation, prone position and antibiotics were
used in the middle group (with symptoms of pneumonia, and not need oxygen therapy). Treatment
was carried out for 11-14 days. Clinically improved patients with positive dynamics on X-ray and
negative results on repeated PCR examinations were discharged from the hospital and sent for the
supervision of an outpatient doctor. A total of 77 patients were under our supervision, of which 58
had mild and 19 had moderate COVID-19 infection. Of these patients, 57 were women and 20 were
men, with an average age of 47.5 (18-84). Patients over 50 years of age accounted for 45.4%, and over
60 years of age for 15.5%. The average age was 45.6 % among mild patients and 53.8% among the
moderate patients. The proportion of men in the moderate group increased in comparison with the
mild group (from 19% to 47.4%). Concomitant diseases were found in 34 (44.2%) patients, asthma,
pregnancy, epilepsy, viral hepatitis, cirrhosis, coronary heart disease, coronary stent, psychiatric ill-
ness, chronic Kidney failure, bed sickness were observed besides smoking (11.7%0), hypertension
(9.1%) and diabetes (6.5%). In the moderate group, concomitant diseases were observed more in
comparison with the mild group (39.7% and 57.9%). The most common clinical presentations were
loss of smell and taste (67.5%) which were followed by cough (57.1%), fever (42.8%), shortness of
breath and difficulty swallowing (24.6%0). Mortality was not observed, complications were observed
in 5 patients (6.5%0), and all of these patients had concomitant diseases. Analysis of patients with mild
and moderate COVID-19 infection allows us to come to the following primary conclusions: weakness,
loss of smell and taste, and cough are the most common presenting symptoms; age over 60 years, age,
diabetes, hypertension, smoking and chronic liver disease are aggravating risk factors; inhalation
and prone position seem to be useful in moderate patients.

Keywords: Covid 19, symptoms, demographics, concomitant diseases, treatment, prone position

INTRODUCTION 40,000 infections and 1200 deaths were registered
in our country. It should be noted that about 250 of

The COVID-19 infection outbreak in Chinain 3000 clinical trials are registered regarding
December 2019 and rapidly spreading worldwide COVID-19 in the world have been completed. Un-
caused more than 60 million infections and 1,200 fortunately, these studies sometimes produce con-
000 deaths of people. During this period, more than flicting results (Pundi et al., 2020). Therefore, there
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is a need to continue research, including the study
of regional features of the disease.

The aim of the study was to present our per-
sonal experience regarding the results of mild
and moderate COVID-19 patients treated in our
hospital.

MATERIALS AND METHODS

Results of the patients with diagnosis of
COVID-19 who followed by authors during April-
May 2020 at the Azerbaijan Medical University
Surgery Hospital were analyzed. Demographics
(age, sex), severity of infection, comorbidity,
symptoms, viral examination, lung X-ray and CT,
complications, treatments and outcomes were ana-
lyzed.

The diagnosis of COVID-19 was confirmed
according to WHO recommendations, and the pa-
tients have been hospitalized if they had positive
PCR test for COVID-19.

The treatment approach was selected according
to severity and was based on WHO and TABIB s
protocols (Table 1). The management of mild pa-
tients was consist of in-hospital follow-up, antivi-
ral, vitamin and symptomatic treatments. Moder-
ate patients were also monitored in the ward, and
in addition to antiviral, vitamin, and symptomatic
treatments the inhalations, prone position and anti-
biotics (azithromycin, fluoroquinolones, cefaloso-
pirns, ampicillin) were used to them. Severe and
critical patients were treated in the intensive care
unit.

Patients whose condition worsened during
treatment were transferred to the intensive care
unit.

The treatment was carried out within 12-14
days. Clinically improved patients with positive
dynamics on X-ray and negative results on re-
peated PCR examinations were discharged from
hospital and sent for supervision of an outpatient
doctor.

Table 1. Severity of COVID-19 infection and treatments.

Severity Explanation Treatment
Mild No or weak signs of systemic inflammation Arbidol (Umifenovir) 200 mg 3 times a day
No clinical signs of pneumonia Infusion -Ringer 500 ml
Vitamin C 50 mg
Symptomatic
Moderate Symptoms of systemic inflammation. Arbidol (Umifenovir) 200 mg, 3 times
Clinical and imaging sings pneumonia Infusion -Ringer 500 ml
No need for continouse oxygen therapy Vitamin C 50 mg
Saturation at rest and in room air >93% Symptomatic
Antibiotics
Inhalation
Prone position
Severe Signs of systemic inflammation Arbidol
Signs of pneumonia Antibiotics
Saturation is provided by non-invasive oxygen ther-  |Non-invasive oxygen therapy (nasal oxygen, oxygen
apy (nasal warm oxygen flow or mask) mask)
Inhalation
Prone position
Critical Organ failure Supportive treatments
Need for invasive oxygen therapy (mechanical venti- |Invasive Oxygen Therapy (Mechanical Ventilation,
lation, ECMO) ECMO)
Antibiotics
Steroids
Anticoagulant
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Table 2. Characteristics of the patients.

Total Mild Moderate
Index n % n % n %
Total number of patients 77 100.0 58 75.3 19 24.6
Average age 475 (18-84) 45.6 53.8
18-39 20 26.0 16 27.6 4 21.1
40-49 22 28.6 19 32.8 3 15.8
50-59 23 29.9 17 29.3 6 31.6
60-64 8 10.4 5 8.6 3 15.8
65 and over 4 5.2 1 1.7 3 15.8
Male 20 26.0 11 19.0 9 474
Female 57 74.0 47 81.0 10 52.6
Cases
Medical institutions 41 53.2 35 60.3 6 31.6
Home 20 26.0 13 224 7 36.8
Workplace 7 9.1 5 8.6 2 10.5
Public place 5 6.5 2 3.4 3 15.8
Coming from abroad 4 5.2 4 6.9 0 0.0
Concomitant diseases 34 44.2 23 39.7 11 57.9
No 43 55.8 35 60.3 8 421
Asthma 1 1.3 0 0.0 1 5.3
Diabetes 5 6.5 5 8.6 0 0.0
Epilepsy 1 1.3 1 1.7 0 0.0
Pregnancy 3 3.9 2 34 1 5.3
HBV+HCV 1 1.3 0 0.0 1 5.3
Hypertension 7 9.1 3 5.2 4 21.1
Pneumonia 1 1.3 0 0.0 1 5.3
Smoking 9 11.7 3 5.2 6 31.6
Coronary stend 1 1.3 1 1.7 0 0.0
Ischemic heart disease 1 13 0 0.0 1 5.3
Chronic renal failure 1 1.3 1 1.7 0 0.0
Cirrhosis 1 13 0 0.0 1 5.3
Psychiatric 1 13 1 1.7 0 0
Symptoms
Weakness, loss of smell and taste 32 41.6 32 55.2 0 0.0
Cough 5 6.5 5 8.6 0 0.0
Cough + loss of smell and taste 20 26.0 20 345 0 0.0
Cough and shortness of breath 19 24.7 0 0.0 19 100.0
No complaints 1 13 1 1.7 0 0.0
Normal fever 44 57.1 41 70.7 3 15.8
High fever 33 429 19 328 14 73.7
Signs of pneumonia on X-ray or CT 76 98.7 0.0 19 100.0
Complications 5 6.5 3 5.2 2 105
Liver failure 1 13 0 0.0 1 5.3
Respiratory failure 3 3.9 2 34 1 5.3
Premature delivery 1 1.3 1 1.7 0 0.0
Standard treatment 56 72.7 56 96.6 0 0.0
Standard + inhalation 19 24.7 0 0.0 19 100.0
Prone position 18 23.3 0 0 18 94.7
Supportive treatment 2 2.6 0 0.0 2 105
RESULTS The oldest age was -84, the youngest age -18. Pa-

The results of total of 77 patients with mild to
moderate severity are given in Table 2. There were
57 women and 20 men, an average age was 47.5.

tients over 50 years old were 45.4%, and over 60
years old were 15.5%. The average age among the
mild severity patients was -45.6, and moderate
ones was 53.8 years.
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From a sex point of view, women predominate
in the general (74% women) and mild (81%)
groups, but the proportion of men increases in the
moderate group in comparison with the mild group
(from 19% to 47.4%).

Patients get infection at medical institution,
home, workplace, public place and foreign coun-
try. Most of patients infected in medical institu-
tions (53.2%) and more than half of those were
mild severity (60.3%).

Comorbidity were found in 34 patients
(44.2%), including hypertension, diabetes, smok-
ing, asthma, pregnancy, epilepsy, viral hepatitis,
cirrhosis, coronary heart disease, benign psychiat-
ric illness and chronic kidney failure. Smoking
(11.79%), hypertension (9.1%) and diabetes (6.5%)
were most common concomitant diseases. In com-
parison with mild group total comorbidity (39.7%
vs 57.9%), smoking (5.2% vs 31.2%), and hyper-
tension (5.2% vs 21.1%) were more common in
moderate group. Three patients had pregnancy,
two of them were mild and one of was moderate
severity. Two of these pregnant women recov-
ered, and premature delivery was in another. Both
patients with chronic liver disease had moderate
pneumonia, their condition worsened during
treatment and were transferred to the intensive
care unit.

Weakness and decreased or altered sense of
smell and taste (67.5%) was most common pre-
senting symptoms, followed by cough (57.1%),
fever (42.8%), shortness of breath and difficulty
swallowing (24.6%). Transient fever up to 38 C
were noted in mild severity, but it was more than
38 C and lasted for several days in moderate
severity patients.

Mortality was not observed, complications
were observed in 5 patients (6.5%), and all of
these patients had concomitant diseases. Respira-
tory failure was seen in 3 patients, one of them
had been asthma, the second one had been hyper-
tension and diabetes, and the third had been HBV
+ HCV and drug abuse. A patient in the early
weeks of pregnancy had been premature delivery.
In one patients with cirrhosis an acute decompen-
sation was developed, which was treated with ap-
propriate management.
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DISCUSSION

Analysis of a series of patients with mild and
moderate COVID-19 infection allows us to draw
the following preliminary conclusions: weakness,
loss of smell and taste and cough are the most com-
mon symptoms; age of 60 and more, concomitant
diseases, diabetes, hypertension, smoking and
chronic liver disease are risk factors that aggravate
the disease; inhalation and prone position seem to
be beneficial for moderate patients.

Other studies also have reported loss of taste
and smell, cough, fever, and shortness of breath as a
most common presenting symptoms in COVID-19
infection (Wiersinga et al.. 2020; Xie et al., 2020).

Although most studies have shown age, dia-
betes and hypertension, lung disease, and smoking
as risk factors for aggravating COVID-19 disease,
there are no consensus on the role of chronic liver
disease (Wiersinga et al., 2020; Xie et al., 2020;
Boettler et al., 2020) and extensive researches are
needed. Antivirals, especially arbiodol and antibi-
otic therapy, have been reported no benefit in mild
to moderate patients (Wiersinga et al., 2020). Alt-
hough few studies have shown that inhalation and
prone position beneficial (Guérin et al., 2013).

We should be noted that there are several lim-
itations of this study. The first is the relatively
small number of patients. Second one, there is no
comparison group that is why it is difficult to de-
termine effectiveness the treatments.
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Yiingiil va orta daracali COVID-19 infeksiyasinin klinik xiisusiyyatlori,
risk faktorlari va naticalori

N.Y. Bayramov, T.B. Sadigzada, T.Q. Oliyev, A.M. Riistom, G.B. Sadigova

Azarbaycan Tibb Universitetinin Corrahi xastaliklor kafedrasi, Baki, Azarbaycan

Todgiqatin magsadi klinikamizda miialico alan COVID-19 xastalerinin miialico naticalori ilo alagodar soxsi
tacriibomizi togdim etmokdir. ATU klinikasinda miisliflorin nazarati altina olan xastalorin alds olan malu-
matlar aragdirildi. Xostolorin demografik gostoricilari, yoluxdugu sorait, yanasi xostaliklori, klinik olamat-
lori, viral miiayina, agciyar rentgeni vo kompyuter tomoqrafiyas: agirlasmalar, aldigi mialicalor ve natica-
lori tohlil edildi. COVID-19 diaqnostikasi vo miialicosi Umumdiinya Sohiyys Toskilat1 vo Tibbi Orazi
Bolmolorini idaraetmo Birliyinin tdvsiyalorine asasen aparilmisdir. Yiingiil grupda (hoyati funksiyalari sta-
bil, saturasiyasi normal, pnevmoniyasi olmayan) asas miialico kimi antiviral Arbidol (Umifenovir) va Vit-
amin C verilmisdir. Orta grupda (pnevmoniya slamatlori olan, organ yetmozliyi vo oksigenoterapiyaya eh-
tiyac olmayan) Arbidol, vitamin C va simptomatik miialicolors slavs olaraq inhalyasiya, tiziiasag1 vaziyyat
va antibiotiklar verilmisdir. Miialico 11-14 giin arzinds aparilmis, klinik olaraq diizalon, rentgendo miisbat
dinamika vo tokrari PCR miiayinolorindo neqativ natico golonlor ambulator hokim nazarotinds eva
yazilmigdir. Nozarotimiz altinda toplam 77 xasto olmus, bunlardan 58-i yiingiil, 19-u iso orta doracali
COVID-19 xostalari olmusdur. Xastolorin 57-si qadin, 20-si kisi olmus, ortalma yas 47.5 (18-84) toskil
etmisdir. 50 yasdan yuxar1 xastalor 45.4%, 60 yasdan yuxari isa 15.5 % toskil etmisdir. Yiingiil doracalilor
arasinda ortalama yas-45,6, orta doracalilor arasinda iso 53.8 olmusdur. Yiingiil qrupla miiqayisads orta
grupda kisilorin nisbati artmisir (19%-don 47.4%). Yanasi xastoliklorlor 34 (44.2%) xastada rastlanmus,
siqaret (11.7%), hipertoniya (9.1%) vo diabetlo (6.5%) yanas1 astma, hamilslik, epilepsiya, viral hepatit,
sirroz, koranar xastolik, stend, psixatrik xastalik, xroniki boyrak yetmozliyi, yataq xastoliyi miisahids edil-
misdir. Yiingiil qrupla miiqayisads orta qrupda yanasi xastaliklar (39.7% va 57.9%) daha ¢ox rast galin-
misdir. Klinik slmatlor arasinda an ¢ox halsizliq vo qoxu-dad hissiyyatinin doyigmasi (67.5%) rast goalin-
misdir, bunu oksiirak (57.1%), yiiksok horarot (42.8%), nafas darligi vo udqunma ¢atinliyi (24.6%) izlomis-
dir. Letalliq rastlanmamigdir, agirlasma 5 xastods (6.5%) miisahido edilmisdir vo bu xostolorin hamisinda
yanas1 xostaliklor olmusdur. Yiingiil vo orta doracali COVID-19 infeksiyasi olan xosto seriyasinin tohlili
asagidaki ilkin naticolora golmays imkan verir: halsizliq, qoxu-dad doyisikliyi va 6ksiirak an ¢ox rast gali-
non simptomlardir; 60-dan yuxar1 yas, yanas1 xastoliklor, diabet, hipertoniya, siqaret vo xroniki qaraciyar
xastoliklori agirlagdirict risk amillaridir, orta deracali xastolords inhalyasiya va iizii asagi yatizdirma miiali-
colari faydali goriiniir

Acar sézlar: Covid 19, simptomlar, demoqrafik gostoricilor, yanasi gedan xastaliklor, miialica
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KinuHnuyeckue XxapakTepUCTHUKH, (PAKTOPbI PUCKA U UCXOAbI JIETKOH U
yMepeHHoii nHpexnnun COVID-19

H.IO. Baiipamos, T.b. Caabirsane, T.I'. Anues, A.M. Pycram, I'.b. Cagbiroa

Kageopa xupypauueckux bonesneti A3epoaiodncanckoeo MeOuyuHcKo2o yHugepcumemd,
baxy, Azepbaiioscan

B sTOM mcciienoBaHny MBI XOTETH MIPECTABUTD HAII JIMIHBIN OTIBIT, TIPUOOPETEHHBI Ha OCHOBE PE3yJIh-
taToB NedeHus nanueHToB COVID-19 B Hanrelt knmunuke. B knnanke AMY ObUTH W3y4YeHBI JAaHHBIE, TTOTY-
YeHHBIE OT MAalMEHTOB, HAXOAMBIIMXCS IMOJ HaOJIIOJCHWEM aBTOPOB. BbuiM MpoaHalM3MpOBaHbI JeMO-
rpadus MalueHToB, yCcIOBUS MHQUIIMPOBAHUS, COMMYTCTBYIOUINE 3a00I€BaHuUs, KIMHUYECKUE TIPU3HAKH,
BHUPYCHBIC 00CIIeI0OBaHs, PEHTTEHOCKOMHS JIETKIUX U KOMIIBIOTEpHAs TOMOTpa(ws, OCIOKHEHHS, METOIBI
nedeHuss W uxX pe3ynbTarbl. umarHoctuka u jedenune COVID-19 mpoBoawnuch B COOTBETCTBHH C
pexomennasamu TABIB u BO3. Autusupycusie Arbidol (Umifenovir) u Butamun C ObUIM IPUMEHEHBI
B KQ4e€CTBE OCHOBHOTO JICYCHHSI TTAIINEHTOB JIETKOM TPyMITbI (CTaOMIIbHEIE KU3HEHHBIE (DYHKIINH, HOpMAITb-
HOE€ HaCHIIeHNe, 0e3 CUMITOMOB IMHEBMOHHH). ApOumon, ButaMuH C, HHTAISINSA, TTOJI0KEHUE «IHIIOM
BHU3» U aHTUOMOTUKH MPOMUCHIBAIUCH MAIIMEHTaM CpeAHEH rpymIibl (C CHMITOMAMH ITHEBMOHWH, KHCIIO-
ponHas Tepanus He TpeOoBanach). JledeHue mpooawiochk B TeueHue 11-14 mueid. [Ipu mcye3sHOBeHUH
CHUMITOMOB, TTOJIOKUTENBHOMN PaHOIOIHYECKON TUHAMHKE, OTPUIIATENFHBIX PE3yIbTaTaX MHOTOKPATHBIX
IL[P-o0cnenoBanuii, 00NbHBIC OBUIM BBITMCAHBI JIOMOM, TJIe HAXOAWIUCH M0 HAOIF0ACHHEM aMOyJIaTop-
HOT'O Bpaua. 77 MallMeHTOB HaXOAMJIKCH O] HAIIMM HaOJII0JieHreM, 13 HUX 58 OONbHBIX OBbLIH JIETKOH, a
19 - cpenneii crenenu Tsxkectu. Cpeny nauueHToB 57 xeHIMH U 20 My>K41H, CPeIHUIA BO3PACT KOTOPBIX
cocrapisut 47,5 net (18-84 roma). Ha nomto nmarmenToB B Bo3pacte crapiie 50 et mpuxoauinoch 45,4%, a
B Bo3pacte crapiie 60 net - 15,5%. Cpexanamnii Bo3pacT cocTapisit 45,6 s MAMEHTOB JIETKOW U 53,8 s
MAIMEHTOB CPEeIHEN cTereHn TshkecTd. J{ons My )KUuH B CpeqHel TpyIie yBeIHudniIach Mo CpaBHEHUIO C
nerkoit rpynmoi (19% no 47,4%). ConyrcTBytomue 3a0oj1eBanusi ObUTH OOHapYKeHbl y 34 MalueHToB
(44,2%), momumo kypenus (11,7%), runepronnu (9,1%) u nquadera (6,5%), HabmogaNUCH acTMa, Oepe-
MEHHOCTb, JIWJICTICHSI, BUPYCHBIH T'elaTHT, IUPPO3, CEPACYHO-COCYTUCThIC 3a00eBaHus, CTEHOKAP IS,
TICUXWYecKue 3a00JIeBaHUs, XPOHUYECKasl IMOYeYHasi HEeJOCTaTOYHOCTh, MPOJEKHU. B cpenHei rpymme
COMYTCTBYIOIIKE 3a00JIeBaHMsI HAOIIOIAINCH B OOJIBILICH CTEeH , YeM B Jierkoii rpyrie (39,7% u 57,9%).
Cpenu KIMHHYECKHX MPHU3HAKOB HaWOoOJee paclpoCTpaHEHHBIMH OBUIM YCTAIOCTh M MOTEps 3amaxa u
BKyca (67,5%), 3a HuMu crefoBanu kamenb (57,1%), muxopanka (42,8%), ofpIIIKa U TPYTHOCTH C TIIO-
taHueM (24,6%). CMepTHOCTH He HAOIIOANIACh, OCIOXKHEHHS HAOMIONAIKCh ¥ 5 manueHToB (6,5%) u Bce
9TH HAIMEHTHl UMEJIM COMyTCTBYIONTHE 3a00seBanus. AHanu3 9 nanuentos ¢ COVID-19 nerkoii u cpenneit
TSDKECTH MO3BOJISIET CHIENATh CIIeYIOIIIe OCHOBHBIEC BBIBOJIBI: HanboJiee paclpoCTpaHEHHBIMI CUMITTOMA -
MU SIBJISIOTCS ¢1a00CTh, OTEPS 3amaxa M BKyca, Kaulelb; Bo3pacT (0onee 60 jer), nnadet, TUIepTOHUS,
KypeHHe W XPOHUYECKHE 3a00JIeBaHUS MEUYCHU - ycyryOnsrone (GpakTopbl; WHTAISALIUS W TOJIOKEHUE
«JTUIIOM BHU3)» TIOJIE3HBI JIsl OOIBHBIX CPETHEH TSHKECTH.

Kntoueswvie cnosa: Covid 19, cumnmomei, demoepagpuueckue nokazamenu, conymemayroujue 3a0071e6aHus,
JleveHue
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The research aimed to study the age-related pattern of infection, and death rate among the confirmed
positive cases of coronavirus (COVID-19) infection in people aged 60 and over. The statistical data
on the prevalence and fatality rate of COVID-19 were provided by the Gerontological Center (Baku,
Azerbaijan) and the Polyclinic of the Central Hospital in Lankaran, located in the south-eastern part
of Azerbaijan. The analysis of statistical material has shown that the prevalence rate for COVID-19
is the highest for the age group of 60-75 years. It was also found that the fatality rate among the
people aged 60+ with coronavirus infection was age-associated, and was the highest in the 80-89 age
group. The obtained findings are consistent with the statistical data for COVID-19 prevalence and
fatality rates for other countries and are indicative of a higher risk of death from coronavirus infec-

tion in older people.

Keywords: COVID-19, coronavirus infection, age groups, Azerbaijan population

INTRODUCTION

Since the coronavirus outbreak to this day, the
COVID-19 pandemic has claimed the lives of more
than one million people and infected more than 40
million people in 190 countries (https://worldome-
ters.info). The number of the infected is increasing,
and there are warning signs of new waves. Accord-
ing to the World Health Organization, the largest
number of people infected with coronavirus is re-
ported in the USA (8,489,786), India (7,606,256),
Brazil (5,264,293), Russia (1,147,954) and Spain
(1,015,795). At the same time, the fatality rate for
these countries has the following values: USA -
2.7%, India - 1.5%, Brazil - 2.9%, Russia - 1.7%,
Spain - 3.34%.

Officially, the spread of COVID-19 in Azer-
baijan began on February 28, 2020, when the first
case (a Russian citizen who crossed the border be-
tween Azerbaijan and Iran) in the country was reg-
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istered by the newly established Operational Head-
quarters under the Cabinet of Ministers of the Re-
public of Azerbaijan (https://koronavirusinfo.az).
According to official statistics, 45,879 COVID-19
cases, 635 deaths and 40,272 recoveries were regis-
tered in Azerbaijan as of October 20, 2020
(https://www.worldometers.info). The fatality rate
of the infection in the country is 1.4% and this figure
is lower in comparison with data for other countries,
including those with more developed economies
(https://worldometers.info).

Since the early days of the pandemic, COVID-
19 has had the greatest impact on older people
worldwide in terms of number of cases, hospitali-
zations, and deaths (Sudharsanan et al., 2020; Liu
et al., 2020). Several months after the beginning of
the coronavirus pandemic, older people have been
continuing to be at highest risk for severe illness
and death from COVID-19 (Omori et al., 2020).
Age is undoubtedly the most important factor in
predicting the probability of survival of patients
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with COVID-19 (Davies et al., 2020). The pan-
demic is far from over, and therefore, there is a
need for more effective ways to minimize the death
rates. In this regard, Azerbaijan has promptly re-
sponded to the pandemic by timely imposing lock-
down, and the number of new cases and deaths is
relatively low at present as compared to other
countries, however, the scale of the problem and
factors of vulnerability cannot be underestimated.
Therefore, the main objective of the present study
was to identify the most vulnerable population
groups for further adherence to COVID-19 preven-
tion measures in a comparative perspective.

MATERIALS AND METHODS

The statistical data on prevalence and fatality
rate of COVID-19 among people aged 60 and over
were provided by the Gerontological Center (Baku,
Azerbaijan) and the Polyclinic of the Central Hos-
pital (Lankaran, Azerbaijan). In our study, we used
the data which cover the period 07.06.2020-
11.08.2020. The statistical analysis was performed
with application of Microsoft Excel and a software
package Statistica for Windows.

RESULTS AND DISCUSSION

According to the official statistics by the Geron-
tological Center, the population of Baku is 2,293,047,
of which 319,788 (13.9%) are people aged 60+, with
age group of 60-75 making up 11.4% (261,046) of
Baku total population at age of 60+. The 75-90 age
category represents 2.4% (55,640) of the population
of Baku, while the people aged 90+ make up only
0.14% (3,102). Over the mentioned period, 2,469
people aged 60+ tested positive for COVID-19. As
can be seen from the above data, this figure is 0.11%
of the total population of Baku and 0.77% of the num-
ber of people aged 60+. Among the surveyed people
with confirmed diagnosis of COVID-19, 54.8% were
women (1,354) and 45.2% were men (1115). In our
work, it was shown that 1,801 people out of those,
who tested positive for COVID-19, recovered, while
the fatality rate was 3.7%. Important to note that this
figure is 2.4 times higher than that characterizing the
general fatality rate of the coronavirus infection in
Azerbaijan (https://worldometers.info). At the time
of our study, 602 people were kept under medical su-
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pervision and were receiving treatment. With consid-
eration age classification by the World Health Organ-
ization, our work shows that the COVID-19 cases
most often occurred in the age group of 60-75. Their
number is 2209, which is 89.5% of the total number
of those with a positive test outcome. These people
make up 0.85% of the total population of Baku in this
age category. Of them, 1010 are men (45.7%) and
1199 are women (54.3%). In the 76-90 age group,
249 people tested positive for COVID-19, which in
turn amounts to 10.1% of all people with a positive
test outcome for COVID-19 and 0.45% of the popu-
lation of Baku in this age category. Of them, 89
(35.7%) are men and 160 (64.3%) are women. As to
age category of long-livers (age 90+), in total 11
long-livers were recorded as infected by coronavirus
in Baku, which make up 0.4% of the total number of
subjects with a positive test result and 0.35% of Baku
residents of this age. Of them, 4 are men (36.4%) and
7 (63.6%) are women.

In general, our work shows that among the
representatives of the population of Baku, who
aged 60+, the COVID-19 cases most often oc-
curred in the age group of 60-75 years (Fig. 1). It
should also be noted that that age group contains
the largest number of people in comparison with
the other groups studied in our work. In addition,
in each studied age group, the number of women
who tested positive for COVID-19 is higher than
the corresponding number of men.

The quantitative indices of COVID-19 cases
among people aged 60+ in various districts of Baku
during the survey period are presented in Table 1.
As can be seen from the table, the proportion of in-
fected people aged 60+ to the total population of the
corresponding district was 0.1£0.01% (o: 0.04),
which indicates a relatively low number of cases of
infection with COVID-19 in each district of Baku.
The proportion of COVID-19 cases among people
of the above-mentioned age to the population of the
same age of the corresponding district was equal to
0.73 £ 0.08% (o: 0.27), which, in our opinion, may
be associated with an increase in the risk of contract-
ing COVID-19 with age. Obviously, the Pirallahi
district shows the smallest number of COVID-19
cases among people aged 60+ in comparison with
the other districts of Baku. This fact is presumably
due to geographical location of the district in one of
the Absheron peninsula islands which prevents the
spread of infection.
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Fig. 1. COVID-19 cases in Baku during 07.06.2020-11.08.2020
(data provided by Baku Gerontological Center)

Table 1. COVID-19 situation by the districts of Baku (07.06.2020-11.08.2020)

Districts of COVID-19 |Proportion of COVID- | Proportion of COVID-19 cases| Proportion of COVID-19 cases
Baku cases among |19 cases among people | among people aged 60+ to the | among people aged 60+ to the pop-
people aged 60+| aged 60+ to all cases | total population of the district | ulation aged 60+ of the district
Binagadi 409 16.6% 0.15% 1.2%
Yasamal 314 12.7% 0.13% 0.79%
Khatai 307 12.4% 0.11% 0.74%
Surakhani 271 11% 0.12% 0.9%
Narimanov 259 10.5% 0.14% 1.0%
Sabunchi 224 9.1% 0.08% 0.7%
Nasimi 212 8.6% 0.1% 0.64%
Nizami 121 4.9% 0.06% 0.4%
Garadakh 119 4.8% 0.09% 0.87%
Sabail 119 4.8% 0.12% 0.75%
Khazar 108 4.4% 0.06% 0.51%
Pirallahi 6 0.2% 0.03% 0.21%
Table 2. COVID-19 situation in Lankaran by age
Age Male Female Deaths Deaths (male) |Deaths (female)
60-69 38 55 5 3 2
70-79 8 5 2 2 -
80-89 4 4 2 2 -
>90 - 1 - - -

The statistical

data on the situation with

vided by the local Polyclinic of the Lankaran Cen-

COVID-19 prevalence and death rate among the
elder population (age groups of 60+) in Lankaran
(a city located 276 km away from Baku) were pro-

tral Hospital. The analysis of statistical material
has showed that among the people aged 60+ (60-
69, 70-79, 80-89, >90), COVID-19 cases most of-
ten occurred in the 60-69 age category (Table 2),
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while the fatality rate was 7.8%. This figure is 2.1
times higher than the analogous index obtained
from the data provided by the Gerontological Cen-
ter in Baku and 5.6 times higher than the total death
rate of the coronavirus infection in Azerbaijan.

Along with the above, it was also found that
the fatality rate among the people aged 60+ with
coronavirus infection was age-associated, and it
was highest in the 80-89 age group (Fig. 2).

Death rate (for age group of 60+ years )
30%

25%
20%
15%
10%
5%
N

60-69 70-79 80-89

Fi

g. 2. The death rate among people with COVID-19
in Lankaran by age groups

Our findings serve as one more evidence of
the wide-spread opinion by the experts that the el-
derly population is at the greatest risk for severe
illness from COVID-19. At the same time, the case
of the full recovery from COVID-19 for female pa-
tient at age of 96, which was recorded in Lankaran,
is indicative of role of other factors conditioning
the final outcome of the disease.

In conclusion, with due consideration of the
huge negative impact of the outbreak of corona-
virus there is an urgent need to identify the age
groups at the highest risk in terms of the disease
outcome. As show numerous studies age is one of
the major factors conditioning the COVID-19- as-
sociated death rate (Zhou et al., 2020). This is be-
cause aging is associated with certain changes in
lung function during the period of pulmonary in-
fection, and thus age-related differences in respon-
siveness and tolerance become apparent and lead
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to worse clinical outcomes in older people (Liu et
al., 2020). Immune aging is one of the first signs of
the aging process. So, both innate and adaptive
parts of the immune system are impaired with age.
In addition, the elderly have a constant production
of inflammatory mediators and cytokines (Perrotta
etal., 2020). It is known that people under 65 have
a very low risk of dying from COVID-19 even in
the epicenters of a pandemic, and deaths of people
under 65 without underlying predisposing condi-
tions are extremely rare (loannidis et al., 2020).
Thus, comparing the findings obtained in our study
with the data on the other countries, special atten-
tion should be paid to the strategies aimed at pro-
tecting older people as the most vulnerable popula-
tion group.
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Azarbaycan populyasiyasinda yuxari yas qruplarimin COVID-19 xastaliyino
yoluxma va 6liim hallar:

U.F. Hesimoval, 9.M. Hac1yev1, X.M. Seﬁxanoval, S.i.Hiiseynoval, M.A. Macidova®, N.V.
ahmadovaz, G.Z.Qas1m0val, F.E. Riistamov’

'AMEA-mn Akademik Abdulla Qarayev adina Fiziologiya Institutu, Baki, Azarbaycan
’AR Sohiyya Nazirliyinin Baki Sahor Herontoloji Markazi, Baki, Azorbaycan

Tadgigatin asas magsadi COVID-19 koronavirus infeksiyasina miisbat testlorin statistik molumatlar
asasinda Azorbaycan populyasiyasinin yuxari yas kontingentinin (60+) miixtalif qruplarinda yoluxmalarin
vo Olim hallarinin rastgslms soviyyslarinin tohlili olmugdur. Bundan 6trii Baki sohor herontoloji mar-
kazindan va Azarbaycanin conub-sarq bolgasinds yerlogon Lonkaran saharinin markozi xastoxanasinin poli-
klinikasindan toqdim edilon statistik molumatlar istifado olunmusdur. Statistik materialin tohlili gostarir ki,
60 vo yuxar1 yas kateqoriyasina daxil olan soxslor iigiin on ¢ox yoluxma hallar1 60-75 yas qrupuna tosadiif
edir. Elaca do miiayyon edilmisdir ki, koronavirus infeksiyasina miisbat test naticalori tosdiq olunmus 60+
yasli soxslorda 6liim hallar1 gostaricisi yagla bagliliq niimayis etdirir vo an yiiksaok gostarici 80-89 yas qru-
punda askar edilib. ©lds naticalor yuxar1 yas qruplarinda koronavirus infeksiyasina yoluxanlar arasinda
yiiksok 6liim riskinin olmasina dalalot edon digar 6lkalorin statistik malumatlarina uygundur.

Acgar sézlar: COVID-19, koronavirus infeksiyasi, yas qruplari, Azarbaycan populyasiyasi
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3agoaeBaemocth U cMepTHOCTH 0T COVID-19 B cTapmux Bo3pacTHBIX TPynmax
A3epOaiikaHCKOM MOMyJIsINU

Y. 0. FaI]II/IMOBal, AM. l“am[menl, X.M. Caq)nxanonal, CcCnr yceﬁﬂonal, M.A. MekumoBa’,
H.B.Axmenosa’, I'.3. T'acbiMoBa’, ®.9. Pycramos’

YWnemumym gusuonoeuu umenu axademuxa A60ynnwr Kapaesa HAH Asepbaiidxcana,
baxy, Azepbaiiosncan
2 Bakunckui 20pOOCKOlL 2epormoiocudeckull yenmp Munucmepcmea 30pasooxpanenus
Asepbatioxcanckoul Pecnyonuku, baky, Azepbatiosxcan

OcHOBHO# 3a/aueil uccieaoBaHus ObUIO BBISIBICHHE PACIPOCTPAHEHHOCTH 3apasKeHHs U YPOBHS CMEPT-
HOCTH Ha OCHOBE CTaTHCTHUYECKMX AAHHBIX O HOJOXKUTEIBHBIX TECTaX Ha KOPOHABUPYCHYIO MH()EKLUIO
COVID-19 y aun B Bo3pacte 60 net u crapiie. J[ist 3To# 1€y ObLIM MCIONIB30BaHBI CTATHCTUYCCKHC
JaHHele 0 3aboneBaeMocTd M cmepTHocTH oT COVID-19, mpencraBnenHsie bakMHCKMM T€pPOHTONIOTH-
YECKUM IIEHTPOM ¥ MOMUKIMHUKOHN LleHTpanbHoi OonpHUIIEI T.JIeHKOpaHb (F0r0-BOCTOYHBIN PerHoH A3ep-
Oaifmxana). AHAIM3 CTaTUCTHYECKOTO MaTephalia moKasaj, 9To Yy JIUI] B BO3pacTHOU Karteropuu 60 et u
cTaplie HauOoJIbIIas BCTpeuaeMocTh cirydae 3apaxenus COVID-19 numena mecto B BO3pacTHOMW IpyIIre
60-75 net. Takxe ObLTO YCTAaHOBJIEHO, UTO Y Mtojeit 60 JIeT u cTapiie ¢ MOJOKHUTENBHBIM Pe3yIbTaTOM Ha
HaJIM4ne KOPOHaBHUPYCHON MH(EKUNH, MoKa3aTeab CMEPTHOCTH HMEET BO3PACT-3aBUCHMBIN XapakTep, a
HanOOJBIINI TOKa3aTelb ObUT OOHapykeH B Bo3pacTHO# rpymme 80-89 ner. [lomydyeHHbIe pe3yabTaThl
IMOATBCPIKAAIOTCA NAaHHBIMHU II0 APYTrUM CTpaHaM, 4YTO CBUACTCILCTBYET O BBICOKON CTENeHU puUcCkKa
JIETaNbHOTO UCXO0/a Y JIML CTApIIETo BO3PAcTa C KOPOHABUPYCHOM HHGEKIHEH.

Knrouesvie cnosa: COVID-19, xoponasupycnas unghexyus, ospacmuuvle epynnwl, A3zepdaiodicanckas
nonyiAyus.
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In patients with COVID-19 caused by coronavirus-2 (SARS-CoV-2) and proceeding with the severe
acute respiratory syndrome, studies were carried out to study myocardial damage, determine its na-
ture and clinical significance. In an international, multicenter study, cardiovascular pathologists as-
sessed cardiac tissue after necropsies in 21 COVID-19 patients. The presence of myocarditis was
determined by the identification of multiple foci of inflammation with associated damage to myocytes,
and the composition of the inflammatory cells was analyzed using immunohistochemistry. Other
forms of acute damage and inflammation of myocytes, as well as damage to the coronary arteries,
endocardium and pericardium, have also been described. Lymphocytic myocarditis occurred in 3
(14%0) cases. Increased infiltration of interstitial macrophages was observed in 18 (86%b) cases. In
four cases, there was mild pericarditis. Acute damage to right ventricular myocytes, most likely due
to stress/overload, occurred in four cases. In COVID-19, myocardial damage has been reported, in-
cluding elevated serum troponin levels and acute heart failure with decreased ejection fraction. There
was a slight trend towards higher serum troponin levels in patients with myocarditis compared with
patients without myocarditis. With SARS-CoV-2, interstitial macrophages increase in most cases,
and in a small proportion of cases, multifocal lymphocytic myocarditis. Other forms of myocardial
injury may also occur. The risk of hospital death among patients with severe COVID-19 can be pre-
dicted from markers of myocardial damage and has been significantly associated with older age,
inflammatory response, and concomitant cardiovascular disease.

Keywords: Coronavirus Disease 2019 (COVID-19), SARS-CoV-2, myocardial injury, myocarditis, lactate
dehydrogenase, cardiac troponin I, creatine kinase (-MB), myoglobin

INTRODUCTION

Coronavirus disease 2019 (COVID-19)
caused by Coronavirus-2 (SARS-CoV-2) and a se-
vere acute respiratory syndrome is primarily a res-
piratory disease (Du et al., 2020; Fauci et al., 2020;
Fauci et al., 2020), but systemic and cardiovascular
damage can occur. SARS-CoV-2 can cause an in-
tense release of cytokines and chemokines, which
can lead not only to vascular inflammation and in-
stability of atherosclerotic plaques, but also to my-
ocardial inflammation. Acute heart injury with el-
evated serum troponin levels is the most frequently
reported cardiac abnormality in COVID-19, re-

doi.org/10.29228/jlsb.61
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ported in about 8-12% of patients, and elevated tro-
ponin levels are associated with increased mortal-
ity in COVID-19 patients (Madjid et al., 2020; Shi
et al., 2020). In addition, a small proportion of pa-
tients develop acute heart failure with reduced
gjection fraction, which raises clinical concerns
about myocarditis (Ramirez et al., 2008; Wang et
al., 2020; Zhou et al., 2020). Possible mechanisms
for increasing troponin levels in these patients in-
clude ischemia, stress cardiomyopathy, microvas-
cular thrombosis and secondary effects of systemic
inflammation.

Direct viral myocardial infection is another
possible route of myocardial injury. The unique af-
finity of SARS-CoV-2 for the host angiotensin-
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converting enzyme receptor 2 increases the likeli-
hood of direct viral infection of the vascular and
myocardial endothelium, so that in some patients,
myocardial damage associated with COVID-19
may represent viral myocarditis (Zhou et al., 2020).
Any of these mechanisms can also exacerbate un-
derlying cardiovascular diseases (Zhu et al., 2020).
There have been several reports describing
cardiac histology in a small number of COVID-19
patients, mostly associated with endomyocardial
biopsy and limited autopsy sampling (Gallagher,
Ferrario and Tallant, 2008). A study was also con-
ducted aimed at assessing heart damage in patients
with COVID-19 and determining the frequency
and type of myocarditis, as well as other forms of
acute heart damage. Several studies have reported
clinical and laboratory results related to cardiovas-
cular injury in patients with COVID-19 infection
(Corrales-Medina et al., 2013; Huang et al., 2020;
Ji etal., 2020; Oudit et al., 2009).

Accumulating evidence indicates that myo-
cardial injury is a complication associated with
COVID-19, with a prevalence of 7.2% to 12%. No-
tably, the American College of Cardiology Clinical
Bulletin highlighted the cardiac implications of
COVID-19. This suggests that patients with cardi-
ovascular disease are at higher risk and recom-
mends triage and treatment as a priority (Wang et
al., 2020). The researchers determined the predic-
tive value of myocardial scores in relation to hos-
pital death and studied the characteristics and po-
tential causes of myocardial damage in cases of se-
vere COVID-19.

This review summarized the laboratory find-
ings and mechanism of cardiac dysfunction associ-
ated with COVID-19 infection.

MATERIALS AND METHODS

A working group on COVID-19, led by the
Society for Cardiovascular Disease and the Euro-
pean Association for Cardiovascular Disease, was
requested to provide information regarding cardiac
pathology obtained from successive autopsies per-
formed at their facilities on COVID-19 patients. In-
clusion criteria were: positive nasopharyngeal
swab for SARS-CoV-2, clinical diagnosis of
COVID-19, and autopsy with cardiac examination
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by a cardiologist from the working group, includ-
ing collection of myocardial samples (left ventri-
cle, septum, and right ventricle) and epicardial cor-
onary arteries. All sequential autopsies meeting
these criteria were included. An international mul-
ticenter study assessed cardiac tissue after autopsy
in 21 COVID-19 patients. Information provided in-
cluded the presence of myocarditis and other types
of inflammation and trauma identified on hematox-
ylin and eosin (H&E) -stained heart sections. The
degree of stenosis of the coronary arteries and the
presence of destroyed plaques were also presented.
Evaluation of the myocardium by electron micros-
copy and evaluation of immunohistochemical
spots on CD68, CD3, CD4 and CD8 were pro-
vided. For immunohistochemical staining, the
number of cells with the greatest inflammation,
stained in a field with a high magnification x 400
was counted. All immunohistochemical staining
was performed on conventional automatic diagnos-
tic devices for immunohistochemical staining. The
presence of left ventricular fibrosis was assessed
on a semi-quantitative scale: mild (<10% of the
myocardial area); moderate (10-25% of the area of
the myocardium); Serum troponin levels were ob-
tained at selected institutions using the following
tests: high sensitivity troponin T, normal <15 ng/L
(n=6), high sensitivity troponin I, normal <35 ng/L
(n=6), high sensitivity troponin I , norm <19.8 ng /
| (n=4). Electrocardiographic changes were consid-
ered new if they were not present on previous elec-
trocardiograms during the current or previous hos-
pitalization. All electrocardiographic changes were
obtained on a 12-lead ECG.

For the purposes of this study, myocarditis
was defined as the presence of an inflammatory in-
filtrate associated with damage to myocytes not
caused by any other cause that was present in mul-
tiple foci. The views expressed by them do not nec-
essarily reflect the views of all members of the So-
ciety for Cardiovascular Disease or the European
Association for Cardiovascular Disease.

Another retrospective study included labora-
tory-confirmed COVID-19 patients admitted to
Wuhan University Renmin Hospital located in
Wuhan, Hubei Province. This study was approved
by the National Health Commission of China and
the Institutional Review Board of Renmin Hospi-
tal, Wuhan University (Wuhan, China). Written in-
formed consent was rejected by the Hospital Ethics
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Commission appointed to treat emerging infectious
diseases.

The severe COVID-19 patients included in
this study were diagnosed according to the
COVID-19 Diagnostic and Treatment Guidelines
(Study Sixth Edition) published by the National
Health Commission of China on February 18,
2020. Cases in this study included severe illness
characterized by any of the following: respiratory
rate> 30 / min; oxygen saturation <93%; PaO 2 /
FiO 2 ratio < 300 mmHg.; respiratory failure re-
quiring mechanical ventilation; shock; or respira-
tory failure in combination with other organ failure
requiring intensive care. Cases younger than 18
years of age and missing cardiac biomarkers, in-
cluding cardiac troponin | (cTnl) levels, were ex-
cluded.

The patients were grouped according to
whether they died (death group) or survived (sur-
vivor group). The study resulted in hospital mortal-
ity rates and clinical outcomes were determined
based on information stored in the hospital's real-
time medical record system.

Myocardial injury was defined as an increase
in the level of cardiac biomarkers cTnl in the blood
above the 99th percentile of the upper reference
limit (Huang et al., 2020) ARDS was defined in ac-
cordance with the Berlin definition (Wan et al.,
2020). The date of onset of the disease was consid-
ered the day when the symptom was noticed.

Studied creatinine kinase-myocardial band
(CK-MB), myoglobin (MYO) and cTnl. The nor-
mal CK-MB reference range is 0-5 ng/mL; the nor-
mal MYO reference range is 0-110 pg/L; the nor-
mal cTnl reference range is 0-0.04 ng/ml and the
minimum detectable concentration (analytical sen-
sitivity) is 0.006 ng / ml. Normal range (NT-
proBNP is 0-900 pg/ml.

A retrospective design was used in 20 studies
to investigate cardiac damage associated with se-
vere outcome and death in patients with COVID-
19 infection in China (Jing et al., 2020; Gaze,
2020). Two studies used a prospective design
(Ruanetal., 2020; Wang et al., 2020) Study sample
size ranged from 10 to 645 patients (mean age of
severe patients: 60.95 years, mean age of patients
without severe degree: 46.95 years).

Another study was conducted in New York
from February 27, 2020 to April 12, 2020, with an
enrollment of 2,736 patients. in patients within 24

hours after hospitalization was measured troponin-
I (normal value <0.03 ng/ml) (Anuradha et.al.,
2020).

Statistical analysis

Descriptive statistics were obtained for all
study variables. Continuous data are expressed as
median (interquartile range, IQR). Categorical data
is expressed in proportions. All categorical varia-
bles were compared for study results using Fisher's
exact test or x-square test, and continuous variables
were compared using Student's t-test or Mann-
Whitney U test. Logistic regression analysis was
performed to determine predictors of myocardial
injury. Cases of missing biomarker data were ex-
cluded using statistical software. Data were ana-
lyzed using SPSS 25.0 (IBM, Chicago, Illinois).
Statistical charts were created using Prism 5
(GraphPad), Minitab (version 18) and Python. For
all statistical analyzes, P<0.05 was considered sig-
nificant. statistical analysis.

RESULTS

21 cases met the study criteria. These autop-
sies were performed in March or April 2020 at
Asienda Ospedaliera University of Padua,
Sant'Orsola-Malpighi University Hospital in Bolo-
gna, Massachusetts General Hospital in Boston,
University of Amsterdam and the Mayo Clinic in
Rochester, Minnesota. For all 21 patients, COVID-
19 was the leading cause of death. Causes of death:
acute respiratory distress syndrome (ARDS, n=15),
viral pneumonia (n=4), cardiogenic shock (n=1),
and cardiac arrest (n=1). Eighteen patients died in
intensive care. Two of the patients received veno-
venous extracorporeal membrane oxygenation.

Since the last hospitalization, serum high-sen-
sitivity troponin T or | levels have been available
in 16 patients with a mean peak value of 56 ng/L in
the range of 2.8-2494 ng/L. Troponin levels were
altered in 11 of these 16 patients. Five out of 16
patients received renal replacement therapy.

Electrocardiographic changes were detected
in 12 patients, including new-onset atrial fibrilla-
tion (n=5), partial right bundle branch block (n=2),
nonspecific T-segment changes (n=3), transient
ST-segment elevation (n=1), premature ventricular
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contractions (n=1) and ST segment depression
(n=1). The duration of atrial fibrillation was 12
hours in one patient, 2 days in three patients, and 3
days in one patient. Limited bedside transthoracic
echocardiography was performed in five patients
without myocarditis. 16 patients received one or
more COVID-19 drugs, including hydroxychloro-
quine / chloroquine (n=15), azithromycin (n=8),
atorvastatin (n=4), inhaled nitric oxide (n=2), lop-
inavir / ritonavir (n=6), oseltamivir (n=2),
remdesivir (n=1), tocilizumab (n=3), and sari-
lumab (n=1).

Fig. 1. Spectrum of myocarditis in COVID-19 patients.
(A and B) Biventricular multifocal/diffuse lymphocytic
myocarditis (arrows) with extensive myocyte injury in an
86-year-old man with previously undiagnosed cardiac
amyloidosis (H&Ex50). (C-G) Biventricular multifocal
lymphocytic myocarditis (arrows) with myocyte injury in
a 64-year-old man, who developed atrial fibrillation 2
days before death (C, H&E x100; D, H&E x200; E, H&E
x100; F, double immunostaining CD68 brown/CD3 red,
x200; G, double immunostaining CD4 brown/CD8 red,
x400). (H-K) Biventricular multifocal lymphocytic my-
ocarditis (arrow) in a 59-year-old man (H, H&E x400; I,
CD3 immunostaining brown, x400; J, CD68 im-
munostaining brown, x400; K, CD4 immunostaining
brown, x400). (L) Focal myocardial lymphocytic infiltra-
tion with myocyte injury (arrow) in a 70-year-old man
(H&E x400). Scale bars represent 500 um (A, B), 200 pm
(C, E), 100 um (D, F), 50 ym (G-K), and 20 pm (L).

At autopsy, no thromboembolism of the main
pulmonary arteries was found. An average of 20
complete myocardial blocks (range 5-29 blocks)
were histologically examined and immunohisto-
chemical staining of inflammatory cell markers
was assessed in all cases. Myocarditis was detected
in three cases (Fig. 1). Myocarditis was multifocal
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in all three cases with left and right ventricular in-
volvement, but in one case, right ventricular pre-
dominance was present. In all three cases, myocar-
ditis was classified as lymphocytic, containing a
significant number of CD3 + T lymphocytes and a
significant proportion of CD68 + macrophages,
without eosinophils, giant cells, or granulomas. In
two cases, lymphocytes were CD4 +, and in one
case, lymphocytes were with a predominance of
CD8 +. In addition to the three cases of multifocal
myocarditis, there were six cases of focal enlarge-
ment of interstitial T lymphocytes in the myocar-
dium, with or without focal damage to myocytes,
with the number of focal T cells ranged from 22 to
65 per field x 400 at high magnification.

In 18 (86%) cases, there was a relatively wide-
spread increased infiltration of interstitial macro-
phages into the myocardium without clearly asso-
ciated damage to myocytes, affecting both the left
and right ventricles (Fig. 2). These diffuse macro-
phage infiltrates were observed in two out of three
patients with myocarditis and in 16 out of 18 pa-
tients without myocarditis. In a third patient with
myocarditis, the inflammatory infiltrates were rel-
atively extensive, making it difficult to identify a
distinctive single macrophage infiltrate. The aver-
age density of macrophages in these cases was 44
cells in a high power field (range 20-177). Mild
pericarditis from the epicardium (visceral pericar-
dium) was present in four cases.

Acute damage to myocytes in the right ventri-
cle, most likely due to stress / overload, occurred
in four cases and was characterized by acute coag-
ulation necrosis of myocytes, mainly in the suben-
docardial region, with staining of necrotic myo-
cytes for the complement component C4d.

When comparing cases of myocarditis and pa-
tients without myocarditis, the densities of CD3 +
lymphocytes and CD68 + macrophages were
higher in patients with myocarditis than in patients
without myocarditis, but there were no differences
in the density of inflammatory cells between the
left and right ventricles. There were no differences
between the two groups in duration of symptoms,
length of hospital stay, age, history of hyperten-
sion, history of diabetes, history of previous immu-
nosuppression, history of smoking, or history of
previous cardiovascular disease (Table 1). There
was also no discernible difference between the two
groups in COVID-19 related treatment.
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Fig. 2. Increased interstitial macrophages. The majority of
patients showed increased interstitial macrophages with-
out associated myocyte injury (arrows). (A) A 50-year-old
man, (CD68 immunostaining, x100). (B) A 44-year-old
man, (double CD68 brown/CD3 red immunostaining,
x100). (C) A 64-year-old man (CD68 immunostaining,
%200). (D and E) A 60-year-old man (D, H&E, x400; (E)
CD68 immunostaining, x400). (F) A 73-year-old woman
with increased cells within the myocardial interstitium
(H&E, x100). Scale bars represent 200 um (A, B), 100 pym
(C,F), and 50 um (D, E).

For 16 patients with documented troponin lev-
els, there was no significant difference in serum
troponin levels between patients with and without
myocarditis (Table 1). While the patient with the
highest troponin level (2494 ng/L) did have myo-
carditis, the patient with the second highest tro-
ponin level (702 ng/mL) did not have myocarditis,
but had acute right ventricular myocardial injury,
most likely as a result of stress. All three patients
with myocarditis had troponin levels >60 ng/L
compared with only 38% of patients without myo-
carditis (P = 0.20). In addition, all three patients

with myocarditis had serum troponin levels
>60 ng/mL with new ECG changes, compared
with only 2 (15%) of 13 patients without myocar-
ditis (P = 0.02).

A total of 2253 confirmed COVID-19 cases
were initially screened from January 1 to February
23, 2020 at Wuhan University's Renmin Clinical
Hospital. 671 cases (death, 62; survivors, 609) with
severe COVID-19 were included in the study.
These patients had a mean age of 63 years (IQR,
50-72 years), 48% of patients were male, and the
mean time from symptom onset and admission to
follow-up was 23 days and 17 days, respectively.

During hospitalization, 95.5% of patients re-
ceived oxygen therapy; however, the use of extra-
corporeal membrane oxygenation and continuous
renal replacement therapy was rare. The proportion
of using antiviral treatment was 96.4% in the in-
cluded patients, and 59.5%, 56.5% and 54.2% of
patients, respectively, received intravenous immu-
noglobulin, glucocorticoids and antibiotics.

The deceased patients were older than the
survivors and more often than males (all P <0.001,
Table 1).

The main cause of death was a rapid deterio-
ration in respiratory function, followed by cardio-
vascular complications. Table 2 summarizes the
distribution of death-related complications in the
included patients, including ARDS (98.4%), acute
respiratory failure (90.3%), acute myocardial in-
jury (30.6%), acute heart failure (19.4%), multiple
organ failure syndrome (9.7%), shock (6.5%) and
sudden death (1.6%).

Table 1. Characteristics of patients

Treatment, n (%) All patients Death Survivors p
Oxygen inhalation 527 (78,5) 16 (25,8) 511 (83,9) <0,001
Non-invasive ventilation 76 (11,3) 17 (27,4) 59 (9,7) <0,001
Invasive mechanical ventilation 36 (5,4) 29 (46,8) 7(1,1) <0,001
Extracorporeal membrane oxygenation 2(0,3) 23,2 0(0,0) 0,008
Continuous renal replacement therapy 4(0,6) 4 (6,5) 0(0,0) <0,001
Antiviral agent 647 (96,4) 58 (93,5) 589 (96,7) 0,267
Immunoglobulin 399 (59,5) 55 (88,7) 344 (56,5) <0,001
Glucocorticoids 379 (56,5) 53 (85,5) 326 (53,5) <0,001
Antibiotic 364 (54,2) 49 (79,0) 315 (51,7) <0,001

49



Cavadova et al.

Table 2. Cause of death of included patients.

Complications n (%)
Acute Respiratory Distress Syndrome 61 (98,4)
Acute respiratory failure 56 (90,3)
Acute myocardial injury 20 (30,6)
Acute heart failure 12 (19,4)
Multiple organ failure syndrome 6 (9,7)
Shock 4 (6,5)
Sudden death 1(1,6)

106 patients (15.8%) had myocardial injury in
all enrolled patients on admission. Patients with
myocardial injury had an older age, more comor-
bidities and more laboratory abnormalities than pa-
tients without myocardial injury. Patients who died
were more likely to suffer from myocardial injury
during hospitalization compared with survivors
(75.8% versus 9.7%; P <0.001). The contour plot
of the characteristics of the distribution of myocar-
dial parameters showed that these biomarkers were
higher among the deceased patients. From admis-
sion to death, cardiac scores showed dynamic
change in the death group, especially CK-MB and
cTnl levels. Since most patients were not followed
up during hospitalization, the serial biomarker re-
sults were based on a very small subgroup.

Cumulatively evaluated 17 studies 6, 8-16, 18,
20-22, 24-26 of 2,467 patients infected with
COVID-19 (severe patients = 1095 and non-severe
patients = 1372), higher serum lactate dehydrogen-
ase levels were shown to be (weighted average dif-
ference = 108.86 U / L, 95% confidence interval
(CI) = 75.93 to 141.79, p <0.001, | 2 = 85.4%, p
heterogeneity <0.001) and creatine kinase-MB
(weighted average difference =2.60 U / L, 95% ClI
=1.32-3.88, p <0.001, 1 2 = 0.0%, p heterogeneity
= 0.517) associated with a significant increase in
the severity of COVID-19 infection. The pooled re-
sults showed that serum creatine kinase levels
(weighted mean difference = 15.10 U / L, 95% CI
=0.93 to 31.12, p=0.065, 12= 46.9%, p heteroge-
neity =0.058), cardiac troponin | (weighted aver-
age difference = 4.05 pg / ml, 95% Cl= -0.20 to
8.30, p=0.062, | 2=0.0%, p-heterogeneity =
0.591) and myoglobin (weighted average differ-
ence =21.40 ng / ml, 95% ClI= -0.22 to 43.02,
p=0.052, 12=29.3%, p heterogeneity = 0.243) did
not have a significant relationship with the sever-
ity of the disease.
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Six studies 7, 14, 17, 19, 23, 27, including a
total of 1217 patients with COVID-19 infection
(survivor=365 and survivors=852), reported mor-
tality as an outcome measure. The pooled results
showed that higher serum lactate dehydrogenase
levels (weighted mean difference = 213.44 U/L,
95% CI1 =129.97-296.92, p <0.001, 1 2 = 90.4%, p
heterogeneity < 0.001), Creatine kinase (weighted
average difference = 48.10 U/L, 95% CI=0.27—
95.94, p=0.049, 12=85.0%, p heterogene-
ity=0.001), cardiac troponin | (weighted average
difference=26.35 pg / ml, 95% Cl=14.54 to 38.15,
p<0.001, 12=4.1%, p heterogeneity = 0.352) and
myoglobin (weighted average difference =159.77
ng / ml, 95% Cl= 99.54 to 220.01, p<0.001, I 2
=0.0%, p heterogeneity=0.409) were associated
with a significant increase in mortality from
COVID-19 infection.

In a study conducted in New York City, 506
(18.5%) patients died during hospitalization. A to-
tal of 985 (36%) patients had an increased troponin
concentration. After adjusting for disease severity
and related clinical factors, even minor myocardial
injuries (eg troponin 1> 0.03-0.09 ng/ml; n= 455;
16.6%) were significantly associated with death
(adjusted hazard ratio: 1, 75; 95%). Cl: 1.37 to
2.24; p <0.001), while higher amounts (e.g. tro-
ponin 1> 0.09 ng/ dlI; n = 530; 19.4%) were signif-
icantly associated with higher risk (adjusted HR:
3.03; 95% CI: 2.42 to 3.80; p <0.001) (Anuradha
etal., 2020).

DISCUSSION

Detailed information on cardiac autopsy in pa-
tients who have died from COVID-19 is currently
very limited. Despite the high mortality rate world-
wide, only a few studies with a small number of
patients still provide information on cardiac dis-
ease in these patients. (Li et al., 2003; Mo et al.
2020; Xu et al., 2020). Some of these studies used
limited diagnostic approaches such as biopsy. This
training has several limitations. Molecular analysis
for the virus in the myocardium was not performed.
this study is still relatively small and not complete
enough to identify and exclude differences be-
tween groups. The definition of a COVID-19 diag-
nosis in SARS-CoV-2 infected patients may have
varied across settings in this multicenter study. A
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small number of patients underwent only limited
bedside echocardiography. The electrocardio-
graphic data were based on documented clinical
observations and were not obtained in a standard-
ized manner. This study was retrospective and not
all cases were collected for histology in the same
way. For this study, the authors used a rigorous cri-
terion for multiple lesions associated with myocar-
dial injury to diagnose myocarditis. Thus, there is
great confidence that three patients meeting this
criterion have myocarditis. There were six addi-
tional cases with lymphocytic infiltrates but no or
only focal myocyte injury. In some previous stud-
ies not related to COVID-19, in particular with the
participation of endomyocardial biopsy, this pa-
thology was considered as myocarditis. and the re-
sults cannot be easily generalized to all patients dy-
ing from COVID-19.

One of the key pathological discoveries in this
series of studies is that patients dying from
COVID-19 often have infiltration of interstitial
myocardial macrophages with an average of 44
cells per field at x 400 magnification, without dam-
aging myocytes, affecting 86% of patients. In
fewer cases, true multifocal lymphocytic myocar-
ditis affects 14% of patients. Compared to the pre-
vious SARS-CoV virus, the inflammatory heart
changes seen with COVID-19 appear to be more
severe overall. An early autopsy of patients who
died from SARS showed that 35% of patients could
detect SARS-CoV in myocardial tissue by PCR,
and this subgroup of patients had a degree of myo-
cardial macrophage infiltration comparable to that
of 86% of patients. cases of COVID-19 in this se-
ries (Zhang et al., 2020). The median age of pa-
tients in the previous SARS study was 68 with 45%
of men, compared to a median age of 69 with 71%
of men for COVID-19 patients in this study. The
mechanisms underlying this macrophage infiltra-
tion are currently unclear, but the study by Oudit et
al. it has been suggested that SARS-CoV-induced
myocardial inflammation is mediated predomi-
nantly by macrophages. Also, this study did not
show that SARS-CoV is associated with an in-
crease in lymphocytic infiltrates or multifocal my-
ocarditis, as with SARS-CoV-2 infection.

Although there was a slight upward trend in
troponin levels in patients with myocarditis in
these studies, myocarditis does not fully explain
the increased troponin levels seen in patients with

COVID-19. Other forms of myocardial injury,
such as right ventricular stress, clearly contribute
to the increased troponin levels in these patients.
All patients with multifocal myocarditis in this se-
ries had new changes in electrocardiography, in-
cluding atrial fibrillation in two cases and new ST
segment depression associated with chronic atrial
fibrillation in a third case. Given that most patients
with COVID-19 have an increase in the number of
macrophages in the heart, it can also be difficult to
determine with imaging studies which of these pa-
tients actually has lymphocytic myocarditis. Alt-
hough electron microscopy has reported the pres-
ence of the virus in cardiac macrophages (Lo et al.,
2020.). However, so far, electron microscopy in
this series of patients has been performed only in
three cases without real myocarditis.

Preliminary observations in the literature, to-
gether with those in this series, suggest that myo-
cardial injury, with or without cardiac depression,
in these patients may be due to an etiology other
than viral myocarditis. Acute damage to myocar-
dial tissue may be associated with increased cyto-
kines, hypoxemia, right ventricular tension, and
thrombotic complications. In some patients in this
series, both myocardial microvascular thrombi and
right ventricular deformity were observed. Thus,
the term myocarditis should be used to describe pa-
tients with elevated troponin levels in the presence
of COVID-19 using more specific diagnostic tests
such as endomyocardial biopsy and / or cardiac
magnetic resonance imaging.

Cardiac abnormalities associated with SARS-
CoV-2 infection were found to be more severe than
those associated with a previous SARS-CoV out-
break. Under the conditions of SARS-CoV-2 infec-
tion, in most cases, the number of interstitial myo-
cardial macrophages increases, and in a small part

of cases, multifocal lymphocytic myocarditis.
These patients also present with other forms of my-
ocardial injury, such as right ventricular deformity.
The main findings of this study are as follows:
myocardial injury is not uncommon among pa-
tients with severe COVID-19, especially among
those who die; elevated levels of myocardial mark-
ers predict the risk of death in hospital; and ad-
vanced age, inflammatory response, and concomi-
tant cardiovascular disease are associated with my-
ocardial injury in COVID-19 patients (Chen et al.,
2020; Corrales-Medina et al., 2012).
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Increases in ¢Tnl and CK-MB can predict the
risk of death. Notably, these single cut-off values
may include a range of individuals with normal
levels of myocardial markers at admission. While
it is premature to say whether these patients are
doomed to poor outcomes, as only about 30% of
people have died from myocardial damage, this
plays an early warning role for COVID-19 deaths
when these rates exceed thresholds.

Circulating inflammatory mediators (i.e. cyto-
kines and/or endotoxins) or direct viral invasion of
cardiomyocytes, or both, can lead to myocardial
damage in COVID-19. The novel coronavirus was
recently reported to use angiotensin converting en-
zyme Il (ACE2) as a cell entry receptor, and
SARS-CoV was found in the heart of 35% of sub-
jects, suggesting that SARS-CoV is capable of in-
fecting the myocardium through ACE2 receptors
(Li et al., 2003). While it can be argued that direct
invasion of SARS-CoV-2 into cardiomyocytes un-
derlies heart failure, a recent pathological study
documented scant interstitial mononuclear inflam-
matory infiltrates in cardiac tissue without signifi-
cant myocardial damage in a COVID-19 patient
(Mo et al., 2020). With limited evidence, whether
SARS-CoV-2 can directly damage the heart re-
mains to be proven.

Previous data have demonstrated that risk fac-
tors for cardiac complications associated with
pneumonia include older age, preexisting cardio-
vascular disease, and a greater severity of pneumo-
nia at presentation (Guan et al., 2019). However,
about one third of transient cardiac complications
occur in patients without a history of heart disease.
The SARS study also found that reversible left ven-
tricular damage is common, even among those
without underlying heart disease (Thygesen et al.,
2018). However, sufficient evidence is needed to
clarify whether the effects of COVID-19 and
SARS on the myocardium differ. In the present
study, the deceased patients had a higher propor-
tion of both myocardial injury and concomitant
cardiovascular diseases, suggesting that cardiac
complications with underlying cardiovascular dis-
ease or risk usually coexist and develop to an irre-
versible outcome. Alternatively, the systemic in-
flammatory response to pneumonia may also in-
crease the inflammatory activity in coronary ather-
osclerotic plagues, making them unstable and
prone to rupture. Consequently, the presence of

52

preexisting cardiovascular disease or associated
risk factors can exacerbate myocardial damage,
which therefore cannot be ignored when treating
COVID-19. In general, patients with COVID-19
and myocardial injury are discouraged from ac-
tively participating in emergency intervention
strategies due to the existing risk of cross-infection,
and for most moderate to moderate myocardial in-
juries, the standard integrated management process
is usually based on risk stratification and patient
classification (Tikellis and Thomas, 2012).

Studies have confirmed the hypothesis that
heart damage is associated with severe outcome
and death in patients with COVID-19 infection. It
should be noted that this study is the first meta-
analysis to assess the relationship between serum
cardiac biomarker levels and the severity of
COVID-19 infection.

It is known that advanced age (=65 years),
male sex and the presence of comorbidities such as
hypertension, diabetes, chronic obstructive pulmo-
nary disease and cancer are the main risk factors
for death from COVID-19 (Wang et al., 2020). The
presence of myocarditis and heart damage (defined
by elevated cardiac troponin | levels above the up-
per limit of the 99th percentile) are other independ-
ent risk factors associated with mortality (Ranieri
etal., 2012).

COVID-19 can exacerbate underlying cardio-
vascular diseases and / or cause new heart condi-
tions. Previous studies have shown that the inci-
dence of acute heart damage in severe COVID-19
patients and deaths ranges from 5% to 31% and
59% to 77%, respectively (Anuradha et al., 2020;
Fauci, Lane and Redfield, 2020; Han et al., 2020).
The auxiliary mechanisms include hemodynamic
changes, induction of procoagulant factors, and
systemic inflammatory reactions, which are medi-
ators of atherosclerosis, directly contributing to
plague rupture through local inflammation, which
predisposes to thrombosis and ischemia (Davidson
and Warren-Gash, 2019; Han et al., 2020; Hoff-
mann et al., 2020).

In addition, ACE2, the COVID-19 receptor, is
expressed on vascular endothelial cells and myo-
cytes (Smeeth et al., 2004), so there is at least a
theoretical potential for direct virus damage to the
cardiovascular system. In theory, this could have a
potential impact on patients taking angiotensin-
converting enzyme inhibitors, resulting in a greater
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risk of contracting COVID-19 and an increase in
the severity of the disease (Chen et al., 2020).

Other putative mechanisms of COVID-19-re-
lated heart damage include a cytokine storm medi-
ated by an increase in the production of pro-inflam-
matory cytokines by innate immunity after infec-
tion with COVID-19, and hypoxia caused by ex-
cessive intracellular calcium leading to myocyte
apoptosis.

Interstitial mononuclear inflammatory infil-
trates in the myocardium have been reported in
deaths from COVID-19 (Li etal., 2003). In addition,
cases of myocarditis with reduced systolic function
have been reported following infection with
COVID-19 (28). Heart damage is likely associated
with ischemia and / or infectious myocarditis and is
an important prognostic factor in patients with
COVID-19 infection. COVID-19 affects the myo-
cardium and causes myocarditis (Li et al., 2003).

Studies of cardiac biomarkers indicate a high
prevalence of cardiac injury in deaths from
COVID-19 infection (Li et al., 2003; Ranieri et al.,
2012). Mortality was significantly higher in pa-
tients with high serum levels of lactate dehydro-
genase, cardiac troponin |, creatine kinase, and my-
oglobin. The mechanism by which cardiac bi-
omarkers increase in COVID-19 infection is not
fully understood. The underlying pathophysiology
suggests a cardio-inflammatory response, as many
patients with severe COVID-19 infection have a
concomitant rise in cardiac biomarkers and acute
phase reagents such as C-reactive protein (Chen et
al., 2020). An increase in cardiac biomarkers with
other inflammatory biomarkers increases the like-
lihood that this reflects a cytokine storm and may
clinically present as fulminant myocarditis.

For patients admitted to hospital with
COVID-19, in addition to routine clinical assess-
ment, a standardized measurement of cTn to detect
myocardial injury along with other inflammatory
(e.g., C-reactive protein, ferritin, IL6, and procal-
citonin) and thrombotic (D-dimeric) markers can
make it easier to understand whether patients are in
stage | (early infection), stage Il (pulmonary
phase), or stage 11l (hyperinflammatory phase). In
addition, as an ongoing prognostic marker, initial
cTn measurement can aid triage of patients, and
subsequent serial measurements can help identify
low-risk patients with stable concentrations or

high-risk patients with increasing patterns. The lat-
ter may require additional assessments (Yader and
Allan, 2020).

LIMITATIONS

The research carried out has some limitations.
First, the interpretation of the results may be lim-
ited by the small sample size of a total of 2350000
COVID-19 patients worldwide, the current sample
size is still small to avoid statistical bias as much
as possible. Second, due to the presence of unmeas-
ured or unknown factors that influence the out-
come, the causes of death or myocardial damage
can be underestimated by multivariate regression
analysis. The study did not include data such as
body weight, body mass index and smoking his-
tory, which are potential risk factors for disease se-
verity.

CONCLUSIONS

Myocardial injury is not a rare complication
among patients with severe COVID-19, especially
among those who die. In a meta-analysis of patients
with confirmed COVID-19, heart damage assessed
by serum analysis (lactate dehydrogenase, cardiac
troponin I, creatine kinase (-MB), and myoglobin)
was associated with severe outcome and death from
COVID-19 infection. CTnl and CK-MB levels pre-
dict the risk of hospital death, and myocardial injury
is associated with older age, inflammatory response,
and concomitant cardiovascular disease. With the
rapid development of COVID-19 around the world
and a deeper understanding of the mechanisms of
heart damage in patients with COVID-19 infection,
cardiac biomarkers can be used as an indicator of im-
proved response due to cardioprotective intervention
or as an indicator. deterioration of the clinical course.
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COVID-19 zamani miokardin zadalonmasinin klinik xiisusiyyoatlori
(Cox morkazli tadqiqatlarin malumatlari)

T.M. Cavadova, G.M. Dadasova, M.N. 9zimova, N.N. Qabiyeva
Akademik C.Abdullayev adina EImi Tadgigat Kardiologiya Institutu, Baki, Azarbaycan

Koronavirus-2-nin (SARS-CoV-2) sabab oldugu COVID-19 xastaliyi 6ziinii kaskin tonaffiis sindromunun
inkisafi ilo gbstorir. Bu xastalarde miokardin zadslonms xiisusiyyatlorini 6yranmok va onun Klinik shomiy-
yatini toyin etmok mogsadi ilo toqqiqat islori aparilmigdir. Beynolxalq ¢oxmarkozli tadqiqatlarda tirok-da-
mar patologiyalarinin arasdirilmasi zaman1 COVID-19 olan 21 xastods anatomik tosrifdon sonra iirok tox-
umasi todqiq edilmisdir. Kardiomiositlorin zodslonmosini gostoron ¢oxsayl iltihab ocaqlarinin agkarlan-
masina vo immunohistoloji miiayina vasitasi ils iltihab hiiceyralarinin torkibinin analizine asason miokar-
ditin olmas1 miioyyanlasdirilmisdir. Eyni zamanda kardiomiositlorin koskin zadslonmasinin vo iltihabin
digor ndvlari, hamginin koronar arteriyalarin, endokard vo perikard zadslonmolari do todqiq edilmisdir.
Limfositar miokardito 3 (14%) halda rast golinmisdir. Interstisial makrofaqlarin artan infiltrasiyasi 18
(86%) halda miisahids edilmisdir. 4 xastada yiingiil doracali perikardit gqeyd edilmisdir. Boyiik ehtimalla
stress/haddindon artiq yiiklonma sababindon 4 xastads sag madacik miositlerinin koskin zadslonmasins rast
golinmisdir. COVID-19-da serum troponin saviyyasinin yiiksalmasi vo atma fraksiyasinin azalmasi ilo
miisayat olunan kaskin iirak ¢catismazligi hallarina da rast golinmisdir. SARS-CoV-2 zamani oksor hallarda
interstisial makrofalar artir, az bir halda iso multifokal limfositar miokardit inkisaf edir. Agir COVID-19-
lu xastolordo xastoxanadaxili 6liim riski miokardin zadslonms markerlorine asason proqnozlagdirila biler
va bu risk ahil yas, iltihabi reaksiya vo yanasi iirok-damar xastaliyinin olmasindan shamiyyatli deracada
asilidir.

Agar sozlor: Koronavirus xastaliyi 2019 (COVID-19), SARS-CoV-2, miokardin zadalonmasi, miokardit,
laktat dehidrogenaza, troponin I, kreatininfosfokinaza, mioglobin
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KianHuyeckune 0c00€HHOCTH M XapaKTePUCTHKA MOBpeKaeHus Muokapaa npu COVID-19
(1aHHbBIE MHOTOLIEHTPOBBIX HCCJIEJ0BAHN)

T.M. IxaBanoBa, .M. Jlanamosa, M.H. AzumoBa, H.H. I'abueBa
HUU Kapouonozuu umenu axademuxa ic.A6dyanaesa, Baky, Azepbaiidcan

UzBectHO, uro COVID-19 — TshKenoe ocTpoe pecnupaTopHoe 3a00JIeBaHNe, BEI3BAHHOE KOPOHABUPYCOM
SARS-CoV-2. TTanmeHThl ¢ KOPOHABUPYCHOW WHQEKIIMEH UCCIeIOBAIKCH C IENbI0 U3yUSHHUS MTOBPEK/IC-
HUSI MHOKap/a, ONpeAesieHUs] ero XapakTepa U KIMHUYECKOW 3HAYUMOCTH. B MeXayHapogHOM MHOTO-
IICHTPOBOM HCCIIEOBAHIHN CEPACIHO-COCYAUCTHIX MATOIOT Ui COCTOSIHUE CePIeTHOI TKaH! OBUIO OIICHEHO
nociie BekpbiTus 21 mamuenta ¢ COVID-19. UccnenoBanust ObLIM HAIIPaBICHBI HA BBIABICHHE HATMYMS
MHUOKapInuTa, MHOKECTBEHHBIX OYaroB BOCIAJCHHS C aCCOLMHUPOBAHHBIM TOBPEXKICHHEM MHOLMTOB,
COCTaB BOCHAJUTEIBHBIX KJIETOK aHATM3UPOBAIN C TOMOLIBI0 UMMYHOTUCTOXUMHUH. Takke ObLIIH OMTUCAHBI
apyrue (GopMBI OCTPOTO HMOBPEXKICHUS M BOCHAJICHUS MHOLUTOB, TOpPaKCHWE KOPOHAPHBIX apTepHid,
3HJ0KapAa U nepukapzaa. Jlumdouurapasiii MuokapauT uMen Mecto B 3 (14%) ciaygasx. [loBbleHHas
WHQUIBTPALMS HHTEPCTUIMANBHBIX Makpodaros Habmonanack B 18 (86%) cinydasx. B geTsipex ciryuasx
HaOJIIoKacsl MepUKapAnT JIETKoi creneHu. OcTpoe MOBPEXICHHE MHUOIMTOB IPABOTO JKENMyJ04YKa, Be-
pOsITHEE BCETO M3-3a HANPSDKCHUS / TIEperpy3Ku, HMENo MecTo B 4eThipex ciaydasx. [Ipy COVID-19 raxke
O0TMeYanach oCTpasi cepiedHasi HeAOCTaTOYHOCTbh, COMPOBOXKJaeMast MOBBIIICHHBIM YPOBHEM TPOTIOHUHA U
CHIDKCHHOH (pakuueii BoiOpoca. B OonpmmHcTBe cimydaeB npu SARS-COV-2 ObuTM yBeIMYEHBI WH-
TepCTUIMANBbHBIE MaKkpo(dary, a B HEOOIBIION YaCTH CIyYaeB - MyJIbTH(OKATBHBIN THM(OITUTAPHBIA MHO-
KapauT. PuCk rocnutanbHON cMEpTH cpeau manueHToB ¢ Tsoxenoi gopmoit COVID-19 MoxHO mpencka-
3aTb IO MapKepaM MOBPCKIACHUA MUOKapJa, U 3TO B 3HAYNUTEJILHON CTEIEHHU CBS3aHO C ITOKUJIBIM BO3-
PacTOM, BOCIIAINTEIHHBIMH PEAKIIMSIMH U COITYTCTBYIOIIMMHE CEPIeIHO-COCYTUCTHIME 3200I€BaHISAMH.

Knioueswie cnosa: Koponasupycroe zabonesanue 2019 2. (COVID-19), SARS-CoV-2, nospesicoenue muo-
Kapoa, MUokapoum, iakmamoe2uopozenasa, cepoeyunsiii mpononun |, kpeamunxunaza (-MB) u muoenobun
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During the last two decades, humanity has been plagued by 3 coronavirus diseases, although the
human coronaviruses were discovered over 50 years ago. The latest coronavirus disease discovered
in 2019 (COVID-19) is caused by human Severe Acute Respiratory Syndrome Coronavirus 2
(SARS-CoV-2). A question arises: what could be the reason for such activation of coronaviruses in
recent years? To answer this question, at least, it is necessary to clarify (1) the history and origin of
these viruses, and (2) molecular mechanisms how they very easily and rapidly enter into host cells
and cause multifaceted serious disorders. In this study, we compared the structural proteins E, M
and N from SARS-CoV-2, SARS, bat and pangolin CoVs. The most striking fact firstly discovered
in this study is that the relative proportion of the synonymous substitution rates in M and N pro-
teins of the SARS-CoV-2 and pangolin CoV are significantly higher than the corresponding charac-
teristics for other CoVs studied. This finding puts several intriguing questions on the emergence
and the duration of divergence of the SARS-CoV-2.

Keywords: Coronavirus, COVID-19, E protein, M protein, N protein, pangolin, bat, origin of the SARS-

CoV-2, synonymous mutations, non-synonymous mutations

INTRODUCTION

Coronaviruses (CoVs), enveloped RNA virus-
es, cause diseases of wide range in mammals and
birds (Fehr and Perlman, 2015; Rabi et al., 2020).
In 2002-2003, the highly pathogenic Severe Acute
Respiratory Syndrome coronavirus, SARS-CoV,
was discovered in China. Later (2012), the Middle
Eastern Respiratory Syndrome Coronavirus
(MERS-CoV) emerged in Kingdom of Saudi Ara-
bia. At last, in December 2019, a new and extreme-
ly dangerous disease, COVID-19, associated with
the most known pathogenic SARS coronavirus,
SARS-CoV-2, was fixed in China (Shi and Hu,
2020). To date (November 19, 2020), there have
been about 56,000,000 confirmed cases of
COVID-19, including over 1,344,000 deaths
(https://mww.who.int/emergencies/diseases/novel-
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coronavirus-2019). Thus, during last two decades,
the humanity has been plagued by 3 coronavirus
diseases, although the human coronaviruses were
discovered over 50 years ago (Mclintosh et al.,
1967; Mclintosh, 1974). Therefore, a natural ques-
tion arises: what could be the reason for such acti-
vation of coronaviruses in recent years? To answer
this question, it is necessary to determine the ap-
proximate date and origin of the virus in the human
body. Moreover, if we understand the events that
led to the emergence of human coronaviruses, we
can also predict and prevent new pandemics.

Bats are currently considered as one of the po-
tential natural reservoirs of various viruses, in-
cluding SARS-CoV and MERS-CoV (for a re-
view see: Cui et al., 2019). Indeed, studies indi-
cate that many coronaviruses are capable of inter-
species transmission (Tang et al., 2015). In partic-

doi.org/10.29228/jlsb.62
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ular, some bat coronaviruses and SARS-CoV can
use the same receptor to enter cells (Hu et al.,
2015; Menachery et al., 2015). However, recent
findings indicate that SARS-CoV-2-like CoVs
might originate from pangolin species (Lopes et
al., 2020; Malaiyan et al., 2020; Tang et al., 2020;
Zhang et al., 2020).

Coronaviruses have a positive-sense RNA ge-
nome of ~30 kb, with a 5'-cap and a 3’ poly (A)-
tail structure. This structure allows RNA to serve
as a direct mRNA for synthesis of the viral poly-
peptides (Fehr and Perlman, 2015; Hu et al.,
2015). In particular, the SARS-CoV-2 genome
(29,880 bp) encodes four main structural, spike
(S), membrane (M), envelope (E), and nucleocap-
sid (N) proteins, and nonstructural (3-
chymotrypsin like protease, papain-like protease,
and RNA-dependent RNA polymerase) proteins
(for review see: Huang et al., 2020).

The SARS-CoV-2 entrance into the host cell is
initiated by interactions between the ~150 kDa S
protein and its receptor, the angiotensin-
converting enzyme 2 (ACE2). This protein is
composed of the N-terminal S1 (13-685 aa) and
the C-terminal S2 (686-1270 aa) subunits gained
by a cleavage of the primary S protein by a host
cell furin-like protease. The host ACE2 is recog-
nized and bound by the S1 subunit, while the S2
is required mainly for a fusion of viral and host
cell membranes. Thus, protein S appears to be an
important determinant of CoV pathogenesis and
resistance to infection in the body.

The small (~8-12 kDa) and probably trans-
membrane E protein is found in small quantities
within the virion. Although the E proteins have
been found to vary greatly in different CoV
groups, they share a common architecture. In con-
trast to other structural proteins, recombinant vi-
ruses lacking the E protein are not always lethal.
The E protein is mostly involved in assembly and
release of the virus, but is also required for patho-
genesis (Fehr and Perlman, 2015; (Bianchi et al.,
2020; for a review see: Satarker et al., 2020).

The N protein (~49.5 kDa) is an important anti-
gen for CoV, which participates in RNA package
and virus particle release (Zeng et al., 2020). N
protein is second most abundant viral protein, and
is expressed during the early stages of infection. It
is composed of two separate domains, an N-
terminal domain (NTD) and a C-terminal domain

(CTD), both of which are capable of binding RNA
in vitro. However, the optimal RNA binding func-
tion of the N protein is supposed to be required for
both domains. This protein helps to enter the host
cell and interact with cellular processes after the
virus fusion. (Huang et al., 2004; V’kovski et al.,
2019). The SARS-CoV-2 and SARS-Cov N pro-
tein sequence shows about 90% similarity (Gra-
linski and Menachery, 2020). N protein of SARS-
CoV promotes the activation of cyclooxygenase-2
(COX-2) and causes inflammation in the lungs
(Yan et al., 2006). It also participates in the inhibi-
tion of a phosphorylation of the B23 protein, which
is involved in the development of the cell cycle
(Zeng et al., 2008), as well as in inhibition of the
viral proteins degradation (Wang et al., 2010).
Moreover, N protein restricts immune responses in
the body against the viral infections via inhibition
of the type | interferon (Lu et al., 2011).

The M protein (~25-30 kDa) is the most abun-
dant structural protein in the virion (Alsaadi and
Jones, 2019). It contains 3 transmembrane do-
mains and is required for the shaping and budding
processes of CoVs (Bianchi, et al., 2020). Most M
proteins do not contain a signal sequence, alt-
hough they are co-translationally inserted in the
endoplasmic reticulum membrane (Fehr and
Perlman, 2015). Structural analysis of the M pro-
tein indicates its existence in two, long and com-
pact, forms. This protein inhibits the Nuclear Fac-
tor kappa-light-chain-enhancer of activated B
cells through interactions with | Kappa B Kinase
and reduces levels of Cyclooxygenase 2, thus en-
hancing the proliferation of the viral pathogen
(Fang et al., 2007). At last, the protein is known to
be involved in the activation of beta-interferons
(Satarker et al., 2020).

However, we are too far from understanding
molecular mechanisms determining their host
range and pathogenesis rate, supposed harmful
side effects in the host organisms. In this sense, a
comparative exploration of SARS-CoV-2, SARS-
CoV and other related coronavirus genomes from
human, bat and other species seems to be one of
most efficient ways in understanding genetic ba-
ses of the CoV problem. In particular, the whole-
genome sequencing and analysis data on SARS-
CoV-2 from different populations are recently
emerging (Munnink et al., 2020; Meredith et al.,
2020).
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In this study, the E, M and N proteins from
SARS-CoV-2, SARS-Cov, bat CoV and pangolin
CoV are compared. Below, we present and dis-
cuss results of these studies.

MATERIALS AND METHODS

For analysis, both CDS and protein sequences
of the E, M and N proteins from the human, pango-
lin and bat CoVs, including SARS-CoV-2 (Gen-
Bank accession MN997409.1), SARS-CoV E
(NC_004718.3), the pangolin CoV (MT040335.1), 9
strains of the bat CoVs (strain 273/2005: GenBank
accession: ABG47063.1; 279/2005: ABG47072.1;
Italy/206679-3/2010: AZF86133.1; Italy/206645-
41/2011:  AZF86121.1;  Italy/3398-19/2015:
AZF86127.1; Rm1/2004: ABD75325.1; Rp3/2004:
AAZ67055.1; HKU9: YP_001039974.1; Vs-CoV-
1. BBJ36014.1) were used.

A comparison of CDS and protein sequences
was done by BLAST tool (Altschul et al., 1997).
A multiple alignment of CDS and protein se-
guences, as well as the construction of the phylo-
genetic trees was performed by the Clustal Omega
tool (Sievers and Higgins, 2014; Sievers and Hig-
gins, 2018).

To investigate the statistical characteristics of
variations, such as identities, synonymous and

nonsynonymous substitutions, as well as inser-
tions/deletions (Indels), as a new tool, MUTAN-2
was developed by I. Shahmuradov (unpublished).
An output of the pairwise alignment of protein
sequences by the Clustal Omega (in the FASTA
format) and corresponding query CDS sequences
serve as a source (input) data for this tool.

RESULTS AND DISCUSSION

Initially, using the BLAST and Clustal Ome-
ga tools, we compared E, M and N protein se-
guences from the human SARS-CoV-2 and
SARS-CoV, as well the pangolin CoV and 9
strains of the bat CoV (see: Materials and Meth-
ods). Results of these comparisons are illustrated
in Table 1, 2 and 3, as well as in Fig. 1, 2 and 3.
Proteins E and M, as well as human and pangolin
CoV proteins show significant (88% or higher)
similarity.

However, only 4 (out of 9) strains (273/2005,
279/2005: Rm1/2004 and Rp3/2004) of bat CoV
were found to have significant (88% or higher)
similarity to the corresponding human and pango-
lin CoV proteins. The same results were obtained
for S proteins (a paper on comparative studies of
the CoV S-proteins was recently submitted else-
where).

Table 1. Percent identity matrix for the E proteins from the human SARS-CoV and SARS-CoV-2, pangolin CoV

and 9 strains of the bat CoV

1 2 3 4 5 6 7 8 9 10 11 12
1. Bat (ltaly-1) 100.0 70.67 16.00 20.00 16.67 16.67 16.44 16.44 1781 1781 1781
2. Bat (Italy-3) 100.0 70.67 16.00 20.00 16.67 16.67 1644 1644 1781 1781 1781
3. Bat (Italy-2) 70.67 70.67 18.67 22,67 1528 1528 15.07 1507 1644 1644 16.44
4. Bat (HKU9) 16.00 16.00 18.67 2025 25.68 25.68 26.67 26.67 26.67 26.67 26.67
5. Bat (Vs) 20.00 20.00 22.67 20.25 40.00 40.00 40.79 40.79 40.79 40.79  40.79
6. CoV-2 16.67 16.67 1528 25.68 40.00 100.0 96.00 96.00 94.67 94.67 94.67
7. Pangolin 16.67 16.67 1528 25.68 40.00 @ 100.0 96.00 96.00 94.67 9467 94.67
8. SARS 16.44 1644 1507 26.67 40.79 96.00 96.00 100.0 98.68 98.68 96.05
9. Bat (Rp3) 16.44 1644 1507 26.67 40.79 = 96.00 96.00 100.0 98.68 98.68 96.05
10.Bat (279) 1781 1781 16.44 26.67 40.79 @ 9467 9467 98.68 98.68 100.0 96.05
11.Bat(Rm1) 17.81 1781 1644 26.67 40.79 = 9467 94.67 9868 98.68 100.0 96.05
12.Bat (273) 1781 1781 16.44 26.67 40.79 9467 9467 96.05 96.05 96.05 96.05

Hereinafter, the following abbreviations are used: “Italy-1” for the Italy/206679-3/2010, “Italy-2” for the Italy/206645-41/2011,
“Italy-3” for the Italy/3398-19/2015, “Vs” for the Vs-CoV-1, “Rml1”, “Rp3” for the Rp3/2004, “273” for the 273/2005 and
“279” for the 279/2005. A group of CoVs with the significant similarity of E-proteins are highlighted in grey. Here, as well as in
Table 2 and 3, the SARS-Cov-2 and pangolin CoV similarity is marked in pink, similarity between SARS CoV and 4 bat CoVs

(strains Rp3, 279, Rm1 and 273) is highlighted in red.
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Table 2. Percent identity matrix for the M proteins from the human SARS-CoV, pangolin CoV and 9

strains of the bat CoV

1 2 3 4 5 6 7 8 9 10 11 12
1. Bat (ltaly-1) 100.0 88.11 28.05 27.60 2955 2955 29.09 29.09 29.09 3122 3272
2. Bat (ltaly-3) 100.0 88.11 28.05 2760 2955 2955 29.09 29.09 29.09 31.22 32.72
3. Bat (ltaly-2) 88.11 88.11 29.09 2955 3045 3045 3045 30.00 30.00 3196 3594
4. CoV-2 28.05 28.05 29.09 98.20 9050 9050 8959 89.14 8959 3891 40.37
5. Pangolin 27.60 27.60 29.55 | 98.20 9095 90.95 9050 8959 90.05 3891 39.91
6. Bat (279) 2955 2955 3045 | 90.50 90.95 100.0 97.29 9593 97.29 40.45 40.83
7. Bat (Rm1) 2955 2955 3045 | 90.50 90.95 100.0 9729 9593 97.29 4045 40.83
8. SARS 29.09 29.09 3045 | 8959 9050 97.29 97.29 97.74 9729 4091 41.28
9. Bat (273) 29.09 29.09 30.00 | 89.14 8959 9593 9593 97.74 98.64 4091 40.83
10. Bat (Rp3) 29.09 29.09 30.00 | 8959 90.05 9729 9729 9729 98.64 4091 40.83
11. Bat (HKU9) 3122 3122 3196 3891 3891 4045 4045 4091 4091 40.91 41.28
12. Bat (Vs) 3272 3272 3594 4037 3991 4083 40.83 4128 40.83 40.83 41.28
A group of CoVs with the significant similarity of M-proteins are highlighted in grey.
Table 3. Percent identity matrix for the N protein from the human SARS-CoV, pangolin CoV and 9
strains of the bat CoV
1 2 3 4 5 6 7 8 9 10 11 12
1. Bat (ltaly-1) 98.38 64.11 23.69 2796 2790 27.27 2727 2759 2759 2727 27.90
2. Bat (Italy-3) 98.38 64.11 2397 2766 2759 26.65 26.65 27.27 2727 2696 27.59
3. Bat (Italy-2) 64.11 64.11 25.07 29.97 3037 29.14 2945 30.06 2945 2945 29.75
4. Bat (HKU9) 23.69 2397 25.07 39.11 4430 4492 4492 4470 4481 43.04 43.77
5. Bat (Vs) 2796 2766 29.97 39.11 4785 48.48 4848 4823 48.35 48.73 4898
6. Bat (273) 2790 2759 30.37 4430 47.85 95.71 96.19 96.44 96.67 88.78 88.97
7. Bat (279) 2727 26.65 29.14 4492 4848 @ 95.71 9952 97.14 9738 88.76 89.18
8. Bat (Rm1) 2727 26.65 29.45 4492 4848 @ 96.19 99.52 97.62 97.62 89.00 89.42
9. SARS 2759 2727 30.06 4470 4823 @ 96.44 97.14 97.62 98.10 89.74 89.93
10. Bat (Rp3) 2759 2727 2945 4481 4835 | 96.67 97.38 97.62 98.10 89.26 89.93
11. CoV-2 2727 2696 29.45 43.04 4873 @ 88.78 88.76 89.00 89.74 89.26 93.76
12. Pangolin 2790 2759 29.75 43.77 4898 @ 88.97 89.18 89.42 89.93 8993 93.76
A group of CoVs with the significant similarity of N-proteins are highlighted in grey.
AR
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Fig. 1. A phylogenetic tree constructed for on the basis of comparison of E-proteins

from 12 CoVs of different species/strains.
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Fig. 2. A phylogenetic tree constructed for on the basis of comparison of M-proteins
from 12 CoVs of different species/strains.
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Fig. 3. Phylogenetic tree based on comparison of E-proteins from 12 CoVs of different species/strains.

These findings indicate that at least in bats, vari-
ous sub-classes of CoVs exist. The different CoV
strains in bat have probably been diverged for a long
time. Moreover, a significant difference for the simi-
larity level of E, M and N proteins from 4 bat CoV
strains is not observed. Taking into account these
two facts, for further comparative studies on E, M
and N proteins only the following CoVs were se-
lected: SARS-CoV-2, SARS-CoV, pangolin CoV
and strain Rp3 of the bat CoV.

First, in each group (E, M and N) of the 4 se-
lected coronaviruses, the proteins were aligned
using the Clustal Omega tool. Then, the results of
these alignments were analyzed by the MUTAN-2
program. Results of the analysis are summarized
in Table 4.
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The first remarkable result of these studies is
that pangolin CoV is mostly closer to the human
SARs-CoV-2 in terms of the inter-species similar-
ity of the E, M and N proteins. Thus, while the
similarity between E, M and N proteins from
SARS-CoV-2 and pangolin virus is about 100%,
98% and 93%, respectively, these figures for
comparisons of SARS-CoV-2 vs SARS-CoV and
SARS-CoV-2 vs bat CoV are 96%, 89% and 89%,
respectively. The same picture was observed in
the inter-species comparison of S proteins (data
not shown). It should be noted that this result is
fully consistent with the results of studies recently
reported (Lopes et al., 2020; Malaiyan et al.,
2020; Zhang et al., 2020).
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Compared to proteins M and N, Protein E from
human SARS-CoV-2 and SARS-CoV, pangolin
CoV, and four strains of bat CoV are almost con-

1). These observations may indicate that while the
E proteins are important for the CoV envelope
forming, they are not involved in a definition of

served, although there are also bat CoV strains

with significant differences (60-85%; see Table

the host range and pathogenesis of CoVs.

Table 4. The similarity details of the CDS and amino acid sequences of the E, M and N proteins from SARS-
COV-2, SARS-CoV, pangolin CoV and bat CoV

Conservation level:
CoV-2 vs Pangolin CoV

Conservation level:
CoV-2 vs SARS CoV

Conservation level:
CoV-2 vs Bat CoV

E protein:

Identities (amino acids)
Identical codons (CDS)
Synonymous substitutions (CDS)

Non-synonymous substitutions (CDS)

Indels (amino acids)

75 (out of 75), 100.0%
70 (out of 75), 93.33%
5 (out of 5), 100.0%

0

0

72 (75), 96.0%
65 (75), 86.67%
7 (10), 70.0%

3 (10), 30.0%
1(75), 1.33%

72 (75), 96.0%
66/ (75), 88.0%
6 (9), 66.67%
3(9), 33.33%
1(75), 1.33%

M protein:

Identities (amino acids)
Identical codons (CDS)
Synonymous substitutions (CDS)

Non-synonymous substitutions (CDS)

Indels (CDS)

218 (222), 98.2%
169 (222), 76.13%
49 (53), 92.45%

4 (53), 7.55%

0 (193)

198 (222), 89.19%
141 (222), 63.51%
57 (80), 71.25%
23 (80), 28.75%
1(222), 0.45%

198 (222), 89.19%
3 (193), 1.55%

59 (82), 71.95%
23 (82), 28.05%
1(222), 0.45%

N protein:

Identities (amino acids)
Identical codons (CDS)
Synonymous substitutions (CDS)

Non-synonymous substitutions (CDS)

Indels (CDS)

391 (419), 93.32%
325 (419), 77.57%
66 (92), 71.74%
26 (92), 28.26%

2 (419), 0.48%

376 (419), 89.74%
295 (419), 70.41%
81 (124), 65.32%
43 (124), 34.68%
3 (419), 0.72%

374 (419), 89.26%
291 (419), 69.45%
83 (128), 64.84%
45 (128), 35.16%
2 (419), 0.48%

Most significant variations in the amino acid and codon compositions are marked in grey.
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Fig. 4. Graphical representation of differences in identities, synonymous substitutions and nonsynonymous substitu-
tions within M and N proteins between the human SARS-CoV-2 and SARS-CoV, the pangolin CoV and the bat
CoV, strain Rp3. 1dt — identities, Syn — synonymous mutations, Non-Syn — non-synonymous mutations.
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However, the most interesting result was ob-
tained in the comparative studies of the synony-
mous and non-synonymous substitutions rates in M
and N proteins. Thus, out of 53 substitutions in M
proteins from the SARS-CoV-2 and pangolin CoV,
49 changes (92.45%) were due to the synonymous
substitutions. For the SARS-CoV-2 vs ARS-CoV
and SARS-CoV vs bat CoV comparisons, this rate
was significantly lower: 71.25% (57 out of 80) and
71.95% (59 out of 82), respectively. For N pro-
teins, these characteristics were 71.74% (66/92),
65.32% (81/124) and 64.84% (83/128, respectively
(Fig. 4; see also Table 4). In particular, these find-
ings suggest that a significant role in almost identi-
ty (98.2% similarity) of M proteins in the SARS-
CoV-2 and the pangolin CoV belong to the synon-
ymous substitutions. Taking into account these
findings and our current knowledge of the key role
of M proteins in integration of CoV into the host
cell, as well as our recent results on conservation of
S proteins in human, pangolin and bat CoVs (un-
published), we suppose that the SARS-CoV and
SARS-CoV-2 have some bat CoV and pangolin
CoV origin, respectively (Fig. 5).

SARS-
CoV

vAy
- B>
Precurso B
ol -
vy vho/
a > —> - >
» Y 4 » 17 (\
vay vAy Ay
X T b A
» 17 4 » 7 4 » v L
Pangolin intermediate SARS-
CoV CoV (?) CoV-2

Figure 5. A hypothetical path of evolutionary events
resulted in the SARS-CoV-2 and SARS-CoV from a
precursor CoV of the unknown origin.

Menachery and colleagues (2015) studied the
disease potential for SARS-like virus, SHC014-
CoV, from populations of Chinese horseshoe bats.
To do this, they developed a chimeric virus and
injected it into the mouse backbone. The experi-
mental results showed that the chimeric virus is
able to efficiently (i) use orthologues of the SARS
receptor for ACE2), (ii) replicate in primary cells
of the human respiratory tract, and (iii) achieve in
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vitro titers close to epidemic strains of SARS-
CoV. In addition, it has been demonstrated in vivo
that a recombinant virus can replicate in the lungs
of mice with significant pathogenesis using a
novel spike protein. These results suggest that
full-length recombinant viruses could potentially
appear in humans.

It should be noted that our suggestion on the
pangolin origin of the SARS-CoV-2 is fully con-
sistent with the results of studies recently reported
(Lopes et al., 2020; Malaiyan et al., 2020; Tang et
al., 2020; Zhang et al., 2020). But, we understand
that the available facts do not preclude a definitive
answer to these questions.

CONCLUDING REMARKS

The question on the direct origin of the high-
ly pathogenic SARS-CoV-2 still remains to be
answered, although the pangolin origin of this
virus seems to be most attractive hypothesis.
Moreover, an existence of unknown intermediate
organisms in transfer of this virus to humans can-
not be excluded.

The question of whether there was human in-
tervention in creation of this virus also remains
open. Of course, we are not saying that any mali-
cious people have exposed humanity to a terrible
disease like COVID-19 through this coronavirus.
However, the possibility of creating a new form
of coronavirus to test a scientific idea in a labora-
tory and then infecting humans as a result of
someone's usual negligence, cannot be ruled out.
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SARS-CoV, SARS-CoV-2, kalazin va yarasanin CoV viruslarinin E, M va N struktur
ziilallarimin miiqayisoli tadqiqi

K.Q. Qasmmov’, T.A. Somadova’, F.K. Abbasova?, 1.9. Sahmuradov'*"

L AMEA-nn Biofizika institutu, Baki, Azarbaycan
2 Akademik Zorifo Oliyeva adina lisey, Baki, Azarbaycan
¥ AMEA-nn Molekulyar Biologiya va Biotexnologiyalar nstitutu, Baki, Azarbaycan

Son iyirmi il arzinds bosoriyyst 3 koronavirus xastsliyinoe diicar olmusdur, halbuki insan koronaviruslar
50 il avval askar edilmisdir. 2019-cu ilds kesf olunan son koronavirus xastoliyine (COVID-19) insanin
siddatli kaskin tonoffiis sindromu koronavirusu-2 (SARS-CoV-2) sabab olur. Sual dogur: son illards koro-
naviruslarin bu ciir aktivlogmasinin sabobi na ola bilor? Bu suala cavab vermoak {i¢iin, he¢ olmasa, (1) bu
viruslarin tarixini vo monsayini va (2) ¢ox asanligla va siiratlo sahib hiiceyralorine daxil olaraq goxsaxali
ciddi pozgunluglar tératmosinin molekulyar mexanizmlori aydinlasdirmaq lazimdir. Bu isde SARS-CoV-
2, SARS, yarasa vo kalozin CoV viruslarinin E, M vo N struktur ziilallar1 miigayise olunmusdur. ilk dofa
bu tadgiqatlarda askar olunan, an toacciiblii fakt SARS-CoV-2 va koloz CoV-unun M va N ziilallarindaki
sinonim avazlomalorin nisbi payinin diger koronaviruslarala miiqayisade shomiyyatli deracads yiiksak ol-
masidir. Bu fakt SARS-CoV-2-nin yaranmasi va divergensiya dovrii ilo bagli yeni suallar dogurur.

Agar sézlar: Koronavirus, COVID-19, E ziilali, M ziilali, N ziilali, kalaoz, yarasa, SARS-C0OV-2-nin mon-
sayi, sinonimik mutasiyalar, sinonimik olmayan mutasiyalar

CpaBHUTeJbHbIE HCCIEA0BAHUSA CTPYKTYPHBIX 0eikoB E, M u N SARS-CoV, SARS-CoV-2,
CoV naHroauHa u jJeTy4eii MbIIIH

K.I. raCbIMOBl, T.A. CaMaImBal, d.K. Aﬁacosaz, HN.A. Illaxmypanos 13

Y Unemumym 6uogusuxu HAH Asepbaiioscana, Baky, Azepbaiioocan
2 JTuyeii umenu axademuxa 3apughvr Anuesoti, Baxy, Asepbaiioocan
3 Unemumym monexynsproii 6uonozuu u 6uomexronozuii HAH Asepbaiioscana, Baxy, Azepbaiioocan

B Teuenue mocneaHuX ABYX AECATHIIETUH YEIOBEYECTBO CTPAJAET OT 3 KOPOHABUPYCHBIX 3a00JIeBaHUM,
XOTs KOPOHABUPYCHI 4ejoBeKa ObLIH OOHapykeHbl Oojiee 50 ner Hazan. IlocnemHee KOPOHABUPYCHOE
3abosneBanue, ooHapyxenHoe B 2019 roxy (COVID-19), BbI3BaHO KOPOHABUPYCOM 2 TSXKEIIOT'O OCTPOTO
pecnpaTopHoro cuspoMa denoBeka (SARS-CoV-2). Bo3HukaeT Bompoc: B 4eM MOXKET OBITh MPUYMHA
TAaKOM aKTHBAaLMM KOPOHABUPYCOB B IociiefHne roabl? UToObl OTBETHTH Ha 3TOT BONPOC, [0 KpaWHeH
Mepe, He0OXOUMO BBISICHUTD (1) MCTOPHUIO U MPOUCXOXKJIEHHE 3TUX BUPYCOB, (2) M3y4HUTh MOJIEKYJISAp-
HBIE MEXaHU3MBbI UX OYEHB JIETKOI'0 U OBICTPOTO MPOHMKHOBEHUS B KJIETKH-X035€Ba, BIEKYILIETO 3a cOOO0M
MHOT'OT'paHHbIE Cephe3HbIC HApYIIEHHs. B 3TOM ncciiefoBaHnU MBI CPaBHIIIM CTPYKTYpHbIe Oesiku E, M u
N u3 Bupycor SARS-CoV-2, SARS, CoV neryyux Mbllield u maHroiuHoB. Haubonee mopasureibHbIN
(axT, BIepBbIe OOHAPYKEHHBIH B 9TOM HCCIICJIOBAHUM, 3aKIIOYAETCS B TOM, YTO OTHOCHUTENbHAS JIOJIS
CUHOHUMUYHEIX ckopocteli 3ameH B M u N 6enkax SARS-CoV-2, u COV naHronvHa 3HaYUTENHHO BBIIIE,
YeM COOTBETCTBYIOIIME XapaKTEPUCTUKU ISl APYrux M3ydeHHbIX COV. DTo (akT cTaBUT HECKOIBKO
WHTPUTYIOIIMX BOIIPOCOB O BOSHUKHOBEHHUH U MPOAOIDKUTENbHOCTH nuBeprenin SARS-CoV-2.

Knrouesvie cnosa: Kopomasupyc, COVID-19, E-6enok, M-6enok, N-benok, swep, nemyuas mwvlutv,
npoucxozicoenue SARS-CoOV-2, cunonumuunvie mymayuu, HeCUHOHUMUYHbIE MYMAYUU
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Patients infected with respiratory viral infections especially new coronavirus disease (COVID-19) are
most susceptible to co-infections which in turn, increases the severity of disease and mortalities.
Therefore, antibiotic agents should be applied for the treatment of bacterial co-infection and super-
infections. On the other side, all guidelines for COVID-19 clearly mention that improper use of anti-
biotics, especially the combination of broad-spectrum antibiotic agents, should be avoided. Because
the use of broad-spectrum antibiotics for a long time and in the combination of several other agents
not only shows no effect on the recovery of the disease but also may lead to potentially fatal secondary
superinfections and induce resistance in the normal bacterial population. Currently, due to the una-
voidable use of antibiotics among patients with COVID-19 who are admitted to intensive care units,
cultivation-based methods for isolating and detecting bacteria are less sensitive in the management
of the disease. Hence, the use of culture-independent methods that can detect a wide range of potential
pathogens and antimicrobial resistance is important, especially for screening and treatment follow-
ups. So, culture-independent techniques such as whole-genome metagenomics can be used to identify
monomicrobial or mixed infections without selecting the previous target. Whole-genome meta-
genomics can provide valuable and useful information about pathogens that cause co-infections and
antimicrobial resistance in hospital settings, especially in the intensive care units. Therefore, these
studies can have a valuable aid in the management of antibiotic administration and subsequent tar-
geted treatment of infections.

Keywords: COVID-19, bacterial infection, antimicrobial, whole-genome metagenomics

INTRODUCTION

Viral infections of the respirstory system
makes patients vulnearable to coinfections and su-
perinfections and leading to high levels of mortali-
ties and severity of disease (Cornbleet et al., 2002).
Poor treatment outcomes of 2009 H1N1 influenzae
pandemic was also attributed to the opportunistic
coinfections (Ardron et al., 1994). Zhou et al.,
showed that 50% of Covid-19 patients who die have
an additional bacterial superinfections (Zhou et al.,

2020). Emerging Covid-19 pandemy has shown that
health and diagnostic laboratory infrastructures
needs to be revised in many of countries all over the
world, especially in the context of rapid identifica-
tion of organisms and management of antibiotics ap-
plications, as well as the control and management of
additional bacterial or fungal infections in critical
infectious conditins (Cox et al., 2020; Maclntyre et
al., 2018). In fact, various studies have reported low
bacterial or fungal infections in Covid-19 patients
(Phlanetal., 2020; Zhou et al., 2020; Yuetal., 2020;
doi.org/10.29228/j1sh.63
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Huang et al., 2020; Arentz et al., 2020; Chen et al.,
2020; Goyal et al., 2020; Chen et al., 2020), but in
other studies, high opportunistic microbial infec-
tions such as bacterial pneumonia, and respiratory
viruses have been reported in critically ill Covid-19
patients, which attributed to the samplig methods
and number of samplings (Bachmann et al., 2018;
Gautret et al., 2020). However, in other studies, the
rate of coinfection with different pathogens were re-
ported to be from 50 to 94% of patients, and bacteria
including S. pneumonia, K.pneumoniae and H.influ-
enzae were reported as dominant coinfectious
agents in Covid-19 patients (Bates et al., 1992; De
et al., 2016). But, in general, there is still no com-
prehensive information about the coinfections asso-
ciated with Covid-19 infections and the types of
pathogens involved in the pulmonary system, as
well as their impact on disease severity and treat-
ment outcome (De et al., 2016). Therefore, it is nec-
essary for laboratory specialists with the help of cli-
nicians in such cases to cooperate in order to accu-
rately identify the organisms responsible for super-
infection or coinfections. In this context, a combina-
tion of phenotypic routine, or new molecular and
early biomarkers were suggested in the literature.
Certainly, according to the treatment results ob-
tained for Covid-19 disease, antibiotic treatments
have caused many complications and side effects for
patients due to their empirical nature and the use of
a wide range of drugs.

Do Covid-19 patients have microbial coin-
fections, or is it acquired as a superinfection in
the hospital?

In many studies, about 6 to 8% of microbial co-
infection has been reported in Covid-19 patients. In
these patients, it is not clear whether these rates are
related to nosocomial infections or not (Arentz et al.,
2020; Chen et al., 2020; Huang et al., 2020; Phlan et
al., 2020; Yu e tal., 2020; Zhou et al., 2020). But a
study in China reported 15 percent of nosocomial in-
fections in Covid-19 patients. In this study 27 out of
28 nosocomial infections was died in hospital which
indicates that coinfections could complicate and af-
fect the mortalities of patients (Phlan et al., 2020).

There is no detailed report on the type of genus
and microbial species involved in the coinfection or
nosocomial infection after admission of patients in
hospitals based on standard identification methods.

And in different studies poly or mono-microbial in-
fections composed of A.baumannii, K.pneumo-niae,
E.cloacae, S.pneumoniae, S.aureus, M.pneu-
moniae, C.pneumonia, L.pneumophila; A.fumigatus
and Candida species; and viruses such as influenza,
coronavirus, rhinovirus/enterovirus, parainfluenza,
metapneumovirus, influenza B virus, and human
immunodeficiency virus have been reported from
sputum or tracheal aspirate samples (Bates et al.,
1992; Chen et al., 2020; De et al., 2016; Gautret et
al., 2020; Goyal et al., 2020; Wang et al., 2020).
Sometimes no organism has been reported in micro-
bial studies of patient samples (Bonadio et al., 1992;
Emmanuel et al., 2020).

In a large review of 1007 abstracts, it was
found that 62 out of 806 cases of Covid-19 patients
had bacterial or fungal infections at the time of ad-
mission (about 8%), while subsequent studies
found that most Patients (about 72%) were pre-
scribed broad-spectrum antibiotics (Cox et al.,
2020). Of course, this could be due to the fact that
the majority of patients develop secondary infec-
tions after hospitalization, which can be considered
for better patient management.

Empirical versus antibiogram based anti-
biotic prescription in Covid-19 patients

Opportunistic or coinfections are inevitable in
viral pulmonary diseases, therefore, antibiotics
should be used to help treating such diseases. But
usually clinicians, prescribing broad-spectrum an-
tibiotics mostly as empirically. Which may have
problems for patients.

On the other hand, bacterial/fungal/viral coin-
fections appears to be low in Covid-19 patients. But,
broad-spectrum antibiotics have been used in most
studies, especially in the later stages of the disease.
For example, in Cao et al. studies, 101 out of 102
(99%) patients have been treated with quinolones,
cephalosporines, and carbapenems (Cao et al.,
2020). In a study by Guan et al., 637(58%) and
31(3%) out of 1099 patients received antibacterial
and antifungals, respectively (Guan et al., 2020).

However, coinfections appear to be less re-
ported in studies. But, the positive effect of prescrib-
ing antibiotics in patients shows that in order to pre-
vent the side effects of drugs, opportunistic infectious
organisms should be well identified in the laboratory
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and antibiogram tests should be performed to deter-
mine the correct antibiotic for treatments (Ardron et
al., 1994; Kuppermann et al., 1999).

Neccessity on the microbial identification
in the Covid-19 patients

Based on the explanations given and the re-
sults of various studies, it is clear that coinfections,
both as a actual concomitantly microbial or as a
hospital-acquired superinfections, are seen in high
rates in Covid-19 and other coronavirus patients
(Bates et al., 1992; Cornbleet et al., 2002; Touzard
etal., 2013; De et al., 2016; Chih-Chang Lai et al.,
2020). On the other hand, the widespread use of
broad-spectrum antibiotics in the treatment of these
infections suggests that patients are forcibly infected
by other opportunistic organisms (Timpthy et al.,
2020; Zhou et al., 2020). In order to increase the suc-
cess of treatment, concomitant bacterial/fungal in-
fectious agents must be identified accurately to the
genus and even species levels.

However, coinfections in some reported
cases, such as M.pneumoniae with Covid-19, has
not been associated with disease severity. But, at
the same time the outcome of the complications of
coinfections or superinfections with the virus is
still unknown (Gautret et al., 2020). And as a fact,
accumulating data shows that respiratory microbial
coinfections incresing the risk of disease severity
in humans (De et al., 2016).

In fact, the main problem in downplaying the
role of identifying organisms in the treatment of
Covid-19 patients is that physicians generally pre-
fer emprical treatment with broad-spectrum antibi-
otics using clinical signs. Therefore, in some cases,
after empirical treatments, death occures in the pa-
tients as a result.For this reason, in order to help
properly manage the treatment of Covid-19 pa-
tients, it is suggested that microbial agents of coin-
fections or superinfections, should be detected to
genus level in the patient samples, and effective
and selective antibiotics should be determined for
proper treatment of patients by standard antibio-
gram tests.

Culture based versus non-culture based
methods

More than 24 different organisms have been
reported from Covid-19 patients sputum or bron-
chial washing samples as coinfections and superin-
fections (Bates et al., 1992; De et al., 2016), which
complicating the treatment and management of
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disease, and this emphasizes the accurate isolation
and identification of microbes from patient sam-
ples. In some cases it is claimed that viruses such
influenza A as a most common coinfecting viruses
could cause a false-negative results in real-time
RT-PCR tests in Covid-19 patients. Even it has
been mentioned that laboratory and imaging results
alone cannot help for differentiation of concomi-
tant microbial infections from Covid-19 infections.
So, in fact, some kind of identification of coinfec-
tions or superinfections should be used for analysis
of patients samples. It is suggested that new mul-
tiplex molecular panels based on syndromic pat-
terns with incorporation of Covid-19 virus proba-
bely help to the early and correct detection of coin-
fecting organisms (Bates et al., 1992). Therefore, it
seems that even routine methods of identification
based on microbial culture and phenotypic tests
can not be useful in differentiating the main causes
of coinfections, so it is better to use new molecular
methods, including diagnostic metagenomics,
Whole genome sequencing (WGS), next-genera-
tion sequencing for accurate identification Infec-
tious organisms should be used so that patients can
be treated more accurately (Zarkesh et al., 2015;
Paliogiannis et al., 2020; Zhihua et al., 2020).

DISCUSSION AND CONCLUSIONS

According to various studies, although pri-
mary microbial coinfection appears to be low in
Covid-19 patients, the use of broad-spectrum anti-
biotics in the majority of patients means that like
most human infections these patients are also at-
tacked by opportunistic bacteria. But, certanly em-
pirical therapy with broad-spectrum antibiotics is
not a right and corrects method in management of
patients. At present, due to the urgency of the treat-
ment of critically ill patients, we can not give a def-
inite opinion on the widespread use of antibiotics,
or the prescription of broad-spectrum antibiotics.
Meanwhile, at least we know that due to the high
dose of drugs used and the severe involvement of
the immune system in Covid-19 infections and
phenomena such as cytokine storms, and the possi-
bility of drug resistance induction in normal flora
bacteria, many problems are possible as threaten-
ing patients under antibiotics. Therefore, the global
scientific community should think of a consensus
on identifying the causes of coinfection or superin-
fections in Covid-19 patients and highlight the role
of microbiological laboratories.
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On the other hand, there are no reports of side
effects or complications from the hasty use of broad-
spectrum antibiotics in coronavirus patients. Some
drug groups, such as macrolides, also have antiviral
effects, so their effect on coronavirus patients should
be compared with other broad-spectrum antibiotics,
to define that if their effect on disease control is dif-
ferent from other antibiotics (Xianjouan et al., 2019).

Early detetion biomarkers, such as calcitonin,
band cells, increased mean total white blood cell
(WBC) and absolute band counts (ABC), and high
IL-6, interleukin-10, C-reactive protein, and D-di-
mer levels in critical ill patients, can also be used
to differentiate between types of microbial infec-
tions(bacterial or viral) and to determine the need

for antibiotics as a more non-invasive methods
(Yap et al., 2004; Pallen et al., 2014; Dekker et al.,
2018; Arabi et al., 2019; Cao et al., 2020; Guan et
al., 2020; Kim et al., 2020; Liang et al., 2020; Wu
et al., 2020). In some studies, this has been ad-
dressed in more detail. For example, one study
found that lymphopenia was more severe in men
than women, and that in patients with critical
symptoms the tumor necrosis factor alpha was
lower than the severe or mild patients. They re-
ported about 24% coinfection with other respira-
tory pathogens in critical and severe cases,and sug-
gested that coinfection, lymphocyte count and d-
dimer have relation with severity of Covid-19 in-
fections (Dekker et al., 2018). In other study, anal-
ysis indicate that bilirubin level was very higher in
severe COVID-19 patients (Meier et al., 2019).
This suggests that early detection criteria can also
be used to differentiate between clinical status and
the severity of disease, as well as treatment man-
agement.

Another important issue in the need for care-

ful microbiological examination of samples of
Covid-19 patients and identification of microbes
involved in coinfections is that inappropriate and
incorrect treatments can affect the outcome of the
patient's recovery.
The bottom line is that, in order to reduce the side
effects of broad-spectrum antibiotics in emergency
patients, we must first be able to detect nosocomial
infections in hospitalized patients through labora-
tory routine or molecular new methods. Then, in
order to target antibiotic therapies, we need to use
of standard antibiograms to determine the correct
antibiotics for treatment.
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COVID-19 xastalarinda ko-infeksiyalar va xastaliklorin idars olunmasinda
mikrobioloji diagnozun shamiyyati

R. Xalilov **®, A. iftixari >*, H. Huseynzadegan **

' Baki Déviat Universitetinin Biofizika va biokimya kafedrasi, Baki, Azarbaycan
2 Joint Ukrayna-Azarbaycan Beynalxalq Nanobioteknoloji va Funksional Nanosistemlor Tadgigat va Toh-
Sil Markazi, Drohobych, Ukrayna va Baki, Azorbaycan
*Radiasiya Problemlari Institutu, Azorbaycan Milli Elmlor Akademiyasi, Baki, Azarbaycan
* Maraga Tibb Elmlari Universitetinin Farmakologiya va toksikologiya kafedrasi, Maraga, Iran

Tanoffiis yoluxucu viral infeksiyalara, xiisusan da yeni koronavirus xastsliyino (COVID-19) yoluxmus xas-
talor oan ¢ox yoluxucu birgs infeksiyalara hossasdirlar vo bu da xastaliklorin vo Sliimlorin agirligini artirir.
Bu sobabdon antibiotik agentlori bakterial birga infeksiyalar va superinfeksiyalarin miialicasi li¢lin totbiq
olunmalidir. Digor torafdon, COVID-19 ii¢iin biitiin tolimatlarda antibiotiklorin, xiisuson do genis spektrli
antibiotik agentlorinin birlogsmasinin diizgiin istifado edilmomasi lazim oldugu agiq sokildo qeyd edilir.
Ciinki genis spektrli antibiotiklorin uzun miiddat vo bir sira digar maddslorin birlogsmasindas istifadasi nainki
xastoliyin barpa olunmasina tosir gostorir, hom do normal bakterial populyasiyada 6liimciil potensial ikincil
superinfeksiyalara vo miigavimats sabab ola bilor. Hal-hazirda reanimasiya s6bolorine miiracist edon CO-
VID-19 xastolari arasinda gagilmaz antibiotik istifadosi sobabindon bakteriyalarin tacrid edilmasi vo agkar-
lanmasi ticlin becorma asaslt tisullar xastaliyin idara edilmasindo daha az hassasdir. Beloaliklo, genis bir
potensial patogen va antimikrob miiqavimot askar eds bilon kulturadan asili olmayan metodlarin istifadasi,
xiisuson do miiayine vo milalics taqiblori {igiin vacibdir. Belalikls, avvalki hadafi se¢madon monomikrob
va ya qarisiq infeksiyalari toyin etmok {igiin biitév genom metagenomikasi kimi kulturadan asili olmayan
iisullardan istifads edils bilar. Biitiin genom metagenomikasi, xiisusilo reanimasiya sobolorindo xastoxana
soraitindo birge infeksiya vo antimikrob miigavimate sabob olan patogenlor haqqinda doyarli vo faydali
malumatlar vera bilar. Bu sababdan, bu tadqigatlar antibiotik verilmasinin va infeksiyalarin sonraki hadaf-
lonmis miialicasinin idara edilmasinds dayarli bir komokgi ola bilar.

Agar sozlor: COVID-19, bakterial infeksiya, antimikrob, biitiin genom metagenomikast

ConyrcrByomue uHpeknuu y namueHToB ¢ COVID-19 u BaskHOCTH MUKPOOHO#
JMATHOCTUKH AJIsl JIedeHus1 3a001eBaHuii
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[ManmenTs!, HHPHUIIUPOBAHHBIE PECTIMPATOPHBIMH BHPYCHBIMH WH(EKIHUIMH, OCOOCHHO HOBBIM KOpOHA-
BUpycHbIM 3a00neBanueM (COVID-19), Hanboee BOCHPUMMYHUBBI K COMYTCTBYIOLIMM HH(EKIUSIM, YTO, B
CBOIO OYepe/lb, YBEIMUYMBAET TSDKECTh 3a00JEeBaHUS W CMEpPTHOCTh. ClenoBaTeNbHO, JJIS JICUCHHUS
OakTepuaNbHON HMH(EKIUK, COMYTCTBYIOUICH CYMEPUH(EKIUAM, CICAYST NPUMEHATh aHTHOHOTHKH. C
JpyToii cTOpoHEI, BO BceX pekoMeHaanusax mo COVID-19 yerko ymomuHaeTcs, 4TO ClemyeT M30eraTh
HETNPaBUIBHOTO HCIOJIb30BAHUS AHTHUOMOTHKOB, OCOOCHHO KOMOWHAIIMM AHTUOWOTHUKOB LIMPOKOTO
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crexTpa aeicTBus. [loToMy 4TO MCIONIB30BaHNE aHTHOMOTHKOB IIMPOKOI0 CHEKTpa ACHCTBHS B TEUECHHE
JUINTENIFHOTO BPEMEHU M B COUYETAHUHU C HECKOJBKMMHU APYTMMHU areéHTaMH HE TOJIBKO HE CIOCOOCTBYET
BBI3IOPOBJICHHIO, HO U MOKET MIPUBECTH K MOTEHIIUATBHO CMEPTEIHHBIM, BTOPUYHBIM CYNEPUHPEKIHAM 1
WHAYIUPOBAHUIO YCTOWYMBOCTA y HOPMaJbHOW MOMyIsinuu OakTepuil. B Hacrosmee Bpems u3-3a
HEen30e)KHOTO HCIOJIb30BaHus aHTHOMOTHKOB cpenu maientoB ¢ COVID-19, koropble MOCTYHaoT B
OTJeNICHUs MHTCHCHBHOM TepamuM, METOIbI BBIACICHHS W OOHapyKeHus OakTepuil, OCHOBaHHBIC Ha
KyJIbTUBUPOBAHIH, MEHEE YyBCTBUTEIbHBI AN JIeueHus: 0oje3nn. CienoBaTeslbHO, BaXKHO UCIIOJIB30BaTh
METOAbI, HE 3aBHUCAILIME OT I0CEBA, KOTOPBIE MOTYT ONpPENENATh IIUPOKUHM CHEKTP HNOTCHLUAIBHBIX
MaTOr€HOB U yCTOWYHMBOCTH K MPOTHBOMHUKPOOHBIM MpemnapaTaM, 0COOEHHO AJisl CKpMHHHTA M IOce-
aytouiero JeueHus. Takum 06pa3oM, HE3aBUCHMBIE OT KYJIBTYpPbl METO/IbI, TAKHE KaK METAreHOMHKA BCETO
TeHOMa, MOT'YT HCIIOJIb30BaThCS IS BBISIBICHUSI MOHOMUKPOOHBIX WIIM CMEIIAaHHbIX HH(EKIMi Oe3 Beioopa
npeapaymeil MumeHd. [lomHOreHOMHasi METareHOMHKa MOXKET NPEAOCTABUTh LEHHYIO M IIOJIE3HYIO
WHQOPMAIMIO O MATOreHaX, BBHI3BIBAIONIMX COIMYTCTBYIOMIME MHMEKUWH W YCTOHYUBOCTH K MPOTHUBO-
MUKPOOHBIM TpernapaTaM B OONBHHYHBIX YCIOBUSAX, OCOOCHHO B OTHEJICHUSX MHTEHCHBHOW Teparvu.
CrnenoBaresibHO, 3TH HCCIENOBAHUS MOTYT OKas3aTh LIEHHYIO IIOMOILb B YIPaBJICHUHM Ha3HAYECHUEM
aHTUOMOTHKOB U TOCIICIYIOIIEM IIeJICHAPABICHHOM JICYCHUN MH(EKITUI.

Knrouesvie cnoea: COVID-19, 6axkmepuanvnas unghexyus, npomugoMuxpoOHblll, HOIHO2EHOMHAS
MEMazeHoMuKa
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The main goal of the work was to study immunomodulating and strengthening plants in the flora of
Azerbaijan. The frequency of use (Ui) and the value of plant species relative to each other due to their
immunomodulatory properties have been evaluated by new methods. The total amount of data sub-
mitted by the person providing for each specific species is marked as Ni. The result of the ratio of
immunomodulators have been shown in the diagram: the highest 1Q (assessment of use) was found
for Allium sp. and Thymus sp. (0.90-0.88), the next places are occupied by Rosa sp. (0.83), Salvia
limbata (0.81), Altheae officinalis (0.80), Glycyrrhiza glabra (0.78), Mathricaria sp. (0.77), Humulus
lupulus (0.74), Mentha sp. (0.60), Sitrus ssp. (0.27), Capsella burssa pastoris (0.21), Rumex sp. (0.18),
Sambucus nigra and Helichrysum plicatum (each by 0.15), Daucus carota, Urtica dioica and Asparagus

officinalis (each by 0.10, the lowest 1Q).

Keywords: Ethnobotany, anti-viral plants, immune-reducing agents

INTODUCTION

The benefits of plants for physical and mental
health have long been known to mankind. Influenza
viruses and other similar viruses have been plaguing
to mankind for centuries (bu imumi basariyyata
moalum olan ciimladi bir yerdon gétiirmadim). Those
who have a weak immune system suffer more, and
those who are strong survive. Herbs have been used
as a natural remedy for various diseases, including
infections for centuries. Herbal treatment is more
important than chemical drugs in the fight against
diseases in modern alternative medicine (Munir et
al., 2018).

Immunological protection is conventionally
classified into 2 categories: congenital and ac-
quired (Beck et al., 1996). Congenital or non-spe-
cific (natural, non-adaptive) immune system is the
initial stage of the body's protection against biolog-
ical aggression. Components of the innate immune
system are readily available in humans and animals
at moments of birth, and their fight against the an-
tigen occurs quickly, without the need for any
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preparation. An adaptive or acquired immune sys-
tem (specific) is the next stage of defense. The ac-
quired immune system is formed by lymphocytes
during the individual development of the body's
ontogeny (Parkin et al., 2001). These systems dif-
fers from the innate immune system by high spec-
ificity and memory. Specific immunological re-
sponse is created against each antigen that enters
the body in this case. The encounter with the anti-
gen is stored in the memory of the immune system,
and stronger defense is formed against under sec-
ond encounter with the antigen. Cells are able to
distinguish a group of foreign molecules in the in-
nate immune system in contrast, not every antigen
molecule.

Immune preparations are aimed at producing
of high levels interferon based on human blood
analyses. The interferon protein both prevents the
multiplication of viruses and acts as an im-
munostimulant (De Andrea et all., 2002). So
clearly shows the consequences of improper use of
immune drugs and stimulants. On the other hand,
no matter how mild the natural remedies, keep in
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mind that these are also medicines. There is a
greater need for immune treatment (both herbal
and chemical) in the autumn and winter months.
Onion (Allium sp.) and thyme (Thymus sp.) are the
most widely used antiviral plants among local
communities (Ibadullayeva et al., 2015), these
plants are collected and used by local communities
as antiviral agents.

We self must to help our immune systems by
stimulants, for example.

The most popular herbal immunomodulators are
ginseng, eleutherococcus, echinacea, aloe, kalan-
choe, tarragon and baby mushrooms. However,
plants distributed in the flora of Azerbaijan have also
been introduced into production as immuno-modula-
tors (Kakhramanova et al., 2017)

The main goal of research is not only to study
ethnopharmacological activity, but also to deter-
mine the biologically active plants for their further
use (Martin, 1995).

MATERIAL AND METHODS

Collection and identification of plants. Me-
dicinal plants were collected from the study area
with the help of herbalists and deposited to the Her-
barium at the Institute of Botany (BAK). These
plants were pressed and poisoned with 1% HgCl,
solution, mounted at herbarium sheet and identi-
fied (Ibadullayeva, 2020; Askerov, 2016; Flora of
Azerbaijan, 1950-1961).

Ethnomedicinal study was conducted in the pe-
riod of March-June (2010-2020) and August-De-
cember (2010-2019). A preliminary visit of district
administration that has authority to register the local
herbalists to get the information about the local herb-
alistsas key informants was conducted. The rural
community dependent upon the traditional use of in-
digenous plants for a number of diseases due to low
income and far-flung health facilities.

Data analysis. Data collected through various
field surveys was analyzed through statistical soft-
ware SPSS version 9.00 (Nadeem et al., 2015).
Multiresponse of families was calculated with
plants habits, preparations and applications. The
data was also represented using the percentages
and proportions. Each plant species reported by in-
digenous informant was counted by or frequency
of citation (FC).

Immune strengthener plants in Azerbaijan flora

The relative importance of plant species was
evaluated by calculating its use value as described
by Phillips and Gentry (1993). Use value was cal-
culated according to the the formula UVi=XUi/Ni,
where number of use report(s) cited by each in-
former for specific plant species i is represented
by Ui and total number of informs interviewed
for specific plant species i is represented by Ni
(table 1).

Data was collected through rapid appraisal ap-
proach (RAA) by direct interact with local people
and observations during the visits. Group meetings
were conducted with people having adequate
knowledge about indigenous plants and individual
meeting were arranged with herbalists to counter-
check the data. During the course of study 600 in-
formants including 110 herbalists were inter-
viewed from the district of Azerbaijan.

RESULTS AND DISCUSSION

The following conclusions are drawn from the
data collected on plant use. Allium cepa was the pre-
dominant plant which exhibited highest used value
(0.90). It attributed the important recognition with
local healers and efficient healing power against dif-
ferent ailments. Followed by A.cepa, Thymus sp.
(0.88) exhibited higher UV while Rosa sp. re-
flected 0.83 UV followed by Allium sativum (0.82),
Salvia sp. (0.81), Althea officinalis (0.80), Glycyr-
rhiza glabra (0,78), Mathricaria sp. (0.77), Mentha
sp. (0.60), Humulus lupulus (0.74), Daucus carota,
Urtica dioica and Asparagus officinalis (0.10)
showed lowest UV and upshiftin UV was observed
as Sambucus nigra (0.15), Helichrysum plicatum
(0.15), Rumex sp. (0.18), Capsella burssa pastoris
(0.21) and Citrus sp. (0.27). It is observed that the
plant with high uses value were found frequently
in the study area and the plant with low used value
were some what fewer in availability in the study
area. The diagram below shows the types identified
(Fig. 1).

Some plants are widely used in the treatment
of other diseases, including antivirals as have
shown studies. Using antipyretic, anti-inflam-ma-
tory, antiseptic, antitussive, antispasmodic and
general strengthening herbs are necessary in dis-
eases of the respiratory system.
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Table 1. Data about number of diseases and plants used for their prevention represented by interviewed people

Local and Latin names |[Number| Local and Latin names |Number Local and Latin names Number
of plant genera of dis- of plant genera of dis- of plant genera of dis-
eases eases eases
Sarimsaq — Allium sativum 48  |Ovalik — Rumex confertus 12 |Kondslas — Sambucus nigra 7
Itburnu — Rosa canina 21  |Havuc - Pastinaca umbrosa 11  |Qargidali — Zea mays 7
Koklikotu — Thymus ko- 45  |Morocoyiid — Asparagus offic- 9 Solmaz¢ig¢ak — Helichrysum plica- 7
tschyanus inalis tum
Adagay — Salvia limbata 19  |Zeytun — Olea europaea 10  |Atlbatil — Zosima orientalis 6
Gulxatmi — Althea officinalis 18 |Usqun— Rhehum ribes 9 Iyds — Elaeagnus angustifolia 6
Cobanyastig1 — Mathricaria 16  |Ardig¢ — Juniperus communis 9 Qudrat nar1 — Momordica charantia 5
chamomilla
Nans - Mentha piperita 15 |Mayaotu — Humulus lupulus 10 |Zira — Carum carvi 6
Amarant — Amarantus viridis 14 |Dofno - Laurus nobilis 9 Biyan — Glycyrrhiza glabra 6
Baldirgan — Heracleum tra- 9 Omokémaci — Malva syl- 9 Qusappayi — Capsella bursa-pas- 7
chyloma vestris toris
Heyva — Cydonia oblonga 8 Gicitkan — Urtica dioica 13 |Alca - Prunus divaricata 5
Sogan — Allium sepa 8 Corokotu — Nigella sativa 13 |Yemisan — Crataegus pentagyna 6
Ceviz — Juglans nigra 7 Yer kokii — Daucus carota 13 [Sohlab — Dactylorhiza maculata 4
Dagtorxunu - Tanacetum vul- 8 Okuzbogan — Bupleurum fal- 6 Qantapar — Cephalaria giganteae 2
gare catum
Uzorlik — Peganium harmala 5 Ispanaq — Spinacia okeraceae 1 Boytirtkon — Rubus caesius 4
Atsabalidi — Aesculus glabra 3 Orik — Prunus armeniaca 3 Lavanda — Lavandula dentata 6
Daziotu — Hypericum perfora- 9 Stiyiid — Anethum graveolens 13  |Caytikanl — Hippophae rhamnoides 3
tum
Cagir — Prongos acaulis 3 Zirinc — Berberis vulgaris 4 Ayriqgotu — Agropyron crstatum 3
Oncir — Ficus carica 3 Badam — Prunus dulcis 3 Limon — Citrus linon 5
Bibor — Capsicum annuum 3 Qovaq — Populus gracilis 3 |Kiistiisam — Bronya alba 3
Cofori-Petroselenum crispum 3 Qugiiziimii — Solanum nigra 3 Nar — Punica granatum 4
Kartof — Solanum tuberosum 3 Sumag — Rhus lancea 3 |Atpitragi — Arctium lappa 2
Arpa — Hordeum vulgare 2 Covdar — Secale cereale 2 Toppuztikan — Echinops latifolius 2
Bugda — Triticum aestivum 2 Ciris out — Eremurus specio- 3 Innab — Ziziphus jujuba 2
sus
Coko - Tilia cordata 2 Qara turp — Raphanus sativus 2 Qalxansiz — Athyrium filix-femina 2
Qatirquyrugu — Equsetum arv- 2 Dovatikani — Alhagi 1 Sigirquyrugu — Verbascum denisi- 6
ense pseudalhagi florum
Razyana — Foenicuum vulgare 2 Keci buynuzu — Ceratonia si- 2 Qaracohrs — Taxus baccata 2
liqua
Xiyar — Cucumis sativus 2 Qaytarma - Potentilla erecta 2 Xoruzgiilii — Primula officinalis 2
Sahtoro — Fumaria officinalis 2 Xashxash — Papaver hy- 1 Andiz — Inula helena 8
bridum
Cincilim — Stellaria media 1 Dovsankalomi — Crassula 1 Daligatons - Datisca glabra 1
Bodronc — Melisa officinalis 1 Qovaq — Populus 1 Dagdagan — Celtiscaucasica 1
Gulabatin — Pulsatilla 1 Armud — Pyrus 1 Qarayonca — Medicago officinalis 1
?llj_mluca — Arenaria serpylli- 1 Avy1dosayi — Dryopteris filix 2 Govon — Astragalus dasyanthus 1
olia mass
Tars — Chenopodium album 1 Murdarca — Rhamnus pallasii 1 Pomidor — Tomate sativa 1
Qusarmudu — Sorbus latifolia 1 Dagkisnisi — Bifora radians 1 Alma — Malus coronaria 1
Ozgil — Mespilus germanica 2 Ucrang banovse — Viola tri- 1 Subibari — Persicaria hidropiper 1
color
Yabani1 kok — Daucus carota 1 Xardal — Sinapis alba 1 Bistort-Bistorta major 1
Yalangi ciro — Pimpinella 1 Qoranfil — Dianthus orientalis 1 Gilas — Prunus avium 1
Kisnis — Coriandrum 1 Pisikotu — Valerianus offici- 1 Yulqun — Tamarix ramosissima 1
nalis
Tut — Morus nigrum 1 Yolotu — Polygonum avicu- 1 Soyud — Salix nigra 1
lare
Kiinciit — Sesamum indicum 1 Quzu qulag: — Oxalis 1 Portagal — Citrus sinensis 1

asetosella
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Daucus carote, Urtica disica and Asparegus officnalic  |sefjsies
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Fig. 1. Usevalue of frequently used plants.

In view of all this, the immunosuppressive
properties of some plant mixes have been deter-
mined. For the first time, a phyto-collection has
been prepared to be produced in the pharmaceuti-
cal industry.

Plants collected according data of field sur-
veys and observations conducted by botanists,
lojmans, biology teachers, pharmacists and other
local communities, generally local experts in re-
mote areas of Azerbaijan for many years.

The data presented below are the results of re-
search conducted in all surveyed districts (more
than 50) for 2010-2020 years. The immuno-modu-
latory phyto-collection was tested in an outpatient
setting: blood samples were taken from a 10-year-
old sick child and a 42-year-old sick man with
weak immune systems, and the phyto-herbal syrup
prepared 3 times a day for 3 weeks was given to a
sick child and phyto-tea to a sick man for 3 weeks.
The analysis of blood taken from patients after
treatment was in full compliance with the norm. In-
creased protective capacity of the body. Unique ef-
fect on the rapid recovery of complex colds, flu,

bronchitis, angina, pneumonia, bronchial asthma
and infections have revealed. Following plant phy-
tonutrients as a medicine is recommended as a re-
storative and protective of the immune system, es-
pecially for those who live in unfavorable climatic
and environmental conditions. The phyto-collec-
tion contains the surface part of Echinacea pur-
pureae, Hypericum perfaratum herb, Glycyrrhiza
glabra roots, Rosa canina fruits, Salvia limbata
grass, Rosmarinus officinalis grass and Rubus
idaeus fruits in 1:1 ratio.
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Azorbaycan florasinin immunméhkamlandirici bitkilori
S.C. ibadullayeva’, N.A. Agayeva®

L AMEA-nn Botanika Institutu, Baki, Azarbaycan
2 Azarbaycan Tibb universsitetinin Tibbi mikrobiologiya va immunologiya sébasi,
Baki, Azarbaycan

Isin osas magsadi Azarbaycan florasinda olan immunberpaedici vo méhkemlondirici bitkilorin yronilmosi
olmusdur. Bitki ndvlarinin bir-birine nisboton immunbarpaedici xiisusiyystine gors istifads tezliyi (Ui) vo
ohamiyyati, yeni metodlarla giymotlondirilmisdir. Har bir molumat veranin konkret gostarilon bitki novlori
ticiin istifadesi hagqinda malumatlarin timumi say1 N; ilo tomsil olunurmusdur. Naticads immunbarpaedi-
cilorin nisboti diagramda gostarilmisdir: Allium sp. ve Thymus sp. (0,90-0,88) daha yiiksok IQ (istifads
giymetlondirilmasi) niimayis etdirmisdir. Rosa sp. (0,83), Salvia limbata (0,81), Altheae officinalis (0,80),
Glycyrrhiza glabra (0,78), Mathricaria sp. (0,77), Humulus lupulus (0,74), Mentha sp. (0,60), Sitrus ssp.
(0,27), Capsella burssa pastoris (0,21), Rumex sp. (0,18), Sambucus nigra vo Helichrysum plicatum (har
biri 0,15), Daucus carota, Urtica dioica vo Asparagus officinalis (har biri 0,10, on asag1 iQ) olmagla son-
raki yerlori tutmugdur.

Acgar sézlar: Etnobotanika, antiviral bitkilor, immunbanika, immunbarpaedicilor
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Immune strengthener plants in Azerbaijan flora

HNMmmyHoykpensiroimme pacreHus (pJiopsl A3epoaiiizkana
C.Ix. I/Iﬁanyn.ﬂaesal, H.A. Araesa’

Y Unemumym 6omanuxu HAH Azep6atioocana, Baky, Asepbaiioxcan
2 Kagpedpa meduyunckoii Mukpobuonoeuu u ummyHoso2uu Azepbatioscanckozo
MeouyuHckozo yrusepcumema, baxy, Azepbaiioscan

OCHOBHOM 1IENBI0 paOOTHI SBUIIOCH U3yUCHUE UMMYHOMOTYTHUPYIONIHX U YKPETUISIONINX pacTeHu Gropsl
Aszepbaitmkana. Yactora ucnonb3oBanust (Ui) U IIEHHOCTh BUIOB PACTEHHI 110 X UMMYHOMOIYIHPYIO-
MM CBOMCTBaM OBLIU OIIEHEHBI HOBBIMH MeToAamu. O0IIee KOJTUIECTBO MPEACTABICHHBIX OTACIbHBIMU
JMIAMU JIaHHBIX 00 MCIOJb30BAaHUH KaXXIOTO KOHKPETHOro Buaa obo3HadeHo kak Ni. Pesynbrar coor-
HOIICHUS] IMMYHOMOJIYJISTOPOB, ITOKa3aH Ha JuarpamMMme: Hanoosee Boicokast |Q (oleHka uenoabp30BaHus)
ormeuena st Allium sp. u Thymus sp. (0,90-0,88), ceayromue Mecta 3anumatot Rosa sp. (0,83), Salvia
limbata (0,81), Altheae officinalis (0,80), Glycyrrhiza glabra (0,78), Mathricaria sp. (0,77), Humulus lu-
pulus (0,74), Mentha sp. (0,60), Sitrus ssp. (0,27), Capsella burssa pastoris (0,21), Rumex sp. (0,18), Sam-
bucus nigra u Helichrysum plicatum (xaxmsrii mo 0,15), Daucus carota, Urtica dioica u Asparagus offic-
inalis (kaxmpiit mo 0,10 - camblit HU3KHIA TToKa3aTels 1Q).

Knroueswvie cnosa: 3mH060maHul<a, armueupajlbHvle padcmerusl, UMMYHO80CCmarnosumeu
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The article substantiates studies on the inhibition of virus COVID-19 reproduction within the organ-
ism based on upregulation of intracellular interferon I through strengthening synthesis and upregu-
lation of heat shock protein with the molecular mass of 70 kDa.

Keywords: Virus COVID-19, heat shock protein 70 kDa, intra-cellular interferon upregulation

Infectious disease, caused by virus COVID-
19 and initiated in Wuhan region of China, pres-
ently has been spread over more than 200 countries
worldwide. Owing to high level of dissemination
of virus COVID-19 World Health Organization de-
clared pandemic situation. Naturally, scientists all
over the world currently are applying their efforts
and modern techniques to elaborate therapy of vi-
rus COVID-19.

As it is known from scientific literature, in
contrast to the Chinese species, the species of virus
COVID-19, widely spread in Europe, are subjected
to high level of mutagenicity (Pachetti et al., 2020).
On the other hand, significant body of anticipated
treatment methods is predominantly related to im-
munological approaches. In particular, utilization
of immunoglobulins to virus COVID-19 provided
from the serum of recovalescent patients in thera-
peutic purposes (passive immunization) or vac-
cination with virus COVID-19 (active immuniza-
tion) are based on and utilize antigen-antibody re-
action requiring high specificity and mutual recog-
nition between participating agents. Hence, taking
into account high level of mutagenicity of Euro-
pean species of virus COVID-19, one can come to
a conclusion that in choosing therapy methods of
the patients infected with this virus, along with im-
munological methods application of other methods
is important.

Mammalian organisms possess very strong in-
trinsic protective system and heat shock proteins

belong to this system. Being at low levels at normal
conditions, under exposure of the organism to ad-
verse factors of different origin immediate (within
3-4 h) launching of synthesis of heat shock proteins
is noticed. The results of the studies carried out on
different species of animals show that induction of
synthesis and upregulation of heat shock proteins
having molecular mass of 70 kDa (HSP70) in the
tissues is capable of protecting the organism from
such severe infectious disease as peritonitis (Allah-
verdiyeva et al., 2019). At the same time upregula-
tion of HSP70 makes possible to protect somatic
cells of the organism from the most part of muta-
genic changes induced by damaging impact of high
doses of polyaromatic hydrocarbons, poisonous
phenol, heavy metals and neonicotinoid insecti-
cides (Mekhtiev and Movsum-zadeh, 2008; Mus-
tafayev and Mekhtiev, 2014; Mekhtiev et al.,
2017). HSP70 have enough potency not only in
protecting somatic cells from impact of adverse
factors in preventive way, but as well in recovery
of the already damaged tertiary and secondary
structures of denaturized proteins (Ismailova and
Mekhtiev, 2018).

As it is known from literature, HSP70 are po-
tent in strengthening intra-cellular synthesis of in-
terferon (Jacquemin et al., 2017). In particular,
HSP70 binds specifically to Toll-like receptors 4
(TLR4; Kono and Rock, 2008). TLRs 2 and 4 were
originally known as receptors recognizing patho-
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Project of studies on inhibition of virus COVID-19 reproduction through induction

gen-associated molecular patterns, but subse-
quently it was recognized that TLRs as well are ca-
pable of binding to endogenous ligands including
HSP molecules (Vabulas et al., 2002). Traumatic
brain injury results in high level expression of
TLR4 and HSP70 in macrophages/microglia and
astrocytes revealed with immunohistochemistry
technique. Interestingly, HSP70 was expressed not
only in macrophage/microglia and astrocytes but
also in neurons, such that injury of any cell type
(glia or neurons) could release HSP70 that finally
brought to TLR4 signaling (Zhang et al., 2012).
Furthermore, ligand-mediated activation of TLR4
also triggers signal transduction for the induction
of type I interferon (Kawai and Akira, 2010).
Along with the above said, it has been shown in the
studies that, in contrast to SARC-1 virus, strength-
ening of interferon | synthesis bringing to its intra-
cellular upregulation, realizes damaging effect on
COVID-19 virus (Vanderheiden et al., 2020; Man-
tlo et al., 2020; Fig. 1).

B Type | IFN Pretreatment
|
E‘ _‘,..r-"'"
E
> ,.:'"i
S‘ ’J’J
— __,.-"J _.'___...-—‘l
---._:_ % T 1
12 24 36 48

Hours Post Infection

== SARS-CoV == SARS-CoV-2

Fig. 1. Sensitivity of COVID-19 virus to type | IFN pre-
treatment. Vero E6 cells were treated with 1000 units of
recombinant type | IFN or mock for 18 hours prior to
infection. Cells were subsequently infected at with ei-
ther SARS-CoV WT (black) or COVID-19 (blue) at an
MOI of 1. Each point (n=6) on the line represents the
group mean. The two tailed Students t-test: *** -
p<0.001 (Kumari et al., 2020).

Taking into account the presented data on a
whole, one can come to a conclusion that upregu-
lation of HSP70 in the cells of the patients, infected
with COVID-19 virus, will make possible realiza-
tion of effective struggle with it.

In the Academician Abdulla Garayev Institute
of Physiology serotonin-modulating anticonsolida-
tion protein was identified first in the rat brain cor-
tex and thereafter purified from the whole brains of
the rats and cows (Mekhtiev, 2000). This protein is
in linear relation with neurotransmitter serotonin
and can realize its functions on sub-cellular level.
The studies carried out earlier in our Department
on different conditioned models with positive and
negative reinforcements, showed that intra-cere-
bral administration of SMAP to the animals prior
to learning sessions brings to significant impair-
ment in memory formation (Mekhtiev, 2000;
Guseinov, Mekhtiev, 2013). At the same time the
results of our other earlier studies with application
of highly sensitive immunochemical Western blot-
ting and ELISA-test techniques showed that within
three-hour timeframe from systemic administra-
tion of SMAP into the organisms of different ani-
mal species, sharp upregulation of HSP70 in their
tissues (liver, retina) is observed (Ismailova and
Mekhtiev, 2018; Allahverdiyeva et al., 2019).

The studies carried out in our Department
demonstrated that upregulation of HSP70 in periph-
eral tissues can be achieved not only through sys-
temic, but as well through intra-cerebral administra-
tion of SMAP to animals. In particular, in the studies
conducted over sazan specimens, SMAP admin-
istration into the fourth brain ventricle within 4 h
brought to significant up-regulation of HSP70 in the
liver and back muscles, revealed with ELISA-test
(p<0.001; Fig. 2).

The said results can be explained in the light
of the discovery of peripheral serotonergic nervous
system by Prof. V.Smirnov and his colleagues in
2015 vy., confirmed by other researchers abroad.
According to the results of his pioneer studies,
along with sympathetic and parasympathetic nerv-
ous systems, peripheral serotonergic nervous sys-
tem, penetrating all peripheral tissues of the organ-
ism, as well exists (Smirnov et al,, 2015). Hence,
basing on his data, one can conclude that signal ap-
peared in the brain serotonergic system, via periph-
eral serotonergic nervous system is delivered to pe-
ripheral tissues. At the same time, as other authors
have shown, medicine can be delivered directly to
the brain (missing blood circulation) through their
intra-nasal administration (Pardeshi et al., 2013).
After the administration of preparations into the
nasal cavity, they reach brain structures within 30-
40 min without any loss.
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Fig. 2. Effect of administration of SMAP into IV brain
ventricle on HSP70 level in the dorsal muscles and liver
of sazan specimens. ** - p<0.01.

Concluding the presented data, one can come
to an idea that in combatting COVID-19 virus for
the purpose of strengthening interferon synthesis
and its upregulation inside the cells of the infected
patients, it is reasonable and possible to utilize in-
tra-nasal administration of SMAP to the infected
patients providing its direct delivery into the brain
structures and thereafter upregulation of HSP70 in
the peripheral tissues through peripheral sero-
tonergic nervous system.
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Interferon I-nin hiiceyradaxili sintezinin giiclonmasi vo miqdarimn artirilmasi vasitasila
COVID-19 virusunun inhiba etmasina dair giiman olunan iisul

A.9. Mehdiyev
AMEA-mn Akademik Abdulla Qarayev adina Fiziologiya Institutu, Baki, Azarbaycan

Magqalads 70 kDa istilik soku ziilallarinin sintezinin giiclondirilmesi vo miqdarinin artirilmasi vasito-
silo hiiceyrodaxili soviyyads interferon I miqdarinin artirilmasi asasinda orqanizm daxilinds COVID-19
virusunun reproduksiyasinin inhiba edilmasi aparilacaq todqiqatlart asaslandirir.
Acgar sozlar: Virus COVID-19, 70 kDa istilik soku ziilali, hiiceyradaxili interferon | saviyyasinin artiriimasi

Bo3mo:xHbI# cniocod nHrudnposanus penpoaykuun supyca COVID-19 nocpencrBom
yYCHJIEHUsI CHHTe3a U yBeJIUYeHHs] BHYTPHKJIETOYHOr0 YPOBHS HHTep(depona |

A.A. MexTHeB

Unemumym ghuzuonocuu umenu axademuxa A60yninet Kapaesa HAH Azepbaiioscana,
baxy, Azepbaiiosrcan

B craTbe mpuBOASTCS apryMEHTHI B TIOJIb3Y MPOBEICHUS MCCIESIOBAHUI 110 MHTMOUPOBAHUIO PENpo-
nykuuu Bupyca COVID-19 B opranm3me, OCHOBAaHHOMY Ha TOBBIIICHHHM BHYTPUKJIETOYHOTO YPOBHS
uHTepdepona | mocpeacTBOM yCWIIEHHS CHHTE3a M TOBBIMICHHS YPOBHSI OEJIKOB TEIJIOBOTO IIOKAa C
MoJeKkysapHoi maccoit 70 k/a.

Knroueswie cnosa: Bupyc COVID-19, benxu mennosoeo woxa ¢ monexynsprou maccou 710 k/la, nosviuuenue
VPOBHS 6HYMPUKIEMOYH020 uhmepgepona |

85



Journal of Life Sciences & Biomedicine, vol. 2(75), No 2, p. 86-93 (2020)

Prospective directions for searching new medicines of plant origin,
effective in infections of different etiology

N.P. Mehdiyeva

Institute of Botany, Azerbaijan National Academy of Sciences, 40 Badamdar Highway, Baku AZ1004,
Azerbaijan
For correspondence: naiba_m@mail.ru

Received 10 October 2020; Received in revised form 26 October 2020; Accepted 09 November 2020

The global community is concerned about the COVID-19 pandemic. Existing capacities are mobilized
and new ways to counter the growing threat are actively sought. The scientific development of tradi-
tional medicine is a promising way of solving this problem. Information on the use of medicinal plants
by different peoples is fragmented and largely unavailable to the world scientific community. The
flora of Azerbaijan including almost 1600 species of medicinal plants with antiviral, anti-inflamma-
tory, immunomodulatory, vitamin, general tonic and other properties are distributed in the Flora of
Azerbaijan. Modern protocols for the treatment of infection caused by COVID-19, along with other
therapeutic agents, will include drugs with the above properties. The article contains information
about a computer database of medicinal plants in Azerbaijan, developed by the author in the frame
of the doctoral thesis in the 2006 year. These data enable us to distinguish species with a set of bio-
logically active substances that determine their required necessary physiological activity from the
total number of medicinal plants. Therefore, the intensification of work on the study of traditional
medicine and the creation of a worldwide information platform on medicinal plants can become the
basis for the search and development of new antiviral drugs, including those effective and against

COVID-109.

Keywords: Flora of Azerbaijan, medicinal and food plants, database, biologically active substances,

physiological activity, COVID-19

INTRODUCTION

The raging global pandemic caused by the
COVID-19 virus has completely changed the way
of life of human civilization and showed that the
arsenal of modern medicine is not as extensive as
we would like to successfully resist this virus. To-
day, all the forces of the global medical community
are mobilized to search for and develop new effec-
tive drugs to combat the COVID-19 virus. All pos-
sible search directions with at least some prospect
of positive conclusion are being developed. Count-
less scientific organizations are involved in both
the synthesis of chemical and the search for natural
biologically active substances.

Millennia of traditional healing experience
shows that medicines for many diseases are found

86

in nature itself, including in plants that are con-
sumed as food, or used in the form of drugs ob-
tained on their basis. At the same time, modern data
indicate that about 20 thousand plant species have
been studied for medical purposes, i.e. about 6.5%
of all 320 thousand described (ILlux u gp., 2015).
There is no doubt that among the unexplored spe-
cies there are many plants that can help fight many
diseases, including even those that are still consid-
ered incurable. The advantage of medicines of nat-
ural origin is their gentle effect and relative harm-
lessness, in comparison with synthetic medicines.
In recent decades, synthetic chemistry has become
more and more pervasive in all spheres of human
life. At present, it is impossible to imagine industry
and everyday life without synthetic products - plas-
tics, various dyes, preservatives, flavor enhancers,
medical supplies, synthesized drugs, etc.
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Of course, synthetic chemistry has greatly ex-
panded the possibilities of mankind to meet its
needs, primarily related to the production of food
and medicines, and has improved the quality of life
of people. At the same time, it has long become ob-
vious that food products and medicines obtained or
processed using the capacities of synthetic chemis-
try are overwhelmingly inferior to natural products
and medicines of natural origin in terms of their en-
vironmental purity and human safety.

Therefore, it is not at all surprising that in the
modern world the interest of people and the need
of medicine for drugs derived from plants and plant
materials have greatly increased. However, unfor-
tunately, the modern scientific community does not
have wide access to information about plant reme-
dies used in some regions of the world at the local
level. And this is mainly due to the fact that today
such information is fragmented and still remains
out of sight at the global level.

Earlier it was indicated that about 800 species
of plants used for medicinal purposes grow in the
flora of Azerbaijan (Oliyev, 1998; Jamupos u ap.,
1988; Domirov va b., 1992; etc.). In addition, infor-
mation about these plants was limited and scattered.
Recent studies have established that there are much
more such plants and their number reaches almost
1600 species (Ethnobotany of the Caucasus, 2017).

Some chemicals or their natural combinations
which are part of medicinal plants are so unique
that, despite the achievements of modern science,
they cannot be synthesized artificially. Meanwhile,
medicinal plants in their natural form and their de-
rived preparations continue to play an important
role in health care and their use is part of integra-
tive medicine. Therefore, it is essential to bring this
traditional knowledge to the attention of scientists
and medical practitioners around the world.

Great opportunities for solving this problem
are revealed by modern computer technologies that
allow accumulating, storing and ensuring the
worldwide availability of such information. In a
way, this also solves a certain cultural and histori-
cal problem, as it helps prevent the possibility of
irrevocable loss of invaluable folk experience.

In the part concerning medicinal plants grow-
ing in our country, this problem is partially solved
and automated “Electronic Database of Medicinal
Plants of Azerbaijan” has been created (Mex-
tuesa, 2006).

This study aims to provide the scientific com-
munity with an overview of the research results on
the study of the biodiversity of the medicinal flora
of Azerbaijan and the prospects for using its capa-
bilities in the search for new therapeutic agents ef-
fective for various infections of various etiologies.

MATERIALS AND METHODS

The object of the study was medicinal plants
of the flora of Azerbaijan. Analytical information
on medicinal plants was obtained through the im-
plementation of the capabilities of the “Electronic
Database of Medicinal Plants of Azerbaijan” (Me-
hdiyeva, 2010). On the basis of the technical as-
signment prepared by the author, together with the
relevant specialists in the Access using DELPHI
computer language programming, the Applied
Computer program was developed and the elec-
tronic database ‘“Medicinal plants of the flora of
Azerbaijan” was created. The information array of
the Database was formed on the basis of data from
almost 500 literary sources on medicinal plants, in-
cluding monographs, official reference publica-
tions, scientific periodicals (peer-reviewed publi-
cations), regulatory documents, as well as the re-
sults of our own research (Mexrtuesa, 2015).

RESULTS AND DISCUSSION

As a result of the analysis, it was found that
about 1600 plant species with the described medic-
inal properties, belonging to 742 genera and 179
families, grow in the flora of Azerbaijan. Of these,
274 species are official medicinal plants, 6 species
are endemic to Azerbaijan, 77 - endemic to the
Caucasus, 44 - relict, and 112 - rare and endan-
gered.

Among the studied medicinal plants of Azer-
baijan, many species that contain such biologically
active substances (BAS) as flavonoids, alkaloids,
vitamin C, essential and fatty oils, anthocyanins,
carotenoids, tannins, phenol carboxylic acids, sap-
onins, terpenoids, coumarins, glycosides and lac-
tones have been identified. Moreover, the form and
direction of the physiological effects of these and
other biologically active substances have been es-
tablished by experimental and clinical studies.
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Such data for some biologically active substances
are given in Table 1.

It is the presence of natural biologically active
substances in plants that determine their high phys-
iological activity and its direction, including anti-
viral, antibacterial, antifungal, antioxidant, antihis-
tamine, anti-inflammatory, immunomodu-latory
and other effects. Ultimately, only the physiologi-
cal activity of the substances contained in plants
forms their medicinal properties, has a positive ef-
fect on metabolic processes, strengthens the im-

mune system, improves the overall state of the or-
ganism and mobilizes it to fight the disease
(MexTtuesa, 2014).

The results of the analysis show that among
the medicinal plants of Azerbaijan, there are quite
a number of species with medicinal properties in
demand in medicine (Fig. 1).

In the context of the considered problem of
combating COVID-19, plants exhibiting antiviral,
antimicrobial, restorative, anti-inflammatory, im-
munomodulating and other activity are of particu-
lar interest.

Tablel. Medicinal plants with predominant groups of biologically active substances and the direction of their

physiological activity.

BAS The number of Physiological BAS The number of Physiological
species with activity, properties species with these|  activity, properties
these BAS BAS
Flavonoids 930 anti-bacterial, antioxidant Tanning agent 452 bactericide
Alkaloids 597 antifungal Phenolcarbonic 375 antimicrobial, fungistatic,
acids immunomodulating
Vitamin C 518 antioxidant Saponin 323 anti-bacterial, antivirus,
antifungal
Essential oil 468 antimicrobial, antifungal, antivi- | Terpenoids 317 antimicrobial, antifungal,
rus antivirus
Fatty oil 454 anti-bacterial, antivirus, Coumarine 299 antimicrobial, antivirus
antifungal, immunemodulating
Anthocyanin 249 antioxidant, bactericide Glycoside 139 cardioactive
Carotenoids 220 immunomodulating Lacton 34 antifungal, antivirus
cold-related diseases —|r———
pneumonia f=
bronchitis  jr—
acute respiratory viral infections |
analgesic |e—————
antitussive frm—
anti-inflammatory |
vitaminD =
anticoagulant fe=
antihistaming
antioxidant =
immunomodulating  fe—
antifungal __=
antibacterial
antiviral =
0 100 200 300 400 500 600
Number of species

Fig. 1. Quantitative distribution of medicinal and food plants by biological activity and disease.
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Table 2. Plants and their derivatives exhibiting physiological activity against certain viral strains.

Virus

Species name

Used parts

Extracts

Herpes types 1 and 2

Viburnum opulus,
Verbascum thapsus,

bark,
aerial parts and
leaves

aqueous extract,
methanol and alcohol extract
aqueous, aqueous-alcoholic extract and

Melissa officinalis aerial parts essential oil

Prunella vulgaris aerial parts aqueous extract, polysaccharide
Immunodeficiency HIV Melissa officinalis aerial parts agqueous extract
Influenza Aand B Sambucus nigra, fruit, aqueous extract,

Verbascum thapsus aerial parts and methanol and alcohol
leaves
Influenza A2 and B Verbascum phlomoides flower decoction
Strains A/PR/8 and A/Hong|Sambucus nigra flower aqueous extract
Kong, FIV, HIN1
Epstein-Barr Glechoma hederaceae ursolic and olein acid
Ortho- and para-myxoviridae  |Salvia sclarea aerial parts essential oil
Hepatitis C Solanum nigrum, seeds methanol and chloroform extract,
Lamium album aerial parts monoterpene lamiridozin
Tobacco mosaic Rubia tinctorum, aerial part ethereal extract

Lonicera captifolium

Out of the total number of medicinal plants in
Azerbaijan, 59 species have been identified for
their antivirus activity. It has been established that
this activity is manifested mainly in relation to her-
pes viruses type 1 and 2, HSV-1, HIV immunode-
ficiency, influenza virus A and B, A2 and B strains,
AJ/PR/8 and A / Hong Kong strains, FIV virus, hep-
atitis C virus, Epstein-Barr virus, ortho- and para-
mixoviruses, Koksaki A18 and A21, and tobacco
mosaic virus (Liu et al., 2002; Zakay-Rones et al.,
2004; Nolkemper et al., 2006; Mazzanti et al.,
2008; Roschek et al., 2009; Javed et al., 2011, etc.).
Data on the antiviral activity of some of these spe-
cies are given in Table 2.

Medicinal plants with antibacterial properties
is much higher in the flora of Azerbaijan (394 spe-
cies) (Fig. 1). The extracts and essential oils ob-
tained from them are physiologically active,
mainly against bacteria Echerichia coli, Serratia
marcescens, Klebsiella pneumonia, Staphylococ-
cus aureus, Pseudomonas aeruginosa and P. hy-
ogenicum (Alavi et al., 2006; Mohammad et al.,
2007; UpinenmambaeB u ap., 2018; Manandhar et
al., 2019 etc.).

There are large number of medicinal plants
with antifungal properties, numbering over 120
species (Fig. 1). Antifungal activity was deter-
mined for extracts and essential oils isolated from
these species, mainly against the fungi Candida al-
bicans, Aspergillus niger, Mucor circinelloides,
Fusarium oxysporum, Trichoderma lignorum and

Penicillium funicullosum (Mycradaesa u map.,
2006; Sahmurova et al., 2009; Takesh et al., 2019;
Giordani et al., 2020 etc.).

Since there are still no effective drugs for direct ac-
tion against COVID-19, the various treatment pro-
tocols for infection caused by this coronavirus
mainly consist of methods that stimulate the mobi-
lization of the body's internal resources. For this
purpose, drugs with immunomodulatory, anticoag-
ulant, antihistamine, antioxidant and anti-inflam-
matory effects are used to eliminate the sympto-
matic manifestations of the disease.

Out of the total number of medicinal plants in
Azerbaijan, more than 400 species are at the same
time and edible (Mextuesa, 2014; Ethnobotany of
the Caucasus, 2017; Alizade et al., 2019). Plants
contain a fairly wide variety of biologically active
substances with such properties and they enter the
body not only in the form of drugs, but also through
the direct consumption of plants as food.

For example, out of 59 speciesof medicinal plants
with antiviral properties - 13 (Rhus coriaria,
Melissa oficinalis, Morus alba, Juglans regia,
Mentha aquatica, Portulaca oleracea, Agrimonia
eupatoria, Capsicum annuum etc.); of 394 species
with antibacterial properties - 64 (Allium ursinum,
Apium graveolens, Foeniculum vulgare, Eremurus
spectabilis, Artemisia dracunculus, Armoracia
rusticana, Castanea sativa, Ribes nigrum, Punica
granatum, Berberis vulgaris etc.); of 120 species
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with antifungal properties - 23 (Allium victorialis,
Asparagus officinalis, Mentha longifolia, Satureja
hortensis, Nigella sativa, Physalis alkekengi, Ru-
mex crispus etc.) are also food plants.

Food plants, which are also of medicinal im-
portance, are widely used in the national culinary
of Azerbaijan. Most of these species are used as
spices and seasonings for meat and fish dishes, in
marinades, for the preparation of jam, composts,
soft drinks, etc., both as fresh and dried. Ulti-
mately, all of these plant species, individually or in
combination with other products, contribute, to
some extent, to the fight against various diseases
and strengthen immunity

Scientists are currently focusing on functional
foods and biologically active compounds that sup-
port the immune system. A strong immune system
is an important factor in the functioning and de-
fense of the body against viral diseases, including
those caused by coronaviruses.

To do this, the body needs a sufficient amount
of various vitamins and especially C and D. Regu-
lar consumption of high-vitamin C and D foods is
therefore necessary to maintain immunity.

As the analysis shows, out of 517 species of
medicinal plants containing vitamin C - 144 spe-
cies (Actinidia deliciosa, Allium sativum, Anethum
graveolens, Daucus sativus, Cynara cardunculus,
Lactuca sativa, Berberis vulgaris, Armoracia rus-
ticana, Raphanus sativus, Stellaria media, Atriplex
hortensis, Cornus mas, Diospyros kaki, Hippophae
rhamnoides, Ribes nigrum, Ocimum basilicum,
Feijoa sellowiana, Olea europaea, Punica gran-
atum etc.), and out of 8 species of medicinal plants
containing vitamin D - 7 species (Brassica
oleracea, Citrus paradisi, Helianthus annuus, Ly-
copersicon esculentum, Oryza sativa, Persicaria
hydropiper, Spinacia oleracea) are edible.

At the same time, there are quite a lot of food
plants among medicinal plants, which have other
medicinal properties. For example, as food prod-
ucts are used:

out of a total of 50 species of medicinal plants
with immunomodulatory - 14 species (Cichorium
intybus, Silybum marianum, Salicornia europaea,
Panicum miliaceum, Polygonum aviculare, Urtica
dioica etc.);

out of 16 species of medicinal plants with an-
ticoagulant properties - 4 species (Petasites albus,
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P. hybridus, Filipendula ulmaria and Punica gran-
atum);
out of 266 species of medicinal plants with
anti-inflammatory properties - 48 species (Allium
cepa, Rhus coriaria, Coriandrum sativum, Arctium
lappa, Brassica rapa, Salicornia europaea, Spina-
cia oleracea, Cucurbita maxima, Prunus spinosa,
Rubus caesius, Sambucus ebulus, Viola arvensis
etc.);
out of 140 species of medicinal plants with an-
algesic effect - 34 species (Pastinaca sativa, Eremu-
rus spectabilis, Crocus sativus, Mentha longifolia,
Morus nigra, Nigella sativa, Urtica dioica etc.);
out of 39 species of medicinal plants with an-
titussive properties - 10 species (Cydonia oblonga,
Diospyros lotus, Ficus carica, Ocimum basilicum,
Morus alba, Thymus transcaucasicus, Hordeum
vulgare etc.);
out of 36 species of medicinal plants with an-
tihistamine properties - 11 species (Apium graveo-
lens, Berberis vulgaris, Cyperus longus, Lamium
album, Mentha piperita, Solanum nigrum etc.).
Food plants, which are also medicinal, are
used for a variety of diseases and their manifesta-
tions (Kucenesa u ap., 2007). They are also used
as food for:
acute respiratory viral infections - 41 species
(Brassica juncea, Raphanus sativus, Origanum
vulgare, Satureja hortensis, Fragaria vesca, Rosa
canina, Sorbus aucuparia, Laurus nobilis, etc.) out
of 214 species of medicinal plants;
cold-related diseases - 29 species (Capsella
bursa-pastoris, Capparis herbacea, Beta vulgaris,
Crocus speciosus, Rosmarinus officinalis, Rumex
confertus, Citrus limon, etc.) out of 111 species of
medicinal plants;
bronchitis - 30 species (Foeniculum vulgare,
Pimpinella saxifraga, Artemisia dracunculus, He-
lianthus annuus, Fagus orientalis, Thymus ko-
tschyanus, Ziziphus jujube, Citrus unshiu, Vitis vi-
nifera, etc.) out of 106 species of medicinal plants;
pneumonia - 5 species (Iris pseudacorus,
Rosa canina, Tilia begoniifolia, T. cordata, Viola
odorata) out of 40 species of medicinal plants.
Many of these plants are firmly entrenched in
the diet of the population of Azerbaijan and are sea-
sonally, almost daily, used for food, both in natural
form and as part of various dishes. According to the
available data, some of them are quite effectively
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used both as a prophylactic agent for the prevention
of diseases and as a drug for the treatment of the
disease itself (Franco and Bussmann, 2020). There-
fore, it can be assumed that a large plant diversity
of the diet of the population of Azerbaijan to a cer-
tain extent helps to maintain people’s immunity
and is one of the elements of the comparatively
successful fight against the coronavirus pandemic
in our country.

In this context, we believe that one of the main
and urgent tasks is the further expansion of re-
search on the study of medicinal plants of the Re-
public of Azerbaijan. To further saturate the food
ration of our people with useful substances, it is
necessary to intensify scientific and practical activ-
ities for the development and production of new bi-
ologically active dietary supplements of plant
origin.

CONCLUSIONS

Modern research shows that the spread of cer-
tain diseases is often influenced by regional fac-
tors, the diet of the population, preferences in tastes
and smells, methods and technologies for pro-
cessing products and, which is very important, but
still little studied - genetics and consumer charac-
teristics, for example, the presence of detoxifying
enzymes (Rivera et al., 2007; Unnikrishnan et al.,
2016; Franco and Bussmann, 2020). Ultimately,
understanding the statistics and the nature of the is-
sues associated with these factors will help to better
understand how to deal with COVID-19 and other
similar viruses.

Summarizing the above, it can be argued that,
beyond any doubt, the plant world of Azerbaijan is
an inexhaustible source of useful substances, in-
cluding those that have not yet been identified, and
this source probably has a remedy against COVID-
19. The pandemic caused by this virus is a global
problem and the entire world community is ac-
tively seeking means to address it. The key to this
guestion is the basic information platform for the
search. However, unfortunately, the vast amount of
information about medicinal plants used in some
regions of the world at the local level remains
largely invisible to scientists worldwide.
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Miixtolif etiologiyali infeksiyalara qarsi effektiv olan bitki monsali yeni vasitalor
axtarisinin perspektiv istigamoatlori

N.P. Mehdiyeva
AMEA-nn Botanika Institutu, Baki, Azorbaycan

Diinya birliyi COVID-19 virusunun dogurdugu pandemiya ilo baglh narahatliq kegirir. Getdikco artan
tohliikaya oks tasir gostormak fi¢iin biitiin mévcud imkanlar sofarbar edilmis vo yeni yollarin foal axtarist
gedir. Bu problemin hall edilmosinin perspektivi istigamstlorindan biri xalq tababati tocriibesinin elmi
baximdan islonilmosidir. Miixtslif xalglar terofindon dormen bitkilorinin istifadesine dair molumatlar
porakondo xarakter dasiyir vo diinyanin elmi birliyi bu bilgilordon asasen malumatl deyildir. Azorbaycan
florasinda taqribon1600 ndv dorman bitkisi yayilmigdir ki, onlarin arasinda antivirus, antiiltihab, immun-
modullosdirici imiimmoéhkamlondirici, vitaminli vo s. bu kimi xiisusiyyatloro malik bitkilords kifayot
godordir. Digar miialica vasitalari ilo yanasi, COVID-19 virusunun dogurdugu infeksiyanin miiasir miialico
protokollarinda yuxarida gdstorilon xiisusiyyotlors malik preparatlar da yer almigdir. Maqgalada, soxson
miiallifin isloyib hazirladigi Azarbaycanin derman bitkilarinin kKomputer bazasinda toplanilmis bels bitkilor
barade molumatlar verilir. Bu moalumatlar biitévlikds dorman bitkilari sirasindan, zaruri fizioloji fealligi
sartlondiran bioloji faal maddslar tutumlu bitki névlarini segmays imkan verir. Ona gorado, xalq tobabati
tocrubasinin todqiq edilmaosi iizrs islorin foallagdirilmasi va dorman bitkilorine dair iimumdiinya informa-
siya platformasinin yaradilmasi antivirus xiisusiyyatlors, o ciimlodon COVID-19 virusuna qarsida effektiv
olan vasitalorinin axtarigi vo yeni dorman preparatlarinin hazirlanmasi tictin elmi osas olabilar.

Agar sozlor: Azarbaycan florasi, dorman va qida bitkilori, malumat bazasi, bioloji foal maddalar, fizioloji
faallig, COVID-19

IlepcnieKTHBHBIC HANIPABJIEHHUSA MTOUCKA HOBBIX CPEACTB PACTUTEILHOI0 IIPOUCXOXKICHUS,
3¢ peKTUBHBIX NPH HHPEKUHUAX PA3TUIHONH ITHOJIOT MU

H.II. MexTueBa

Hnemumym 6omanuxu HAH Azepoaiioscana, baxy, Azepbatiosxcan

Muposoe coo0riecTBo o0ecrnokoeHo nanjgaemued, BeizBanHoii COVID-19. MoOuin30BaHbl CyIIECTBYO-
M€ BO3MOXXHOCTU U MJIET aKTUBHBINA MOMCK HOBBIX MyTeH MPOTHBOACHCTBHSA MIPOAOIIKAIOLIEH HApacTaTh
yrpose. [lepcrieKTHBHBIM HaIlpaBJICHUEM PEIISHHS STOM MPOOJIeMBbI SBIISIETCS HaydHas pa3paboTKa OnbITa
HapoaHOU MenuimHbl. MHbopMalms 00 MCoNb30BaHUM JIEKAPCTBEHHBIX PacTeHWH pPa3HBIMU HapoJaMu
HOCUT Pa3pO3HEHHBIH XapakTep M B Macce CBOEH HEJOCTYIIHA MHPOBOMY HayyHOMY cooOiecTBy. Bo
(dnope AzepbOaiimkana mpouspacraer noutu 1600 BUIOB JISKAPCTBEHHBIX PAaCTEHHIA, B TOM YHUCIe 00Ja-
JAIOIINX aHTUBUPYCHBIMH, MPOTHBOBOCTIAIUTEIEHBIMA, HMMYHOMOIYIUPYIOIMMH, OOLIEYKPEIUISIONIH-
MU, BUTAMUHHBIMH U APYTUMHU cBoiicTBaMu. COBpEMEHHBIE MPOTOKOJIBI JIEUEHUs] MH(EKINY, BEI3BAHHOM
COVID-19, napsany ¢ ApyruMu Je4eOHBIMH CPEJICTBAMHU BKIFOYAIOT M TPENaparhl C BhINIETIEPSUUCIICH-
HBIMHU CBOHCTBaMU. B cTaThe NpUBOIATCS CBEACHUS O TAKUX PACTEHHSIX, BKIIOUEHHBIX B KOMIIBIOTEPHYIO
0a3y JaHHBIX JEKapCTBEHHBIX pacTeHHd A3zepOaiipkaHa, pa3pab0oTaHHYIO JIHYHO aBTOPOM. JTH JIaHHBIC
MO3BOJISIIOT BBIACHATh M3 OOLIETr0 YMCIa JIEKAPCTBEHHBIX PAcTEHHH BHIBI C HAOOpOM OHMOJIOrHMYECKH
AKTHBHBIX BEILECTB, ONPENENAIOMNX X TpeOyeMyro (pru3nomornueckyto akTuBHOCTb. [losTomMy akTHBH-
3anusi pabOTHl MO HCCIIEJOBAHUIO ONBITA HAPOJHOW MEIWIMHBI M CO3JaHue OOIEMHPOBOW HHQOP-
MAaIMOHHOM I1aT(OPMEI 10 JIEKAPCTBEHHBIM PACTEHUSIM MOKET CTaTh OCHOBOM ISl TIOMCKA U pa3paboTKu
HOBBIX aHTUBUPYCHBIX MpenapaTos, B ToM uncie 3pdexkruBabx u npotus COVID-19.

Knrouesvle cnosa: ®nopa Aszepbaiiodcana, nexapcmeenHvle U nuwjesvie pacmenus, 0a3a OaHHbIX,
buonocuyecku akmusHole eeujecmsa, gusuonocuieckas akmustocms, COVID-19
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Bats - the only flying mammals, accounting for 25% (33 species) of the Azerbaijani mammalian
fauna. Those have also been focused on by the scientific community, zoologists, veterinarians, and
virologists for the recent 20 years because of their assumed or confirmed role in the spillover of sev-
eral new zoonotic diseases. Such studies have not been carried out so far in Azerbaijan and the situ-
ation with the study of other bats diseases is not satisfactory. Thus, the national studies on bats on
ecto-, endo- and blood-parasites require at least an update, dating back to the 70s of the last century.
This paper provides an overview of the potential or confirmed reservoir role of bats in a number of
pathogens, the importance of research in this area and, in particular, the first research attempts in
coronary studies conducted in Azerbaijan within the frame of Western Asia Bat Research Network.

Keywords: Bats, zoonotic diseases, parasites, sampling site, colonies, Western Asia

INTRODUCTION

Bats have attracted the attention of the scien-
tific community over the last 20 years due to the
possibility of being a natural reservoir of some vi-
ruses (especially coronaviruses) and have become
the subject of relevant multi-disciplinary research
projects (Kuzmin et al., 2011). The epidemiologi-
cal side of bats, especially probability of them as
potential natural reservoir of viral diseases has
never been studied in Azerbaijan. In addition to
general faunal and zoological researches, the study
of bats from different ecological groups and spe-
cies as a natural reservoir in the spread or spill over
of ecto, endo- parasites, as well as viral diseases is
of great importance. As part of a regional multidis-
ciplinary study in Western Asia, investigations be-
ing conducted in Azerbaijan will determine the role
of local bat fauna representatives on the regional
epidemiological map of bat borne diseases.
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MATERIALS AND METHODS

As a first step, bats were obtained by dedi-
cated mist (japan) nets at the entrances of shelters
(anthropogenic and natural habitats) during even-
ing fly out and morning return into the roosts via
application of standard techniques (Kunz et al.,
1996). In some cases, individuals were captured
from summer shelters manually or by using special
catchers-butterfly nets. Each individual caught was
first identified up to the species level, age and sex
of animal were determined by generally accepted
methods.

A blood sample (from one of the large vessels
of tail), an oral swab, and rectal swab (in absence
of excrement) were then taken from each individ-
ual and fixed in an RNA-Later solution (Fig. 1).
Smaller wing punches were also taken for further
DNA analysis for species having controversial tax-
onomy. All samples were stored at -80° C (in
cruioshipper with nitrogen solution) and then
transferred into an ultra-cold refrigerator for fur-
ther storage until lab analysis execution.

doi.org/10.29228/jlsb.67
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Fig. 1. Sampling: (1- team, 2 — Pipistrellus kuhlii, 3 — age determination via wing bones, 4 — oral swab taking from
Rhinolophus ferrumequinum).

To determine ectoparasites of bats, beetles
and other insects from the fur of individuals were
collected and put into special solutions, blood films
(peripheral blood smear) were prepared from col-
lected blood samples and fixed in 70% methanol,
excrements were fixed in alcohol solution (Dryden
et al., 2005; Houwen, 2020).

Blood parasites and ectoparasites will be iden-
tified by the specialists of the Institute of Zoology,
viral (coronoviruses) analysis will be carried out in
the Georgian NCDC laboratory by application of
appropriate methods. According to the protocol, 90
individuals were obtained from each sampling site
(bat colony), and upon completion of sampling the
bats were released.

Three sampling sites: 1. Greater Caucasus
(Gakh city), 2. Lankaran Natural Province (Fisher-
men's settlement near the Kyzylagach reserve) and
3. Caspian lowland (Neftchala district, Mayak set-
tlement) were visited over the period of 2019-2020
for bats’ samples collection (Fig. 2).

RESULTS AND DISCUSSION
Among the diseases of bats in Azerbaijan, their
parasitic fauna has been studied the most. In 1966,

research on 700 individual bats of 15 species re-
vealed 24 helminth species (Shakhtakhtinskaya et
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al., 1971; Sadikhov, 1978). The most common hel-
minth-infected species were Rhinolophus fer-
rumequinum (greater horseshoe bat) and Nyctalus
noctule (noctule bat). Blood parasites were found
in some local bat species (Zeyniyev, Rakhmatulina
1990) and infection was recorded in 70.3% of 30
individuals belonging to eight species. Four types
of blood parasites: Trypanasoma, Babesia, Gra-
hamella, Micrafilaria were registered and it was
confirmed that the frequency of invasion was low
in infected individuals, and in some cases, individ-
ual parasites were found.

Weak coccidial infections in bats have also
been reported (Musayev, 1976; Musayev, Gauzer
1971). Eimeria vespertilii Musayev and Veysov,
1961; E.zakirica Musayev, 1967, and E. mehelyii
sp.n species are described in Rhinolophus mehelii.

Ectoparasites have been better studied in bats
(Dubovchenko, 1969; Mulyarskaya, 1978;
Hadjiyev et al., 1982). From 1,572 individuals of
11 species, 97.3% were found to be infected with
90 species of ectoparasites, of which 91% were
ticks, 36.2% were blood-sucking flies, 19.1% were
fleas, and 1.7% were lice. A richer ectoparasite
fauna has been revealed among the more densely

colonized bats. The majority of ectoparasites
(97.2%) were specific to bats only and were not
similar to the ectoparasitic fauna of birds and ro-
dents. According to Dubovshenko (1976), more
than 20 of the 90 ectoparasite species in bats of
Azerbaijan might be carriers or reservoirs of infec-
tious and invasive pathogens.

Unfortunately, the potential role of bats in the
spread of viral diseases in Azerbaijan has not been
assessed. Although rabies has been recorded in bats
for more than a century, the carrier of some patho-
gens that have emerged in recent years (lissa-
viruses, henipaviruses, coronaviruses) have been
confirmed to be bats, while others (filoviruses) are
still being assumed to be bats. New pathogens are
being recorded in bats.

Rabies is caused by lissaviruses of the
Rhabdoviridae family and is characterized by the
highest mortality rate. For 10 of the 11 species of
lissavirus, bats play a major reservoir role (Kuzmin
et al., 2011). While the classical rabies virus
(RABV) circulates only in American bats, more
different types of lissavirus (EBLV-2 and EBLV-2)
are known in Europe from 3 bat species (Eptesicus
serotinus, Myotis daubentonii, M. dasycneme), two
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of which are widespread in our country. E. seroti-
nus is a common species and is closely related to
manmade structures, as well as forming mixed col-
onies with P. kuhlii, the most common type of
synanthropic bat.

Filoviruses are known as Marburg (MARV)
and Ebola (EBOV) viruses. The geography of the
first disease is assosiated with Africa and Sahara,
and although the virus was recorded only in fruit-
eating bats in 2001-2005, the MARYV virus was
later reported in Congo, in bats of Miniopterus and
Rhinolophus genuses. Representatives of both ge-
nused are included into bat auna of Azerbaijan.

Severe Acute Respiratory Syndrome (SARS),
which has been known to cause coronaviruses
(CoV) since 2002, has also been reported in bats
(and other mammals). Later, SARS-like viruses
were found in bats in Europe, South America, Aus-
tralia and Africa. Alpha and beta coronoviruses,
known from bats of the Vespertilionoidae family,
have been reported to be genetically similar to the
coronovirus described from China. The basis of the
fauna of Azerbaijani bats are the species of the
family Vespertilionoidae (25 out of 33 species).

The geographical position of Azerbaijan has
led to the diversity of bats, and has created a basis
for the combination of different bat species with
different zoogeographical origin (Fig. 3). From 33
local bat species, 41% are Trans-Paleoarctic, 35%
East Asian arid and temperate, 15% European, and
9% Turan desert and semi-desert species (Rakh-
matulina, 2005). Studying of bats and assosiated
diseases (in migrant and sedentary species) is even
more important in such an environment. Particu-
larly, it is important to take preventive measures
against viral diseases that may be dangerous to hu-
man health.

Bearing in mind the above mentioned note, the
first field research on the study of coronoviruses in
bats was launched in Azerbaijan in 2019 within the
West Asian Bat Network (WAB-Net) project, and
the second part of the research was completed in Au-
gust and September of 2020. It is planned to inspect
bats from 3 more new sampling sites during sum-
mer-autumn season of 2021. In accordance with
protocol requirements, 90 individual bats were ob-
tained from each sampling site, relevant rectal, oral
swabs, excrement, blood were collected as well as
wing punches (DNA samples) were taken after
which the animals were finally released.
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In September 2019, two species (P. kuhlii - 88
individuals and P. nathuisii - 2 ind.) from a sam-
pling site in Mayak settlement of Neftchala region,
in August 2010, 4 species (P. kuhlii - 29 ind., P.
pipistrellus - 40 ind., P. nathuisii - 20 individuals
and Eptesicus serotinus - 1 individual) from a sam-
pling site at Balikchylar settlement of Lankaran re-
gion, and in September 2020, 4 more species (P.
pipistrellus - 1 ind., Myotis emarginatus - 47 ind.,
Rhinolophus ferrumequinum - 37 ind. and Rh. hip-
posideros - 5 ind.) from sampling site in Gakh town
were inspected (Table 1).

The target of the field works is bats from dif-
ferent ecological groups, both for synanthropic
species associated with manmade structures and
natural shelters (caves, rocks, tree hollow etc.). The
research will be continueing in the coming years
and will cover bat species from different natural
provinces of the country. As similar studies will be

Whilisi

Azerbaijan

Ardabil

conducted in the South Caucasusian and a number
of Western Asian countries by the end of 2021, the
role of Azerbaijani bats in the epidemiological sit-
uation of coronaviruses in the region will be clari-
fied. Laboratory tests will continue until the end of
2021, and the results will be published and posted.
In order to look for ecto- and endo (blood)-
parasites of bats, blood films (peripheral blood
smear) were prepared from 50 bat individuals
blood samples, including the species Myotis alca-
toe (2 individuals) and Pipistrellus kuhlii (8 indi-
viduals) captured in Sitalchay settlement of Khizi
region and Chayli village of Gobustan in addition
to 7 species (270 individuals) of bats obtained for
viral investigations. 200 smears were prepared on
the basis of individual blood samples, ectoparasites
from 30 individual bats were isolated and collected
for further identification.

Fig. 2. Sampling sites of bats in Azerbaijan (period of 2019-2020).
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European
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Fig. 3. Zoogeographical origin of bats in Azerbaijan.

Tab.1. Bats species and number of individuals captured fc r further analysis o\ er the period of 2019-2020.

Bat species Site 1: Neftchala | Site 2: Lenkoran |  Site 3: Gakh
Scientific name Common name Number of individuals
1. Pipistrellus kuhlii Kuhl's pipistrelle 88 29 0
2. P.pipistrellus Common pipistrelle 0 40 1
3. P. nathusii Nathusi'spipistrelle 2 20 0
4. Eptesicus serotinus Serotine bat 0 1 0
5. Myotis emarginatus Geoffroy's bat 0 0 47
6. Rhinolophus ferrumequinum |Greater horseshoe bat 0 0 37
7. Rh. hipposideros Lesser horseshoe bat 0 0 5

These studies aslo revealed new summer and
winter roosts of greater and lesser horshore bats
(Rh.ferrumequinum and Rh.hipposideros), as well
as Geoffroy’s bat (Myotis emarginatus) in the
Greater Caucasus, summer colony of alcato bat
(Myotis alcatoe) in Khyzi and Gobustan region.
These are the new addendums onto the distribution
maps of bats in Azerbaijan

CONCLUSIONS
1. The first- and second-year bat sampling
studies for inspection of bats as potential

natural reservoir of coronaviruses have been
completed in Azerbaijan.
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2. In total, 270 individuals from seven spe-
cies of bats were obtained from three natural
geographic provinces. Blood samples, oral
and rectal swabs (or excrement), and wing
punches (DNA samples) were obtained from
each individual for the cases if extra taxo-
nomic identification will be required, re-
spectively.

3. In parallel, samples for ecto-, endo-, blood
parasites of bats captured have been col-
lected for further cameral analysis, which
will refresh and fulfil the aged (50-60 years
old) data and much more local bat species
will be inspected. Local bat species were last
studied in the 1960s. Ecto-parasites of only
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11 species, blood parasites of eight bat spe-
cies, helminths of 15 species of bats were in-
vestigated.

4. For the first time, new winter and summer
roosts of four bat species (greater and lesser
horseshoe bats, Geoffroy’s bat and Alcato
bat) were revealed in the Greater Caucasus.
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Azarbaycanda yarasalarin yeni todqiqat istiqamatlori - yarasalar bir sira zoonoz
xastaliklorin potensial rezervuari kimi

N.9. Hasanov, G.Q. Quliyeva
AMEA-nmn Zoologiya Institutu, Baki, Azarbaycan

Azorbaycan momolilor faunasinin 25%-i (33 ndv) yegano ucan momsolilor olan yarasalar sinfinin payia
diigiir. Yarasalar hom do bir sira yeni agkar olunan zoonoz (virus) xastalikarin yayilmasindaki roluna goérs
xtisuslio son 20 ilds elmi ictimaiyyatin, zooloq, veterinar, virusuloglarin digqet morkazinds olub miivafiq
kompleks tadqgigat layiholorinin obyektlorine ¢evirlimiglor. Bu Kimi tadqigat isleri 6lkemizds hoyata
kegirlimoayib vo yarasalarin digor xastaliklorinin dyronilmasi vaziyyoti do qonaotboxs deyildir. Belaki,
yarasalarin ekto-, endo- vo gan parazitlori iizra respublikada aparilmis aragdirmalar1 kegon asrin 70-Ci
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illorins tosadiif etdiyindon yenilonma tolob edir. Maqalados yarasalarin bir sira virus xastaliklorinin potensial
va ya tasbit olunmus rezervuar rolunun ohomiyyati, bu sahads arasdirmalarin vacibliyi va xiisusilo korona-
viruslarin 6yronilmasi sahosinds hoyata kegirilon ilkin islor hagqinda malumat verilir.

Acar sézlar: Yarasalar, zoonoz xastalikiori, parazitlor, niimunagétiirma sahalari, koloniyalar, Qarbi Asiya

HoBoe HanpaBJ/ieHHe HccIeI0BaHU JeTYYHX MbIlell B A3ep0aiiaxaHe - JeTy4due MbIIIHN KaK
NMOTEHI[HATbHBII pe3epByap psijia 300HO3HBIX 3a00J1eBaHMIt

H.A.Tacanos, I'.T'. I'y1ueBa

Hucmumym 300102uu HAH Azepbatioscana, baky, Azepbatiosxcan

JleTyune MplIy, SBASIOIINECS €JUHCTBCHHBIMU JIETAIOIIMMHI MIEKOIIMTAIOIINMH, COCTABISAIOT 25% (ayHsl
miteKonmuTaroImux Asepbaiimkana (33 Buma). B Teuenne mocnemuux 20 jeT jeTydne MBI ObUTH B
LEHTPEe BHUMAaHMSA HAYYHOTO COOOILECTBA: 300JI0T0B, BETEPHHAPOB U BHPYCOJIOrOB, 0OCOOEHHO M3-3a UX
pOAM B PAcIpoOCTpaHEHUH psiAa HEJABHO OTKPBITHIX 300HO3HBIX (BHPYCHBIX) OonesHel. [lomoOHbIe
HCCIICIOBAHUS B HAIlEH CTpaHe HE MPOBOAMINCH, U CUTyalMs C W3yYCHHEM APYIHX Ooye3Hell jeTydnx
MBILIEH OCTaeTCs HEYIOBJIETBOPUTENbHOU. Takum o0pa3om, MCCIEIOBAaHHS 3KTO-, HIO- M KPOBSHBIX
Mapa3uTOB JIETYYHX MBIIICH B CTpaHe TPeOYIOT OOHOBIICHHS, TaK KaK OTHOCATCS K 70-M rojam mpouuioro
Beka. B crarbe mpencraBnena nH(opManys 0 NOTCHIUATBLHON WM YCTAaHOBJICHHON pe3epByapHOH poin
JNETYYNX MBIIIeH B psfe BUPYCHBIX 3a00JeBaHUA, BaXXHOCTH HCCIEAOBAaHWUN B 3TOW oOjactu w, B
YaCTHOCTH, O HA4aJIbHOU paboTe, MPOBOJUMON IS M3YYCHHUS KOPOHABUPYCOB.,

Knroueewle cnosa: Jlemyuue moiuiu, 300H03bl, RAPA3UMbL, NYHKMbL 0OMOOPa npod, KoNoHUU, 3anadnas A3us
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Effect of vitamin D blood levels on the disease in patients with COVID-19
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The danger of COVID-19 infection is its higher contagiousness (several times higher than influenza),
a long incubation period (up to 14 days), and is complicated by the fact that patients without any
symptoms are carriers of the infection. Currently, the clinical and epidemiological researches on the
characteristics of the disease continue, along with the development of the new means of its prevention
and treatment. The most important preventive resource is the activation of the antiviral innate im-
mune system. According to the literature, an adequate supply of vitamin D is one of the foundations
of the antiviral immune system, including against the influenza virus. No clinical trials have been
conducted to determine the relationship between vitamin D blood level and clinical outcome in
COVID-19 patients.

To study the effect of blood levels of vitamin D in patients infected with COVID-19 on the course of
the disease and the outcome of treatment, a medical history of 19 patients with laboratory-confirmed
COVID-19 infection was analyzed. The patients were treated at the «MediClub» LLC between
15.06.2020 - 15.07.2020. «MediClub» hospital was approved by «TABIB» Azerbaijan for the treat-
ment of patients with COVID-19. Data on clinical manifestations and blood 25-hydroxyvitamin D
[25(OH)D] levels were obtained from all medical histories.

A retrospective analysis of laboratory-confirmed cases of COVID-19 showed a relationship between
the blood level of 25-hydroxyvitamin D [25(OH)D] and the nature of the course of COVID-19 and
the development of complications of the disease.

Taking into account the main cause of critical complications of COVID-19 is impaired immunity,
and cholecalciferol harmonizes the functioning of the immune system at all its levels, it can be con-
cluded that an adequate level of vitamin D in the blood increases the likelihood of a light course of
COVID-19 and its favorable outcome.

Keywords: Coronavirus infection, pandemic, COVID-19, 25-hydroxyvitamin D [25(OH)D], blood level of
vitamin D, volume of lung damage, proinflammatory cytokines, concomitant diseases

INTRODUCTION

The coronavirus infection COVID-19 was of-
ficially registered by the World Health Organiza-
tion (WHO) on December 31, 2019, when the PRC
Ministry of Health reported 44 cases of SARS in
Wuhan City, Hubei Province. On February 11,
2020, the WHO determined the official name of the
infection caused by the new coronavirus - COVID-
19 ("Coronavirus disease 2019"). On February 11,
2020, the International Committee on Taxonomy

doi.org/10.29228/jlsb.68
Available online 25 December 2020

of Viruses stated the official name of the infectious
agent, a SARS-CoV-2. It has been established that
COVID-19 is caused by the new coronavirus
SARS-CoV-2. Later, on March 11, 2020, WHO
declared a COVID-19, a pandemic (I'pomoBa u jip.,
2020; BpemeHHBIE METOAMYECKIE PEKOMCHIAITHH:
HpO(bI/IJ'IaKTI/IKa, JUarHoCTHuKa 1 JCYCHUC HOBOH
koponasupycuoit uadpexuu (COVID-19), 2020).
The danger of COVID-19 infection is its
higher contagiousness (several times higher than
influenza), a long incubation period (up to 14 days)
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and is complicated by the fact that patients without
any symptoms are carriers of the infection.
COVID-19 is characterized by a severe course in
the presence of the chronic pathology in patients.
These COVID-19 features place increased demand
on the healthcare system. In particular, the higher
contagiousness leads to the simultaneous disease
incidence of COVID-19 of the large number of
people, which has led to the overload of the health
care system in several countries. More severe
course of infection in patients with a chronic pa-
thology is associated with use for adaptive lung
ventilation (ALV) and with a higher mortality rate
(I'pomoBa u nip., 2020).

Currently, the clinical and epidemiological re-
searches on characteristics of the disease continues,
along with the development of the new means of its
prevention and treatment. The most common clini-
cal manifestation of the COVID-19 is bilateral
pneumonia (diffuse alveolar damage and microan-
giopathy); acute respiratory distress syndrome
(ARDS) was recorded in 3-4% of the patients. Some
patients develop hypercoagulable syndrome with
thrombosis and thromboembolism, along with the
other damage of the organs and systems (the central
nervous system, myocardium, kidneys, liver, gastro-
intestinal tract, endocrine and immune systems), and
also sepsis and septic shock may be developed.

Attempts to control the COVID-19 only by
guarantine measures (for example, wearing masks,
gloves, washing hands, social distancing, self-iso-
lation, and other) do not engage the most important
preventive resource such as the activation of anti-
viral innate immune system. This aspect is espe-
cially important in the case of COVID-19, as this
infection is highly contagious and can lead to se-
vere pneumonia and acute respiratory failure. To
identify risk groups for a severe course of the dis-
ease, it is necessary to systematize the features of
the pathogenesis of COVID-19, which distinguish
it from other coronavirus infections (Alipio, 2020).

Vitamin D is one of the most important im-
munity regulators. Adequate supply of vitamin D
is one of the foundations of anti-viral immune sys-
tem, including against the influenza virus. It has
been proven that vitamin D reduces the risk of

acute respiratory viral infection (ARVI) (Ron-
danelli et al., 2018). Vitamin D deficiency is asso-
ciated with impaired functioning of innate and
adaptive immune systems, also with increased risk
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of viral and bacterial diseases. A patient of any age
with vitamin D deficiency develops chronic in-
flammation, which significantly reduces the body's
resistance to bacterial and viral diseases (ARVI, in-
fluenza, rhinitis, bronchitis, obstructive pulmonary
diseases) (I'pomoBa u ap., 2020). In addition, vita-
min D increases cell-mediated immunity (Can-
torna, 2010), modulates adaptive immune system
(Sharifi et al., 2019) and increases the expression
of genes encoding the antioxidant enzymes (Lei et
al., 2017). Therefore, several authors have pro-
posed the use of vitamin D for the prevention and
treatment of COVID-19 (Alipio, 2020). No clinical
trials have been conducted to determine the ability
of vitamin D to suppress the COVID-19 virus.
There is a lack of tests for the statistically signifi-
cant relationship between vitamin D levels and
clinical outcome in COVID-19 patients. In this ar-
ticle, we have used vitamin D status to predict clin-
ical outcomes in patients infected with COVID-19.
The analysis was based on the level of 25-hy-
droxyvitamin D [25(OH)D], a measure of the
amount of vitamin D in the body.

Purpose of the study: To study the effect of
blood levels of vitamin D in patients infected with
COVID-19 on the course of the disease and the
outcome of treatment.

MATERIALS AND METHODS

We analyzed medical history of 19 patients
with laboratory confirmed COVID-19 infection.
The patients were treated at the «MediClub» LLC
between 15.06.2020 - 15.07.2020. Hospital «Med-
iClub» was approved by «TABIB» Azerbaijan for
the treatment of patients COVID-19. Data on clin-
ical manifestations and blood 25-hydroxyvitamin
D [25(0OH)D] levels were obtained from all medi-
cal histories. It should be noted that the patients we
analyzed were inpatients. They were hospitalized
due to the severity of the physical condition. Thus,
all the patients had respiratory failure and in-
creased body temperature. The clinical analyzes
were obtained from the patients, presentation of
pulmonary infection on computer tomography
(CT). It was important to obtain the level of 25-hy-
droxyvitamin D [25(OH)D in the blood of the pa-
tients and to assess their clinical condition in ac-
cordance with the obtained data.
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RESULTS AND DISCUSSION

A total of 19 patients with COVID-19 en-
rolled to this study, where 11 were men and 8 were
women (Fig. 1). Most of the patients were men
(58%).
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Fig. 1. The total number of patients participating in the
study (total 19 patients).
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Fig. 2. Distribution of patients participating in the
study by age (total 19 patients).

The age distribution of the patients was fol-
lowing (Fig. 2):

» adolescence boys: 17-21 years, girls: 16-
20 years;

» mature age (1 period) men: 21-35 years,
women: 20-35 years;

» mature age (period 2) men: 35-60 years,
women: 35-55 years;

» advanced age: 55/60-75 years;

» senior adult: 75-90 years;

» long-livers - 90 years or more.

In our study, the overwhelming number of pa-
tients (15 patients) belongs to mature age (period
2), 37% and to old age, 43%, which amounted to
80% in general.

The patients’ distribution by the volume of
lung damage is presented in the Fig. 3.

® No hung damage (2 patients)
» Lung damageup to 10% (7 patients)
» Lung damageup o 3% (1 patient)
Lung damageup to 0% (3 patients)
= Lung damageis more than 5% (§ patienis)

Fig. 3. Distribution of patients participating in the
study by the volume of lung damage
(19 patients in total).

According to the volume of lung damage, con-
firmed by CT of the chest, the cases were classified
as follows:

» COVID-19 infected patients with clinical

manifestations, without lung involvement;
» COVID-19 infected patients with clinical
manifestations, the volume of lung dam-
age was up to 10%;

» COVID-19 infected patients with clinical
manifestations, the volume of lung dam-
age was up to 30%;

» COVID-19 infected patients with clinical
manifestations, the volume of lung dam-
age was up to 50%;

» COVID-19 infected patients with clinical
manifestations, the volume of lung dam-
age was more than 50%.

103



Adnayev et al.

Patients with severe clinical manifestations
(hypoxia (oxygen saturation below 93%), with res-
piratory impairment or deviations in the results of
laboratory blood gas analyzes (PaCO2> 50 mm Hg
Art.), and respiratory failure requiring intensive
monitoring of the patient) accounted for 48% (9 pa-
tients) of the total number of the patients. These
were patients whose volume of lung damage was
up to 50% (3 patients - 16% of the total number of
patients) and patients whose lung damage was
more than 50% (6 patients - 32% of the total num-
ber of patients).

An important criterion, in the presence of
which the health status of COVID-19 patients is ag-
gravated, is the presence of concomitant diseases. It
is known that the presence of any chronic inflamma-
tion in a patient (glomerulonephritis, cholestasis,
atherosclerosis, obesity, diabetes mellitus, bronchial
asthma, endothelial dysfunction in hypertension,
and other) stimulates more rapid increase in the syn-
thesis of proinflammatory cytokines. We analyzed
the relationship between the presence of concomi-
tant diseases with the spread of the pathological pro-
cess in the lungs (Fig. 4).

Eight patients (42%) had concomitant diseases,
which is a serious complication associated with
COVID-19. Six patients with severe lung damage
(lung damage is more than 50%) and, thus, with a
severe clinical course of COVID-19, suffered for
many years from various somatic diseases, such as
diabetes mellitus, atherosclerosis, coronary heart
disease, coronary angioplasty, arterial hypertension,
chronic renal failure, obesity. All patients had severe
respiratory failure, 4 out of 6 patients had acute res-
piratory distress syndrome (RDS). All patients at
certain stages of treatment were connected to the
AVL. Two of these patients with volume of lung
damage up to 95% and 100% died.

The blood levels of vitamin D in patients with
COVID-19 in the study has been classified based
on serum 25 (OH) D levels:

» <10 ng/ml (severe vitamin D deficiency);

» 10-20 ng / ml (vitamin D deficiency);

» 20-30 ng/ ml (vitamin D insufficiency);

» 30-100 ng / ml (adequate level of vitamin

D);

» 100 ng / ml (excess vitamin D).

The obtained data of blood levels of vitamin
D in patients is presented in the Fig. 5.
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Fig. 4. Patients with the presence of concomitant dis-
eases, respectively, the spread of the pathological pro-
cess in the lungs (19 patients in total).
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Fig. 5. Vitamin D status in the blood of the studied
patients (total 19 patients).
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The analysis showed that 15 (79%) of the total
number of patients had a deficiency (6 patients -
32%) and insufficiency (9 patients - 47%) of vita-
min D in the blood. Two patients (11%) had a (pro-
nounced vitamin D deficiency (<10 ng/ml).

The relationship between the blood levels of
vitamin D with the volume of lung damage is pre-
sented in Table 1.
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Table 1. Vitamin D status in the blood of the studied
patients, depending on the degree of lung damage (19
patients in total)

<10 | 10-20| 20-30 |30-100| > 100
ng/ml | ng/ml | ng/ml | ng/ml | ng/ml

No lung damage (2

patients) 0 0 2 0 0
Lung damage up to
10% (7 patients) 0 4 2 0 1
Lung damage up to
30% (1 patient) 0 0 1 0 0
Lung damage up to
50% (3 patients) 0 0 2 1 0

Lung damage is more
than 50% (6 patients) | 2 2 2 0 0

Table 2. Statistical analysis results.

# 100 ng/ml (exesss vit, D)
30-100 ng'ml (ad equate leval of vitamin D)
20-30ng/ml (vitaminD defidency)

#10-20ng/ml (vitamin D deficiency)
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Number of observatrions 17
degrees of freedom 15
correlation coefficient -0,581
t-statistic 2,765
p-value 0,014

We employ statistical analysis to examine the
relation between the level of vitamin D and the
lung damage of the 19 observed patients. Due to
possible distortions, we exclude the 2 outliers with
the vitamin D level of 100 and 38.6, because they
used drugs containing vitamin D for prophylactic
purposes long before they became infected with
COVID-19. This leaves us with the population of
17 observations.

As both variables are continuous, we utilize
the Pearson correlation test. We obtain the Pearson
correlation coefficient of -0.581 (negative correla-
tion). The t-statistic of the corresponding two-
tailed test is 2.765, with the respective p-value of
0.014. As the p-value is substantially less than
0.05, we can conclude that the correlation is signif-
icant (Table2).

One patient had blood levels of vitamin D
more than 38.2 ng / ml and only one patient had the
vitamin D level > 100 ng/ml. It was noted that pa-
tients used drugs containing vitamin D for prophy-
lactic purposes long before they became infected
with COVID-19. The remaining 17 patients (89,5
% of total) had blood levels of vitamin D below 30
ng/ml (vitamin D deficiently).

Fig. 6. Vitamin D status in the blood of the studied
patients, depending on the degree of lung damage
(19 patients in total)

The patients' blood levels of vitamin D with
lung damage of more than 50% and, thus, severe
clinical course of the disease showed critically low
levels: of the six patients in this group, 2 had a
pronounced vitamin D deficiency (<10 ng/ml), and
another 2 had a vitamin D deficiency (10-20
ng/ml); the remaining 2 patients had blood levels
of vitamin D insufficiency (20-30 ng/ml) (Fig. 6).

CONCLUSION

A retrospective analysis of laboratory-con-
firmed cases of COVID-19 in our study found a re-
lationship between the blood level of 25-hy-
droxyvitamin D [25 (OH) D and the nature of the
course of COVID-19 and the development of com-
plications of the disease. Taking into account the
main cause of critical complications of COVID-19
is impaired immunity, the systemic inflammatory
response due to the “cytokine storm", and cholecal-
ciferol harmonizes the functioning of the immune
system at all its levels, it can be concluded that an
adequate level of vitamin D in the blood increases
the likelihood of a light course of COVID-19 and
its favorable outcome. According to the literature,
Vitamin D supplements are recommended for all
infected and healthy people.
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Covid-19 xastalarinin ganinda D vitaminin saviyyasinin xastaliyin qedisina tasiri
S.A. Adnayev', E.A. Mammadov?, i.M. Axundova®, H.V. Hasanov'

L «MediCluby MMC, Baki, Azarbaycan
2 Milli Idman Tibbi va Reabilitasiya EImi-Tacriiba Institutu, Baku, Azarbaycan

COVID-19 infeksiyasinin tohliikasi onun daha yiiksok yoluxdurucu qabiliyysti olmaqdadir (qripden bir
neca dofa yiiksok), uzun bir inkubasiya miiddsti (14 giine qader) v heg bir simptomu olmayan xastslaorin
infeksiya dasiyicisi olmasi ila alagalondirilir. Hal-hazirda, xastaliyin xiisusiyyatlarine dair klinik va epide-
mioloji tadgiqatlar, homginin garsisinin alinmasi va miialicasi ti¢iin yeni vasitalorin inkisafi davam edir. On
vacib profilaktik vasito antiviral immunitet sisteminin aktivlesdirilmasidir. ©dabiyyat manbolorins ssason,
insanin orqanizminda D vitaminin yetorli torkibi qrip virusuna garsi da daxil olmagla antiviral immunitet
sisteminin osaslarindan biridir. COVID-19 olan xastolords D vitamini saviyyalari ila klinik natico arasinda
statistik baximdan shomiyyatli msalumat yoxdur. Bu mogsadle COVID-19-a yoluxan xastolorin qaninda
D vitamini saviyyslarinin xasteliyin gedisine ve miialicanin naticaloring tesirini dyronmak olmusdur. La-
boratoriya torafindon tasdiglonmis COVID-19 infeksiyasi olan 19 xastonin xastalik tarixlorini tohlil etdik.
Xastalor 15.06.2020 - 15.07.2020 tarixlori arasinda «MediClub» MMC-do miialice alirdilar. «MediCluby»
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Xastoxanasi, COVIB-19 xastalorinin miialicasi tiglin «TOBIB» Azorbaycan torafindon tosdiq edilmisdir.
25-hidroksivitamin D[25(OH)D]-nin klinik tozahiirlori vo qan soviyyolori hagqinda moalumatlar xostalik
tarixlorindon oldo edilmisdir. Laborator tosdiqlonmis COVID-19 hallarmin retrospektiv analizi qanda 25-
hidroksivitamin D[25(OH)D] saviyyassi ilo koronavirus xostoliyinin gedisatini vo xastoliyin fosadlarmin
inkisafi arasindaki olago barado inamla damismaga imkan verdi. COVID-19-un kritik agirlasmalarinin
osas sobabinin toxunulmazhigin zoiflomosi vo xolekalsiferolun immunitet sisteminin isini biitiin
soviyyslorindo uygunlagdirmas: oldugunu nozors alsaq, qanda kifayst qodor D vitamini saviyyasinin
COVID-19-un miilayim gedisatini va alverisli naticasini artirdig1 qonastino golmok olar.

Agar sézlar: Koronavirus infeksiyasi, pandemiya, COVID-19, 25-hidroksivitamin D[25(OH)D], D vit-
amininin ganda saviyyasi, agciyar zadalonmasinin hacmi, proinflamatuar sitokinlar, yanagsi xastaliklor

Buinsinne ypoBus Butamuta D B kpoBu nanuentoB ¢ COVID-19 na teyenue 60J1e3u1
A/HaeB C.Al., D.A. MaMeHOBZ, I/I.M.AxszwBaz, X.B. 'acanos’

Y000 «MediCluby, Baxky, Asepbaiioscan
zHauuonaﬂwaﬁ HAYYHO-NPAKMUYECKUI UHCIMUMYM CROPMUBHOU MEOUYUHbL U PEeaOUIUMAYUL,
baxy, Azepbaiiosncan

Omnacnocts 3apaxenust COVID-19 3aknrodaercs B ero 6oJiee BRICOKOH KOHTarnO3HOCTH (B HECKOIBKO pa3
BBIIIE, YEM Yy TPHUIINA), JTUTEIHPHOM MHKYOAlMOHHOM miepuoje (o 14 mHeil) U OCIOXKHIETCS TeM, YTO
MaIUEHTHl 0e3 KaKuX-JIMOO CUMIITOMOB SIBJISIFOTCSL HOCUTENsIMH HH(peKuun. B HacTosee Bpemst mpoioi-
JKAIOTCS KITMHUKO-3TUAEMHUOIOTHIECKUE UCCIIEIOBAaHMS XapaKTEPUCTHK 3a00JIeBaHMs, a TAKXKE pa3paboTKa
HOBBIX CPEACTB €ro NpouIakTuku u jedeHus. CaMblii BaKHBIH MPO(HUIAKTHYECKUNH pecypc — 3TO
aKTUBANUS TPOTUBOBUPYCHOM BpPOXKIEHHOH MMMYHHOU cucTeMbl. Onupasich Ha JUTEpaTypHbIC JaHHBIC,
OCTaTOYHOE KOJM4YecTBO BUTaMHHAa D - omHa M3 OCHOB NMPOTHBOBHPYCHOH MMMYHHOH CHCTEMBI, B TOM
YHcJie IPOTUB BUpYyca rpumnma. KinnHuuecKuX UCIbITaHuH 1151 ONPEIeIEH s B3aUMOCBSI3U MEXy YPOBHEM
BuTamMuHa D B KpoBHM M KIMHHYeCKHM ucxonoM y mamuentoB ¢ COVID-19 we npoBoamiock. M3ydeHo
BJIMSHUE YPOBHsI BUTaMuHa D B kpoBu manuenTtoB, nHpuuupoBanHeix COVID-19, Ha Teuenue 3abome-
BaHUs M ucxon JeueHus. IlpoananusupoBansl uctopun Oone3Hu 19 mnamueHToB ¢ jabopaTtopHO
noareepkaeHnoi mHMeknunerr COVID-19. Tlanmentsr mpoxomunu jeuenre B OO0 «MediCluby ¢
15.06.2020 o 15.07.2020. T'ocriutane «MediClub» 611 0n106pen « TABIB»A3ep0Oaitmkan st nedeHust
naneaToB ¢ COVID-19. JlaHHble O KIMHHYECKUX MPOSBICHHUSIX WM YPOBHIX THIAPOKCHBUTAMHHA
D[25(OH)D] B kpoBu ObUTH TOJyYECHBI M3 HUCTOPHi OOJIe3HH. PeTpOCTIEKTHBHBIN aHAIHM3 J1aDOPaTOPHO
noareepxkaeHHbIX ciydaeB COVID-19 mozBonmwil ¢ yBEepEeHHOCTHIO TOBOPHTH O B3aMMOCBSI3H MEXTY
ypoBHeM 25-ruapokcuutamuia D [25(OH)D] B kpoBu, xapakrepom Tedenuss COVID-19 u passutunem
OCJIO)KHEHUH OOJe3HH. YUHUTHIBas, YTO OCHOBHOW NPUYMHOW KpHUTHUecKuxX ocnoxHeHuit COVID-19
SBIISICTCSl HAPYIICHNE UMMYHHTETA, & XOJIEKaIbIU(PEPOT TApMOHH3UPYET pab0Ty UMMYHHOU CHCTEMBI Ha
BCEX €€ YPOBHSX, MOKHO CJIeJIaTh BBIBOJ, YTO aJIeKBAaTHBIM ypoBeHb BUTaMuHa D B KpoBH yBennuuBaer
BeposATHOCTE Jierkoro Tedennss COVID-19 u ero 6iaronpusiTHBIN UCXO]T.

Knrouesvie cnosa: Koponasupycnas ungpexyus, nanoemusi, COVID-19, 25-cuopoxcusumamun D[25(OH)D],

YPO6€EHb 6UMAMUHA D s Kpoeu, 0bvem nopasiCeHus JjecKux, npoeocnajiumeilbHble YUMmOKUHbL,
conymcecmeyroujue 3abo1e8anus
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The world is concerned about the COVID-19 pandemic. An active search is underway for ways to
combat this threat. Invasions of plants and animals can be carriers of pathogens, themselves cause
diseases and allergic reactions in humans. In recent decades, there has been an increase in their ac-
tivity. The main reasons are intensive trade, population displacement and climate impacts. Once in
a new environment, invasive species can multiply in large numbers. The researchers note that data
on the early phases of invasions are extremely useful for understanding and predicting their distri-
bution around the world. The identification of new alien species and the subsequent study of their
influence on humans is one of the ways to combat their negative influences. Alien insects, birds, mam-
mals, fungi and plants can become one of the reasons for the transfer of the pandemic, and their
spread leads to its globalization. In Azerbaijan, in the study of invasions, as in the world, attention is
paid to the problem of identification and registration of invasive species. This article presents some
data on invasive plant species: the species that negatively affect human life are indicated, a compar-
ative analysis of the content of the invasive fraction is carried out in the botanical- geographical re-
gions of Azerbaijan.

Keywords: Invasions and COVID-19, invasive flora of Azerbaijan, methods of investigating invasions, the

impact of invasions on humans

INTRODUCTION

Currently, we are living in a completely unu-
sual regime associated with the worldwide spread
of the COVID-19 disease, which has received the
status of a pandemic. The problem of assessing and
predicting the consequences of global invasions of
alien species of flora and fauna in recent years and
especially in 2020 comes to the fore (Palmer and
Nursey-Bray, 2007; CBD Strategic Plan for Biodi-
versity 2011-2020, 2011). The decrease in the spe-
cies diversity of ecosystems is due to the high com-
petitiveness of invasions in comparison with local
species (Van Kleunen et al., 2015). By occupying
ecological niches and actively using soil minerals,
changing light and water regimes they leave less
resources for aboriginal species (Kunte, 2008;
Hulme and Bremner, 2006). The growing activity
of alien species is recognized not only as one of the
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factors of biodiversity loss, transformation of nat-
ural ecosystems, but also a threat to human health
(Dyer et al., 2017; Pimental et al., 2001).
According to scientists, invasive insects,
birds, mammals, fungi and plants are considered to
be a special risk group in the transfer of diseases
that threaten humans (Bertelsmeier and Olliver,
2020). It is expected that in the future arbovirus in-
fections can be activated — carriers of which are ar-
thropods, transmitting agents from host animals
(e.g., birds), directly to humans (Weaver and Rei-
sen, 2009). The animal world does not exist in iso-
lation from the plant world. Therefore, in this
chain, most likely, plants will be involved or pos-
sibly already involved - as vectors or as intermedi-
ate hosts. The scientific community has made pro-
gress in developing large checklists and databases
on invasive species, for example, Delivering Alien
Invasive Species Inventories for Europe (DAISIE),
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European Commission 2010, Global Invasive Spe-
cies Database (GISD), IUCN, 2020, Global Regis-
ter of Introduced and Invasive Species (GRIIS)
IUCN, 2006], which allow researchers to map
large-scale patterns of their intercontinental, inter-
regional distribution (Turbelin et al., 2017).

The reduction of species diversity in the eco-
system leads to a high degree of competitiveness of
the invasion by comparison with local species
(Callaway and Aschchoug, 2000). According to
the degree of exposure, alien species are classified
into a number of groups, among which the most
aggressive species are considered - transformes,
which are able to change ecosystems in a signifi-
cant area (Rémanek et al., 2005). By occupying
ecological niches and actively using soil minerals,
changing light and water regimes, affecting alle-
lopathically (Hierro and Callaway, 2003), etc., they
leave less resources for aboriginal species. As a re-
sult, communities dominated by alien plants may in-
clude fewer native species. Among the invasive
plants, there are species that have a negative effect
on the human body (Fig. 1, a, b). In particular, in
some regions of Azerbaijan there are Ambrosia ar-
temisiifolia L., Ailanthus altissima (Mill.) Swingle,
Euphorbia humifusa Schlecht., Euphorbia maculata
L.causing allergic reactions in humans.

Invasive and expansive species Ailanthus al-
tissima is observed in all regions of Azerbaijan, in-

cluding coastal areas. There are also invasive spe-
cies Xanthium strumarium L., X. spinozumL., Am-
aranthus retroflexus L., Chenopodium album L.,
Coniza canadensis L. and etc. which play a domi-
nant role in vegetation. Species- Acalypha austra-
lis L., Erigeron annuus (L.) Pers. which are rapidly
spreading in certain localities have been also deter-
mined. New alien species Oenothera odorata
Jacqg.has been also identified for the flora of Azer-
baijan (Abdiyeva et al., 2020).

Currently, there are a number of approaches
and directions in the study of invasive species -
identification of the mechanisms of their introduc-
tion and distribution, the study of biological, phy-
tocenotic features, allelopathic influences; genetic
and genomic approaches, as well as the ecological
approach to studying the activity of invasions in
connection with climatic changes, the search for
natural enemies - phytophagan and vice versa, var-
ious microorganisms and fungi that are in symbio-
sis with alien plants, etc. are also developing .

The main methods of studying invasions in-
clude an effective strategy for controlling invasive
species, including the creation of various databases
(DAISIE), ecological and geographical modeling
of invasion niches, allowing for high-precision de-
termination of their distribution, predicting the
state and further spread of invasions by computer
modeling methods using involvement of GIS tech-
nologies.

Fig. 1. (a) Ailanthus altissima; (b) Ambrosia artemisiifolia.
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Fig. 3. The ratio of the fractions of the alien flora in the botanical-geographical regions of Azerbaijan.

At present, the Institute of Botany of ANAS,
taking into account the above-mentioned ap-
proaches and methods, is conducting special stud-
ies of invasive plant species in Azerbaijan - a pre-
liminary “black list” of these species has been
drawn up, numbering 64 species belonging to 22
families and 46 genera (Abdiyeva, 2018), which
will most likely be replenished as our research ex-
pands. Established the distribution of alien flora is
subject to vertical zoning. The optimal height for
the growth of invasions is in the range of 100-600
(700) ma.s.l. (Fig.2). Studies show that the species
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diversity of plants and the territories of their natu-
ral habitats are increasingly subject to global cli-
mate change and anthropogenic impact. As a re-
sult, there is a change in the structure of the vege-
tation cover and its fragmentation, as well as a de-
crease in the number of populations of most char-
acteristic species and a progressive activity of alien
plants entering into interspecific competition with
native plants.

At the same time, the key places of localiza-
tion of invasive plants are areas with the cultivation
of cotton, tea, rice and tobacco. This is the central
part of the Kura - Araz lowland, the Lankaran
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group of districts, as well as the northern regions of
the country (Fig. 3). The Institute has begun mod-
eling the geographical limits of the spread of inva-
sive plant species on the territory of Azerbaijan due
to climate change.
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Galacak pandemiyanin tahliikasindon invaziv névlorinin arasdirilmasinin shamiyyati:
Azarbaycanda invaziv bitki novlarinin 6yranilmasi

R.T. Abdyeva

AMEA-nn Botanika Institutu, Baki, Azarbaycan

Diinya COVID-19 naticasinda yaranan pandemiyadan olduqca narahatdir. Bu tahliika ilo miibariza yollar
ticiin foal ¢ixis yollar1 axtarilir. Bitki vo heyvanlarin invaziyasi xastsliklorin yaranmasinin dasiyicilari ola
bilar va ya 6zlari insanlarda xastaliklora vo allergik reaksiyalara sabab olur. Son onilliklords onlarin siiratli
arttmi miisahido edilir. Buna osas sobablor - intensiv ticarat, ohalinin yerdayismasi vo iglimo olan tasir
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hesab oluna bilar. Yeni bir yasama miihitinds invaziv névler ¢oxlu sayda arta bilorlor. Alimlar torafindon
geyd olunur ki, invaziyanin ilkin morhslslorinde toplanilan mslumatlar, onlarin diinyada yayilmasinin
tadqiqinda va prognozlasdiriimasinda olduqca zoruridir. Yeni yad névlarin miiayyanlogdirilmasi va onlarin
insanlara tesirinin tadqiqi onlarin monfi tasirlori ilo miibariza yollarindan biridir. Yad hageratlar, quslar,
momoalilar, gébaloklar va bitkilar globallagsmanin bir naticasidir vo COVID-19 pandemiyasi kimi global bir
hall talob edir. Diinyada oldugu kimi, Azarbaycanda da invaziyalarin todqiqi baximindan invaziv ndvlarin
problemins olduqca diqqot yetirilir.

Acgar sozlor: Invaziyalar va COVID-19, Azarbaycanmin invaziv florasi, invaziv noviarinin oyranilmasi
metodlari, invaziv novlorin insanlara tasiri

Ba:kHocTh Hcc/ie10BaHUSI HHBA3MBHBIX BUIOB OT YIPO3bl NAHAEeMUI B OyayleM: u3yueHue
HHBA3MBHLIX BU/IOB PacTeHUil B A3ep0aiimkane

P.T. AoabieBa
Unemumym 6omanuxu HAH Azepbatioocana, baxy, Azepbatioscan

Mup obecniokoer nanaemueii, BeizBanHoit COVID-19. B HacTositee Bpemsi TPOBOJAUTCS aKTUBHBIN MTOMCK
nyTeit 60pb0BI ¢ 3TOH yrpo3oil. IHBa3WBHBIE PACTEHHS M JKUBOTHBIE MOTYT SIBIISITHCS TEPEHOCUMKAMH
B030ynuTesel 3a001eBaHui, a TAK)KE CaMHU BbI3bIBATh 3200JIEBaHUS M AJUIEPTUUECKUE PEaKIMH Y YEeTIOBEKa.
B mocnennue pecatuneTnss HaOMIOAAETCS POCT UX aKTMBHOCTH. OCHOBHbBIC NPHYUHBI - WHTEHCHBHAS
TOPTOBJIA, TIEpEMEIICHUE HACENICHHS U BO3/eiicTBUE Ha KiuMaT. OKa3aBIINCh B HOBOW Cpefic MHBAa3UBHEIC
BUBI, MOTYT Pa3MHOaTbCs B OONBLINX KOJUUeCcTBax. VccnenoBarenu 0TMEYaroT, YTO JaHHBIE O PAHHUX
(azax BTOp)KEHHUSI MHBA3UH 4YPE3BBIYAWHO IOJIE3HBI AJSl TOHMMAHUS M MPOrHO3MPOBAHUS MX PaCIpo-
CTpaHEHUs 10 BceMy MUpY. BrisiBiieHHe HOBBIX 3aHOCHBIX BHJOB U MOCIEAYIONIEEe N3YUSHUE MX BIIHSIHUS
Ha YeJIOBEKa SIBIISIETCS OJJHUM M3 MyTei OOPbOBI C X HEraTUBHBIMH BIMSAHUSAMH. 3aHOCHBIE HACEKOMBEIE,
NTHILBI, MJIIEKOTIUTAIOIINE, TPHOBI U paCTEHUsI ABJISIFOTCS PE3YJIBTATOM INI00AIN3ALMK U TPEOYIOT TI00ab-
HBIX OTBETHBIX Mep, kak 1 manaemus COVID-19. B AzepOaiimkane, Kak U BO BCEM MHpE, 00JIbIIIOe BHUMA-
HUE ylleNnseTcst MpobaeMe 3aHOCHBIX BUJIOB C TOUKU 3PEHUS U3YUEHHS UHBA3H.

Knrouesvie cnosa: Hnsasuu u COVID-19, unsasusnas ¢ropa Azepbatioscana, memoost uccie008aHus
UHBA3UL, 6IUAHUE UHBA3UL HA Yel08eKd
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A novel coronavirus named ¢“2019-nCoV”’, has been causing the deadliest pandemic in late 2019 and
early 2020. This novel virus was defined as the coronavirus disease 2019 (COVID-19) by the World
Health Organization (WHO). Diseases have afflicted humans ever since there have been human be-
ings. From AD 541 to 542, the global pandemic known as “the Plague of Justinian” is one of the worst
pandemics in the world and is estimated to have killed 15-25% of the world’s 200 million population.
Today we are battling to control and prevent the spread of COVID-19. Coronavirus has the potential
to cause the deadliest pandemic in human history. The number of cases of COVID-19 outside China
has drastically grown up since 16™ March, 2020. On 28 February, 2020 Azerbaijan has confirmed
first positive case of COVID-19 within its border. The patient, a Russian national, had traveled
from Iran to Azerbaijan. On 31 October, 2020 the total number of confirmed coronavirus cases is
55.269 in Azerbaijan. In this paper, we conduct mathematical and numerical analyses of COVID-19.
We have applied the SIR model considering data from Azerbaijan. Assuming the published data are
reliable, the SIR model can be applied to assess the spread of the COVID-19 disease and predict the
number of infected, removed and recovered populations and deaths in the communities, accommo-

dating at the same time possible surges in the number of susceptible individuals.

Keywords: COVID-19, SIR, mathematical model, simulation, susceptible, infected, recovered

INTRODUCTION

Due to the comparable transmissibility as se-
vere acute respiratory syndrome coronavirus
(SARS-CoV) in 2003, since the first case of corona
virus disease 2019 (COVID-19) was reported in
Wuhan city of China in late December 2019, it
quickly spread to 24 countries in 4 continents
around the world in less than two months. On Jan-
uary 30, the World Health Organization (WHO)
declared this fast-growing outbreak of COVID-19
as a Public Health Emergency of International
Concern (PHEIC) (Tang et al., 2020).

COVID-19 has spread rapidly worldwide, and
World Health Organization (WHO) has increased
the assessment of the risk of spread and risk of im-
pact of COVID-19 to very high at the global level

doi.org/10.29228/jlsb.70
Available online 25 December 2020

and has labeled it as a “pandemic”. Therefore, it
becomes necessary to develop and use the mathe-
matical approach to study the pathogenesis of this
virus in humans.

Daily updated data of COVID-19 in countries
outside China were collected from the coronavirus
disease (COVID-2019) situation reports released
by WHO (Wu et al., 2020a).

Due to the continuous public health interven-
tions adopted in China and other countries outside
China, the transmission model of COVID-19
would change all the time until it arrived at a rela-
tively stable status (Wu et al., 2020b). Therefore,
the time-varying SIR models were developed
based on the daily increased case number and were
used to calculate the infection parameters of the
COVID-109.
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MATERIALS AND METHODS

In the typical mathematical model of infec-
tious disease, one often simplify the virus-host in-
teraction and the evolution of an epidemic into a
few basic disease states. One of the simplest math-
ematical models of disease spread is SIR (Suscep-
tibles, Infectives, Removed) model (Tang et al.,
2020). It splits the population into three basic cate-
gories according to disease status.

People who have not yet had the disease are
labelled “susceptibles”. Everyone is assumed to be

born susceptible and they capable of being in-
fected.

Those who have infected the disease and are
capable of passing it to susceptibles are the “infec-
tives”. The third group are euphemistically referred
to as the “removed” class. These are the people
who have had the disease and recovered or those
who have died. This is referred to as the SIR model.
SIR model can provide information for how to pre-
vent diseases spreading.
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Fig. 2. Total coronavirus cases in Azerbaijan.




In the traditional SIR model, it has two time-
invariant variables: the transmission rate and the
recovering rate (Kraemer et al., 2020). The trans-
mission rate means that each individual has on av-
erage contacts with randomly chosen others per
unit time (Nishiura et al., 2020). On the other hand,
the recovering rate indicates that individuals in the
infected state get recovered or die at a fixed aver-
age rate. This assumption is too simple to precisely
and effectively predict the trend of the disease.

ds
dl
drR
Ezﬂ 3

Therefore, we propose the time-dependent
SIR model, where both the transmission rate and
the recovering rate are functions of time t
(Wangping et al., 2020). Such a time-dependent
SIR model is much better to track the disease
spread, control, and predict the future trend (Tang
et al., 2020).

As in the classical SIR model, S(t), I(t), R(t)
represented the number of susceptible, infectious,
and recovered people respectively at time t in the
population size of N (Scarpino and Petri, 2019). To
model the dynamics of the outbreak we need three
differential equations, one for the change in each
group, where 3 and y represented the probability of
a susceptible-infected contact resulting in a new in-
fection and the probability of an infected case re-
covering and moving into the resistant phase, re-
spectively (Chinazzi et al., 2020).

In these equations, the parameters  (the in-
fection rate) and y (the recovery or removal rate of
infectives) (Wu et al., 2020) are constants: § con-
trols the transition between S and I, equation (1),
while y controls the transition between I and R,
equation (3) (Ridiger et al., 2020). From a dimen-
sional point of view, assigning no units to S, I, R,
and N the parameters B and y have units of inverse
of time (measured typically in days, weeks or
months in epidemiological records) (Kucharski et
al., 2020).

Notice that equation (1) expresses the interac-
tion between S and | (at time t) as the product Sl

A time-dependent SIR model for COVID-19 in Azerbaijan

and that a fraction of this product are the individu-
als that at time t becomes infected and removed
from S (which, because of the negative sign in
equation (1), decreases as time increases from
zero) (Yang et al., 2020). This interaction in the
form of the product SI makes difficult to determine
the parameter p from observed epidemiological
data. On the other hand, from equation (3), the in-
verse of the parameter (y) gives a measure of the
time spent by individuals in the infectious state
(Fanelli and Piazza, 2020). Consequently, by care-
fully observing the development of an infectious
disease, the parameter y can be estimated relatively
precisely by epidemiologists from epidemiological
records (as the inverse of the recovered or infec-
tious period) (Hethcote, 2009).

Beta is the infection rate of the pathogen, and
gamma is the recovery rate. They are real, positive,
parameters of the initial exponential growth and final
exponential decay of the infected population |
(Giordano et al., 2020). Together, these two values
give the basic reproduction number Ro. Basic repro-
duction number (Ro) is avarage number of people
who will catch the disease from single infected per-
son. If the Rovalue is greater than one, the infection
rate is greater than the recovery rate, and thus the in-
fection will grow throughout the population (Jung et
al., 2020). If Ry is less than one, the infection quickly
will die out since people are healing faster than they
are spreading it. Basic reproduction number (Ro) for
COVID-19is1.4-5.7.
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Fig. 3. Simulation of the SIR model of the spread of a
disease in Azerbaijan.
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Based on these assumptions and concepts, the
rates of change of the three populations are gov-
erned by the following equation of SIR, what con-
stitutes the SIR model used in this study (Backer et
al., 2020).

From the simulation of the SIR model, the
first day starts with only one infected person then
the infection rate in the simulation increases expo-
nentially with the increasing number of new in-
fected people.

CONCLUSION

The rate of increase in the number of infec-
tions depends on the product of the number of in-
fected and susceptible individuals. An understand-
ing of the SIR simulation explains the staggering
increase in the infection rate in the Azerbaijan. In-
fected people traveling different parts of the Azer-
baijan and has led to the increase in infected num-
bers and this results in a further increase in the sus-
ceptible population. This gives rise to a positive
feedback loop leading to a very rapid rise in the
number of active infected cases.

Thus, during this period, the number of sus-
ceptible individuals increases and as a result, the
number of infected individuals increases as well.
For example, as of 19 May, 2020, there were 3518
infected individuals and by 31 October, 2020, this
number had grown to a staggering 55,2609.

Here, we have applied the SIR model consid-
ering data from Azerbaijan. Assuming the pub-
lished data are reliable, the SIR model can be ap-
plied to assess the spread of the COVID-19 disease
and predict the number of infected, removed and
recovered populations and deaths in the communi-
ties, accommodating at the same time possible
surges in the number of susceptible individuals.

The countries in the world took extreme ac-
tions with closures, confinement, social distancing,
and people wearing masks. This type of action pro-
duces a decline in the number of infections and sus-
ceptible individuals. If the number of susceptible
individuals does not decrease, then the number of
infections just gets increased rapidly.

As at this moment, there is no effective vac-
cine developed, the only way to reduce the number
of infections is to reduce the number of individuals
that are susceptible to the disease. Consequently,
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the rate of infection tends to zero only if the sus-
ceptible population goes to zero.
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COVID-19-un Azarbaycanda zamandan asih SIR modeli
R.I. Xalilov %, G.O. Aslanova ?

! Baki Déviat Universitetinin Biofizika va biokimya kafedrasi, Baki, Azarbaycan
2 Baki Déviat Universitetinin Molekulyar biologiya va biotexnologiyalar kafedras: Baki, Azarbaycan

“2019-nCoV” adlanan yeni bir koronavirus 2019-cu ilin sonu va 2020-ci ilin avvallorinds an 6liimciil pan-
demiyaya sobab olur. Eramizdan oavval 541-542 arasinda "Justinianin taunu" olaraq bilinan global pandem-
iya diinyanin on pis pandemiyasindan biridir vo diinyanin 200 milyon shalisinin 15-25% -ni 6ldiirdiiyii
toxmin edilir. Bu giin COVID-19-un yayilmasinin garsisin1 almaq ti¢lin miibarizo aparirig. Koronavirus
insanliq tarixinds an 6liimciil pandemiyaya sobab ola bilar. Cin xaricinds COVID-19 hadisslarinin say1 16
Mart 2020-ci ilden bari kaskin sokilds artmisdir. 28 fevral 2020-ci ildo Azarbaycan, sarhadinds ilk miisbot
COVID-19 hadisasini tosdiglodi. Rusiya votondast olan xosto irandan Azorbaycana soyahot etmisdi. 31
oktyabr 2020-ci il tarixdo Azorbaycanda tosdiglonmis koronaviriis hadisalorinin timumi say1 55269-dur. Bu
maqgalode COVID-19-un riyazi vo adadi analizlorini apaririq. Azsrbaycandan alinan mslumatlari nazors
alaraq SIR modelini totbiq etdik. Nosr olunan molumatlarin etibarli oldugunu diisiindiikda, SIR modeli
COVID-19 xastaliyinin yayilmasini proqnozlagdirmagq ti¢iin tatbiq oluna bilor.

Acar sézlar: COVID-19, SIR, riyazi model, simulyasiya, hassaslar, yoluxmuslar, barpa olunmuslar

BpemszaBucumas mogens SIR COVID-19 B Azepoaiinxane
P.}. Xammios' , I'.A. AcianoBa’

' Kagpeopa buogpusuru u Guoxumuu Bakunckozo 20cy0apcmeeniozo yuueepcumema ,
baxy, Azepbaiioncan
2 Kagedpa monexynapnoii uonocuu u Guomexronozuii Bakunckozo 20¢yoapcmeenio2o
yrusepcumema, baxy, Azepbatiocan

Hogelit kopoHaBupyc, HazBaHHEIH «2019-nCoV», BEI3Bal caMyt0 CMEPTOHOCHYIO TTaHeMuto B KoHIle 2019
- Hagyasne 2020 ronma. DTOT HOBBIN BUpYC onpexaeieH BeemupHoli opranuzanueit 3apaBooxpanenus (BO3)
Kak KopoHaBupycHoe 3abojieBanue 2019 roga (COVID-19). bone3nu mnopaxaroT JI0JIeH CO BPEMEH HX
nosiesienns. C 541 o 542 roawl Hale 3pbl ri1o0ajabHas MaHAeMus, u3BecTHas kak «Uyma FKOctunuanay,
ObuIa OTHOW M3 CaMbIX CTpAIHBIX HaHJAEMUH U, N0 OLEHKaM, yHecsa xu3Hu 15-25% 200-muminonHOro
HaceneHus: Mupa. CeroaHs Mel BeJieM 00pb0y 3a KOHTPOJIb ¥ IipeAoTBpalleHue pacipocrpanenus COVID-
19. KopoHaBupyc MOXKET BBI3BaTh CAMyI) CMEPTOHOCHYIO MAaHIEMHUIO B HCTOPHU dejoBedecTBa. Yucio
ciyqaeB COVID-19 3a npenenamu Kutast pe3ko Beipocio ¢ 16 mapra 2020 roga. 28 despans 2020 roga
Ha Tepputopun A3epOaiikaHe ObLT BBISIBJICH U TOATBEPIKICH TIEPBbIi MOJIOKUTENbHBIN ciydair COVID-
19. ManuenToMm okazascs rpaxkaanud Poccun, npuexasumid u3 Mpana B AzepOaiimkan. Ha 31 oktsa0ps
2020 roma oOIiiee YUCIO MOATBEPIKICHHBIX ClydacB KOpoHaBupyca B AsepOaiipkaHe cocTtaBuio 55269
4enoBek. B 3Toii craThe MBI POBOIMM MaTeMaTHYECKHI W YMCIICHHBIN aHau3 pactipoctpanenus COVID-
19. Mb1 npumennin mozenb SIR ¢ yuerom manHbIX M3 AszepOaiimkana. Ilpeanonaras, uro omyOinko-
BaHHbBIC JAHHbBIE HAZECKHBI, MOZIENb SIR MoXeT ObITh IPUMEHEHA [T OLICHKU PacHpoCTpaHeHHus OO0JIe3HH
COVID-19 u nporao3upoBaHus pe3ybTara.

Kntouesvie cnosea: COVID-19, SIR, mamemamuuecxas moodenn, cumynayus, 4yecmeumenvHolil, UH@U-
YUPOBAHHDLIL, BOCCMAHOBTICHHbLIL
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