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BACKGROUND: Syrian hamsters are the most sensitive model for studying the pathogenesis of a new coronavirus infec-
tion and testing prophylactic and therapeutic drugs against SARS-CoV-2. Accordingly, it is important to identify pathomor-
phological indicators of tissue damage in coronavirus-infected animals, which would correlate with the severity of the disease.

AIM: Comprehensive assessment of the pathogenicity of SARS-CoV-2 viruses of B.1 and B.1.167.2 lineages on the
model of Syrian hamsters to identify the most sensitive criteria that correlate with the clinical manifestation of the disease.

MATERIALS AND METHODS: Intranasal infection of animals with SARS-CoV-2, followed by the assessment of the clin-
ical picture of the disease and detailed pathomorphological studies of various organs collected on the 5 day after infection.

RESULTS: The SARS-CoV-2 Delta virus (B.1.617.2) was shown to be less pathogenic for Syrian hamsters compared
to the ancestral strain that circulated during the first wave of the COVID-19 pandemic (B.1). The histopathological
characterization of lung tissue sections of infected animals revealed the most sensitive morphometric indicator that cor-
relates with the severity of SARS-CoV-2-induced pathology, namely, the alveolar wall thickness.

CONCLUSIONS: The use of the alveolar thickness indicator makes it possible to determine even slight differences in
the severity of virus-induced pathology in the Syrian hamster model, which can be critical in the preclinical evaluation
of prophylactic and therapeutic drugs for COVID-19.
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Oébocnosanue. Cupuiickue XoMsIKM — HauOoJsee aJeKBaTHasi MOJEJb Uil U3yYeHUsl TaTOoreHe3a HOBOM KOPOHaBUPYC-
HOU MH(EeKIMU U TeCTUPOBAHUS MPOMUIAKTUYECKUX U TeparneBTUYeckux mpernapatoB oT SARS-CoV-2, Tak kak oHU
OTJINYAIOTCST BBICOKOW YYBCTBUTEIBHOCTHIO K 3apaXKEHHUIO 3TUM BUPYCOM. TakuMm 00pa3oM, aHATN3 KOPPEISIINHT TSIKEeCTH
3a00JieBaHUS C MAaTOMOP(MOIOrMYEeCKUMU MTPU3HAKAMU MOPaKeHUsI TKaHell XXMBOTHBIX OTKPHIBAET HOBbIE BO3MOXHOCTHU
IUTST OIICHKM JIEKApCTBEHHBIX CPEACTB B TOKJIMHMUYECKOM IPAKTUKE.

Ileab cmamvu — KOMIUIEKCHAsI OlleHKa matoreHHocTd BupycoB SARS-CoV-2 nunuit B.1 u B.1.167.2 Ha Monenu
CHUPUICKUX XOMSIKOB UISI BBISIBIIEHUSI HauOoJiee YyBCTBUTEIbHBIX KPUTEPUEB, KOPPETUPYIOIINX C KIMHUYECKON KapTu-
HoOIi 3a00yieBaHMSI.

Mamepuaavt u memoodst. UIHTpaHa3aIbHOE 3apakeHNe XXMBOTHBIX BUPYCAMM C TTOCIIEAYIONIEH OIIEHKON KIMHUYEeCKOM
KapTUHBI 3a00JIeBaHUS U NETATBHBIM MATOMOPGhOIOTUIECKUM WCCIENOBAHNUEM DPA3IMIHBIX OPTaHOB, M3BJIEUYEHHBIX Ha
5-e CYTKM mocje 3apaxkKeHMUsl.

Pesyavmamot. TlokazaHo, uto Bupyc SARS-CoV-2 BapuanTa [densra (B.1.617.2) oTimyaercst MeHBIIIEH TaTOTEHHOCTBIO
10 CPaBHEHMIO C MCXOAHBIM InTamMMmoM B.1 mepBoit BoiaHbl manaemun COVID-19. KommiekcHoe MophoMeTpruiecKoe
U TUCTOJIOTMUECKOE MCCIIeOBaHUE TKAHEH JIETKUX 3apa’keHHBIX XUBOTHBIX BBISIBUJIO HanboJiee YyBCTBUTEIbHBIH MOp-
¢doMeTpUUecKMii MoKa3aTesb, OTPaXKaloluii cTereHb BoipaxkeHHOCTH SARS-CoV-2-uHayuupoBaHHON NMaTOJOIMU — TOJI-
IUHY MEXaJIbBEOJIIPHBIX TIEPErOPOIOK.

3akarouenue. VizMeHeHVe TOMIMHBI MEXATbBEOSIPHBIX TIEPETOPOIOK MTO3BOJISIET OTIPEAETUTH 1aXe HEe3HAUUTEIbHbIE
pa3nuuMs B CTETIEHU BBIPAXXEHHOCTU BUPYCUHAYLIMPOBAHHON MAaTOJIOTUU Y CUPUICKHUX XOMSIKOB, UTO MOXET OKa3aTbCs
KPUTUYECKUM TPU TOKJIMHUYECKOM HccienoBaHuu mnpenaparoB or COVID-19.

Kmouessie cioBa: kopoHaBupyc; SARS-CoV-2; cupuiickue XoMsIKH; MaToMOpdOIOTHus; TaTOJOTHS JETKUX; Mopdo-
METpHUSI.

List of abbreviations
PBS, phosphate-buffered saline; MLI, mean linear interval.
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Background

Severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2), first identified in humans at the
end of 2019 [1], caused a coronavirus disease 2019
(COVID-19) pandemic that has claimed the lives
of more than 6 million people so far [2]. Soon af-
ter the identification of the pathogen, large-scale
studies of the pathogenesis of the infectious process
were started, including work on the creation of ef-
fective and safe therapeutic and prophylactic drugs.
In addition to key virological techniques in vitro
and ex vivo, studies using animal models have en-
abled assessment of the physiological significance of
established links in pathogenesis [3]. Thus, it be-
came necessary to identify infection-sensitive labo-
ratory animals that can most accurately reproduce
the clinical and laboratory presentation of human
coronavirus infection.

Numerous experiments have demonstrated that
Syrian hamsters represent as the optimal experi-
mental model of SARS-CoV-2 infection for the
preclinical assessment of the activities of antiviral
drugs and vaccine candidates. This is primarily due
to the ability of the desired coronavirus strains to
replicate in the epithelium of the respiratory tract
of hamsters, inducing lung damage characteristic of
COVID-19 [3-7].

According to literature data, the assessment of the
pathogenicity of SARS-CoV-2 variants in the Syrian
hamster model is limited to monitoring changes in
animal body weight, determining the viral load in
respiratory organs, and assessing pathomorphologi-
cal changes in lung tissues at baseline, expressed as
a total score [7-9].

SARS-CoV-2 strains belonging to different gene-
tic lineages can differ significantly in their ability to
cause clinical symptoms and pathological changes in
the respiratory tract in Syrian hamsters [10, 11]. This
aspect can be used as the basis for determining the
most sensitive morphometric criterion for assessing
viral pathology. In the future, these indicators may
be used to assess the efficiency of vaccines and thera-
peutic drugs.

This study aimed to identify the most sensitive
morphological criteria for a comprehensive assess-
ment of the pathogenicity of SARS-CoV-2 lines B.1
and B.1.167.2 in Syrian hamsters.

Materials and methods

SARS-CoV-2 strains isolated from COVID-19
in St. Petersburg were obtained from the collec-
tion of the Smorodintsev Research Institute of
Influenza (St. Petersburg, Russia). We used the

original SARS-CoV-2 B.1 strain circulating during
the first wave of the pandemic at the beginning
of 2020 (Accession no. in the GISAID database:
EPI_ISL 415710) and the B.1.617.2 strain (Delta,
GISAID: EPI_ISL 1789542) that appeared in 2021.
SARS-CoV-2 isolates were accumulated on Vero
cells (ATCC CCL-81) cultured in Dulbecco’s modi-
fied Eagles medium (DMEM) supplemented with
2% fetal bovine serum (FBS), 1x antimycotic anti-
biotic, and 10 mM HEPES (all components manu-
factured by Gibco, USA) [DMEM/FBS] at 37°C, in
an atmosphere of 5% CO, [12]. Cells were infected
with viruses at a multiplicity of infection of 0.005 or
0.01 for strains B.1 and B.1.617.2, respectively [13].
After 72 h of incubation, the supernatant was col-
lected, centrifuged at 2000 g for 15 min, aliquoted,
and stored at —70°C.

Infectious titers of SARS-CoV-2 were deter-
mined by titrating the virus-containing fluid on
96-well plates seeded with Vero-CCLS81 cells, and
the 50% tissue culture infectious dose (TCIDs)
was calculated. Tenfold dilutions of the virus pre-
pared in DMEM/FBS medium were added to the
wells and incubated at 37°C and 5% CO, for 72 h.
Virus-infected wells were determined visually by the
presence of a cytopathic effect. Infectious titer was
calculated according to the Reed—Muench method,
expressed as log,, TCID,,/mL [14]. All procedures
with live SARS-CoV-2 isolates were performed in
a BSL-3 biosafety level laboratory.

Golden Syrian hamsters (Mesocricetus auratus)
were purchased from the nursery of the Scientific
Center for Biomedical Technologies of the Federal
Medical and Biological Agency, Stolbovaya branch.
The animals were kept under standard laboratory
vivarium conditions, with free access to food and
water. The study was conducted in accordance with
the Directive 2010/63/EU [15].

Animals aged 10 weeks and weighing 140—160 g
(three individuals per group) were infected intrana-
sally with 100 uL of virus-containing suspension,
dose 10° TCIDs, under brief ether anesthesia.
The control group of animals received phosphate-
buffered saline (PBS) solution. Within 5 days after
infection, the clinical symptoms and body weight
changes were monitored. The clinical manifestation
of the disease course was assessed in points according
to certain criteria, namely, appearance and coat
condition (0, normal; 1, lack of care), interaction
with other animals (0, normal; 1, reduced), food
consumption (0, normal; 1, reduced), behavior in
an open space (0, active; 1, reduced), and reaction
picking up (0, normal; 1, reduced).

On day 5, to assess the level of virus replication,
the animals were sacrificed by an overdose of ether,
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and the trachea, lungs, brain, liver, and kidneys were
aseptically collected. Nasal tissues were collected
only for virological studies. Before organ harvesting,
the lungs were perfused with 10 mL of PBS through
the right ventricle. Primarily, pathological changes
were assessed macroscopically. One lung lobe was
used for histopathological analysis. The remaining
tissue was weighed and homogenized to determine
the viral load by titration on Vero cells.

Organ fragments taken for histological studies
were fixed in 10% buffered formalin solution
(pH = 7.4) for 48 h. After obtaining the necessary
sections, routine histological processing was ap-
plied on a Histo-Tek VPI1 histoprocessor (Sakura,
Japan), and samples were then embedded in paraf-
fin blocks. The prepared sections with a thickness
of 3 um were stained with a hematoxylin and eosin
solution. Microscopic examination was performed on
a LEICA DM1000 light microscope. Measurements
and photofixation were performed using the ADF
Image Capture 4.17 software package.

Morphometric assessment of lung tissues in-
cluded planimetry of the inflammatory lesion at
x50 magnification (ocular X10; lens x5). The le-
sion area was expressed as a percentage of the total
section area. The dimensions of the air space were
estimated using the mean linear interval (MLI).
The intervals were calculated between the points of
intersection of 10 parallel test lines with the walls
of the alveoli and alveolar ducts in 10 random
non-intersecting fields of view at a magnification
of X200 (ocular Xx10; lens x20). Septa, stroma,
vessels with diameter >20 um, and areas of lung
tissue compression were excluded from the analy-
sis [16]. Then, without changing the field of view
and magnification, the inter-alveolar septa thick-
ness was assessed. Measurements were performed
from the outer edge of the septum perpendicular to
its axis.

For each animal, a semi-quantitative assessment
of lung tissue damage was performed according to
a modified scoring method by Carrol et al. [17].
The degree of involvement of the airways, lung pa-
renchyma, and vascular bed was separately deter-
mined. Scoring criteria were defined for each sec-
tion.

1. Damage to the airways was calculated by the
total score of three pathological parameters,
namely, (a) percentage of the affected airways
(0, intact; 1, <10%; 2, 10%—25%; 3, 25%—50%;
4, >50%); (b) severity of airway damage (0, min-
imal peribronchial/peribronchiolar mononuclear
infiltrates; 1, mild peribronchitis/bronchiolitis;
2, mild-to-moderate mononuclear or mixed
cell peribronchiolitis; 3, severe mixed cell peri-

bronchiolitis with large foci of the bronchio-
lar epithelium necrosis, but without atypical or
multinucleated cells; 4, severe bronchiolitis and
generalized epithelial necrosis and/or frequent
atypical/syncytial cells); and (c) hyperplasia of
the bronchiolar epithelium (0, intact; 1, spo-
radic hyperplasia of the bronchiolar epithelium
<10% of the airway area; 2, mild-to-moderate
bronchiolar epithelial hyperplasia; 10%—25% of
the lumen of the airway area; 3, widespread hy-
perplasia of the bronchiolar epithelium and/or
multinucleated syncytial cells occupying >25%
of the airway area).

2. Damage to the lung parenchyma was calculated
by the total score of three pathological parame-
ters, namely, (a) percentage of the area of the af-
fected alveoli (0, intact; 1, <10%; 2, 10%—25%;
3, 25%—50%; 4, >50%); (b) degree of alveolar
injury (0, normal; 1, peribronchiolar primary
mononuclear inflammatory infiltrates extending
into adjacent alveolar septa/spaces; 2, mild-to-
moderate mononuclear or mixed inflamma-
tion; 3, moderate mixed interstitial inflamma-
tion and/or alveolar damage characterized by
necrosis/loss of type I pneumocytes with their
replacement by hemorrhage, fibrin, edema, and
necrotic remnants; 4, severe alveolar inflamma-
tion (mixed), damage to the alveolar septa, and
loss of normal histoarchitecture with frequent
syncytial cells); and (c) type II pneumocyte
hyperplasia (0, none; 1, disseminated type II
pneumocyte hyperplasia occupying <10% of the
section; 2, mild-to-moderate type II pneumocyte
hyperplasia occupying >10%—15% of atypical
multinucleated cells; 3, generalized type II hy-
perplasia of pneumocytes occupying >25% of the
section area).

3. Damage to the vascular bed was calculated by
the total score of two pathological parameters,
namely, (a) percentage of affected vessels on
the section (0, none; 1, <10%; 2, 10%—25%;
3, 25%—50%; 4, >50%); and (b) vascular/peri-
vascular lesions (0, intact; 1, mild multifocal
perivascular edema/mononuclear perivascular in-
flammation; 2, moderate mononuclear or mixed
cell perivascular inflammation, edema or fibrin
with leukocytes sporadically transmigrating into
the vessel wall/multifocal endothelitis; 3, severe
mixed cell perivascular infiltration, edema/dam-
age to the vessel wall, and/or severe frequent
endothelitis).

Statistical processing of the results obtained was
performed using analysis of variance with Tukey’s
correction for multiple comparisons. Differences
were considered significant at p < 0.05.
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Results

Infection of Syrian hamsters with SARS-CoV-2
lines B.1 (Wuhan) and B.1.617.2 (Delta) caused pro-
nounced clinical symptoms; thus, the animals lost
12%—17% of their body weight, and their health
worsened, which was expressed in general atony,

ity of the disease differed significantly. In general,
the original strain B.1 group tolerated the infection
worse than the B.1.617.2 group (Fig. 156).
Determination of the viral load in animal tissues
on day 5 after infection revealed significantly higher
titers of strain B.1 than of B.1.617.2 both in the nasal
passages and lungs, which is consistent with a more

tousled fur, lack of appetite, and reduced mobility
(Fig. 1). Moreover, no significant differences were
found in body weight changes over time between
the two groups (Fig. 1a), whereas the clinical sever-

severe infection course in the B.1 group (Fig. 1c).
No infectious virus was detected in other organs,
which is consistent with the results of previously
published studies [7, 9].
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Fig. 1. Parameters of infection process on Syrian hamsters after SARS-CoV-2 inoculation (two lines B.1 and B.1.617.2) and
placebo treatment with phosphate buffered saline: a — dynamics of body weight loss (0—5 days); b — integral clinical sum of

scores (5 days); ¢ — viral titer in nasal tissue, lings, trachea, liver, kidney and brain (log,, TCIDj,/g tissue). ANOVA Tukey
test: *p <0.05; **p <0.01; ***p <0.001

Puc. 1. Xapaxreprctrka MHGEKIIMOHHOTO TPOLIECCA Y CHPUHACKUX XOMSIKOB, 3apaXeHHBIX Bupycamu SARS-CoV-2 mByx
reHermyeckux aunuii B.1 u B.1.617.2, niau momyuyusiimx 1iane6o (PBS — docdarHo-coneBoit pacTBop): @ — AMHAMHUKA
U3MEHEHUs MacChl TeJia B TeUEHUE 5 CyT TOoCie 3apaXeHusl; b — MHTerpagbHasl OLleHKa KIMHUYECKUX MPOSIBIEHUH 00JIe3HN
B T€UYEHME 5 CyT Mocie 3apaxeHus; ¢ — OeTeKIus UHMOEKIMOHHOTO BUpyca B Pa3IMYHBbIX TKAHSIX HAa 5-€ CYyTKM Tocje 3a-
paxeHus: SARS-CoV-2. ANOVA c nonpaBkoit ThloKM Ha MHOXECTBEHHOe cpaBHeHue: *p < 0,05; **p < 0,01; ***p < 0,001
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B.1 (Wuhan)

Fig. 2. Histopathologic changes of internal organs: a — trachea; b — brain cortex; ¢ — liver; d — kidney. e, f — lungs
after treatment with placebo (PBS, control) and two SARS-CoV-2 viruses — B.1 (Wuhan) and B.1.617.2 (Delta).
H&E stain, 200 (a—e) and 50 (f) magnification with scale line 100 um (a—e), 1 mm (f)

Puc. 2. Tucronorusi BHYyTpEHHUX OPraHOB XOMSKOB, HOPMaJIbHas TMCTOAPXUTEKTOHUKA: d — Tpaxes; b — Kopa TOJOBHOIO
MO3ra; ¢ — TeueHb; d — TIouKa. e, f — cpe3bl TKaHel JIETKUX KOHTPOJbHBIX XUBOTHBIX (PBS), a Takxke mocne 3apaxeHus
nByMst Bupycamu SARS-CoV-2 — B.1 (Wuhan) u B.1.617.2 (Delta). Okpacka reMaToKCUJIMHOM M 303MHOM, YBEJIMYE-
Hue %200, macmtabHas nuHelika 100 MKM (a—e), yBennueHue x50, mMaciitabHas JuHeiika 1 MM (f)
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Fig. 3. Typical histopathologic features of the SARS-CoV-2 induced lung pathology: a — localized bronchogenic inflam-
matory foci; b — abundant inflammatory fields extending further in the lung tissue; asterisk — foci and/or diffuse mixed
cell infiltrate; ¢ — suppurative bronchiolitis — polymorphonuclear leukocytes and lymphocytes infiltrating partially ruptured
bronchiolar wall; foci of necrotized (blue arrow) and syncytial multinucleated cell transformation (black arrow) bronchiolar
epithelium; d — endothelialitis — endothelium lift off basal lamina by transmigrating inflammatory cells (arrows), severe
vessel wall edema and abundant perivascular cuffing with mixed cell infiltrate; ¢ — mononuclear infiltration and interalveolar
septa thickening, prevailing intraalveolar edema with intraluminal hemorrhage, fibrin, cell debris and transmigrating macro-
phages; f — bronchiolar metaplasia of the alveolar epitelium, scattered type Il pneumocyte hyperplasia amid the inflamma-
tory alveolar lesion, also noted bronchiolar epithelium hyperplasia with cells pilling up (double arrow); g — diffuse alveolar
damage — mixed inflammatory infiltrate: prevailing cells are lymphocytes, polymorphonuclear leukocytes and macrophages
against the background of the intraalveolar edema and loss of structure. H&E stain, 50 magnification, scale line 2 mm (a—b),
200 magnification, scale line 100 um (c—g)

Puc. 3. XapaxrepHble 0COGEHHOCTU MATOJOTMYECKUX M3MEHEHUI TKaHEW JIETKUX XOMSKOB, MHGUIMPOBAHHBIX BUPYCOM
SARS-CoV-2: @ — nokanu3oBaHHblE OPOHXOTEHHbIE BOCHAIMTENbHbIE (DOKYChI; b — pacmpoCTpaHEHHbIE CIMBHBIE BOC-
MaJIUTEbHBIE TOJIS; 3BE3J0YKAa — OYard CMELIaHHOKJIETOYHON WHOUIbTPALMU JIETOYHON TKaHU; ¢ — NpUMep THONHO-
HEKPOTUYECKOTr0 OPOHXMOJIMTA, CTeHKa OpoHXa MHMWIBTPUPOBaHA MOJMMOPGHOSIIEPHBIMU JIEHKOUUTAMU U JTUMdoLunTa-
MM, YAaCTUYHO pa3pylieHa, (OKYChl HEKpo3a SMUTeNHs (rojybast CTpesika), TUIMepIUia3us, CUHUWUTHAIbHAs TpaHcopMa-
LIMSI MEPIIATETbHOTO MUTEUST (YepHasi CTpenka); d — cermapaius SHAOTeaus OT 0a3albHON MeMOpaHBI BOCIIATUTETHHBIM
MHODUIBTPATOM (CTPESIKK), OTEK MEIUU U MACCUBHbII MIepUBa3aIbHbIM CMEIIAHHO-KJIETOUHbIM MH(MWIBTPAT; e — YTOJIIeHUE
MEXaJIbBEOJISIPHBIX TIEPETOPOIOK 3a CUET MOHOHYKJICAPHON MHMDUIbTPaLIMK U OoTeKa, GUOPUH, KIETOYHBIN NeTPUT U MAKPO-
(aranbHast MHGUIBTPALIMS B MPOCBETE aTbBEOJI, OOLIMPHOE WHTPAAIbBEOISIPHOE KPOBOU3NUSIHUE; f — yKazaH ¢GhoKyc OpOH-
XMOJISIPHOM MeTaryla3uy aJbBEOJIIPHOTO SIMTENNS, TaKKe BCTpeyaeTCsl paccessHHas TUTIepIUIa3usl ajabBeojonuToB 11 Tuma
Ha (oHEe CMENMaHHOKJIETOUYHON MHOUIBTPAIIUNA MEXATbBEOSIPHBIX TIEPETOPOIOK, TUTIEPTUIA3Usi OPOHXUOISIPHOTO STTUTETUST
(mBoitHas ctpenka); g — nmuddy3Hoe aTbBeOISIPHOE TIOBPEXACHNE — CMEIIAHHO-KJIETOYHBIN BOCTIATUTENbHBIN MHOWIBTPAT,
COCTOSIIIMI TTPEUMYILIECTBEHHO U3 JMM@OILUMTOB, MOJMMOPMOHOHYKIEAPHBIX JIEUKOLMTOB, MakpodaroB Ha (oHe KJIeTo4-
HOTO NETPUTA U Pa3pylleHHBIX ajbBeos. OKpacka reMaTOKCUJIMHOM UM 303MHOM, yBelduueHue x50, maciuTaGHasi JUHeMKa
2 MM (a—b), ysennuenue x200, maciitabHas auHeiika 100 MkM (c—g)
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In all groups, the tracheal histoarchitecture cor-
responded to the species norm. The epithelial cov-
er was represented by a single layer of multi-row
ciliated epithelium. Cilia on the apical surface of
epitheliocytes were preserved throughout the layer.
The count of the goblet cells did not increase. In the
lamina propria, single lymphocytes were determined,
and the vessels were moderately plethorical (Fig. 2a).
Histological evaluation of the brain, liver, and kid-
neys also did not reveal inflammatory or dystrophic
changes. The histoarchitecture of the organs of all
the studied individuals corresponded to the species
norm (Fig. 2b—d). Analysis of histological sections
of the lung tissues of hamsters revealed pathological
changes in animals infected with B.1 and B.1.617.2.
The pathology of the lung tissue was of the same
nature in both groups. The B.l1 group (Wuhan)
had a more pronounced degree of lesion than the
B.1.617.2 group (Fig. 2e, f). As expected, the histo-
architecture of the lungs of the control group animals
corresponded to the norm (Fig. 2e, f).

The most significant characteristic changes in the
histological pattern of lung tissues in SARS-CoV-2-
infected Syrian hamsters of both study groups are
presented in Fig. 3. A panoramic image at a low
magnification X50 demonstrated large peribronchial
and perivasal inflammatory foci, areas of the lung
tissue consolidation, and large foci of intra-alveo-
lar hemorrhages in all samples of the experimental
groups. Extensive subpleural areas of the lungs were
emphysematously transformed. Sites of inflamma-
tory infiltration were focal and localized (Fig. 3a).
Confluent areas of pneumonia, occupying a sig-
nificant section area, were also defined (Fig. 3b).
Despite the more pronounced nature of lung damage
in the B.1 group, the morphometric analysis revealed
no significant differences between the two strains of
SARS-CoV-2 in terms of the area of inflammatory
infiltrates, presumably due to the small number of
animals in each group (Fig. 4a).

With an increase of %200, sections of the bron-
chi and bronchiole lumen of the infected animals
reveal a significant amount of exudate and cel-
lular detritus with lymphohistiocytic admixture.
The bronchiolar epithelium is hyperplastic, swol-
len, with foci of necrosis and formation of giant
multicellular syncytia (Fig. 3c). Mixed cell lym-
phohistiocytic infiltrates are located subepithelially
in the bronchus wall, partially lysing it, and prolif-
erate into the surrounding parenchyma. Moreover,
a semi-quantitative integral assessment of the se-
verity of airway lesion did not reveal differences in
the degree of involvement of the bronchi and bron-
chioles in the pathological process in the B.1 and
B.1.617.2 groups (Fig. 4b).

The vessels on lung sections of infected ham-
sters were unevenly plethoric. The vascular endo-
thelium was edematous, partially separated from the
basement membrane by accumulations of lympho-
cytes and polymorphonuclear leukocytes (Fig. 3d).
The media and adventitia were edematous and sig-
nificantly infiltrated. Extensive mixed cell infiltrates
proliferated perivasally. Moreover, a semi-quanti-
tative assessment of vascular damage did not re-
veal significant differences between the two groups
(Fig. 4c¢).

The inter-alveolar septa in most fields of vi-
sion were edematous, infiltrated with lympho-
cytes and polymorphonuclear leukocytes (Fig. 3e).
If a semi-quantitative assessment of pulmonary/al-
veolar pathology did not reveal significant differenc-
es between SARS-CoV-2 strains B.1 and B.1.617.2
(Fig. 4d), then a morphometric analysis of the in-
ter-alveolar septa thickness showed a significant in-
crease in this indicator in the B.1 group than in the
B.1.617.2 group, whereas the findings in both groups
differed significantly from the control samples
(Fig. 4e).

In addition to the lesions described above, foci
of bronchiolar metaplasia of the alveolar epitheli-
um and areas of hyperplasia of type 1I alveolocytes
were identified (Fig. 3f). In areas with most severe
damage, the inter-alveolar septa were destroyed, the
respiratory space was filled with fibrin, cellular de-
tritus, and a massive polymorphocellular infiltrate
(Fig. 3g). Morphometric assessment of the airspace
by MLI measurement demonstrated heterogeneous
lung tissue damage in the experimental subgroups
(Fig. 4f). A large dispersion of the MLI index was
associated with a significant spread of emphysema-
tous expanded fields accompanied by a collapse of
the lung tissue on the periphery of the pneumonic
foci. Accordingly, the MLI cannot be considered
informative in the pathomorphological study of
SARS-CoV-2-induced lung pathology in Syrian
hamsters because it does not allow identifying dif-
ferences between the two virus strains that differ
significantly in the clinical severity in this animal
model.

Discussion

In this study, we revealed that coronaviruses rep-
licated actively in the nasal passages and lungs of
Syrian hamsters, demonstrating a pronounced clini-
cal presentation [18—22]. COVID-19 causes specific
lesions in lung tissues; therefore, the published works
most often present studies of the involvement of lung
tissues (percentage of lesions) or an integral assess-
ment of lesions by a scoring system.
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Fig. 4. Morphometric lung data, obtained at 5" day after SARS-CoV-2 infection: a — percentage of the lung tissue affected by
the inflammatory lesions; b — airway semiquantitative assessment; ¢ — vessel bed semiquantitative assessment; d — alveolar
lesions semiquantitative assessment; e — alveolar wall thickness; f — MLI. PBS — phosphate buffered saline. ANOVA Tukey
test: *p <0.05; **p <0.01; ***p <0.001; ****p < 0.0001

Puc. 4. Mopdomerpuueckue rmokasaTeli MaTOJIOTMYECKUX U3MEHEHUI B TKAHAX JIETKMX CUPUICKUX XOMSKOB Ha 5-if IeHb
nocie 3apaxeHuss SARS-CoV-2: ¢ — BOBJIEUEHHOCTh JIETOYHON TKAaHW B BOCIHAJIUTENbHBIA mpouecc, %; b — MOIyKO-
JIMYECTBEHHBIN aHAJM3 TaTOJIOTMU BO3MYXOHOCHBIX ITyTeil; ¢ — TOJYKOJIMYECTBEHHBIN aHaIN3 COCYIMCTHIX IOPaXXKEHWIl;
d — TIONMYKONMMYECTBEHHBIN aHATN3 JIETOUHOI/aTbBEOJISIPHON TTaTOJIOTUU; e — TOJIIIUHA MEXaJIbBEOJISIPHBIX MEePeTOPOIOK;
f — moxkazarens MLI. PBS — docdarHo-coneBoit pactBop. ANOVA ¢ monpaBkoii ThloKM Ha MHOXECTBEHHOE CpaBHEHUE:

*p < 0,05; *p < 0,01; **p < 0,001; **%p < 0,0001

In a detailed study of pathomorphological
changes in the lung tissues of Syrian hamsters with
COVID-19, we inoculated two SARS-CoV-2 strains
that differ in the clinical severity of the disease.
Since the two viruses have different clinical presen-
tation and specific pathological changes were de-
tected only in lung tissues, revealing such morpho-
metric parameters that would indicate the degree of
the pathogenicity of the virus was important. Thus,
in the future, the protective effect of prophylactic

and therapeutic drugs on this animal model should
be evaluated. In our study, no significant differenc-
es were found in the MLI between the two studied
strains and in the integral semi-quantitative assess-
ments of lung pathology at the level of the airways
and alveolar and vascular lesions. An extended mor-
phometric analysis of various pathological changes
in lung tissues showed that the measurement of the
thickness of the inter-alveolar septa turned out to
be the most sensitive criterion for the degree of
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lung damage in Syrian hamsters with COVID-19.
Thickening of the inter-alveolar septa during the
exudative phase of diffuse alveolar injury is pre-
dominantly caused by edema, leukocyte migration,
and pneumocyte hyperplasia. This process is stereo-
typical and is noted in a wide range of pulmonary
pathologies, especially those of infectious origin.
However, this parameter, even with a small num-
ber of animals in the group, enables us to identify
significant differences between experimental animals
exhibiting different clinical disease severities.

Conclusion

This study demonstrates that the SARS-CoV-2
delta virus (B.1.617.2) is less pathogenic for Syrian
hamsters than B.1, the original strain circulating
during the first wave of the COVID-19 pandemic.
A thorough histopathological characterization of
lung tissue sections of infected animals would allow
us to identify the most sensitive morphometric in-
dicator that reflects the severity of SARS-CoV 2-in-
duced pathology, such as inter-alveolar septa thick-
ness. This indicator enables us to determine even
slight differences in the severity of virus-induced
pathology and can be used in preclinical studies of
prophylactic and therapeutic drugs for the treatment
of COVID-19.

Additional information

Funding sources. The study was funded by the
Russian Science Foundation grant No. 21-75-30003.

Compliance with ethical standards. The study
was approved by the local Ethical Committee of
the Institute of Experimental Medicine (No. 1/22
by 18.02.2022).

Competing interests. The authors declare the ab-
sence of obvious and potential conflicts of interest
related to the publication of this article.

Authors’ contribution. All authors made a signifi-
cant contribution to the development of the concept
and preparation of the article, read and approved
the final version before publication. The largest
contribution is distributed as follows: I N. Isakova-
Sivak — concept, research plan; K.S. Yakoviev,
D.A. Mezhenskaya, K.V. Sivak — conducting experi-
ments, their interpretation; L.G. Rudenko — project
administration and data analysis.

AONOAHUTEABHAS UHPOPMALUS

HUcrounuk punancuposanmsi. MccnegoBaHue Bbl-
MTOJTHEHO TIPY TIommepXKe Poccuiickoro HayIHOTO
donma (rpant Ne 21-75-30003).

CoOmonenne 3THyeckux HopM. McciemoBaHue
0lOOpEeHO Ha 3aceJaHur JIOKAJbHOTO 3TUYECKOTO
komuteta ®I'BHY «MHCTUTYTa 3KCIIepUMEHTAb-
HoM MemuumHB» (No 1/22 ot 18.02.2022).

KoHduukT uHTEpecoB. ABTOpbHI JeKiIapupyeT
OTCYTCTBHE SIBHBIX W MOTEHIIMAIbHBIX KOH(IMKTOB
WHTEPECOB, CBA3aHHBIX C MOJATOTOBKON W MyOiIMKa-
IIMEel HACTOSIIEN CTATbU.

Bxkian aBropoB. Bce aBTOphI BHEC/INM CYILIECTBEH-
HBIIA BKJad B pa3pabOTKy KOHIEIIWHU, IPOBeIe-
HHE HMCCIeNOBaHUS U IOATOTOBKY CTaTbU, MPOWIN
n omgoOpmiIn (pUHAJIBHYIO BepCUIO mepen MmyOJinKa-
nueii. HanbGonpmuii BKIan pacrpencsieH clenylo-
muM obpasoM: U.H. Ucakosa-Cusax — nnes, TIaH
uccnenoBanuii; K.C. Hdxoenes, J.A. Mexcenckas,
K.B. Cusax — mipoBeleHHE SKCIIEPMMEHTOB, aHa-
nu3 paHHbIxX; JI.I. Pydenko — oOlliee PyKOBOJACTBO,
0o0CyXIeHre Pe3yJbTaToB.

References

1. Zhu N, Zhang D, Wang W, et al. A novel coronavirus from
patients with pneumonia in China, 2019 N Engl J Med.
2020,382(8):727-733. DOI: 10.1056/NEJM0a2001017

2. Anonymous. Worldometer of COVID-19 coronavirus pandemic
[Internet]. Available from: https://www.worldometers.info/coro-
navirus/. Accessed: June 13, 2022.

3. Chu H, Chan JF, Yuen KY. Animal models in SARS-CoV-2 re-
search. Nat Methods. 2022;19(4):392—394. DOI: 10.1038/s41592-
022-01447-w

4. Munoz-Fontela C, Dowling WE, Funnell SGP, et al. Ani-
mal models for COVID-19. Nature. 2020;586(7830):509-515.
DOI: 10.1038/s41586-020-2787-6

5. Bednash JS, Kagan VE, Englert JA, et al. Syrian hamsters
as a model of lung injury with SARS-CoV-2 infection: Patho-
logic, physiologic, and detailed molecular profiling. Trans! Res.
2022;240:1-16. DOI: 10.1016/j.trs1.2021.10.007

6. Sia SF Yan LM, Chin AWH, et al. Pathogenesis and trans-
mission of SARS-CoV-2 in golden hamsters. Nature.
2020;583(7818):834-838. DOI: 10.1038/s41586-020-2342-5

7 Imai M, Iwatsuki-Horimoto K, Hatta M, et al. Syrian ham-
sters as a small animal model for SARS-CoV-2 infection
and countermeasure development. Proc Natl Acad Sci USA.
2020;117(28):16587-16595. DOI: 10.1073/pnas.2009799117

8. Mohandas S, Yadav PD, Shete A, et al. SARS-CoV-2 delta variant
pathogenesis and host response in Syrian hamsters. Viruses.
2021;13(9):1773. DOI: 10.3390/v13091773

9. Francis ME, Goncin U, Kroeker A, et al. SARS-CoV-2 infec-
tion in the Syrian hamster model causes inflammation as
well as type | interferon dysregulation in both respiratory
and non-respiratory tissues including the heart and kid-
ney. PLoS Pathog. 2021;17(7):e1009705. DOI: 10.1371/journal.
ppat.1009705

10. Moghaddar M, Radman R, Macreadie I. Severity, pathoge-
nicity and transmissibility of delta and lambda variants of

ISSN 1608-4101 (Print) Tom 22
ISSN 2687-1378 (Online) Volume

Bbinyck 2 2022

Issue

MeANLMHCKNN OKOAEMUYECKUI XKYPHOA
Medical Academic Journal



OPUMTMHAABHOE NCCAEAOBAHME / ORIGINAL RESEARCH

SARS-CoV-2, toxicity of spike protein and possibilities for fu- 2. Anonymous. Worldometer of COVID-19 coronavirus pandemic
ture prevention of COVID-19. Microorganisms. 2021;9(10):2167. [3neKTpoHHbIA  pecypcl. Pexum pgoctyna:  https://www.worl-
DOI: 10.3390/microorganisms9102167 dometers.info/coronavirus/. [lata obpatuenms: 13.06.2022.

1. Yuan'S, Ye ZW, Liang R, et al. Pathogenicity, transmissibility, and 3. Chu H., Chan J.F, Yuen KY. Animal models in SARS-CoV-2
fitness of SARS-CoV-2 Omicron in Syrian hamsters. Science. research // Nat Methods. 2022. Vol. 19, No. 4. P. 392-394.
2022;377(6604):428-433. DOI: 10.1126/science.abn8939 DOI: 10.1038/s41592-022-01447-w

12. Matyushenko V, Isakova-Sivak |, Kudryavtsev |, et al. Detec- 4. Munoz-Fontela C., Dowling WE., Funnell SG.P. et al. Ani-
tion of IFNgamma-secreting CD4(+) and CD8(+) memory mal models for COVID-19 // Nature. 2020. Vol. 586, No. 7830.
t cells in COVID-19 convalescents after stimulation of periph- P. 509-515. DOI: 10.1038/s41586-020-2787-6
eral blood mononuclear cells with live SARS-CoV-2. Viruses. 5. Bednash J.S., Kagan VE. Englert J.A. et al. Syrian hamsters
2021;13(8):1490. DOI: 10.3390/v13081490 as a model of lung injury with SARS-CoV-2 infection: Patho-

13. Sokolov A, Isakova-Sivak |, Grudinina N, et al. Ferristatin I ef- logic, physiologic, and detailed molecular profiling // Transl. Res.
ficiently inhibits SARS-CoV-2 replication in vero cells. Viruses. 2022. Vol. 240. P. 1-16. DOI: 10.1016/j.trs.2021.10.007
2022:14(2):317. DOI: 10.3390/v14020317 6. Sia SF, Yan LM, Chin AWH. et al. Pathogenesis and trans-

14. Reed LJ, Muench H. A Simple method of estimating fifty mission of SARS-CoV-2 in golden hamsters // Nature. 2020.
per cent endpoints. Am J Epidemiol. 1938;27(3):493-497. Vol. 583, No. 7818. P. 834-838. DOI: 10.1038/s41586-020-2342-5
DOI: 10.1093/oxfordjournals.aje.a118408 7. Imai M., Iwatsuki-Horimoto K., Hatta M. et al. Syrian hamsters

15. Directive 2010/63/EU of the European Parliament 263 and of the as a small animal model for SARS-CoV-2 infection and coun-
Council 264 of 22 September 2010 on the protection of animals termeasure development // Proc. Natl. Acad. Sci. USA. 2020.
used for scientific purposes. Official Journal of the European Vol. 117, No. 28. P. 16587-16595. DOI: 10.1073/pnas.2009799117
Union. 2010;53:33-79. 8. Mohandas S., Yadav P.D., Shete A. et al. SARS-CoV-2 delta vari-

16. Hsia CC, Hyde DM, Ochs M, et al. An official research policy ant pathogenesis and host response in Syrian hamsters // Vi-
statement of the American Thoracic Society/European Respi- ruses. 2021. Vol. 13, No. 9. P. 1773. DOI: 10.3390/v13091773
ratory Society: standards for quantitative assessment of lung 9. Francis M.E,, Goncin U., Kroeker A. et al. SARS-CoV-2 infection in
structure. Am J Respir Crit Care Med. 2010;181(4):394—418. the Syrian hamster model causes inflammation as well as type
DOI: 10.1164/rccm.200809-1522ST I interferon dysregulation in both respiratory and non-respirato-

17. Carroll T, Fox D, van Doremalen N, et al. The B.1.427/1.429 (ep- ry tissues including the heart and kidney // PLoS Pathog. 2021.
silon) SARS-CoV-2 variants are more virulent than ancestral B.1 Vol. 17 No. 7. P. €1009705. DOI: 10.1371/journal.ppat.1009705
(614G) in Syrian hamsters. PLoS Pathog. 2022;18(2).e1009914.  10. Moghaddar M., Radman R., Macreadie I. Severity, pathogenic-
DOI: 10.1371/journal.ppat. 1009914 ity and transmissibility of delta and lambda variants of SARS-

18. Fischer RJ, van Doremalen N, Adney DR, et al. ChAdOx1 nCoV-19 CoV-2, toxicity of spike protein and possibilities for future pre-
(AZD1222) protects Syrian hamsters against SARS-CoV-2 vention of COVID-19 // Microorganisms. 2021. Vol. 9, No. 10.
B.1.351 and B.1.1.7 bioRxiv. 2021. DOI: 10.1101/2021.03.11.435000 P. 2167. DOI: 10.3390/microorganisms9102167

19. Van der Lubbe JEM, Rosendahl Huber SK, Vijayan A, etal. Ad26.  11. Yuan S., Ye ZW, Liang R. et al. Pathogenicity, transmissi-
COV2.S protects Syrian hamsters against G614 spike variant bility, and fitness of SARS-CoV-2 Omicron in Syrian ham-
SARS-CoV-2 and does not enhance respiratory disease. NPJ sters // Science. 2022. Vol. 377 No. 6604 P. 428-433.
Vaccines. 2021;6(1):39. DOI: 10.1038/s41541-021-00301-y DOI: 10.1126/science.abn8939

20. Tamming LA, Duque D, Tran A, et al. DNA based vaccine ex-  12. Matyushenko V., Isakova-Sivak I, Kudryavtsev I. et al. Detec-
pressing SARS-CoV-2 Spike-CDAOL fusion protein confers pro- tion of IFNgamma-secreting CD4(+) and CD8(+) memory t cells
tection against challenge in a Syrian hamster model. Front Im- in COVID-19 convalescents after stimulation of peripheral blood
munol. 2021;12:785349. DOI: 10.3389/fimmu.2021.785349 mononuclear cells with live SARS-CoV-2 // Viruses. 2021.

21. Johnson S, Martinez Cl, Tedjakusuma SN, et al. Oral vaccina- Vol. 13, No. 8. P. 1490. DOI: 10.3390/v13081490
tion protects against severe acute respiratory syndrome coro-  13. Sokolov A, Isakova-Sivak ., Grudinina N. et al. Feristatin Il ef-
navirus 2 in a Syrian hamster challenge model. J Infect Dis. ficiently inhibits SARS-CoV-2 replication in vero cells // Viruses.
2022;225(1):34-41. DOI: 10.1093/infdis/jiab561 2022. Vol. 14, No. 2. P. 317. DOI: 10.3390/v14020317

22. Kulkami R, Chen WC, Lee Y, et al. Vaccinia virus-based vac-  14. Reed L.J., Muench H. A Simple method of estimating fifty
cines confer protective immunity against SARS-CoV-2 vi- per cent endpoints // Am. J. Epidemiol. 1938. Vol. 27, No. 3.
rus in Syrian hamsters. PLoS One. 2021;16(9):e0257191. P. 493-497. DOI: 10.1093/0xfordjournals.aje.a118408
DOI: 10.1371/journal.pone.0257191 15. Directive 2010/63/EU of the European Parliament 263 and of the

Council 264 of 22 September 2010 on the protection of animals

CnnCoK AUTEpPaTypbl usgd for scientific purposes // Official Journal of the European

Union. 2010. Vol. 53. P. 33-79.

1. Zhu N,, Zhang D., Wang W. et al. A novel coronavirus from pa-  16. Hsia C.C,, Hyde D.M,, Ochs M. et al. An official research policy
tients with pneumonia in China, 2019 // N. Engl. J. Med. 2020. statement of the American Thoracic Society/European Respi-
Vol. 382, No. 8. P. 727-733. DOI: 10.1056/NEJMoa2001017 ratory Society: standards for quantitative assessment of lung

e 22 M2 2022 SR



OPUTMHAABHOE NCCAEAOBAHME / ORIGINAL RESEARCH

structure // Am. J. Respir. Crit. Care Med. 2010. Vol. 181, No. 4.
P. 394-418. DOI: 10.1164/rcecm.200809-1522ST

17. Carroll T, Fox D., van Doremalen N. et al. The B.1.427/1.429 (ep-
silon) SARS-CoV-2 variants are more virulent than ancestral B.1
(614G) in Syrian hamsters // PLoS Pathog. 2022. Vol. 18, No. 2.
P. €1009914. DOI: 10.1371/journal.ppat.1009914

18. FischerR.J.,van DoremalenN., Adney D.R. etal. ChAdOx1 nCoV-19
(AZD1222) protects Syrian hamsters against SARS-CoV-2 B.1.351
and B.1.1.7 // bioRxiv. 2021. DOI: 10.1101/2021.03.11.435000

19. Van der Lubbe JEM., Rosendahl Huber SK. Vijayan A. et al.
Ad26.COV2.S protects Syrian hamsters against G614 spike variant
SARS-CoV-2 and does not enhance respiratory disease // NPJ Vac-
cines. 2021. Vol. 6, No. 1. P. 39. DOI: 10.1038/s41541-021-00301-y

Information about the authors / Unpopmaumsa 06 asropax

20. Tamming L.A., Duque D., Tran A. et al. DNA based vac-
cine expressing SARS-CoV-2 Spike-CD40L fusion protein
confers protection against challenge in a Syrian ham-
ster model // Front. Immunol. 2021. Vol. 12. P. 785349
DOI: 10.3389/fimmu.2021.785349

21. Johnson S., Martinez C.I., Tedjakusuma S.N. et al. Oral vaccina-
tion protects against severe acute respiratory syndrome coro-
navirus 2 in a Syrian hamster challenge model // J. Infect. Dis.
2022. Vol. 225, No. 1. P. 34—41. DOI: 10.1093/infdis/jiab561

22. Kulkarni R., Chen W.C., Lee Y. et al. Vaccinia virus-based vac-
cines confer protective immunity against SARS-CoV-2 virus in
Syrian hamsters // PLoS One. 2021. Vol. 16, No. 9. P. e0257191.
DOI: 10.1371/journal.pone.0257191

Smorodintsev Research Institute of Influenza, Saint Petersburg, Russia
DI'RY «Hayuno-uccaedosamensvcikuii uncmumym epunna um. A.A. Cmopodunyesa» Munzdpasa Poccuu, Cankm-Ilemep6ype, Poccus

Kirill §. Yakovlev — Research Assistant

at the Department of Preclinical Trials.
ORCID: https://orcid.org/0000-0001-7000-3467;
e-mail: kirikus-fly@yandex.ru

Konstantin V. Sivak — Cand. Sci. (Biol.),

Head of the Department of Preclinical Trials.
ORCID: https://orcid.org/0000-0003-4064-5033;
Scopus Author ID: 35269910300;

e-mail: kvsivak@gmail.com

Institute of Experimental Medicine, Saint Petersburg, Russia

Kupunn Cepeeesuu Skoereé — nabopaHT-UCCIIEIOBATEND
oTAeNa NOKJIMHUYECKUX MCCIIE0BaHUIA.

ORCID: https://orcid.org/0000-0001-7000-3467;
e-mail: kirikus-fly@yandex.ru

Koncmanmun Baadumuposuu Cueax — KaHI. OMOJI. HayK,
3aBEOYIONINI OTIEIOM MOKIMHUYECKHUX UCCICTOBAHWIA.
ORCID: https://orcid.org/0000-0003-4064-5033;

Scopus Author ID: 35269910300;

e-mail: kvsivak@gmail.com

OIbHY «Hucmumym sxcnepumenmanvhot meduyunvy», Canxkm-Ilemep6ype, Poccus

Daria A. Mezhenskaya — Research Associate

of Laboratory of Immunology and Prevention of Viral
Infections, A.A. Smorodintsev Department of Virology.
ORCID: https://orcid.org/0000-0001-6922-7682;
Scopus Author ID: 57188763106;

eLibrary SPIN: 5799-8802; e-mail: dasmez@iemspb.ru

Larisa G. Rudenko — MD, Dr. Sci. (Med.),
Professor, Head of Department of Virology,

A.A. Smorodintsev Department of Virology.
ORCID: https://orcid.org/0000-0002-0107-9959;
Scopus Author ID: 7005033248;

eLibrary SPIN: 4181-1372; e-mail: vaccine@mail.ru

Japes Auopeesrna Mexcenckas — HaydHBI COTPYIHUK
12a60paTopuy UMMYHOJIOTUM U MPO(PUIAKTUKU BUPYCHBIX
vHdexkmii otaena Bupycojoru um. A.A. CMOpoarHIIEBa.
ORCID: https://orcid.org/0000-0001-6922-7682;

Scopus Author ID: 57188763106;

eLibrary SPIN: 5799-8802; e-mail: dasmez@iemspb.ru

Jlapuca Teopeuesna Pydenko — 1-p Mel. Hayk,
npoeccop, 3aBenyolas OTAeIOM

Bupycojoruu uM. A.A. CMOpoauHIIEBa.

ORCID: https://orcid.org/0000-0002-0107-9959;
Scopus Author ID: 7005033248;

eLibrary SPIN: 4181-1372; e-mail: vaccine@mail.ru

ISSN 1608-4101 (Print) Tom 22
ISSN 2687-1378 (Online) Volume

Bbinyck 2 2022

Issue

MeANLMHCKNN OKOAEMUYECKUI XKYPHOA
Medical Academic Journal



OPUMTMHAABHOE NCCAEAOBAHME / ORIGINAL RESEARCH

Information about the authors / Unpopmaumsa 06 astopax

Irina N. Isakova-Sivak — Dr. Sci. (Biol.), Head of
Laboratory of Immunology and Prevention of Viral
Infections, A.A. Smorodintsev Department of Virology.
ORCID: https://orcid.org/0000-0002-2801-1508;
Scopus Author ID: 23973026600;

eLibrary SPIN: 3469-3600;

e-mail: isakova.sivak@iemspb.ru

>4 Corresponding author / KoHTaKTHOE AMLIO

HUpuna Hukonaesna Hcakosa-Cueéak — n-p OUOI.
HayK, 3aBelylollasi 1abopatopueit UMMyHOJIOTUU
" TIPOOWIAKTUKYA BUPYCHBIX WHOEKITNI

oTaena Bupycosnoruu um. A.A. CMOpOAMHIIEBA.
ORCID: https://orcid.org/0000-0002-2801-1508;
Scopus Author ID: 23973026600;

eLibrary SPIN: 3469-3600;

e-mail: isakova.sivak@iemspb.ru

Daria A. Mezhenskaya / lapvs Anopeesna Mexcenckas

Address: 12 Academician Pavlov St., Saint Petersburg, 197022, Russia
Anpec: Poccust, 197022, Cankr-IlerepOypr, yn. Akanemuka [laBnosa, a. 12

E-mail: dasmez@iemspb.ru

Tom
Volume

MeAVLMHCKMIA OKAAEMUYECKUIN SXYPHAA
Medical Academic Joumnal

22

Bbinyck

Issue

ISSN 1608-4101 (Print)
ISSN 2687-1378 (Online)

2 2022



	_Hlk111378570
	_Hlk111378813
	_Hlk111378580
	_Hlk111378845
	_Hlk111618437
	_Hlk111010108
	_Hlk111967235
	_Hlk110844127
	_Hlk111526159
	_Hlk111526449
	_3znysh7
	_tyjcwt
	_4d34og8
	_2s8eyo1
	_Hlk110853387
	_Hlk111531465
	_Hlk111273779
	_Hlk110605125
	_Hlk106326641
	_Hlk106305450
	_heading=h.30j0zll
	_Hlk106328685
	_Hlk107905780
	_Hlk111283086
	_Hlk107910364
	_Hlk110593274
	_Hlk110593399
	_Hlk111447647
	_Hlk111212220
	_Hlk111212235
	_Hlk111215604
	_Hlk110506987
	_Hlk111440718
	_Hlk111880968
	_Hlk111882295
	_Hlk111531603
	_Hlk112085633
	_Hlk111373495
	_Hlk111374420
	_Hlk111374489
	_Hlk109655980
	_30j0zll
	_Hlk110330461
	_Hlk111281199
	_Hlk109211152
	_Hlk109646648
	_Hlk109647196
	_Hlk109206030
	_Hlk111534618
	_Hlk111537970
	_Hlk111458521
	_Hlk112234482
	_Hlk112058528
	_Hlk111531603
	_Hlk111531517
	_Hlk111531465
	_Hlk112055735
	_Hlk112068601
	_Hlk111805041
	_Hlk111378507
	_Hlk112241022
	_Hlk112244602
	_Hlk105233546
	OLE_LINK10
	_Hlk112084619
	_Hlk112829937
	_Hlk111378636
	_Hlk111799561
	_Hlk111531465
	_Hlk112823313
	_Hlk112612874
	_Hlk29748667
	_Hlk104802172
	_Hlk104550516
	_Hlk104795852
	_Hlk111531603
	_Hlk111531465
	_Hlk105784537
	_Hlk105784567
	_Hlk105784637
	_Hlk112918179
	_Hlk112920257
	_Hlk112922751
	_Hlk111457389
	_gjdgxs
	_30j0zll
	_Hlk112934749
	_Hlk113958418
	_Hlk114038253
	_Hlk113962310
	_Hlk113950192
	_Hlk114045238
	_Hlk113989649
	_Hlk113898854
	_Hlk111531603
	_Hlk111531517
	_GoBack
	_Hlk113901523
	Аналитические обзоры / ANALYTICAL REVIEWS
	Роль микробиоты кишечника в патогенезе рассеянного склероза. Часть 1. Клинические и экспериментальные доказательства вовлечения микробиоты кишечника в развитие рассеянного склероза

	Белки семейства M-протеинов — главные факторы патогенности Streptococcus pyogenes
	Вопросы применения лекарственного растительного сырья в комплексном лечении COVID-19
	Пути распространения, выявление, клиническое течение сифилиса и проказы среди населения северо-восточных округов Восточной Сибири в XIX веке
	История науки и медицины / History of Medicine
	Маркеры аттенуации холодоадаптированных вариантов коронавируса SARS-CoV-2
	ОРИГИНАЛЬНЫЕ ИССЛЕДОВАНИЯ / original research
	Исследование генетического разнообразия риновирусов человека на территории Санкт-Петербурга в 2021–2022 гг.
	Разработка протоколов генотипирования разных вариантов коронавируса SARS-CoV-2 методом пиросеквенирования
	Противовирусная активность производных адамантанов в отношении респираторно-синцитиального вируса
	Сравнительный анализ патогенности вирусов SARS-COV-2 генетических линий B.1 и B.1.617.2 на модели сирийских хомяков
	МЕТОДИКА ПРОФИЛАКТИКИ ВНУТРИБОЛЬНИЧНОГО ИНФИЦИРОВАНИЯ 
В САНКТ-ПЕТЕРБУРГЕ
	Клинические исследования и практика / Clinical research and practice
	Степень тяжести заболевания COVID-19 сопровождается изменением экспрессии поверхностного маркера CD38 в T-лимфоцитах и NK‑клетках
	АКТУАЛЬНЫЕ ВОПРОСЫ ЭПИДЕМИОЛОГИИ, ИММУНОЛОГИИ, ПРОФИЛАКТИКИ И ЛЕЧЕНИЯ COVID-19
	Вторая Санкт-Петербургская молодежная школа-конференция с международным участием
	Влияние тепловой инактивации сывороток крови хорьков на выявление противокоронавирусных IgG-антител в иммуноферментном анализе
	Разработка иммуноферментного анализа для оценки иммуногенности при производстве инактивированной цельновирионной коронавирусной вакцины
	Математическая модель распространения COVID-19 в Ростовской области за 2020–2022 гг.
	Клеточный иммунный ответ на комбинированные ДНК-белковые конструкции, несущие антигены SARS-CoV-2
	Методика получения очищенного антигена SARS-CoV-2 для структурных и иммунологических исследований цельновирионных вакцин против коронавирусной инфекции
	Доставка ДНК-вакцины, кодирующей рецепторсвязывающий домен (RBD) SARS-CoV-2 с использованием электропорации
	Поверхностная экспрессия эпитопов SARS-CoV-2 в Enterococcus faecium L3 для живой пероральной вакцины против новой коронавирусной инфекции
	Альфакоронавирусы из фекалий летучих мышей, пойманных на территории Москвы и Ростова-на-Дону в 2021 г. 
	Выявление иммуноглобулинов, специфичных к S-белку вируса SARS-CoV-2, в смешанной слюне
	Подходы к изучению клеточного иммунного ответа к антигенам SARS-CoV-2 на модели сирийских хомячков
	Модуляция патогенеза альфакоронавируса свиней антителами к SARS-CoV-2
	Нарушения вестибулярной функции как осложнение после COVID-19 
	Оптимизация условий получения и исследование антигенных свойств рекомбинантного белка нуклеокапсида SARS-CoV-2 различных генетических линий
	Иммуногенность мРНК, кодирующей RBD SARS-CoV-2, 
в комплексе с поликатионным носителем
	Получение и характеризация псевдовирусов SARS-CoV-2
	Анализ течения новой коронавирусной инфекции COVID-19 у беременных, находящихся на лечении в инфекционном отделении Клинической больницы № 1 Смоленска
	Влияние пептидов SARS-CoV-2 на активацию NK-клеток человека
	Активация и модуляция Ire1-Xbp1 защитного механизма в клетках Vero, инфицированных вариантами B.1.1.7 Alpha, B.1.617.2 Delta, B.1.1.529 Omicron вируса SARS-CoV-2
	Application of herbal medicinal raw material in complex treatment COVID-19
	M proteins are the major pathogenicity factors 
of Streptococcus pyogenes
	Role of the intestinal microbiota in the pathogenesis of multiple sclerosis. 
Part 1. Clinical and experimental evidence for the involvement of the gut microbiota in the development of multiple sclerosis
	История науки и медицины / History of Medicine
	Ways of spread, detection, clinical course of syphilis and leprosy among the population of the north-eastern districts of Eastern Siberia in the 19th century

	Comparative study of the pathogenicity of SARS-COV-2 B.1 and B.1.617.2 lineages for Syrian hamsters
	Antiviral activity of adamantane derivatives against respiratory syncytial virus
	Development of pyrosequencing-based assay for genotyping of different coronavirus variants
	Research of the genetic diversity of human rhinoviruses on the territory of Saint Petersburg 2021–2022
	Аttenuation мarkers of cold-adapted SARS-CoV-2 variants
	Клинические исследования и практика / Clinical research and practice
	METHOD FOR THE PREVENTION OF HOSPITAL INFECTION 
IN Saint Petersburg
	The severity of COVID-19 is accompanied by a change in the expression of the surface marker CD38 in T lymphocytes and NK cells
	The effect of heat inactivation of ferrets serum samples on the detection of SARS-CoV-2-specific IgG antibodies in elisa
	Development of a biosafe ELISA-based platform for assessing immunogenicity in the production of an inactivated whole-virion coronavirus vaccine
	Mathematical model of the spread of COVID-19 in the Rostov Region for 2020–2022
	Cellular immune response to combined DNA-protein constructs carrying SARS-CoV-2 antigens
	Method of obtaining purified SARS-CoV-2 antigen for structural and immunological studies in whole-virion vaccines against coronavirus infection
	Delivery of a DNA vaccine encoding SARS-CoV-2 receptor-binding domain (RBD) by electroporation
	Surface expression of SARS-CoV-2 epitopes in Enterococcus faecium L3 for live oral vaccine against new coronavirus infection
	Alphacoronaviruses detected in fecal samples of bat captured in Moscow and Rostov-on-Don in 2021
	Detection of immunoglobulins specific to SARS-CoV-2 virus S-protein in mixed saliva
	Assessment of cell-mediated immune responses to SARS-CoV-2 
in Syrian hamsters 
	Modulation of porcine alphacoronavirus pathogenesis by antibodies to SARS-CoV-2
	COVID-19 and its aftereffect on vestibular function
	Optimization of purification conditions and study of antigenic properties of recombinant nucleocapsid protein 
of different SARS-CoV-2 strains
	Immunogenicity of mRNA encoding RBD SARS-CoV-2 in complex 
with a polycationic carrier
	Generation and characterization of SARS-CoV-2 pseudoviruses
	Analysis of the course of the new coronavirus infection COVID-19 in pregnant women under treatment in the Infection Department of Clinical Hospital No. 1 in Smolensk
	The impact of SARS-CoV-2 peptides on activation of NK cells
	Activation and modulation of Ire1-Xbp1 pathway in SARS-CoV-2 infected Vero cells (B.1.1.7 Alpha, B.1.617.2 Delta, B.1.1.529 Omicron variants)


