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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 5th 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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Обоснование. Сирийские хомяки — наиболее адекватная модель для изучения патогенеза новой коронавирус-
ной инфекции и тестирования профилактических и терапевтических препаратов от SARS-CoV-2, так как они 
отличаются высокой чувствительностью к заражению этим вирусом. Таким образом, анализ корреляции тяжести 
заболевания с патоморфологическими признаками поражения тканей животных открывает новые возможности 
для оценки лекарственных средств в доклинической практике.

Цель статьи  — комплексная оценка патогенности вирусов SARS-CoV-2 линий В.1 и В.1.167.2 на модели 
сирийских хомяков для выявления наиболее чувствительных критериев, коррелирующих с клинической карти-
ной заболевания.

Материалы и методы. Интраназальное заражение животных вирусами с последующей оценкой клинической 
картины заболевания и детальным патоморфологическим исследованием различных органов, извлеченных на 
5-е сутки после заражения.

Результаты. Показано, что вирус SARS-CoV-2 варианта Дельта (В.1.617.2) отличается меньшей патогенностью
по сравнению с исходным штаммом В.1 первой волны пандемии COVID-19. Комплексное морфометрическое 
и гистологическое исследование тканей легких зараженных животных выявило наиболее чувствительный мор-
фометрический показатель, отражающий степень выраженности SARS-CoV-2-индуцированной патологии — тол-
щину межальвеолярных перегородок.

Заключение. Изменение толщины межальвеолярных перегородок позволяет определить даже незначительные 
различия в степени выраженности вирусиндуцированной патологии у сирийских хомяков, что может оказаться 
критическим при доклиническом исследовании препаратов от COVID-19.

Ключевые слова: коронавирус; SARS-CoV-2; сирийские хомяки; патоморфология; патология легких; морфо-
метрия.
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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 deter mining 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), 1× antimycotic anti-
biotic, and 10 mM HEPES (all components manu-
factured by Gibco, USA) [DMEM/FBS] at 37°C, in 
an atmosphere of 5% CO2 [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-CCL81 cells, and 
the 50% tissue culture infectious dose (TCID50) 
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% CO2 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 log10 TCID50/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 µL of virus-containing suspension, 
dose 105 TCID50, 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 ac cording 
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 VP1 histoprocessor (Sakura, 
Japan), and samples were then embedded in paraf-
fin blocks. The prepared sections with a thickness 
of 3 µm 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 
×50 magnification (ocular ×10; lens ×5). 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 ×200 (ocular  ×10; lens  ×20). Septa, stroma, 
vessels with diameter >20  µm, 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, 
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-

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. 1b).

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 
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); c  — viral titer in nasal tissue, lings, trachea, liver, kidney and brain (log10 TCID50/g tissue). ANOVA  Tukey 
test: * p < 0.05; ** p < 0.01; *** p < 0.001
Рис. 1. Характеристика инфекционного процесса у сирийских хомяков, зараженных вирусами SARS-CoV-2 двух 
генетических линий B.1 и B.1.617.2, или получивших плацебо (PBS  — фосфатно-солевой раствор): a  — динамика 
изменения массы тела в течение 5 сут после заражения; b — интегральная оценка клинических проявлений болезни 
в течение 5 сут после заражения; c  — детекция инфекционного вируса в различных тканях на 5-е сутки после за-
ражения SARS-CoV-2. ANOVA с поправкой Тьюки на множественное сравнение: * p < 0,05; ** p < 0,01; *** p < 0,001
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B.1 (Wuhan)
a

b

d

e

f

c

B.1.617.2 (Delta) Сontrol / Контроль

Fig. 2. Histopathologic changes of internal organs: a  — trachea; b  — brain cortex; c  — 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 µm (a–e), 1 mm (f)
Рис. 2. Гистология внутренних органов хомяков, нормальная гистоархитектоника: a — трахея; b  — кора головного 
мозга; c  — печень; d  — почка. e, f — срезы тканей легких контрольных животных (PBS), а также после заражения 
двумя вирусами SARS-CoV-2 — B.1 (Wuhan) и B.1.617.2 (Delta). Окраска гематоксилином и эозином, увеличе-
ние  ×200, масштабная линейка 100  мкм  (a–e), увеличение ×50, масштабная линейка 1 мм (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; c  — 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; e — 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 II 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 µm (c–g)
Рис. 3. Характерные особенности патологических изменений тканей легких хомяков, инфицированных вирусом 
SARS-CoV-2: a  — локализованные бронхогенные воспалительные фокусы; b  — распространенные сливные вос-
палительные поля; звездочка  — очаги смешанноклеточной инфильтрации легочной ткани; c  — пример гнойно-
некро тического бронхиолита, стенка бронха инфильтрирована полиморфноядерными лейкоцитами и лимфоцита-
ми, частично разрушена, фокусы некроза эпителия (голубая стрелка), гиперплазия, синцитиальная трансформа-
ция мерцательного эпителия (черная стрелка); d  — сепарация эндотелия от базальной мембраны воспалительным 
инфильт ратом (стрелки), отек медии и массивный перивазальный смешанно-клеточный инфильтрат; e — утолщение 
межальвеолярных перегородок за счет мононуклеарной инфильтрации и отека, фибрин, клеточный детрит и макро-
фагальная инфильтрация в просвете альвеол, обширное интраальвеолярное кровоизлияние; f — указан фокус брон-
хиолярной метаплазии альвеолярного эпителия, также встречается рассеянная гиперплазия альвеолоцитов II  типа 
на фоне смешанноклеточной инфильтрации межальвеолярных перегородок, гиперплазия бронхиолярного эпителия 
(двойная стрелка); g — диффузное альвеолярное повреждение — смешанно-клеточный воспалительный инфильтрат, 
состоящий преимущественно из лимфоцитов, полиморфнонуклеарных лейкоцитов, макрофагов на фоне клеточ-
ного детрита и разрушенных альвеол. Окраска гематоксилином и эозином, увеличение  ×50, масштабная линейка 
2 мм (a–b), увеличение ×200, масштабная линейка 100 мкм (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.1 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 ×50 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 II 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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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 

Fig. 4. Morphometric lung data, obtained at 5th day after SARS-CoV-2 infection: a — percentage of the lung tissue affected by 
the inflammatory lesions; b  — airway semiquantitative assessment; c  — 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
Рис. 4. Морфометрические показатели патологических изменений в тканях легких сирийских хомяков на 5-й день 
после заражения SARS-CoV-2: a  — вовлеченность легочной ткани в воспалительный процесс, %; b  — полуко-
личественный анализ патологии воздухоносных путей; c  — полуколичественный анализ сосудистых поражений; 
d  — полуколичественный анализ легочной/альвеолярной патологии; e  — толщина межальвеолярных перегородок; 
f  — показатель MLI. PBS — фосфатно-солевой раствор. ANOVA с поправкой Тьюки на множественное сравнение: 
* p < 0,05; ** p < 0,01; *** p < 0,001; **** p < 0,0001
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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.
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