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Abstract

Background The severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) causes non-symptomatic infection,
mild influenza-like symptoms to pneumonia, severe acute respiratory distress syndrome, and even death, reflecting
different clinical symptoms of viral infection. However, the mechanism of its pathogenicity remains unclear. Host-
specific traits have a breakthrough significance for studying the pathogenicity of SARS-CoV-2. We previously reported
SARS-CoV-2/BMAS, a mouse-adapted strain, was lethal to aged BALB/c mice but not to aged C57BL/6N mice. Here, we
further investigate the differences in pathogenicity of BMAS strain against wild-type aged C57BL/6N and BALB/c mice.

Methods Whole blood and tissues were collected from mice before and after BMAS strain infection. Viral replication
and infectivity were assessed by detection of viral RNA copies and viral titers; the degree of inflammation in mice
was tested by whole blood cell count, ELISA and RT-gPCR assays; the pathogenicity of SARS-CoV-2/BMAS8 in mice
was measured by Histopathology and Immunohistochemistry; and the immune level of mice was evaluated by flow
cytometry to detect the number of CD8 T cells.

Results Our results suggest that SARS-CoV-2/BMAS strain caused lower pathogenicity and inflammation level in
C57BL/6N mice than in BALB/c mice. Interestingly, BALB/c mice whose MHC class | haplotype is H-2KY showed more
severe pathogenicity after infection with BMAS strain, while blockade of H-2KP in C57BL/6N mice was also able to
cause this phenomenon. Furthermore, H-2K® inhibition increased the expression of cytokines/chemokines and
accelerated the decrease of CD8* T cells caused by SARS-CoV-2/BMAS infection.

Conclusions Taken together, our work shows that host MHC molecules play a crucial role in the pathogenicity
differences of SARS-CoV-2/BMAS infection. This provides a more profound insight into the pathogenesis of SARS-
CoV-2, and contributes enlightenment and guidance for controlling the virus spread.
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Background

Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) is a highly transmissible pathogenic virus that
seriously threatens human health and public safety. Simi-
lar to severe acute respiratory syndrome (SARS) and
Middle East respiratory syndrome (MERS), the clinical
manifestations of Coronavirus disease 2019 (COVID-19)
include viral pneumonia, fever, cough and chest discom-
fort [1-3]. Some patients may also present with respi-
ratory distress and bilateral lung infiltration, and even
respiratory failure, systemic shock, or multi-organ failure
[4, 5]. SARS-CoV-2 infection results in host immune dys-
function, such as lymphopenia, neutrophilia, dysregula-
tion of monocytes and macrophages, reduced or delayed
type I interferon responses and cytokine storm [6]. This
suggests that the virus infection has host specificities,
such as differential susceptibility to infection as well as
differences in host immune responses.

Animal models have an important role in determin-
ing virus transmission routes, screening effective drugs,
and evaluating vaccine development. Currently, the
animal models commonly used for COVID-19 mainly
include rhesus macaques [7], cats [8], ferrets [8], ham-
sters [9] and mice. The mouse model has a highly spe-
cific immune system and a rapid reproductive cycle [10].
SARS-CoV-2 enters host cells by binding to the cellular
receptor angiotensin-converting enzyme 2 (ACE2); yet,
standard laboratory mice do not support infection with
SARS-CoV-2 because the virus S protein is incompat-
ible with the mouse-human receptor homolog (mACE2)
[11]. Recently, researchers have developed mouse models
capable of being infected by SARS-CoV-2 through differ-
ent strategies, including hACE2 transgenic mouse models
[12], adenoviral vector transduction mouse models [13],
and mouse-adapted strains of SARS-CoV-2 obtained by
successive passages [14]. In addition, we established and
validated a murine-adapted BMAS lethal strain by intro-
ducing seven amine acid mutations (T8191, L1790F, 165S,
Q498H, A22D, T67A and A36V) to a clinical isolate of
SARS-CoV-2 (BetaCov/Wuhan/AMMS01/2020), which
can reproduce the clinical manifestations of human
COVID-19 in mice [15]. This strain can be used to
explore the pathogenic mechanism and host inheritance-
related to SARS-CoV-2. It also provides a convenient tool
for evaluating COVID-19 vaccines and antiviral drugs.

In addition to ACE2, the major histocompatibility com-
plex (MHC) is an important factor in host resistance to
viral infection [16, 17]. The complex is a highly poly-
morphic gene cluster that is widely present in eukary-
otic cells. When a virus infects cells, its antigens can be
broken down into peptides that bind to MHC classes
and are then expressed on the cell surface and subse-
quently recognized by CD4* and CD8" T cells [18]. Stud-
ies have shown that loss of T cells (CD4* and CD8") due
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to SARS-CoV-2 infection may lead to increased inflam-
matory response, whereas T-cell recovery may decrease
inflammation during viral infection [19]. Furthermore, a
clinical examination identified trends toward a decline in
the number and quality of functional T cells in COVID-
19 patients, which is strongly associated with disease
severity and high mortality [19]. This suggests important
roles of MHC-mediated T-cell responses during SARS-
CoV-2 infection.

In this study, we showed differences in pathogenic-
ity between C57BL/6N and BALB/c mice infected with
SARS-CoV-2/BMAS8 strain and revealed an impor-
tant role of MHC-mediated T-cell responses in host
pathogenicity.

Methods

Viruses, cell lines and mice

All virus infection experiments were performed in a bio-
safety level 3 laboratory (BSL-3). The mouse-adapted
SARS-CoV-2 strain SARS-CoV-2/BMAS8 (accession
number: OL913103) originated from the Institute of
Changchun Veterinary Research, Chinese Academy of
Agricultural Sciences (Changchun, China) was used in
this study [15]. The virus was passaged on African green
monkey kidney epithelioid cells (Vero-E6) cultured in
Dulbecco’s modified Eagle’s medium (DMEM; GIBCO,
Grand Island, NY) supplemented with 10% fetal bovine
serum (FBS; F8318, Sigma-Aldrich, USA) and 1% pen-
icillin-streptomycin (30-002-CI, CORNING, USA) in
a humidified atmosphere containing 5% CO, at 37 °C.
9-month-old specific pathogen-free (SPF) female mice
(C57BL/6N and BALB/c) were purchased from Beijing
Vital River Laboratory (Beijing, China).

Animal experiments

All animals (mice) were inoculated intranasally with
50LD;, of the SARS-CoV-2/BMAS strain after anesthe-
tizing mice with isoflurane (R510-22, RWD, China). The
body weight and living status of the mice were recorded
every day. For MHC blocking experiments, H-2K” mAbs
(AF6-88.5.5.3, BioXCell, West Lebanon, NH) were used
in C57BL/6N mice. The C57BL/6N mice were divided
into 3 groups (n=18 in each group): a control group
(Control), a virus group (Virus), and an H-2K®> mAbs
injection group (Virus+H-2KP). Two days before the
virus infection, H-2K® mAbs (2 mg/mL/day) was injected
intraperitoneally for 5 consecutive days in the H-2KP
mADbs injection group.

Complete blood cell counts

Whole blood was collected in sterile anticoagulation
tubes and then analyzed by an automated haematol-
ogy analyzer (BC-5000vet, Mindray, China) as described
in the instructions. The analyzed parameters mainly
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included lymphocyte counts (Lym), neutrophil counts
(Neu) and platelet counts (PLT).

Extraction of RNA and quantitative real-time PCR

Total RNA from special tissues was extracted using the
RNA simple Total RNA Kit (DP419, TIANGEN, China).
The complementary DNA (cDNA) was used to perform
experiments in a Real-Time PCR system (Bio-Rad, USA)
using ChamQ Universal SYBR qPCR Master Mix (Q311,
Vazyme, China). Mouse Actb was used as an internal con-
trol with 3 replicates per sample. The primer sequences
are listed in (Additional file 1: Table S1). The expression
of the SARS-CoV-2 N gene was detected by primers and
probes to quantify viral RNA copies, the sequence was
same as described in the previous study [15].

Viral titers assay

Vero-E6 cells were seeded in 96-well plates and cultured
in a cell incubator. After forming monolayer cells, the
cells were used for virus titer analysis. The tissue homog-
enate supernatant was serially diluted 10-fold in DMEM
and then seeded with 0.1 mL per well in monolayers of
cells. After 1 h of incubation, the infected cells were cul-
tured with DMEM supplemented with 2% FBS and 1%
penicillin-streptomycin instead of medium. The cyto-
pathological effect (CPE) was observed after continu-
ing incubation 72 h, and the virus titer was calculated
according to the Reed-Muench formula, expressed as the
median tissue culture infectious dose (TCID5).

Enzyme-linked immunosorbent assay (ELISA)

The serum samples from different groups of mice were
collected according to the instructions, and the cytokine
was measured using the V-PLEX Custom Mouse Cyto-
kine 10-plex kit (K15048D, MSD, USA). The detected
parameters included interferon (IFN-y), interleukin (IL-
1B, IL-2, IL-4, IL-5, IL-6, IL-10 and IL-12p70), keratino-
cyte chemoattractant/human growth-regulated oncogene
(KC/GRO) and tumor necrosis factor-a (TNF-a). The
data was collected by the MESO QuickPlex SQ120 plate
reader (MSD, USA) and analyzed by Discovery Work-
bench software (v4.0, MSD, USA).

Western blotting

Tissues were collected and grounded. Before quantita-
tive determination, the whole proteins were extracted.
The denatured protein samples were subsequently trans-
ferred to polyvinylidene difluoride (PVDEF; Millipore,
USA) membranes for immunoblotting assay. After using
5% bovine serum albumin (BSA; A1933, Sigma-Aldrich,
USA) to block for 1 h at room temperature, membranes
were incubated with anti-SARS-CoV-2 nucleocapsid pro-
tein (NP; 33717, CST, USA) at 4 ‘C overnight and then
with secondary antibodies for 1 h at room temperature.
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Finally, the chemiluminescence imaging system (Tanon,
China) was used for exposure. -actin (ab8226, Abcam,
UK) was used as a control.

Peripheral blood mononuclear cell (PBMC) isolation and
flow cytometry

Peripheral blood was collected into sterile anticoagu-
lant tubes and mixed with red blood cell lysis buffer.
The supernatant was then centrifuged (4000 rpm, 4 °C,
5 min) before abandonment. Cells were resuspended
in 4% paraformaldehyde (PFA; P1110, Solarbio, China)
diluted in phosphate-buffered saline (PBS; SH30256.01,
HyClone, USA) and incubated for 10 min at room tem-
perature. After centrifugation, the supernatant was
removed and the cells were resuspended in PBS, and then
cells could be safely removed from BSL-3. Subsequently,
specific antibodies were incubated for 1 h at low tem-
perature in the dark before testing on the BECKMAN
CytoFLEX flowmeter (BECKMAN COULTER, USA),
including CD3-APC (152306, BioLegend, USA), CD4-
FITC (100510, BioLegend, USA) and CD8-PE (100708,
BioLegend, USA). The visualized data were analyzed by
using FlowJo V10 (Tree Star, Inc.) software.

Histopathology and immunohistochemistry

Mice tissues (heart, liver, spleen, lung, kidney and
intestine) were collected after euthanasia and fixed in
10% neutral buffered formalin (NBF). The ultrathin
Sects. (4-5 um) were prepared by paraffin embedding and
stained with hematoxylin and eosin (H&E). The patho-
logical score was determined by recording each section,
and 1 point was added when cell necrosis, bleeding, wall
thickening, inflammation or alveolar were observed. For
immunohistochemistry (IHC), sections were incubated
with SARS-CoV-2 nucleocapsid protein (vNP) antibody
(CST, 33717, 1:200) for 30 min. The incubated sections
were then labeled with horseradish peroxidase (HRP)
and re-stained with hematoxylin before reacting with
the chromogenic diaminobenzidine (DAB). After that, a
transmission electron microscope (JEM1011, JEOL) was
used for observation and recording.

Statistical analysis

All experiments were performed in at least three
independent replicates, and data were presented as
meantSEM. Statistical analyses were performed using
GraphPad Prism (version 8.0). Two-way ANOVA
was used to analyze significant differences between
C57BL/6N and BALB/c mice. P<0.05 was considered
statistically significant (*p<0.05, **p<0.01, ***p<0.001,
ns means no statistical difference).
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Results

Characteristics of SARS-CoV-2/BMA8 infection in C57BL/6N
and BALB/c mice

Previous studies have shown that the SARS-CoV-2
mouse-adapted strain SARS-CoV-2/BMA8 (BMAS) has
different infectious properties in 9-month-old (aged)
C57BL/6N and BALB/c mice [15]. i.e., this strain was
lethal to BALB/c mice but not to C57BL/6N mice (Addi-
tional file 1: Fig. S1). The survival difference of different
mouse strains infected with BM A8 provided us an ideal
model to study the mechanism of host pathogenicity
difference. To further investigate potential differences
between the two types of mice infected with the BMAS8
strain, clinical surveillance experiments were performed
(Fig. 1A). We found that infection with BMAS8 strain
caused dramatic weight loss and, consequently, death
in BALB/c mice but not in C57BL/6N mice (Fig. 1B, C),
which is consistent with the previous research [15]. Addi-
tionally, the lymphocytes (Lym) and platelets (PLT) were
decreased compared to the baseline value (before infec-
tion) (Fig. 1D, G), while neutrophils (Neu) were increased
at 3 days post infection (dpi) (Fig. 1E); this phenom-
enon was more pronounced in BALB/c mice (Fig. 1F).
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Moreover, higher viral RNA copies (Fig. 1H) and viral
titers (Fig. 1I) were detected in turbinates and lungs after
BMABS strain infection in C57BL/6N and BALB/c mice;
both viral RNA copies and viral titers in lung tissues were
significantly higher in BALB/c mice than in C57BL/6N
mice. These findings indicate that BALB/c mice exhibit
more significant susceptibility and lethality to the BMAS8
strain than C57BL/6N mice.

Pathogenicity of SARS-CoV-2/BMA8 against C57BL/6N and
BALB/c mice

Next, the pathological examination of lung tissues from
C57BL/6N and BALB/c mice revealed severe pathologi-
cal alterations after BMAS strain infection, including
local bleeding, cell necrosis, alveolar wall thickening
and inflammatory cell infiltration (Fig. 2A). In addition,
the vNP-positive cells were also gradually increased in
lung tissues of both types of mice; yet, higher pathol-
ogy scores and vNP-positive cells appeared in BALB/c
mice (Fig. 2B, C). This phenomenon was also observed in
the heart, liver, spleen, kidney and intestine (Additional
file 1: Fig. S2, S3). Subsequently, we detected the level
of multiple inflammatory cytokines by ELISA assay to
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Fig. 1 Effects of BMAS strain infection on C57BL/6N and BALB/c mice. (A) The pattern of clinical surveillance in mice infected with BMA8 strain. (B)
Survival curves of infected mice, n=6. (C) Cumulative body weight analysis of infected mice. (D-G) The changes of parameters in the peripheral blood
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turbinates of infected mice. *p < 0.05, **p <0.01, ***p <0.001, ns means no statistical difference
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difference

further compare the degree of inflammation in mice. The
results showed that the protein concentration of inflam-
matory cytokines in both types of mice was significantly
increased after BMAS strain infection, and the expres-
sion of cytokines was higher in BALB/c mice, including
IL-2, IL-4, IL-6, IL-10, IL-12p70, KC/GRO, IFN-y and
TNF-a (Fig. 2D). Furthermore, viral infection increased
the mRNA expression of cytokines (1l6, Tnf), chemo-
kines (Cxcl10, Ccl2), and interferon-responsive genes
(Ifubl, Ifit3, Irf7, Gbp5 and Isgl5) (Additional file 1: Fig.
S4). These data collectively suggest that the BMAS has
stronger pathogenicity in BALB/c mice compared with
C57BL/6N mice.

The effect of MHC on C57BL/6N mice infected with SARS-
CoV-2/BMAS strain

Many studies have shown that differences in ACE2 recep-
tor across species account for host differential suscep-
tibility to SARS-CoV - 2 [8, 20, 21]. Therefore, we first
extracted the Ace2 genes from C57BL/6N and BALB/c
mice and sequencing analysis showed that the Ace2
gene sequences from C57BL/6N (Additional file 2) and
BALB/c (Additional file 3) mice were perfectly aligned.
And we detected the ACE2 protein expression levels
in C57BL/6N and BALB/c mice by Western blot. The
results show that ACE2 expression levels in lung and
kidney tissues from C57BL/6N and BALB/c mice are
identical (Additional file 1: Fig. S5). Then, the studies
on the differences of host susceptibility caused by MHC
molecules have attracted our attention. The MHC class
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I of C57BL/6N mice was H-2KP, whereas that of BALB/c
mice was H-2K¢ [22—24]. To investigate the roles of MHC
in BMAS8 strain infection, the C57BL/6N mice were
treated with H-2K® mAbs because the BMAS strain was
not lethal to the mice. Data on weight change and sur-
vival curve showed that BALB/c mice continued to lose
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weight until all died, but C57BL/6N mice did not, while
the weight of C57BL/6N mice treated with H-2K® mAbs
decreased continuously before 7 dpi, and two mice died
(Additional file 1: Fig. S6). And we found that the patho-
genicity of the virus was enhanced in C57BL/6N mice
after treatment with H-2K® mAbs (Fig. 3A). Additionally,
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Fig. 3 The effect of H-2K"on pathogenicity of BMAS strain in C57BL/6N mice. (A) The lungs of different groups of mice were sampled and photo-
graphed, the gray arrows indicated mild bleeding, and the black arrow indicated severe tissue disease. (B) The viral RNA copies and viral titers were de-
tected in lungs and turbinates of different groups. (C) The expression of VNP in lung tissues of BMAS-infected mice with or without H-2K> mAbs treatment;
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The pathology scores were summarized according to Fig. 2B. (F) IHC analysis of NP expression in lung tissues. (G) The percentage of NP-positive cells was
summarized according to IHC staining in (F). *p <0.05, **p <0.01, ***p <0.001, ns means no statistical difference
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H-2K® mAbs treatment significantly increased viral
RNA copies and viral titers in the lung and turbinate of
C57BL/6N-infected mice (Fig. 3B). Interestingly, the vNP
was upregulated after H-2K” mAbs treatment in lung tis-
sues of SARS-CoV-2/BMAS8-infected C57BL/6N mice
(Fig. 3C). Moreover, H&E pathological analysis showed
that the H-2K® mAbs treatment resulted in the thicken-
ing of alveolar walls and infiltration of inflammatory cells
in the lung tissues of infected mice (Fig. 3D). The H-2KP
mAbs treatment increased pathological damage caused
by the BMAS8 strain infection (Fig. 3E), and this phe-
nomenon was also observed in the liver, spleen and kid-
ney, except for the heart (Additional file 1: Fig. S7). We
also found that the H-2K® mAbs treatment significantly
increased vNP expression in lung tissues (Fig. 3F, G), as
well as heart, liver, spleen and kidney tissues (Additional
file 1: Fig. S8).

To further compare the degree of inflammation in the
infected mice before and after treatment with H-2KP
mAbs, the RT-qPCR assay was performed. The results
showed that higher mRNA expression cytokines and
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chemokines were detected after H-2KP mAbs treatment,
including Ifubl1, Cxcl9, Cxcl10, Ccl2, Ccl3, Ccl5, 1l6, Tnf,
Ifit3, Mx1 and Irf7 (Additional file 1: Fig. S9). These find-
ings indicated that inhibition of MHC could promote
the pathogenicity of the BMAS8 strain against C57BL/6N
mice.

Effect of MHC on the immune response of C57BL/6N mice
infected with SARS-CoV-2/BMAS8 strain

To evaluate the innate immune response level of mice
infected with SARS-CoV-2/BMAS strain, the peripheral
blood mononuclear cells (PBMCs) were collected at 3
dpi, and the CD8" T cell number was detected by flow
cytometry. In BALB/c mice, the number of CD8" T cells
was significantly decreased after infection with SARS-
CoV-2/BMAS (Fig. 4A, C). In addition, the H-2K> mAbs
treatment significantly reduced the amount of CDS8*
T cells in C57BL/6N mice infected with SARS-CoV-2/
BMAS8 (Fig. 4B, C). These results suggest that inhibi-
tion of MHC decreases the strength of the host immune

A C
BALB/c, 3 dpi
Control Virus
1074 & 107 @l 3 dpi
3 0% 30.05% g
108 1084 60 T —
<, 4 <' E *%
E 105 E 105 - :\; 45 *kk l—lns .
o« E| =] 3 =t
S 104 S 100 3 29
o w E 5 ks 3 8 30 a o0
< < % 8
o & 10°+ 15 |_11 F‘]
E Q3 034 Q3 01— . S
104 16.9% 48.7% 1034 60.9% 27.17% Virus - + + +
Ty T |4 T |5 T |s Ty T " T 15 T ‘s H-2Kb = = b = +
0 10 10° 10/ 0 10 10 10/ BALB/c C57BL/6N
APC-A:: CD3 APC-A APC-A:: CD3 APC-A
B
C57BL/6N, 3 dpi
Control Virus Virus+H-2KP
1074 Q1 Q2 107 4q1 1074 Q1 -V
30.02% | 324% 0% 10.03% L 1T.0%
108+ i 106 108
< E < E < E
& 1054 & 1054 w40s.]
a8 & 8
O 104 o 104 o 104
& 100+ & 1094 & 1054
03 Q3 030 = a3 034 a3
104 52.0% 103325.4% 49.7% 1034 53.5% 29.5%
L i | LAALL | T Ty L L} LA | T Ty L it TrY. | Ty
0 104 105  10¢ 0 104 105 108 0 104 105  10¢

APC-A:: CD3 APC-A

APC-A:: CD3 APC-A

APC-A:: CD3 APC-A

Fig. 4 Effect of BMAS strain infection on the immune level in mice. (A) CD8" T cell amount changes in BALB/c mice infected with the BMAS strain.
(B) The changes of CD8" T cell amount in C57BL/6N with or without H-2K® mAbs treatment infected with the BMAS strain. (C) Quantification of CD8* T
cells seenin (A, B). *p < 0.05, **p < 0.01, ***p < 0.001, ns means no statistical difference



Qin et al. Virology Journal (2023) 20:75

response during SARS-CoV-2/BMAS infection and pro-
motes viral replication in vivo.

Discussion

Compared with other coronaviruses, SARS-CoV-2 is
highly transmissible and pathogenic. The virus has a short
production phase and a predominantly latent infection,
despite expressing a limited number of proteins, some
of which exert immunomodulatory roles in preventing
recognition by the host immune surveillance system [25,
26]. For example, SARS-CoV-2 ORF6 blocks type II inter-
feron-mediated immune responses and promote viral
infection and replication [27]. In addition, angiotensin-
converting enzyme 2 (ACE2) or major histocompatibil-
ity complex (MHC) alleles are associated with viral titers
[20, 28]. MHC molecules are involved in antigen recog-
nition and presentation in the immune response process.
After the virus enters the body, MHC class I can deliver
the peptide chain of the viral membrane to the outside
of the cell for T cells to recognize and eliminate the virus
[29]. Analysis of gene expression profiles of COVID-19
patients and SARS-CoV-2 infected epithelial cell lines
showed that SARS-CoV-2 infection inhibits the activa-
tion of the MHC class I pathway, thereby facilitating viral
escape from host immune surveillance [27]. The expres-
sion phenotype and genetic characteristics of host MHC
molecules are closely related to viral infection. In this
study, we examined differences in pathogenicity across
mice infected with SARS-CoV-2/BMAS8 and revealed an
important role for MHC-mediated T-cell responses in
host pathogenicity.

Notably, the MHC class I of C57BL/6N mice was
H-2KP, whereas that of BALB/c was H-2K¢, Therefore, we
assume that the MHC class I/H-2K" haplotype confers
better immunity to C57BL/6N. Indeed, MHC inhibition
promoted infection and pathogenicity of the SARS-
CoV-2 mouse-adapted strain BMAS8 in non-susceptible
C57BL/6N mice. This also indicates the important role
of MHC in the SARS-CoV-2 lifecycle and host immune
response. Viral transmission to MHC class I mismatched
individuals may result in the reversion of these mutations
to restore viral fitness [30—32]. Therefore, we speculated
that SARS-CoV-2 might evolve by selecting individual
MHC class I-associated mutations and their reversion
after multiple transmissions among individuals with
highly diverse MHC class I haplotype. However, the spe-
cific mechanism needs to be further explored.

Inherent phenotypes of viruses and host characteris-
tics are closely related to their pathogenicity, including
differences in susceptibility and host immune responses
[33]. The lymphocytes (T cells and B cells), which differ-
entiate into specific effector cells by regulating cytokines
and chemokines, are recruited to exert their biological
effects at the site of infection initiation and vice versa

Page 8 of 10

[34]. T lymphocytes are important sources of many cyto-
kines/chemokines and express various molecular recep-
tors. For example, the CD4" T cells differentiate into Th1l
cells after stimulation with interleukin-12 (IL-12) and
produce interferon-gamma (IFN-y) to activate immune
cells, thereby triggering response signaling and defense
mechanisms against intracellular pathogens [35]. In the
process of virus infection, CD8" T cell-mediated immune
responses are responsible for the clearance of viruses,
such as influenza virus [36], respiratory syncytial virus
[37] and severe acute respiratory syndrome coronavirus
[38], and can even provide protection against secondary
infections [39, 40]. Many studies also have shown that
CD8" T cell responses exert strong inhibitory pressure on
SARS-CoV-2 replication [19, 33, 41]. Additionally, IL-6
induces the differentiation of CD8" T cells to eliminate
the virus by splitting the infected cells [42]. This suggests
that the consumption of T cells may be an important
reason for the decrease of lymphocytes in COVID-19
patients. Similarly, neutrophils and macrophages can be
recruited to the injured area in the presence of chemo-
kines, respectively, to recruit more immune cells to resist
pathogens [43]. Clinical studies have shown that patients
with COVID-19 often have thrombocytopenia syn-
drome, and platelets are activated to release downstream
cytokines (or chemokines) to participate in immune
regulation and response [44]. This is mainly because the
complex relationship between cytokines (or chemokines)
and their receptors enables them to be rapidly replen-
ished in microenvironments, leading to the continued
development of inflammatory response. Furthermore,
inflammation and virus infection impact the function of
platelets, causing clots to aggregate more rapidly, explain-
ing increased thrombosis after SARS-CoV-2 infection
[45]. Clinical studies have also found that lymphocyto-
penia and pro-inflammatory cytokine storm are more
acute in COVID-19 severe patients than in mild patients
and correlate with disease severity [46]. Consistently,
our results also showed that the number of lymphocytes
(especially CD8" T cells) and platelets were significantly
reduced after SARS-CoV-2 infection in a mouse model
and that BALB/c mice with high cytokine expression
had a higher degree of pathogenesis than C57BL/6N
mice. Here, we detected the changes in the number of
CD8" T cells before and after infection, in order to bet-
ter illustrate the potential mechanism of MHC affecting
host pathogenicity, we also need to dynamically analyze
the changes of systemic immune response (including NK
cells, etc.) caused by the differences in host MHC mol-
ecules in future.
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Conclusion

In conclusion, by comparing the differences in pathoge-
nicity of the SARS-CoV-2 mouse-adapted strains BMAS
in the two types of mice, we revealed the main roles of
MHC molecules in mediating viral infection. In addition,
we demonstrated the important function of CD8* T cells
in regulating the mice immune response against viral
infection following SARS-CoV-2/BMAS infection, which
not only enriches the pathogenic mechanism of SARS-
CoV-2, but also provides a novel strategy for the preven-
tion and therapeutics of the virus.
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