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A B S T R A C T

During the two-year pandemic of coronavirus disease 2019 (COVID-19), its causative agent, severe acute respi-
ratory syndrome coronavirus 2 (SARS-CoV-2), has been evolving. SARS-CoV-2 Delta, a variant of concern, has
become the dominant circulating strain worldwide within just a few months. Here, we performed a compre-
hensive analysis of a new B.1.617.2 Delta strain (Delta630) compared with the early WIV04 strain (WIV04) in
vitro and in vivo, in terms of replication, infectivity, pathogenicity, and transmission in hamsters. When inoculated
intranasally, Delta630 led to more pronounced weight loss and more severe disease in hamsters. Moreover, 40%
mortality occurred about one week after infection with 104 PFU of Delta630, whereas no deaths occurred even
after infection with 105 PFU of WIV04 or other strains belonging to the Delta variant. Moreover, Delta630
outgrew over WIV04 in the competitive aerosol transmission experiment. Taken together, the Delta630 strain
showed increased replication ability, pathogenicity, and transmissibility over WIV04 in hamsters. To our
knowledge, this is the first SARS-CoV-2 strain that causes death in a hamster model, which could be an asset for
the efficacy evaluation of vaccines and antivirals against infections of SARS-CoV-2 Delta strains. The underlying
molecular mechanisms of increased virulence and transmission await further analysis.
1. Introduction

Coronavirus disease 2019 (COVID-19), declared a pandemic by the
World Health Organization inMarch 2020 (Cucinotta and Vanelli, 2020),
has resulted in significant human disease, death, and economic loss. As of
September 4, 2022, over 600 million people worldwide have been
infected and over 6.4 million people have died (World Health Organi-
zation, 2022a). The pathogen, severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2), has been accumulating various mutations while
circulating globally in the human population for two years (Konings
et al., 2021). Based on the potential or known impact of the constellation
of mutations on the phenotypic changes, including the severity of dis-
ease, transmission efficiency, and effectiveness of medical countermea-
sures, some evolutionary lineages such as Alpha, Beta, Gamma, and Delta
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were classified as variants of concern (VOCs) by World Health Organi-
zation (2022b).

The Delta variant (also known as lineage B.1.617.2), first detected in
India, is characterized by carrying T19R, G142D, 156del, 157del,
R158G, L452R, T478K, D614G, P681R, and D950N mutations in spike
glycoprotein (Chakraborty et al., 2021). With 40%–60% more trans-
missibility than Alpha, as predicted by epidemiological studies, the
Delta variant has swept the globe and, in a matter of months, has
replaced Alpha as the predominant strain (Allen et al., 2022). The Delta
variant may be 225% as transmissible as the original strain with a mean
R0 of 5.08, which is much higher than the R0 of the ancestral strain of
2.79 (Dagpunar, 2021; Earnest et al., 2022; Liu and Rockl€ov, 2021).
People infected with the Delta variant have a shorter incubation period
and a higher viral load than those infected with the earlier variants (Li
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et al., 2022). Additionally, it has been stated that the Delta variant may
increase the likelihood of hospitalization (Twohig et al., 2021). A
retrospective cohort study has revealed that the Delta variant is more
virulent (Fisman and Tuite, 2021).

Several animal models were promptly evaluated for their sensitivity
to SARS-CoV-2. The golden hamster model accurately recapitulates the
virological, immunological, and pathological findings of the majority of
mild to moderate human infections, which makes the hamster an
excellent model to evaluate the transmissibility of SARS-CoV-2 and
related newly emerging variant viruses (Chan et al., 2020; Imai et al.,
2020; Sia et al., 2020; Port et al., 2021). The non-lethal hamster model
has been readily available for basic and translational studies on
COVID-19.

Except for the mouse model, there is no physiological small-animal
model of COVID-19 with severe disease and death (Sun et al., 2020,
2021; Huang et al., 2021). Infected hamsters show pathological lung
abnormalities such as pulmonary edema and consolidation along with
signs of interstitial pneumonia (Rosenke et al., 2020). However,
hamsters fail to develop diffuse alveolar disease and acute respiratory
distress, which are found in severe human cases (Rosenke et al., 2020;
Lee and Lowen, 2021). According to Mohandas et al., the Delta variant
induces lung disease of moderate severity in about 40% of
8–10-week-old female hamsters (Mohandas et al., 2021). In this study,
we characterized a newly isolated Delta strain (Delta630) in a hamster
model relative to the early strain WIV04. We showed that the variant
Delta630 was more pathogenic in animal models than previously
circulating WIV04 strain and even other Delta strains. In 4–6-week-old
hamsters, Delta630 caused a very severe disease with significant
weight loss, and importantly, it led to 40% mortality. In two inde-
pendent competitive aerosol transmission experiments, we further
demonstrated that Delta630 exhibited higher replication over WIV04.

2. Materials and methods

2.1. Virus and cells

The SARS-CoV-2 WIV04 strain (IVCAS 6.7512) was originally iso-
lated from a COVID-19 patient in 2019 (GISAID, accession no.
EPI_ISL_402124) (Zhou et al., 2020). The SARS-CoV-2 Delta strain 630
(Delta630) was isolated from a swab sample of a 33-year-old man
traveling from Indonesia to Wuhan in June 2021 (NGDC databases,
accession no. GWHBEBW01000000). SARS-CoV-2 Delta variants
Delta84 (IVCAS 6.7584) and Delta85 (IVCAS 6.7585) strains were
originally isolated from a COVID-19 patient in 2019 and stored at the
Wuhan Institute of Virology, Chinese Academy of Science. All amino
acid variants observed in the protein sequences between the
SARS-CoV-2 strains used in this study are summarized in Supplemen-
tary Table S1. Compared with the reference strain WIV04 strain, the
Delta630 variants have nine amino acid substitutions in the S protein.
Although the Delta630 variant shares 15 substitutions with Delta84 and
Delta85, Delta630 possesses two amino acid changes not found in
Delta84 and Delta85. The amino acid changes T678I in nsp3 and T120V
in nsp6 were present in the Delta630 sequence as additional mutations.
The deletion at residues 119–120 in the ORF8 protein of Delta630 was
found, which was absent in the Delta84 and Delta85 sequences. These
mutations imply that the Delta variants may vary in terms of their
ability to replicate, pathogenicity, and transmissibility.

Both viruses were propagated in Vero E6 cells (ATCC® CRL-1586™)
with Dulbecco's modified Eagle's medium (DMEM, Thermo Fisher) sup-
plemented with 2% fetal bovine serum (FBS), 1 mmol/L L-glutamine, 100
IU/mL penicillin, and 100 μg/mL streptomycin. Huh-7 cells were main-
tained in the same medium as above, while Calu-3 cells were maintained
in MEM (Gibco) instead of DMEM.
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2.2. Plaque assay

A plaque assay, with a minor change to the prior description, was
used to determine the virus titer (Zhang Q. et al., 2020). Briefly, virus
samples were serially 10-fold diluted in DMEM containing 2.5% FBS
before being inoculated onto Vero E6 cells that had been seeded
overnight at 1.5 � 105/well in 24-well plates. After 1 h of incubation at
37 �C, the inoculate was changed to DMEM containing 2.5% FBS and
0.9% carboxymethyl-cellulose. Three days later, the plates were dyed
with 0.5% crystal violet after being fixed with 8% paraformaldehyde.
Virus titer was calculated with the dilution gradient with 10–100
plaques.

2.3. Real-time RT-PCR

Viral RNA in the nasal wash, throat swab, and tissue homogenates
was quantified by one-step real-time RT-PCR as described before (Feng
et al., 2020). Briefly, viral RNA was purified using the QIAamp Viral
RNA Mini Kit (Qiagen) and quantified with HiScript® II One Step
qRT-PCR SYBR® Green Kit (Vazyme Biotech Co., Ltd) with the primers
ORF1ab-F (50-CCCTGTGGGTTTTACACTTAA-30) and ORF1ab-R
(50-ACGATTGTGCATCAGCTGA-30). The amplification procedure was
set up as follows: 50 �C for 3 min, 95 �C for 30 s followed by 40 cycles
consisting of 95 �C for 10 s, 60 �C for 30 s. The primers used to
measure the expression level of cytokines in the lung tissues of the
infected animals are shown in Supplementary Table S2.

2.4. Animal infection

Animal infection was conducted in the animal biosafety level 3
(ABSL-3) facility at Wuhan Institute of Virology, with a protocol
approved by the Laboratory Animal Ethics Committee of Wuhan Insti-
tute of Virology, Chinese Academy of Sciences. Hamsters (females, 4–6
weeks old) were purchased from Vital River and allowed to acclimate
for a minimum of three days. They were intranasally infected with the
indicated dose of WIV04 or Delta630 in a total volume of 100 μL. As
part of our daily routine, we measured the body weight, and took nasal
wash and throat swabs every day following infection. The lungs, nasal
turbinates, and tracheas of three hamsters were taken to determine the
viral loads at 3 and 7 days after infection (dpi), and lung tissue was fixed
with 10% neutral formaldehyde for hematoxylin and eosin (H&E)
staining.

2.5. Competitive airborne transmission experiment

Three hamsters were infected with 104 PFU of the 1:1 mixture of
WIV04 and Delta630. The next day, the infected animals (donors) were put
into one end of a cage that was divided into two ends with a stainless-steel-
wired divider of 4 cm double layers. Three naïve hamsters (sentinels) were
placed at the other end of the cage. An hour later, the donor and sentinel
animals were transferred to new cages. Nasal wash was collected one day
after infection or exposure. To determine the percentage of WIV04 and
Delta630 in each animal, a 786-bp long fragment of the S gene was
amplified with the primers S-F (50-TCACACGTGGTGTTTATTACCCT-30)
and S-R (50GAGGGTCAAGTGCACAGTCT-30) using TransStart® FastPfu
DNA Polymerase (TransGen Biotech Co., LTD), and cloned into pEASY®-
Blunt Cloning Kit (TransGen Biotech Co., LTD). At least 30 colonies were
randomly selected and identified with sequencing.

2.6. Statistics

Statistical analysis was performed with GraphPad Prism 9, with an
unpaired t-test or ANOVA under the default setting.



Fig. 1. Live virus replication in Calu-3 lung cells comparing SARS-CoV-2 B.1.617.2 Delta630 variant with the early strain WIV04. Growth curves of Delta630 and
WIV04 in Vero (A), Huh-7 (B), and Calu-3 (C) cell lines at an MOI of 0.001, 0.1 and 0.1, respectively. The culture supernatant was collected at the indicated time point
and virus titers were quantified in Vero-E6 cells by plaque assay. Triplicated titers of the two viruses in the cultures were analyzed by unpaired t-test. *P < 0.05; **P <

0.01; ***P < 0.001. Dashed lines indicate the limit of detection (L.O.D).
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3. Results

3.1. Delta variant shows enhanced infectivity in Huh-7 and Calu-3 cell
lines

To characterize virus replication in cell culture, Vero cells were
infected with Delta630 and WIV04 at MOI of 0.001, while Huh-7 and
Calu-3 cells were infected at MOI of 0.1. As shown in Fig. 1, Delta630
Fig. 2. The replication and pathogenicity of Delta630 and WIV04 in the Syrian hams
for each group). Three hamsters were infected with the same volume of PBS as mock
during seven days of observation, and tissue collected from animals euthanized on da
throat swab (E) and nasal wash (F) was detected during seven days of observation, an
infection were measured by plaque assay. The body weight (I) was monitored daily
were determined by two-way ANOVA followed by Tukey's multiple comparison test
black and red asterisks, respectively for WIV04 and Delta630, while the significant dif
brown asterisk. Dashed lines indicate the limit of detection (L.O.D).
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replicated slower than WIV04 in Vero cells before 48 h post-infection
(hpi), but reached the same level at 72 hpi; however, in Huh-7 cells,
both viruses had similar growth before 48 hpi, but the titer of WIV04 at
72 hpi dropped significantly by 14-fold. In Calu-3 cells, a human lung
cancer cell line, Delta630 showed minimally higher replication, which is
consistent with previous studies showing that the D614G mutation in the
spike protein increases infectivity in multiple human cell types (Zhang L.
et al., 2020; Daniloski et al., 2021).
ter model. Hamsters were infected with 104 PFU of Delta630 and WIV04 (n ¼ 6
. The amount of viral RNA in the throat swab (A) and nasal wash (B) collected
y 3 (C) and day 7 (D) post-infection were measured. The infectious virus titer in
d in tissues collected from animals euthanized on day 3 (G) and day 7 (H) post-
after viral infection. Statistically significant differences (*P < 0.05, **P < 0.01)
. Statistically significant differences versus uninfected hamsters are indicated as
fference of weight loss in Delta630 versus WIV04 group at 7 dpi is marked with a
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3.2. Differential pathological abnormalities in the lungs caused by the Delta
variant and WIV04 in hamsters

To investigate whether there is any difference in pathogenesis be-
tween Delta630 andWIV04, two groups of six hamsters were intranasally
infected with 104 PFU of the two viruses. Viral RNA and infectious virus
were detected up to 7 dpi in throat swab, nasal wash, nasal turbinate,
trachea, and lung tissues (Fig. 2). In throat swab, WIV04 had slightly
higher viral RNA than Delta630 from 2 dpi to 7 dpi, although statistical
significance was detected only for 6 dpi and 7 dpi (Fig. 2A). Viral RNA in
the nasal wash fluctuated for both WIV04 and Delta630, which may be
due to the variation in the depth to which nasal washing reached the
lungs, but higher viral RNA was detected for Delta630 on some days,
especially at 2 dpi (Fig. 2B). Three animals were sacrificed on 3 dpi and 7
dpi in each group. At 3 dpi, no significant difference in viral RNA was
observed between the nasal, tracheal, and lung samples (Fig. 2C).
Consistent with RNA copies, slightly but not significantly more infectious
virus was detected for WIV04 than Delta630 in throat swabs during the
first 3 days after infection (Fig. 2E). However, the higher virus titers in
the nasal wash were detected in hamsters infected with Delta630 without
reaching a significant difference (Fig. 2F). At 3 dpi, significantly higher
infectious virus was detected in the lungs for WIV04 than Delta630 by
30–120 folds (Fig. 2G). While the infectious virus was not detected in
throat swabs, nasal washes collected after 3 dpi, or tissues collected on 7
dpi (Fig. 2H), more viral RNAwas detected for Delta630 in the lung tissue
on 7 dpi (Fig. 2D). After 3 dpi, hamsters showed significant weight loss
compared with uninfected ones, and those infected with Delta630
experienced more loss than those infected with WIV04 (Fig. 2I), which
was consistent with changes in viral load.

H&E staining of lung tissue indicated that the animals infected with
Delta630 had a higher average histopathological score than those
infected with WIV04 (Fig. 3A). The infiltration by inflammatory cells,
mainly neutrophils and lymphocytes, was observed for both WIV04 and
Fig. 3. The pathological examination of lung tissues after infection with Delta630
hematoxylin and eosin (H&E) staining. Histologic lesion severity was scored acco
pneumonia, type II pneumocyte hyperplasia, edema and fibrin, and perivascular lymp
25%); 3, moderate (26%–50%); 4, marked (51%–75%); 5, severe (76%–100%). B H&
lung lobes were shown in left panels (bar ¼ 500 μm) and right panels (bar ¼ 50 μm)
arrow), forming a vascular cuff (yellow arrow), fibrin exudation (blue arrow), and
multifocal, and diffuse hyperemia were seen in hamsters infected with Delta630 at
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Delta630 around the bronchioles. Large areas of materialized alveolar
walls were visible (black arrow), along with inflammatory cell infiltra-
tion (red arrow); around blood vessels, inflammatory cell infiltrates
formed a vascular cuff (yellow arrow), and small bleeding was detected
(green arrow). In contrast, a small amount of fibrin exudation was pre-
sent in the alveolar cavity at the edge (blue arrow) in the lungs of
Delta630 variant–infected hamsters, but not in the lung tissue infected
with the WIV04 strain (Fig. 3B). Overall, more severe lung lesions,
including consolidation, multifocal, and diffuse hyperemia, were seen in
hamsters infected with Delta630 (Fig. 3C).

To further investigate the inflammatory response in the lung of the
infected hamsters, mRNA levels of various inflammatory cytokines and
chemokines were determined with RT-qPCR. SARS-CoV-2 infection
resulted in the upregulated expression of cytokines such as IL-6, IL-10,
IFN-λ, IFN-γ, IP-10, and MX-2, compared with noninfected hamsters
(Fig. 4). Notably, compared with Delta630, WIV04 infection led to much
higher expression of IP-10 andMX-2 on 3 dpi (Fig. 4F–G). Compared with
mock, IFN-λ expression was most pronouncedly upregulated after
infection (by hundreds fold) (Fig. 4H). In contrast, at 7 dpi, the expres-
sion levels of IL-10, IL-6, IP-10, MX2, and IFN-λ in the lungs infected with
Delta630 remained at a relatively high level, which coordinated with the
elevation of viral RNA at 7 dpi (Fig. 3). These results indicated that
Delta630 infection resulted in more severe lung inflammation with a
longer period of infection than WIV04.

3.3. The Delta variant leads to severe weight loss and partial mortality in
hamsters

We investigated whether Delta630 was fatal to hamsters in a longer
infection course after discovering that it generated more severe clinical
outcomes and a prolonged illness course with a more extended period of
increased viral and inflammatory response in the lungs. Hamsters were
intranasally infected with Delta630 at the doses of 102, 103, 104, and 105
and WIV04. A Comprehensive pathological score of lung sections derived from
rding to a standardized scoring system evaluating the presence of interstitial
hoid cuffing: 0, no lesions; 1, minimal (1%–10% of lobe affected); 2, mild (11%–

E staining of representative images in lung tissues at 3 and 7 dpi. Views of the
. Alveolar wall materialization (black arrow), inflammatory cell infiltration (red
bleeding (green arrow). C More severe lung lesions including consolidation,

7 dpi.



Fig. 4. The inflammatory response in the lung of infected hamsters. RNA levels for IL-10 (A), IL-6 (B), IL-4 (C), IL-2 (D), IFN-ɣ (E), IP-10 (F), MX2 (G), and IFN-λ (H)
were determined by RT-qPCR in lung tissue of hamsters infected with WIV04 and Delta630 on day 3 and 7 post-infection, normalized for β-actin mRNA levels, and fold
changes over the median of uninfected controls were calculated using the 2 (�ΔΔCt) method. Data presented as fold change over non-infected control (Mock).
Statistical analyses were performed using two-way ANOVA followed by Tukey's multiple comparison test.

X. Zhang et al. Virologica Sinica 37 (2022) 796–803
PFU; for comparison, a group of animals was infected with 105 PFU of
WIV04. The animals kept losing weight until 6 to 7 dpi, as seen in Fig. 5A,
at which point the surviving animals began to gain weight. The average
maximum weight loss of the animals infected with Delta630 was 16.1%,
17.9%, 20.5%, and 8.7%, respectively for groups 105 PFU, 104 PFU, 103

PFU, and 102 PFU, while for those infected with 105 PFU of WIV04 was
14.1%. Unpredictably, in the 105 PFU and 104 PFU Delta630 groups, two
of five hamsters died on 6 dpi and 7 dpi, and one of three in the 103 PFU
Delta630 group died on 7 dpi; no death was observed for the 102 PFU
Delta630 group and 105 PFU WIV04 group (Fig. 5B). The cumulative
clinical scores were higher in hamsters infected with Delta630 than
WIV04, though there was no significant difference (Fig. 5C).

We compared the pathogenicity of Delta630 with two other Delta
strains, Delta84 and Delta85, as well as with the earlier strain WIV04 in
hamsters to ascertain whether the biological characteristics of Delta630,
particularly its lethality to hamsters, are specific to this strain or are
shared by many Delta variants collectively. As shown in Supplementary
Fig. S1, all four viruses caused significant body weight loss, but only
Delta630 caused death, indicating that Delta630-induced hamster death
was strain-specific.
Fig. 5. The body weight loss and mortality of hamsters infected with Delta630 and W
Delta630 at dose of 102 PFU (n ¼ 3), 103 PFU (n ¼ 3), 104 PFU (n ¼ 5), 105 PFU (n
intranasally (n ¼ 3). Body weight (A) and survival rate (B) were recorded until 14 dp
cumulative severity of symptoms including weight loss, posture, hunched, coat
and responses.
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3.4. Delta variant demonstrates increased airborne transmission
competitiveness

Given that the SARS-CoV-2 Delta variant has increased trans-
missibility (Allen et al., 2022), we designed competitive airborne trans-
mission experiments to elucidate the potential replication and
transmission differences between Delta630 and WIV04. Three hamsters
were intranasally inoculated with the 1:1 mixture of Delta630 and
WIV04. On the next day, as donors, they were non-direct-contact
cohoused for 1 h with three naive animals (sentinels), demonstrating
100% transmission in our settings. One day after infection or exposure,
viral genomic RNA and infectious virus particles were found in the nasal
wash of all the donors and sentinels; however, both levels drastically
dropped in the latter (Fig. 6A and B), indicating 100% transmission in our
settings. There was a clear trend of the decreasing proportion of Delta630
from the donors to the sentinels, while the proportion of WIV04 was
decreasing in the transmission competition experiment (Fig. 6C). The
ratio of the two viruses in each animal was determined by RT-PCR and
colony sequencing. In one experiment (Chain 1 in Fig. 6D), the 50:50
ratio of Delta630 versus WIV04 in input turned into 60:40 in donor 1 and
IV04. The animals were inoculated intranasally with serial 10-fold dilutions of
¼ 5), or WIV04 at 105 PFU (n ¼ 5). Animals in the control group received PBS
i. C The clinical score on 3 and 6 dpi. Clinical symptom was scored based on the
condition, shiny/ruffled, activity in cage, respiration, mobility, movements,



Fig. 6. Competitive airborne transmission experiment. Donor animals (n ¼ 3) were infected with Delta630 and WIV04 at 104 PFU each via the intranasal route (1:1
ratio), and the next day three sentinels were exposed at 4 cm distance for one hour. Viral load in nasal wash of donors and sentinels collected 24 h post-infection/
exposure was measured by genomic RNA (A) and tittered in Vero-E6 cells by plaque assays (B). C Percentage of Delta630 detected in inoculation and nasal wash
collected from each individual donor and sentinel by Sanger sequencing. D Pie-charts depiction of the individual animal. Dashed lines indicate the limit of detec-
tion (L.O.D).
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56.7:43.3 in donors 2 and 3, and then 63.3:36.7, 70:30, and 100:0 in
Sentinels 1, 2, and 3, respectively. The increases of Delta630 were
reproducible in another experiment (Chain 2), which started from a little
less Delta630with the ratio of 46.7:53.3, turning to 76.7:23.3, 60:40, and
43.3:56.7 for three donors and 96.7:3.3, 76.7:23.3, and 50:50 for three
sentinels. The outcompetition of Delta630 over WIV04 demonstrated
that Delta630 had increased airborne transmission.

4. Discussion

The emergence of SARS-CoV-2 Delta variants has posed a serious
challenge to the public health system worldwide. Nevertheless, animal
studies of the Delta variant are limited. In this study, we characterized
risk element factors such as increased infectiousness, transmissibility,
and mortality in hamsters. We found evidence of the increased airborne
transmission competitiveness in hamsters infected with the Delta variant.
Surprisingly, the SARS-CoV-2 Delta variant 630 strain can be partially
lethal to some hamsters, even those infected with a dose of 103 PFU. A
higher viral replication rate of Delta630 was confirmed in vitro in this
study. Additionally, there was more virus shedding of Delta630 than
WIV04 in the nasal wash of hamsters. Clinically, in newly diagnosed
COVID-19 patients, the Delta variant has a higher viral load than his-
torical variants in nasopharyngeal samples (Teyssou et al., 2021). Ac-
cording to Mohandas et al. (2021), 104 TCID50 of the Delta variant causes
minimal weight loss while inducing moderate illness in the lungs of
around 40% of 8–10-week-old female hamsters. In our model of
4–6-week-old hamsters, 104 PFU of Delta630 caused severe lung disease
and considerable weight loss in all animals. More importantly, hamsters
infected with more than 103 PFU of Delta630 experienced death in 30%–

40%. The difference might be accounted for by the variable virus strains
801
and hamster ages. According to Abdelnabi et al. (2021), infected ham-
sters have a high expression of cytokines including IL-6, IFN-λ, IP-10, and
MX2 in lung tissue after infection with SARS-CoV-2. Even though no
infectious virus was found on 7 dpi, higher levels of IL-10, IL-6, IP-10,
MX2, and IFN-λ were maintained in the lungs of hamsters infected
with Delta630 than with WIV04 in this study. It has been reported that
IL-6 and IP-10 are significantly higher in critical patients than in mod-
erate and severe ones (Chen et al., 2020; Han et al., 2020), which is
consistent with our results. All these results support the conclusion that
Delta630 causes a more severe disease than WIV04.

SARS-CoV-2 can be transmitted efficiently from infected hamsters to
naive hamsters by both direct contact and via aerosols (Sia et al., 2020).
Using an airborne transmission model, Port et al. conducted a competi-
tive transmissibility study and showed that B.1.1.7 variant outcompeted
the lineage A variant (Port et al., 2022). With a similar strategy, we
demonstrated that Delta630 had higher transmissibility thanWIV04. Our
data also suggest that the higher infectiousness of the B.1.617.2 Delta
variant may not be due to the higher viral burden. According to some
research, the spike protein in Delta is especially adept at membrane
fusion and spike-mediated entry, which helps to explain why Delta
spreads considerably more quickly after a brief exposure (Mlcochova
et al., 2021; Zhang et al., 2021).

5. Conclusions

In summary, we herein presented a new SARS-CoV-2 Delta variant
strain with enhanced virulence and transmissibility, and the strain was
lethal to hamsters. To our knowledge, this is the first SARS-CoV-2 strain
that causes death in a hamster model. By testing the SARS-CoV-2
B.1.617.2 Delta630 strain, we gained insight into the deadly hamster
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model for examining severe or lethal COVID-19. In addition, the tissue
tropism, host response, cell damage profiling, and molecular mechanism
contributing to the high pathogenicity of Delta630 strain in hamsters
remain to be investigated further. The viral characteristics of the Delta
variant that we have supplied here are useful for a comparative analysis
of the infectiousness of other newly emerging variants.
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