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A B S T R A C T   

The emergence of SARS-CoV-2 variants of concern (VoCs) has exacerbated the COVID-19 pandemic. End of 
November 2021, a new SARS-CoV-2 variant namely the omicron (B.1.1.529) emerged. Since this omicron variant 
is heavily mutated in the spike protein, WHO classified this variant as the 5th variant of concern (VoC). We 
previously demonstrated that the ancestral strain and the other SARS-CoV-2 VoCs replicate efficiently in and 
cause a COVID19-like pathology in Syrian hamsters. We here wanted to explore the infectivity of the omicron 
variant in comparison to the ancestral D614G strain in the hamster model. Strikingly, in hamsters that had been 
infected with the omicron variant, a 3 log10 lower viral RNA load was detected in the lungs as compared to 
animals infected with D614G and no infectious virus was detectable in this organ. Moreover, histopathological 
examination of the lungs from omicron-infected hamsters revealed no signs of peri-bronchial inflammation or 
bronchopneumonia.   

1. Main text 

Variants of SARS-CoV-2 are still emerging in different parts of the 
world, posing a new public health threat. Even in highly endemic re
gions, some of these variants have replaced the formerly dominant 
strains and resulted in new waves of infections and new spikes in mor
tality (Plante et al., 2021). On November 24, 2021, South Africa offi
cially reported the emergence of B.1.1.529 (omicron) variant to WHO. 
Two days later, the omicron variant has been classified by WHO as the 
5th variant of concern (VoC) following the alpha, beta, gamma and delta 
VoCs (“World Health Organization., 2021 Classification of Omicron 
(B.1.1.529): SARS-CoV-2 Variant of Concern. November 26, 2021 
(2021),” n.d.). Among these VoC, the omicron variant carries the highest 

number of spike protein mutations (>30 mutations) (Karim and Karim, 
2021). Some of the spike mutations carried by the omicron variant have 
been reported in other VoCs to be associated with immune escape and 
reduced susceptibility to monoclonal antibodies (Karim and Karim, 
2021). In addition, the omicron variant carries some spike mutations 
that could be involved in increased transmissibility, which is also sup
ported by the rapid replacement of delta variant by omicron as the 
dominant variant in South Africa (del Rio et al., 2021; Karim and Karim, 
2021). Fortunately there is now growing evidence that omicron causes a 
less severe pathology in man than the ancestral strains and the other 
VoC. We and others previously demonstrated that alpha, beta, gamma 
and delta VoCs are replicating efficiently in the lungs of Syrian hamsters 
and to a similar level as the ancestral strains (i.e. Wuhan and D614G 
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strains) (Abdelnabi et al., 2021a, 2021b; Sharma et al., 2021). We here 
compare the infectivity of the omicron variant versus the ancestral 
D614G strain in our Syrian hamster model. 

The ancestral strain used in this study is strain Germany/BavPat1/ 
2020 (also referred to as BavPat-1, EPI_ISL_406,862; 2020-01-28) 
(Rothe et al., 2020). This strain carries a spike D614G substitution 
found in early European variants and linked to more efficient trans
mission (Hou et al., 2021). The omicron (B.1.1.529) variant was isolated 
from a nasopharyngeal swab taken from a traveler returning to Belgium 
at the end of November 2021 (hCoV-19/Belgium/rega-20174/2021, 
EPI_ISL_6,794,907). The virus stocks of the ancestral strain and the 
omicron variant were grown on Vero E6 cells and the 50% tissue culture 
infectious doses (TCID50) of these stocks were determined by end-point 
titration on Vero E6 as described before (Boudewijns et al., 2020; Kap
tein et al., 2020). The calculated TCID50/mL values for the ancestral 
D614G strain and the omicron variant were 7.07 × 105 and 1.6 × 106, 
respectively. The hamster infection model of SARS-CoV-2 has been 
described before (Boudewijns et al., 2020; Kaptein et al., 2020). In Brief, 
6–8 weeks old female Syrian hamsters were intranasally infected with 
50 μL containing approximately 103 TCID50 of either the ancestral strain 
(BavPat(D614G)) or the omicron VoC (B.1.1.529) SARS-CoV-2 (Fig. 1a). 
At day four post-infection (4 dpi), animals were euthanized for sampling 
of the lungs and further analysis by i.p. injection of 500 μL Dolethal (200 
mg/mL sodium pentobarbital) (Abdelnabi et al., 2021a). Housing con
ditions and experimental procedures were approved by the ethics 
committee of animal experimentation of KU Leuven (license 
P065-2020). 

A median viral RNA load of 4 × 106 RNA copies/mg of lung tissue 
was detected at 4 dpi in the lungs from the animals infected with the 
D614G strain (Fig. 1b). On the other hand, ~3 log10 lower viral RNA 
loads (possibly input only) were detected in the lungs of animals 
infected with the omicron variant (a median vira RNA load of 3 × 103 

RNA copies/mg lung tissue, p = 0.0022, Mann-Whitney Test), Fig. 1b. 
Infectious virus titers in the lungs of D614G strain-infected animals were 
around 2 × 104 TCID50/mg of lung tissue (Fig. 1c). Strikingly, no in
fectious virus was detected at all in the lungs of all animals infected with 

the omicron variant (Fig. 1c, P = 0022 compared to the D614G strain- 
infected group, Mann-Whitney Test). This is also very different from 
the other four VoCs that all replicate efficiently and consistently to high 
viral loads in Syrian hamster lungs (Abdelnabi et al., 2021a, 2021b; 
Sharma et al., 2021). On the day of sacrifice, animals infected with the 
omicron variant had gained more body weight (average body weight 
change from d0 of 3.8%) than the D614G strain-infected animals 
(average body weight change from d0 of 0.65%), p = 0.0087, 
Mann-Whitney Test (Fig. 1d). 

For histological examination, the lungs were fixed overnight in 4% 
formaldehyde and embedded in paraffin. Tissue sections were analyzed 
after staining with hematoxylin and eosin and scored blindly for lung 
damage by an expert pathologist. The scored parameters, to which a 
cumulative score of 1–3 was attributed, were the following: congestion, 
intra-alveolar hemorrhagic, apoptotic bodies in bronchus wall, necro
tizing bronchiolitis, perivascular oedema, bronchopneumonia, peri
vascular inflammation, peribronchial inflammation and vasculitis. 
Hematoxylin/eosin (H&E)-stained images of lungs of hamsters infected 
with the D614G strain revealed significant pathological signs including 
peri-bronchial inflammation, bronchopneumonia in the surrounding 
alveoli and perivascular inflammation with peri-vascular oedema 
(Fig. 2a). The median cumulative histopathological lung score of the 
D614G-infected hamsters was 7.5 (Fig. 2b), which is comparable to what 
we previously reported for this strain (Abdelnabi et al., 2021a). Unlike 
the D614G strain-infected group, no inflammation or disease signs were 
observed in the lungs of the omicron-infected animals on day 4 pi 
(Fig. 2a). The median cumulative histopathological lung scores of the 
omicron-infected animals was close to the baseline score in untreated, 
non-infected hamsters (median score of 1.75, Fig. 2b, P = 0022 
compared to the D614G group, Mann-Whitney Test). 

Taken together, these results clearly demonstrate that the omicron is 
not able to efficiently replicate in the lower respiratory tract of Syrian 
hamsters compared to the ancestral D614G strain and other variants of 
concerns. Similarly, other research groups reported that the viral loads 
and pathology signs in the lungs of omicron-infected hamsters were 
much lower compared to the basal strains and the other VoCs (Diamond 

Fig. 1. Characterization of the in vivo replication of 
the omicron SARS-CoV-2 variant versus the ances
tral D614G strain. (a) Set-up of the Syrian hamster 
infection study. (b) Viral RNA levels in the lungs of 
hamsters infected with 103 TCID50 of BavPat 
(D614G) strain (n = 6) or the omicron (B.1.1.529) 
SARS-CoV-2 variant (n = 6) on day 4 post-infection 
(pi) are expressed as log10 SARS-CoV-2 RNA copies 
per mg lung tissue. Individual data and median 
values are presented. (c) Infectious viral loads in the 
lungs of hamsters infected with the D614G strain or 
the omicron variant at day 4 pi are expressed as 
log10 TCID50 per mg lung tissue. Individual data and 
median values are presented. (d) Weight change at 
day 4 pi in percentage, normalized to the body 
weight at the time of infection. Bars represent 
means ± SD. Data were analyzed with the Man
n− Whitney U test, **P < 0.01. All data are from a 
single experiment.   
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et al., 2021; McMahan et al., 2022). One possible explanation may be 
that the heavily mutated spike of the omicron variant is so much better 
adapted to the human ACE2 receptor hence making the attachment of 
this variant to the hamster ACE2 less efficient. Interestingly a recent 
study using human ACE2 transgenic mice (i.e. K18-hACE2 mouse 
model) revealed that omicron replicates also much less efficiently in 
nasal tissues and lungs and causes much less severe signs of disease as 
compared to mice infected with either the ancestral strain or the delta 
variant (Bentley et al., 2021). In another study, omicron-infected human 
ACE2 transgenic hamsters also showed reduced mortality and infectious 
virus loads in the lung compared to those infected with the D614G strain 
(Diamond et al., 2021). Thus a better adaptation to human ACE2 cannot 
explain the limited infectivity observed in this humanized mouse model. 
Another possibility is that the tropism of the omicron is shifted to the 
upper respiratory tract resulting in limited lung infectivity and hence 
less also less severe disease. This would be in line with the recently re
ported data in ex-vivo models from which it is evident that the omicron 
variant is 70-fold more efficient in replicating in human bronchus tissues 
than the delta variant but much less efficiently replicating in human 
lung tissues (Chi-wai et al., 2021). The cellular entry of the ancestral 
strains and that of the non-omicron VoCs depend on binding of the S1 
subunit of the Spike (S) protein to the ACE2 receptor (Hoffmann et al., 
2020). This process is accompanied by S-protein cleavage (activation) 
by the transmembrane serine protease 2 (TMPRSS2) to allow the fusion 
of viral and cellular membranes (Hoffmann et al., 2020). However, 
recent studies showed that the omicron variant replicates much less 
efficiently in TMPRSS2-overexpressing cell lines as compared to the 
delta variant (Meng et al., 2021; Peacock et al., 2022; Zhao et al., 2021). 
Moreover, unlike the ancestral strains and other VoCs, omicron enters 
cells more efficiently via the endocytic cathepsin L pathway (Peacock 
et al., 2022; Zhao et al., 2021). These findings could explain the ability 
of the omicron variant to replicate better than other variants in the cells 
of the upper respiratory tract that lack the TMPRSS2 expression. 
Therefore, further experiments are required to assess the viral loads in 
lung and other tissues from the upper respiratory tract of 
omicron-infected hamster at different time points post-infection to 
explain the limited lung infectivity observed in this study. 

The establishment of an efficient preclinical infection model for 
emerging SARS-CoV-2 variants is pivotal to assess the in vivo efficacy of 
therapeutic and prophylactic interventions (small molecule antivirals 
and monoclonal antibodies) against these variants. However, because of 
the limited infectivity of the omicron variant in two well-established 
SARS-CoV-2 animals models (i.e. in Syrian hamsters and K18-hACE2 
mice), this will not be possible for omicron. Given however that drugs 
and antibodies should ideally be broadly active against any SARS-CoV-2 

variant; this should not per se be problematic. Indeed, the efficacy of 
such therapies will first need to be assessed in vitro whereby only ther
apeutics with equipotent activity should be further considered. In such 
case, assessment of efficacy in animal infection models could be per
formed using any of the other VoC as a surrogate for the omicron 
variant. 

Funding 

The authors acknowledge funding by the Flemish Research Foun
dation (FWO) emergency Covid-19 fund (G0G4820N) and the FWO 
Excellence of Science (EOS) program (No. 30981113; VirEOS project), 
the European Union’s Horizon 2020 research and innovation program 
(No 101003627; SCORE project), the Bill and Melinda Gates Foundation 
(INV-00636), KU Leuven Internal Funds (C24/17/061), the KU Leuven/ 
UZ Leuven Covid-19 Fund (COVAX-PREC project) and European Health 
Emergency Preparedness and Response Authority (HERA). X.Z. received 
funding of the China Scholarship Council (grant No.201906170033). K. 
D. acknowledges grant support from KU Leuven Internal Funds (C3/19/ 
057 Lab of Excellence). 

Conflict of interest 

None to declare. 

Declaration of interests 

The authors declare that they have no known competing financial 
interests or personal relationships that could have appeared to influence 
the work reported in this paper. 

Acknowledgements 

We thank Carolien de Keyzer, Lindsey Bervoets, Thibault Francken, 
Niels Cremers, Jasper Rymenants and Stijn Hendricks for excellent 
technical assistance with animal experimentation and molecular sample 
analysis. We thank Bram Van Holm for is technical assistance. We thank 
Lize Cuypers, Guy Baele, Simon Dellicour and the Belgian Genomic 
Surveillance program which contributed to the early detection of Omi
cron in Belgium. We also thanks Bo Corbeels and Kathleen Van den 
Eynde for histopathology samples processing and staining. We also 
thank Fran Berlioz-Seux, Rob Jordan and Betsy Russell for helpful 
discussion. 

Fig. 2. Histopathology of lungs of Syrian ham
sters infected with either the D614G strain or the 
omicron SARS-CoV-2 variant. (a) Representative 
H&E images of lungs of hamsters infected with 
103 TCID50 of BavPat (D614G) strain (n = 6) or 
the omicron (B.1.1.529) SARS-CoV-2 variant at 
day 4 post-infection (pi). The lungs of hamsters 
infected with the ancestral D614G strain (left 
picture) show significant bronchopneumonia 
(green arrows), perivascular inflammation with 
peri-vascular oedema (red arrows) and peri- 
bronchial inflammation (blue arrows), whereas 
the lungs of the omicron-infected hamsters 
(Right picture) appear normal with no peri- 
bronchial inflammation (blue arrows) or bron
chopneumonia. Scale bars, 100 μm. (b) Cumula
tive severity score from H&E stained slides of 
lungs from hamsters infected with the D614G 
strain or the omicron variant at day 4 pi. Indi

vidual data and median values are presented and the dotted line represents the median score of untreated non-infected hamsters. Data were analyzed with the 
Mann− Whitney U test, **P < 0.01. All data are from a single experiment.   
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