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JIP06-COVID19-COVRIN-D.2.2.3

JIP06-WP2-T2.2 Analyses of virus traits related to zoonotic and/or reverse
zoonotic transmission

JIP06-WP2 sub-task ST2.2 In vitro and ex vivo biological characterization
of SARS-CoV?2

D2.2.3 Report on complex culture viral characterisation.

Description of the task
The three main objectives of COVRIN WP2 are:

1) Characterization of SARS-CoV-2 variants through the mapping of evolutionary changes of
SARS-CoV-2 viruses isolated within and across human and different animal species

2) Virus surveillance to assess the risk of zoonotic and reverse zoonotic transmission

This deliverable describes the activities and first outcomes of the sub-task ST2.2.3 (Report on complex
culture viral characterisation)

Description of the deliverable

A notable feature of SARS-CoV-2 is a polybasic cleavage site (RRAR) at the junction between S1 and
S2, which is flanked by a leading proline (PRRAR). This allows effective cleavage by furin and other
proteases and has a role in determining viral infectivity and host range. However, it was demonstrated
that a chimeric SARS-CoV-2 virus without the PRRA motif is less virulent in experimentally infected
hamster and transgenic K18-hACE2 mice with respect to the parental strain. The presence of an intact
furin cleavage site has been demonstrated to be critical also for transmission in ferrets. We observed a
deletion in the spike protein of a SARS-CoV-2 isolate spanning the furin cleavage site (Afcs). In this
concern, we tested the replication kinetics of this virus in ex vivo organ cultures (EVOCSs) from mink
lungs.

Lung tissue samples were collected from three 1 year-old American minks (Neovison vison).
Additionally, respiratory and rectal swabs were collected before slaughtering and were tested for SARS-
CoV-2 RNA (TagManTM 2019-nCoV Assay Kit v2, Thermo Fisher,Waltham, MA, USA ), canine
distemper virus (CDV) (SuperScript Il Platinum One-Step Quantitative RT-PCR System, Invitrogen,
Waltham, MA, USA) and Aleutian mink disease virus DNA (AMDV) (Real-time PCR detection kit for
Aleutian disease virus, Genesig, Primerdesign Ltd, York House, UK) with negative results. Two SARS-
CoV-2 isolates were selected for the experiments: SARS-CoV-2/INMI1- Isolate/2020/Italy, showing an
in-frame 10-amino acid deletion (Agg0SPRAARSVASgy; Afcs) in the spike protein encompassing the
furin cleavage between S1 and S2 and SARS-CoV-2/IZSAM/46419. Both SARS-CoV-2 strains had
been isolated and propagated on Vero E6 cells using MEM supplemented with 10% FBS. The high-
throughput sequencing on both isolates showed that, with respect to the reference sequence of SARS-
CoV-2 isolate Wuhan-Hu-1, the original SARS-CoV-2/INMI1-Isolate/2020/Italy shows G251V in the
NS3, and SARS-CoV-2/IZSAM/46419 shows D614G in the spike protein. SARSCoV-2/INMI1
Isolate/2020/Italy is, indeed, representative of the early Chinese isolates, whereas SARS-CoV-
2/IZSAM/46419 is representative of the early Italian strains characterizing the so-called “first wave” of
the Italian pandemic in late winter 2020. The deletion AggoSPRAARSVASss spontaneously emerged
starting from passage 4 on Vero E6 as all viral passages were monitored either by partial or whole
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genome sequencing before stocking. Cellular tropism of both SARS-CoV-2 isolates was investigated by
immunohistochemistry (IHC).

Both SARS-CoV-2 isolates, during the replication in mink lung EVOCSs, displayed increase of viral titers
on cell cultures and of the number of RNA copies over time. Titer values and number of RNA copies
were significantly higher at 24, 48 and 72 h post infection (hpi). G614 replicated in mink lung EVOCs at
higher magnitude at 48 hpi with respect to D614 Afcs in both titrations (p < 0.05). IHC demonstrated
SARS-CoV-2 antigens of both isolates in the cytoplasm of bronchial ciliated epithelial cells.
Immunoreactivity was not observed in mock-infected EVOCs. No differences of antigens distribution
were observed between the two isolates and no mutations were evidenced in the genome of viruses
sequenced out of explant supernatants with respect to viruses used for infection.

In a previous study, we demonstrated that early SARS-CoV-2 variants were able to replicate in
respiratory explants of cattle and sheep and that the isolate showing G614 in the spike protein exhibited
enhanced replicative capabilities compared to the earlier D614 strain, originally collected from a Chinese
tourist who visited Rome, Italy, in January 2020. However, after four passages on Vero E6 cells of the
D614 virus, a 10 amino acid deletion, encompassing the furin cleavage site of the spike protein, was
demonstrated by whole genome sequencing. This deletion was not observed on G614. The deletion
was noticed as we planned to reproduce, by infecting mink lung explants, the experimental approach
used previously on ruminant tissues.

However, this finding was already evidenced between D614 and G614 in cattle lung tissues suggesting
that this slight difference obtained in this round of experiments could be related to the presence of
D614G rather than Afcs. D614 Afcs and G614 also exhibited the same immune reactivity in lung tissues
of minks. Neutralization was not significantly hampered by the deletion under investigation. However,
this study highlights the importance of the preliminary phenotypic characterization in ex vivo tissues and
shows that mink lung tissues were permissive to the replication of a mutant form of SARS-CoV-2
showing a deletion spanning the furin cleavage site at the S1/S2 junction. Furthermore, we also showed
that this deletion did not alter the neutralization capabilities of human SARS-CoV-2 convalescent serum
samples. This study has been published on Pathogens (Valleriani et al., 2022).

At FLI, established air-liquid-interphase (ALI)-cultures from pigs (protocol: Miller et al., 2023) and ferrets
were cultivated and demonstrated to be not susceptible to SARS-CoV-2 infection, whereas some
porcine cell lines (ST 2.2.1) could be efficiently infected with SARS-CoV-2, incl. the alpha, delta and
omicron variants of concern. Also primary stone marten bronchial epithel cells successfully cultivated at
as ALl cultures could not be infected. Intensive work was performed on hamster bronchial epithel cells
and precision lung cut slices (PCLS) from the hamster lung, since it is a highly susceptible model for
SARS-CoV-2. As control, PCLS from K18 mice were used. Though control infections with influenza A
virus revealed focal infection of bronchial epithelia, SARS-CoV-2 infections (inc. the alpha, delta and
omicron variants) revealed only limited or no infection. Overall, these experiments revealed that in
contrast to mink ex vivo tissue cultures, where SARS-CoV-2 replication was demonstrated by IZSAM,
organotypic cultures from many other animal species have to be considered critically. Althought further
refinement of preparation/cuture conditions may increase suceptibiltiy in some cases (e.g. hamster
PCLS or ALl-cultures), and some infection of hamster PCLS could be demonstrated by WBRV
(Gerhards et al., 2021), it appears unlike that those cultures represent models of SARS-CoV-2 infection
that really mimic the in vivo situation in the animal lung. This is demonstrated by an infection and host
response dynamics study in hamsters at FLI, where SARS-CoV-2 unable to infect hamster PCLS
exhibited strong infection of bronchial epithelia and alveoles in a 7 days time course (Bagato et al.,
2023). The in vivo study revealed that virus elimination was associated with the influx of a macrophage
wave and we speculate that presence of resident lung macrophages in the PCLS may limit infection and
virus spread in the PCLS.

At WBRYV protocols for multiple organoid-derived air liquid interface (ALI) culturs of human, cattle, pig,
dog, sheep, ferret, rabbit, hamster, goat origin have been generated. These works are expected to
provide further complex culture models for downstream analysis of SARS-CoV-2 replication in in-vivo
like cell culture models and to clarify issues raise by the hamster models described above.
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