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The research group led by Chris Mok mainly
focuses on understanding how the virus infection
or vaccination determine the pathogenesis and
immunity in host. With the experience of the
related topic, they have established very solid
platforms for molecular, clinical, virologic as well
as immunological studies. In 2021, the team
put their effort to investigate the immunological
features in humans that are mediated by the
stimulation of SARS-CoV-2, the cause of
COVID-19 that emerged in late 2019 leading
to a devastating pandemic. So far, over 500
million COVID-19 infections including more
than 5 million deaths have been reported to the
World Health Organization. Many COVID-19
vaccines were rapidly developed, evaluated and
deployed with over 4 billion doses of COVID-19
vaccines administered worldwide. These include
inactivated whole virus, lipid nanoparticle (LNP)encapsulated
mRNA,
adenovirus-vectored
and protein sub-unit vaccines. The safety,
immunogenicity and efficacy of these vaccines

have been evaluated in separate clinical trials
but there are few “head-to-head” comparisons
of different vaccines. Moreover, the novel
SARS-CoV-2 variants have emerged and are
rapidly becoming the dominant SARS-CoV-2
virus circulating globally. It is important to define
reductions in antibody and T cell response in
vaccinated individuals to understand potential
loss of protection from vaccination. Addressing
these questions together with comparing the
similar features in vaccine cohorts will help to
justify the performance of different COVID-19
vaccines and is also of use in helping the
development of the next generation of COVID-19
vaccines. Chris’s team has set up a longitudinal
study cohort to monitor their humoral and cellular
immune responses from the participants who
received the COVID-19 vaccine. The results
provided important implications for understanding
the performance of different COVID-19 vaccines
and served as references for the policy making of
the government.
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Comparison of the Immunogenicity
of BNT162b2 and CoronaVac
COVID-19 Vaccines in Hong Kong
(Mok et al 2021 Respirology)
The two types of COVID-19 vaccines which
are included in this study use mRNA (PfizerBioNTec, BNT162b2), and whole virion
inactivation (Sinovac, CoronaVac) as their
approaches respectively. All these vaccines are
so far only evaluated at their own designated
population and countries and there is still
lack of prospective study to “side-by-side”
compare the immunogenicity and kinetic of
different vaccines. In particular, the differences
on the long-term responses of either humoral
(B cell) or cellular (T cell) immune responses
between these vaccines are not yet clear. In
this study, the team showed that BNT162b2
elicited significantly higher PRNT50, PRNT90,
sVNT, spike receptor binding, spike N terminal
domain binding, spike S2 domain binding,
spike FcR binding and antibody avidity levels
than CoronaVac one month after the second
dose of vaccine. Both vaccines induced SARSCoV-2 specific CD4+ and CD8+ T cell responses
at 1-month post-vaccination but CoronaVac
elicited significantly higher structural proteinspecific CD4+ and CD8+ T cell responses.

A Randomised Control Trial using
CoronaVac or BNT162b2 vaccine
as a third dose in adults vaccinated
with two doses of CoronaVac (Mok
et al 2021 AJRCCM)
CoronaVac is one of the WHO approved
inactivated virus vaccines and over 750
million doses have been administered in more
than 40 countries. However, breakthrough
infections, some leading to severe disease
and death have been reported in CoronaVac
vaccinated adults have raised concern. Given
the results suggesting a less than optimal
protection afforded by the CoronaVac vaccine,
it becomes relevant to consider the rationale
for providing a booster dose with either an
additional dose of CoronaVac or BionTech
to those with low neutralising antibody titers
after the two dose CoronaVac schedule.
However, there is so far no scientific evidence
to inform such a policy decision. They thus
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conducted a Randomised Clinical Trial (RCT)
study to compare the immunogenicity of using
BNT162b2 and CoronaVac as a third dose for
adults with low antibody response to two doses
of CoronaVac. It showed that both CoronaVac
and BNT162b2 vaccines boosted antibody
responses in CoronaVac immunised individuals
but BNT162b2 was markedly superior in
immunogenicity. BNT162b2 not only elicited a
higher level of SARS-CoV-2 specific antibodies
but also led to higher levels of cross-neutralising
antibody levels to different variants of concern.
The adverse reactions were mild and shortlived.

Altered ISGylation drives aberrant
macrophage-dependent immune
responses during SARS-CoV-2
infection (Munnur et al 2021 Nature
Immunology)
Interferon stimulated gene 15 (ISG15) is a
ubiquitin-like modifier frequently induced during
virus infections and involved in versatile host
defence mechanisms. Not surprisingly, many
viruses including SARS-CoV-2 have evolved
de-ISGylating activities to antagonise its effect.
In this study, the team compared ISG15-driven
macrophage responses upon infection by two
(+) RNA viruses, Zika and SARS-CoV-2 as well
as by influenza virus. All three viruses triggered
induction of ISGylating enzymes; while influenza
and Zika viruses induced cellular ISGylation,
SARS-CoV-2 triggered hydrolysis of ISG15
modifications instead, to generate free ISG15,
which appeared in the extracellular space via
a non-classical autophagy-related secretory
process. Increased extracellular ISG15 was
also reflected in serum samples from COVID-19
patients. The high ratio of free versus conjugated
ISG15 in SARS-CoV-2 infected cells correlated
directly with macrophage polarisation towards
a M1 phenotype, increased secretion of
pro-inflammatory cytokines, and attenuated
cell surface presentation of MHCI/II. This
phenomenon was recapitulated by expressing
the wild-type but not the catalytically inactive
PLpro de-ISGylating enzyme of SARS-CoV-2.
In vitro characterisation of purified wild-type and
mutant PLpro revealed its higher de-ISGylating
compared to its de-ubiquitylating activity.

Quantitative proteomic analyses of PLpro
substrates revealed several metabolic enzymes
that have been implicated in the biogenesis of
secretory granules that transport inflammatory
cytokines. Further proteomic analyses of
the secretome from SARS-CoV-2 infected
macrophages revealed that besides ISG15,
they were enriched in non-classical secretory
proteins and cytokines. Collectively, the results
indicate that increased proportions of free ISG15
dramatically alter macrophage responses and is
likely a key feature of cytokine storms triggered
by highly pathogenic respiratory viruses such as
influenza and SARS-CoV-2.
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C,C,C indicate the vaccines (C: CoronaVac; B: BNT162b2)
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