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The sudden change of public health policy in contain-
ing COVID-19 in China around 7 December 2022 and
the subsequent immediate large-scale outbreak of
severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) infections in the entire country across
different age groups with various baseline health con-
ditions raised the critical question on how such major
event would impact the future COVID-19 status in the
country and even to the world. The current commen-
tary attempts to use the global COVID-19 data and
information accumulated in the last 3 years to analyse
the interactions between evolving virus strains and
human immunity, which will shape the scenarios of
COVID-19 in the coming year.

Awaken by the initial outbreak of SARS-CoV-2 in
Wuhan, China took a strict lockdown approach in
the whole country, which was successful in controlling
the outbreak of the first SARS in 2002–2003. This
approach succeeded again in putting down SARS-
CoV-2 outbreaks in Wuhan and other major cities
in the country in early 2020. However, SARS-CoV-2
evolving into a global pandemic forced China to
adopt a zero-COVID policy for more than 2 years
during which international travel was severely
restricted with anyone coming to China being heavily
screened for COVID along with lengthy quarantine
after entering the country. Any isolated domestic
cases of COVID would trigger a full-scale lockdown
for the local district or even expanding to the whole
city. While the economic cost for such policy was
high, the zero-COVID-19 policy during the
2020–2021 period made China a rare country with
infrequent confirmed COVID cases and limited
mortality while the rest of the world suffered a full
scale of SARS-CoV-2 spread with millions of cases
of deaths.

However, situation changed upon Omicron var-
iants of SARS-CoV-2 emergence by the end of 2021.
Omicron variants have an enhanced ability to cause
faster transmission on a scale larger than early
SARS-CoV-2 variants [1]. Immune responses elicited
by COVID vaccines developed against the ancestral
viral strains were not as effective against Omicron var-
iants [2]. Omicron variants quickly entered China in
early 2022. Multiple cities in China had seen a much
higher number of Omicron cases in the Spring of
2022 than early variants identified in the previous 2
years. It took much harder effort to put down local
outbreaks than before. For example, a full-scale lock-
down of up to 3 months was needed to finally control
the COVID outbreak in Shanghai, the most populated
city in China with 28.5 million residents. Even so, the
lower scale but continuous spread of Omicron var-
iants persisted in China, reaching more provinces
and more local areas throughout 2022. The resources
and cost required to hold a zero-COVID policy were
becoming unattainable and the national GDP also
suffered accordingly. By early December 2022,
reported daily cases were growing at an alarming
rate nationwide which further disrupted normal econ-
omic and social life (https://www.chinacdc.cn/). At the
same time, Omicron variants were shown to be much
less pathogenic than ancestral viral strains based on
extensive studies of the global scientific community
and clinical data [3].

A major shift in zero-COVID policy was
announced around 7 December 2022. Local govern-
ments were given more authority to decide how to
modify the screening practice of COVID cases, and
within a few days, such screening was largely termi-
nated nationwide except under certain specific
situations. Almost immediately huge numbers of
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symptomatic COVID cases were reported everywhere
across the country. While the precise number was
missing, it was estimated that 60–80% of people at
least in major cities were infected in this major out-
break (let’s call it “National Omicron Outbreak”) [4].
China had achieved over 90% coverage of vaccination
with its inactivated COVID vaccines (https://www.
chinacdc.cn/). Such vaccination status did not appear
to protect against the National Omicron Outbreak
although the wide vaccination was expected to limit
the total number of severe cases or deaths in this
round of infection, considering its previously reported
effectiveness in Hong Kong [5]. As typical for a large-
scale human outbreak of a self-limiting viral infection,
the downward slope of the National Omicron Out-
break was just as steep as its upward slope. Within
4–6 weeks, new cases of SARS-CoV-2 infections
stopped appearing in many communities. Healthcare
facilities re-emerged from heavy COVID caseloads
to return to regular services of treating common
illness.

Given the fact that the majority of 1.4 billion people
in China escaped early viral variants such as Alpha,
Beta, Gamma, and Delta isolates for 2 years but
quickly got infected with Omicron variants within
1.5 months, there were serious questions on how
such a viral dynamic process in China would affect
the next wave of COVID in the country and what
would be the impact to the world.

What variants caused the National Omicron
Outbreak?

The first question is whether the National Omicron
Outbreak was truly caused by Omicron variants or
were there some early and more pathogenic SARS-
CoV-2 variants involved? When a large number of
symptomatic COVID cases, including a considerable
number of severe cases and even quick deaths, were
reported in China shortly after the lifting of the
zero-COVID policy, people were questioning if the
outbreak was only caused by Omicron strains because
Omicron is supposed to lead to mild diseases. Some
even wondered if the original Wuhan ancestral isolate
was re-emerging. However, the outbreak was quickly
coming down and the most recent report indicated
that the leading viral strains in this round of outbreak
were mainly BA.5.2 and BF.7, the sublineages of Omi-
cron, representing about 90% cases (https://www.
chinacdc.cn/), although the founder effect could not
be excluded. There were no new emerging variants
in the short period of outbreak [6]. This report was
reassuring. It would confirm that the sudden rising
of severe cases especially in Beijing was the result of
quick and large-scale infection while the spread of
Omicron variants outside China was a gradual process
that would reduce the number of severe cases at any

given time. Hong Kong also saw a similarly high num-
ber of severe cases when Omicron variants first
entered Hong Kong in early 2022. Such surge was
brief, only seen shortly after the opening of society
and quickly subsided within a few weeks, similar to
what had been observed in the National Omicron Out-
break in mainland China.

Chance for new variants to be created
dramatically different from the world after
the National Omicron Outbreak

Knowing that only a few Omicron variants caused the
National Omicron Outbreak in China and the very
fact that no novel variants occurred during that period
[6] helps answer the next question: will China become
the place after opening up to produce future unknown
variants which will be vastly different from current cir-
culating variants in the world?

Recent studies reported that SARS-CoV-2 infec-
tion-induced immunity reduced rates of reinfection
and hospitalization caused by later variants [7]. It is
not clear how long such immunity may last but such
infection-induced-immunity can supplement vac-
cine-induced-immunity, by forming the “hybrid
immunity” as being described in recent literature [8].

In 2022, new COVID cases in the world outside
China were mainly caused by various Omicron var-
iants, including those who had been vaccinated with
three or even four doses of COVID vaccines which
were developed against the ancestral viral strains. In
this sense, China is re-joining the global community
with its people previously receiving a nationwide vac-
cination plus the National Omicron Outbreaks to cre-
ate a hybrid immunity as the rest of the world. With
the loosening of previous screening and lengthy quar-
antine policy for inbound visitors, China is expected to
allow more international exchange from now on. Chi-
nese tourists are returning to the world with inter-
national booking already going up quickly as
reported by many travel agencies. With such globali-
zation of COVID, China is less likely to be a site to cre-
ate its variants different from the world.

Threat of newer Omicron variants to China
once China is re-open

Seeing the continuous viral mutations within the Omi-
cron lineage and the non-stopping reports of Omi-
cron-caused human diseases including deaths in the
world, people in China are concerned whether more
dangerous variants are going to enter China to cause
more rounds of infections and more cases of severe
diseases.

Inaccurate media reports may be responsible for
not providing a full picture of the evolution of Omi-
cron variants. Basic virologists used the in-vitro
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neutralizing antibody assay to demonstrate the escape
of new Omicron variants from the antibodies gener-
ated by vaccines/infections targeting the early viral
strains or variants, implying the existing immunity
in the human population was no more protective
[9,10]. Similarly, biologists demonstrated that the
new variants would have a relative stronger binding
to the viral receptor, implying stronger viral infection
ability [11,12].

However, such information should be verified in
the context of actual human COVID-19 epidemiology
data. First, data collected from the world demon-
strated the magnitude of each infection wave associ-
ated with key Omicron variants had been coming
down over 2022 (Figure 1) [13,14]. The widely
reported Omicron sublineage mutations were very
restricted within a narrow scope of its molecular
mutations, much different from the early SARS-
CoV-2 mutations which created several major sub-
types with a much larger span of molecular mutations
(Figure 2) [11]. This would imply that by the time
Omicron was first reported in November 2021, the
global herd immunity, developed by both the quick

and large-scale human population vaccination and
the wide spread of viral infections in many countries,
had created such a broad barrier that all other major
subtypes of SARS-CoV-2 were not able to survive
much longer but instead replaced by the Omicron
variants.

Omicron had more amino acid mutations inside
the receptor binding domain than the early mutated
subtypes, basically creating a new lineage of the
SARS-CoV-2 virus [15]. Such mutations led to the
predominance of the endocytic pathway in Omicron
infection instead of that enhanced by TMPRSS2 as
early subtypes [16], accounting for less pathogenesis
nature of Omicron than the ancestral virus.

More significantly, none of the evolving Omicron
variants was able to dominate the world for too long
before being replaced by newer Omicron variants, as
shown by the US CDC tracking of SARS-CoV-2
viral strains circulating in the US for the entire 2022
(Figure 3) [17]. It would suggest that herd immunity,
especially the immunity created by Omicron infec-
tions, was able to quickly narrow down the commu-
nity dominance of previous circulating Omicron
variants. By the end of 2022, multiple Omicron var-
iants rather than one dominating strain are needed
to keep the viral survival in the community. This is
quite different from the published predictions that
some highly powerful viral mutants might be domi-
nating the world [11].

If we use the global viral evolution data as a guide,
there should not be too much concern about the inva-
sion of newer Omicron variants into China, especially
considering the fact the entire nation was just infected
by the recent circulating Omicron variants in the
world. SARS-CoV-2-induced immunity should pro-
tect the hosts for at least 6 months which will provide

Figure 1. World new confirmed COVID-19 cases per million people (7-day rolling average). Source: Our World in Data and Johns
Hopkins University CSSE COVID Data [13,14].

Figure 2. Unrooted phylogenetic tree of Omicron subvariants
along with other main SARS-CoV-2 variants [11].
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time for Chinese people to establish enough herd
immunity to face the next Omicron variants.

There is some concern about the XBB variant as
well as its sublineage XBB.1.5 variant which has spread
rapidly across several countries including Singapore
and the United States in the past few months [12].
Such concern may be exaggerated. The numbers of
cases, severe cases, and deaths have been decreasing
in the US despite XBB dominance there [12], not to
mention other countries where XBB was less detected.
Neutralizing antibodies with high titres still works,
despite XBB-derived variants’ superior immune eva-
sion capacities from neutralizing antibodies induced
by previous vaccination or breakthrough infections
[9,18]. Moreover, neither higher pathogenicity nor
any peculiar clinical manifestations have been
observed in XBB-infected animals [18]. Indeed, viral
characteristics of emerging variants in the past 3
years have revealed that SARS-CoV-2 evolution con-
forms to the same Darwinian principle that generally
variants with increased transmissibility and decreased
pathogenicity are selected eventually. Notably, anti-
viral drugs remdesivir, molnupiravir, and nirmatrelvir
showed equal efficacy for the XBB variant [19].
Additionally, vaccination or infection-induced
humoral and cellular immunity systemically and at
mucosal surface are orchestrated to shield hosts
from reinfection or symptomatic reinfection in vivo
[20,21], further offsetting the concerns on potential
XBB outbreak in China.

The value of hybrid immunity against
COVID

While original vaccines (no matter whether mRNA
vaccines, viral vector vaccines, or inactivated vaccines)
using ancestral Spike immunogen would not have
generated sufficient antibody responses to cross-neu-
tralize the Omicron variants, there is still some low
level of cross-protection in real-life situations. More
significantly, animal studies showed that further
boost with either the original vaccine or other heter-
ologous vaccines could increase the antibody
responses against Omicron variants even by the

inactivated vaccine [22]. Such findings are significant
as they indicate that the original vaccination, no mat-
ter how low the responses, may serve as an important
prime to the immune system. A subsequent viral
infection would be able to boost the primed immune
system to elicit higher protective immune responses.

Herd immunity or population immunity is referred
when a sufficient proportion of the population
acquires immunity to a certain contagious disease,
either through vaccination or natural infection. With
the development and approvals of several SARS-
CoV-2 vaccines, it had been thought that herd immu-
nity through vaccination would be the best way to
curb the SARS-CoV-2 infection. Therefore, many
countries have attempted to reach the herd immunity
threshold as early as possible since the commence-
ment of vaccination at the end of 2020. The hope
faded with the COVID-19 pandemic continuing with
the emerging Omicron variants, and the bivalent
COVID-19 vaccines were developed and used in Wes-
tern countries. Bivalent vaccine containing mRNAs
encoding Spike protein of both the ancestral strain
and Omicron strain of SARS-CoV-2 was supposed
to elicit an immune response of higher coverage
against various variants. Nonetheless, the value of
such bivalent vaccines was questioned [23]. There
are basic design questions to be answered: (1) whether
the second immunogen, covering one particular var-
iant of Omicron, would be outdated by the time
such vaccine is used in large populations as newer
Omicron variants would have already emerged and
(2) by one injection of the bivalent COVID-19 vaccine,
it is questionable whether the body’s immune system
will provide a strong immune response toward the
first immunogen but not the second immunogen, a
phenomenon well known as “original antigenic sin”
[24].

In contrast, natural infection by the Omicron virus
would provide immunity against future Omicron var-
iants [21,25]. More reports are emerging that infection
by a previous Omicron strain would play a meaningful
role in real-life protection from subsequent Omicron
infections. The fact that most people in China now
have been synchronously infected with the recent

Figure 3. 2022 Tracking of Omicron strains in the US (1/1/2022 to 12/31/2022) [17].
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Omicron variants around the end of 2022 will provide
a valuable test to find out how long and to which
degree such infection-induced immunity will protect
the nation against future Omicron variants. Some
low-level Omicron infections may persist as observed
in the world, the key question is whether the large-
scale outbreak can be prevented in China in the com-
ing year due to the National Omicron Outbreak at the
end of 2022. Continued monitoring is warranted for
any emerging variants which may be more pathogenic
than current Omicron variants.
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