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China had successfully suppressed multiple waves of SARS-CoV-
2 epidemics using the ‘dynamic zero-COVID’ strategy before
November 2022. Due to the substantially reduced pathogenicity
of new SARS-CoV-2 Omicron variants (e.g. BE7 and BA.5.2)
in populations with higher vaccine coverage, and the enormous
socioeconomic costs incurred by the dynamic zero-COVID strat-
egy, China began to adjust response strategies from 11 November
2022 (including restricting testing coverage, shortening quaran-
tine periods for inbound travellers and suspending secondary
contacts tracing).' Starting from 7 December 2022, the further
relaxation of control measures (including the prohibition of
regional mass testing and the implementation of home isolation
or quarantine) triggered an unprecedentedly large Omicron wave
in China, leading to a sharp increase in fatalities. The abrupt
change of COVID control measures and the resulting surge of
SARS-CoV-2 infection, hospitalization and death in China have
raised great international concerns.’

The time-varying reproduction number (R;), a measure of
instantaneous transmissibility of an epidemic, is defined as the
average number of secondary infections caused by a typical
primary case at time ¢, after accounting for the population
immunity and the impact of control measures. Reliable estimates
of R; are essential to understand how the transmissibility of
COVID-19 changes after the relaxation of the public health and
social measures. As the population-wide testing of SARS-CoV-
2 was abandoned in mainland China from 8 January 2023,
surveillance data about the daily number of new infections

were lacking since then. To fill this gap, on 25 January 2023,
the Chinese Center for Disease Control and Prevention (CDC)
published a unique surveillance data estimating the daily hos-
pitalization number of COVID-19 patients in hospitals from
December 2022 to January 2023 in China.! Informed by these
data, we evaluated the R; for the 32 provincial-level admin-
istrative divisions in the study period, together with the num-
ber of daily new cases, to nowcast the epidemic growth of
COVID-19 Omicron variant in China from December 2022 to
January 2023.

We evaluated the time-varying reproduction numbers (R;) of
the COVID-19 Omicron outbreaks in mainland China at the
32 provincial-level administrative divisions (Figure 1, see “Time-
varying Reproduction Number Estimation’ in Supplementary
Methods). The prevalence of hospitalizations peaked in early
January 2023, with variations across administrative divisions.
The peak prevalence of hospitalization (per 100 000 population)
ranged from 22 in Tianjin to 390 in Ningxia.

Informed by the hospitalization data, we estimated the
daily R; at the provincial-level administrative divisions. We
found that the initial R; among the 32 study divisions ranges
from 3.10 [95% confidence interval (CI): 2.71, 3.49] in
Xinjiang Production and Construction Corps to 7.55 (95%
CIL: 4.48, 10.63) in Jiangsu province. Of these, the reported
subvariants in the surveillance system mainly include BA.5.2
(70.2%), predominant in southern regions, and BE7 (28.3%),
predominant in northern regions.*
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Figure 1. Estimated time-varying reproduction number of regions in mainland China between 8 December 2022 and 23 January 2023. (A) Hospital
prevalence (# per 100000 population) in Beijing, Shanghai, Tianjin and Ningxia between 8 December 2022 and 23 January 2023. (B, C, D) Time-
varying reproduction number (R;) in the provincial-level administrative divisions, estimated from hospitalization data. (B) Lines and shaded areas
indicate the mean and 95% Cl of R; over time in Beijing (red) and Shanghai (green). (C) Mean estimates of initial R; presented by provincial-level
administrative divisions. (D) Mean and 95% ClI of initial R; estimates in the study period presented by divisions.

A meta-regression analysis was conducted based on the
reported initial R; estimates for the Omicron variant, which
allowed us to explore the potential association between the
location and R;. High heterogeneity was observed among the
provincial-level administrative divisions (I’= 0.71, P < 0.01)
(Figure S1). The pooled estimate of initial R; was 4.74 (95% CI:
4.41, 5.07) in 32 provincial-level administrative divisions.

From August 2021, China implemented a ‘dynamic zero’
COVID strategy until November 2022. This was followed by
a rapid transition between partial relaxation on 11 November
2022, and complete opening-up on 7 December 2022. Consid-
ering the low vaccination rates among those over 80 years of
age and the low population immunity acquired through previous
infections, China’s elimination of zero-clearance could trigger a
wave of Omicron infection under a high transmission scenario
that might result in over 90% of the population being infected
as of 19 January 2023.* We found high heterogeneity of initial
reproduction numbers across divisions in mainland China and
the pooled estimate is 4.74 (95% CI: 4.41, 5.07).

China has its Spring Festival on 22 January 2023, for
which residents and visitors normally make several billion trips
throughout China to celebrate the Lunar New Year, starting on 7
January in 2023. However, given the early starting of nationwide
loosening, the epidemic impact of the Festival travel might have
fueled the transmission in provinces (e.g. Ningxia) (Figure 1A).

The basic reproduction number of the ancestral variant was
estimated to be 3.15 (95% CI: 3.04, 3.26) during January 2020
in Chinese provinces,’ and the initial reproduction number of
the Omicron outbreak was estimated to be 3.44 (95% credible
interval: 2.82, 4.14) in Beijing in mid-November 2022 based

on Weibo and WeChat online polls. When the Omicron wave
started in Beijing several weeks earlier than in other parts of
mainland China,® our pooled estimate in this study is higher
than those of earlier COVID-19 waves, denoting the unprece-
dented COVID-19 outbreak in mainland China given the low
population immunity in December 2022.

Globally, in 2021 and 2022, the effective reproduction
numbers of the Omicron outbreaks were estimated for South
Africa, Denmark, China, England and India.” The mean estimates
ranged from 2.43 to 5.11, with the pooled estimate being 4.20
(95% CI: 2.05, 6.35).” These estimates are close to our pooled
estimates in mainland China, suggesting similar transmission
efficiency across countries in the initial Omicron outbreaks.

Although the COVID-19 outbreak almost ended in China
in late January 2023, the World Health Organization claimed
that the COVID-19 pandemic continued to constitute a pub-
lic health emergency of international concern on 27 January
2023.5 We will provide an overview of key assumptions in
this study. First, our model might be demographically biased
by the surveillance system of China CDC,* which is based on
sentinel hospitals. Criteria of hospital admissions and discharge
might have changed when the hospitals reached their capacity,
which might have biased the reproduction number estimates.
Furthermore, considerable uncertainty remained regarding the
lag between hospitalizations and infections. We appeal to the
researchers to be careful about their conclusions when using
this time-varying reproduction number. We expect that estimates
for the time-varying reproduction number will improve as more
granular epidemiologic data become available. However, our key
qualitative insights are likely robust to these uncertainties.
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Our study could inform the relevant governing authorities
to make necessary choices regarding the prioritization of con-
ventional and emergency health systems in the next pandemic.
Given the transition from the zero-COVID policy to the major
relaxation in a short period, China would be expected to prepare
in advance by training millions of healthcare workers to care for
mild COVID-19 cases and stockpiling antivirals. Compared with
earlier COVID-19 waves in China, most people were infected
in this outbreak in a short period, and the country has likely
leaped from a containment phase to a recovery phase through the
abrupt relaxation of control measures. The released surveillance
data from Chinese CDC sentinel household surveillance system*
should provide another opportunity to learn more about the
resulting surge and reduce international concerns, after China
disbanded its national case reporting system.’
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Supplementary data are available at JTM online.
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