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ABSTRACT
Data on reinfection in large Asian populations are limited. In this study, we aimed to evaluate the reinfection rate, disease 
severity, and time interval between the infections in the symptomatic and asymptomatic populations which are firstl 
infected with BA.2 Omicron Variant. We retrospectively included adult patients with COVID-19 discharged from four 
designated hospitals between 27 April 2021 and 30 November 2022, who were interviewed via telephone from 29 
January to 1 March 2023. Univariable and multivariable analyses were used to explore risk factors associated with 
reinfection. A total of 16,558 patients were followed up, during the telephone survey of an average of 310.0 days, 
1610 (9.72%) participants self-reported reinfection. The mean time range of reinfection was 257.9 days. The risks for 
reinfection were analysed using multivariable logistic regression. Patients with severe first infection were at higher 
risk for reinfection (aORs, 2.50; P < 0.001). The male (aORs,0.82; P < 0.001), the elderly (aORs, 0.44; P < 0.001), and 
patients with full vaccination (aORs, 0.67; P < 0.001) or booster (aORs, 0.63; P < 0.001) had the lower risk of reinfection. 
Patients over 60 years of age (aORs,9.02; P = 0.006) and those with ≥2 comorbidities (aORs,11.51; P = 0.016). were at 
higher risk for severe reinfection. The number of clinical manifestations of reinfection increases in people with severe 
first infection (aORs, 2.82; P = 0.023). The overall reinfection rate was 9.72%, and the reinfection rate of Omicron-to- 
Omicron subvariants was 9.50% at one year. The severity of Omicron-Omicron reinfection decreased. Data from our 
clinical study may provide clinical evidence and bolster response preparedness for future COVID-19 reinfection waves.
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As of 28 June 2023, there have been 760 million 
confirmed cases of COVID-19, including about 7 
million deaths reported to the World Health Organiz
ation (WHO) globally [1]. Current research shows 
that the immune barrier to COVID-19 can be retained 
for about 6 months. However, the incubation period of 
COVID-19 is about 1–5 days, and the formation of 
memory humoral immunity is difficult to respond to 
in the short term, leading to the occurrence of reinfec
tions. Currently, there are conflicting reports on the 

disease severity of reinfection on COVID-19. Some 
studies held the opinion reinfection increased risks 
of death, hospitalization, and sequelae in multiple 
organ systems, while other studies indicated the sever
ity rate decreased in the reinfection phase [2]. Consid
ering the ongoing global circulation of the Omicron 
variant, understanding the characteristics of Omicron 
reinfection rates in the entire population remains cru
cial for future public health policies. A few studies 
cover a comprehensive assessment of reinfection risk 

© 2024 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group, on behalf of Shanghai Shangyixun Cultural Communication Co., Ltd 
This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial License (http://creativecommons.org/licenses/by-nc/4.0/), which 
permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited. The terms on which this article has been 
published allow the posting of the Accepted Manuscript in a repository by the author(s) or with their consent. 

CONTACT  Yanliang Zhang swinburn@163.com Department of Infectious Diseases, Nanjing Hospital of Chinese Medicine Affiliated to Nanjing 
University of Chinese Medicine, Nanjing, 210000, People’s Republic of China, Nanjing Research Center for Infectious Diseases of Integrated Traditional 
Chinese and Western Medicine, Nanjing, 210000, People’s Republic of China; Jingwen Ai jingwenai1990@126.com Department of Infectious 
Diseases, Shanghai Key Laboratory of Infectious Diseases and Biosafety Emergency Response, National Medical Center for Infectious Diseases, Huashan 
Hospital, Shanghai Medical College, Fudan University, Shanghai, 200040, People’s Republic of China; Wenhong Zhang zhangwenhong@fudan.edu.cn

Shanghai Huashen Institute of Microbes and Infections, NO.6 Lane 1220 Huashan Rd., Shanghai, 20052, People’s Republic of China
*Jianpeng Cai, Haocheng Zhang, Kun Zhu, Feng Zhu and Yan Wang have contributed equally to this work and share first authorship.

Supplemental data for this article can be accessed online at https://doi.org/10.1080/22221751.2023.2292071.

Emerging Microbes & Infections 
2024, VOL. 13, 2292071 (5 pages) 
https://doi.org/10.1080/22221751.2023.2292071

http://crossmark.crossref.org/dialog/?doi=10.1080/22221751.2023.2292071&domain=pdf&date_stamp=2024-02-03
http://creativecommons.org/licenses/by-nc/4.0/
mailto:swinburn@163.com
mailto:jingwenai1990@126.com
mailto:zhangwenhong@fudan.edu.cn
https://doi.org/10.1080/22221751.2023.2292071
http://www.iom3.org/
http://www.tandfonline.com


among asymptomatic and symptomatic infected indi
viduals. Due to the early large-scale nucleic acid 
screening strategy, we can obtain relatively accurate 
data on secondary infections.

We conducted telephone follow-ups with the 
patients who were confirmed with or clinician diag
nosed with initial COVID-19 from 27 April 2021 to 
30 November 2022, after they were discharged from 
Huashan Hospital affiliated to Fudan University, 
Nanjing Hospital of Chinese Medicine, Wuxi No.5 
People’s Hospital, and the Sixth People’s Hospital of 
Shenyang, and we have followed-up the cohort 
through telephone, which started on 17 February 
2023 and ended on 6 March 2023. According to the 
10th version of the national COVID-19 protocol [3], 
severe COVID-19 infection was defined by at least 
one of the following items: (a) respiratory rate ≥30, 
(b) finger oxygen saturation less than 93 when inhal
ing air at rest, (c) PaO2/FiO2 ≤ 300mmHg, and (d) 
progressive clinical symptoms with lung images show
ing >50% significant progression of the lesion in 24– 
48 h. Critical COVID-19 infection was defined by at 
least one of the following items: (a) respiratory failure 
and the need for mechanical ventilation, (b) shock, 
and (c) other organ failure requiring ICU monitoring 
treatment. The study was approved by the Huashan 
Ethics Committee (2022-721). Mann–Whitney U 
was used to compare the demographic data for con
tinuous variables. Differences in proportions were 
evaluated using χ² tests. Logistic regression was used 
to estimate the odds ratios (ORs) and 95% CIs to 
explore risk factors associated with reinfection and 
severe reinfection. Logistic regression was adjusted 
for the following potential confounders: gender 
(male/female), age (<60 years/≥60 years), number of 
comorbidities (0/1/≥2), vaccination status (unvacci
nated/partially vaccinated/ fully vaccinated/ booster), 
and severity of first infection (non-severe/severe).

Most of the patients in the cohort had only 
experienced one COVID-19 infection with the 
Omicron Variant before December 2022, and 
among which, we included asymptomatic, mild-to- 
moderate, and severe to critically ill patients. The 
reinfection events under investigation, excluding 
those related to the Delta variant, occurred between 
December 2022 and January 2023. During this 
period, the BA.5 lineage and its related sub-lineages 
were the predominant variants in China, represent
ing over 99.5% of the infections. Therefore, the data 
from this cohort can objectively reflect the Omi
cron-to-Omicron subvariants reinfection situation 
among the overall population. Data from our clini
cal study may provide the clinical evidence to sup
port the policy strategy for the recent Omicron 
reinfection outbreak in China.

A total of 24,884 patients with COVID-19 partici
patedand were invited to participate in our telephone 

follow-up, of whom 16,558 (66.54%) responded. The 
demographic and clinical characteristics of the 
16,558 participants are shown in Supplementary 
Table 1. During the telephone survey of an average 
of 310.0 days after the first infection of SARS- 
CoV-2, 1610 (9.72%) participants self-reported posi
tive RT–PCR test or antigen test. The mean time to 
reinfection from the first positive RT–PCR test or 
antigen test was 257.9 days, with the shortest reinfec
tion time being 94 days, and the longest reinfection 
time being 611 days. The reinfection rate of Omi
cron-to-Omicron subvariants was 9.50% at one 
year. The time-varying curves of reinfection rates 
for different subgroups are shown in Supplementary 
Figure 1.

The proportion of severe-critical reinfections was 
lower than that of the first infection (0.62% vs. 
1.37%, P = 0.033), and the proportion of reinfec
tions with two or more symptoms was also lower 
than that of the first infection (44.10% vs. 53.91%, 
P < 0.001) (Figure 1(a,b)). The same phenomenon 
was observed in adults aged <60 years (Figure 1(c, 
d)), but in the older age group over 60 years, 
there was no significant difference in the number 
of symptoms and severity between reinfection and 
first infection (Figure 1(e,f)). Reinfection was 
associated with an increased risk of dyspnoea, pal
pitation, chest pain, joint pain, etc. (Figure 1(g)). 
The dynamics of the number of symptoms and 
severity of first infection and reinfection are 
shown in Supplementary Figure 2.

In our cohort, 1567 (1567/1610, 97.33%) reinfec
tions occurred during the Omicron wave, and 43 
(43/1610, 2.67%) reinfections occurred during the 
Delta wave (Supplementary Table 4). Although a 
higher proportion of Delta-infected patients went to 
the emergency than Omicron patients after reinfection 
(11.63% vs 2.36%, P < 0.001) (Supplementary Figure 3 
(a,b)), there was no significant difference in the admis
sion rate of reinfection between the two groups (0% vs. 
0.64%, P = 1.000) (Supplementary Figure 3(c,d)).

In multivariable logistic regression, patients with 
severe first infection were at higher risk for reinfection 
than those with non-severe first infection (aORs, 2.50; 
P < 0.001). The male (aORs,0.82; P < 0.001), the 
elderly (aORs, 0.44; P < 0.001), and patients with full 
vaccination (aORs, 0.67; P < 0.001) or booster (aORs, 
0.63; P < 0.001) (Supplementary Table 2) had the 
lower risk of reinfection. We also evaluated risk factors 
for severe reinfections of SARS-CoV-2. We found an 
increased risk in patients over 60 years of age 
(aORs,9.02; P = 0.006) and in those with ≥2 comor
bidities (aORs,11.51; P = 0.016) (Supplementary 
Table 3). We found an increased number of clinical 
manifestations in reinfections in the populations 
with severe first infection (aORs, 2.82; P = 0.023) (Sup
plementary Table 5).
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Figure 1. Comparison of severity and number of symptoms of the first infection and reinfection. a. Comparison of severity of the 
first infection and reinfection in all patients. b. Comparison of the number of symptoms of the first infection and reinfection in all 
patients. c. Comparison of severity of the first infection and reinfection in patients aged less than 60 years. d. Comparison of the 
number of symptoms of the first infection and reinfection in patients aged less than 60 years. e. Comparison of severity of the first 
infection and reinfection in patients aged equal to or over 60 years. f. Comparison of the number of symptoms of the first infection 
and reinfection in patients aged equal to or over 60 years. g. Risk of clinical manifestations in people with SARS-CoV-2 first infec
tion versus reinfection.
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Discussion

In our study, the overall reinfection rate was about 
9.72%. The reinfection rate was higher than that in 
Alpha-Delta, but it was similar in the Omicron 
wave. During the Alpha-Delta wave, the incidence 
of suspected reinfection remained at 1%–2.7% of 
cases [4]. In the Omicron wave, a rapid increase 
was observed in the incidence of reinfection, from 
2% during the week of 5–11 December to 11% 
during the week of 19–25 December [5]. Several fac
tors might contribute to the high reinfection rate, 
including the emergence of variants capable of 
immune evasion and waning immunity as the inter
val from initial infection or vaccination increases for 
many persons [6,7]. Previous studies showed the 
effectiveness of previous infections in preventing 
reinfection varied. The effectiveness was 90.2% 
against the alpha variant, 85.7% against the beta var
iant, 92.0% against the delta variant, and 56.0% 
against the omicron variant [8].

In our study, the average interval between two 
infections was 257.9 days. In a previous study, the 
overall average time from first infection to reinfection 
was 334 ± 146 days [9]; however, Omicron-to-Omi
cron reinfection events appear in as little as 3 weeks 
after the initial infection, with a mean of 22 weeks. 
Advanced age, female sex, and underlying comorbid
ities appeared to be the first risk factors for reinfection. 
Females had a higher prevalence of recurrence [10,11]. 
Previous studies showed Omicron-Omicron reinfec
tions over a shorter time interval than seen after a 
first infection with non-Omicron VOCs [12]. Previous 
studies showed protection from re-infection from 
ancestral, alpha, and delta variants declined over 
time but remained at 78.6% at 40 weeks [13]. How
ever, protection for the Omicron variant was signifi
cantly lower and declined more rapidly over time. 
When it comes to the XBB variant, previous BA.1 
infection and first series vaccination conferred no or 
minimal protection. Protection, conferred by a pre
vious BA.2 infection against XBB reinfection, was 
lower within 6 months of first infection (74%,) and 
waned at a faster rate, decreasing to 49% at 7–8 
months and 37% at 8 months [14].

Importantly, our study found the severity of SARS- 
CoV-2 reinfection decreased. The proportion of 
severe-critical reinfections was lower than that of the 
first infection (0.82% vs 1.37%, P = 0.033). The study 
of veterans showed reinfection contributed to 
additional risks of death (hazard ratio (HR) = 2.17) 
and hospitalization (HR = 3.32) compared to no rein
fection. However, in our cohort, we had similar 
conclusions to most of the other studies, the SARS- 
CoV-2 reinfection risk remained substantially lower 
compared with the first infection [15,16]. The protec
tion of previous infections against hospitalization or 

death caused by reinfection was robust [8]. One poss
ible reason for the discrepancy is the inclusion of biased 
population samples, with some studies including the 
entire population and others focusing only on hospital
ized patients. In most of the regions in the world, wide
spread nucleic acid testing has not been implemented 
since 2022, leading to the loss of information regarding 
asymptomatic and mild reinfections.

Our analysis has some limitations. First, it relied on 
patients’ self-reported information, including results 
from RT–PCR or antigen tests, oxygen saturation 
levels, and treatment records. it might be fewer 
patients who did not undergo antigen or oxygen satur
ation tests, leading to a small bias of the occurrence 
and severity rate of reinfections. Secondly, there 
might be a bias in the time interval of reinfection 
because most of the reinfections were recorded in 
the initial wave of widespread community trans
mission at the end of 2022, and the re-exposure risk 
among previously infected individuals remained artifi
cially controlled before adjustments in epidemic pre
vention policies. Thirdly, there were seasonal 
differences between the first infection and reinfection. 
In our study, most first infections occurred in spring, 
but most reinfections occurred in winter, the seasonal 
effects cannot be excluded in terms of symptoms and 
severity of disease.

Our study showed the overall reinfection rate was 
9.72%, and the reinfection rate of Omicron-to-Omi
cron subvariants was 9.50% at one year. The severity 
of Omicron-Omicron reinfection decreased among 
the general population. The most predictive factors 
for the risk of severe reinfection were age and multiple 
comorbidities. The male, the elderly, and patients 
being vaccinated had a lower risk for reinfection. 
The disease severity at the first episode was the risk 
factor for reinfection. China is recently experiencing 
a reinfection wave; data from our clinical study may 
provide clinical evidence and bolster response prepa
redness for future epidemics or endemics around the 
world.
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