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Abstract: SARS-CoV-2 variants have shown increased transmission capabilities and pandemic to an extent with
severe presentation and mortality. The delta variant has been declared as an emerging variant of concern (VOC)
by the World Health Organization (WHO) on May 10, 2021. This review summarizes the post-vaccination infection
events related to SARS-CoV-2 delta variant outbreaks in many areas of China. The characteristics and measures of
delta variant-induced COVID-19 infections from May 2021 to October 2021 were reported. We compared the delta
variant with the omicron from the latest literature review.
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Introduction

It is known that the generation of novel corona-
virus variants occur through accumulation of
viral genome mutations in host defense ag-
ainst emerging pathogens [1]. SARS-CoV-2 pan-
demic, concerning the rapid spread of many
viruses transmitted by respiratory droplets and
fomites, has reminded us that the host im-
mune status and different responses have
played the fundamental role in virus mutation
and ongoing pandemic of SARS-CoV-2. The
delta variant has been signed as an emerging
variant of concern (VOC) by the World Health
Organization (WHO) on May 10, 2021. Delta
variants had addressed worldwide attention.
Host immune responses to current delta vari-
ants is unclear and needs further elucidation.

Several studies have shown that SARS-CoV-2
virus has owned many progressive changes
and becomes mutated with the rising infection
and is more lethal for human beings than ever
before [2-4]. SARS-CoV-2 virus B.1.617 lineage

was a special variant conferring advantage to
rapidly become dominant lineages [5]. It is
known that the variant B.1.617.2 (SARS-CoV-2
delta variant) was first detected in India in
October 2020. It has contributed to the current
wave of infection ravaging the Southern Asia
subcontinent due to its apparent increased
transmissibility. Variant B.1.617.2 (SARS-CoV-2
delta variant) was designated a variant of con-
cern (VOC) by the World Health Organization
(WHO) and had been reported in more than 80
countries on June 20, 2021 [6]. Delta variant
B.1.617.2 was the most widespread VOC in
2021 [5]. With the role of imported visitors and
commodities in the transmission of COVID-19
[7-11], the objectives of the review summarize
current characteristics and management mea-
sures of delta variant-induced sporadic COVID-
19 outbreaks from June to October 2021 in
China. These results will offer key information
to other countries at this important stage of
the pandemic COVID-19 induced by the delta
variant.


http://www.ajtr.org

Post-vaccination infection by delta variant

Zhengzhou (Jul 17, 2021)

Zhangjiajie (Jul 22, 2021) _

Quanzhou (Sep 14,

Ruili (Jul 4, 2021)
7 Guangzhou (May 21, 2021)

o SO0 Mies

& Hospital-acquired infection

® Community-acquired infection

Yangzhou (Aug 28, 2021)

Nanjin (Jul 20, 2021)

Figure 1. Geographical epidemiological characteristics of the 12 cities during the sporadic COVID-19 outbreaks
induced by the imported virus strain B1.617.2 (delta) in China. Nanjing, Guangzhou, Shenzhen, and Shanghai are

aviation hub cities. Ruili is border city.

Methods

We collected the delta variant-induced COVID-
19 epidemic data from the Chinese CDC and
the local Municipal Health Commissions every
day and summarized a descriptive analysis of
the characteristics and measures of delta vari-
ant-related sporadic COVID-19 outbreaks (from
May to October 2021). We searched the litera-
ture by the PubMed and SCOPUS database
from October 2020 to December 31, 2021.
Suitable keywords or terms included ‘SARS-
CoV-2 delta variant’, ‘post-vaccination SARS-
CoV-2 infection’, ‘COVID-19’, ‘B.1.617.2 variant’,
and ‘vaccine’. We also assessed Chinese epi-
demiology and trends of delta variant-related
infection and SARS-CoV-2-related post-vaccina-
tion infection.

Results

Geographical distribution of different cities
during the sporadic COVID-19 outbreaks

From May to October 2021, geographical distri-

bution of different cities delta mutant strain-
induced COVID-19 pandemic is shown in Figure
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1. Nanjing, Guangzhou, Shenzhen, Xiamen, and
Shanghai are aviation hub cities. Ruili is a bor-
der city. Nanjing epidemic-associated cities
included Zhangjiajie and Yangzhou. Putian epi-
demic-associated cities included Xiamen (15
Sep.) and Quanzhou.

Epidemiological characteristics of different cit-
ies during the sporadic COVID-19 infections

Characteristics of sporadic SARS-CoV-2 out-
break is presented in Table 1 and Figure 2.
Discovering the source of COVID-19 infection is
critical in seeking new SARS-CoV-2 infection
regions. Infection cases with COVID-19 in Nan-
jing, Shanghai, and Shenzhen were reported by
routine nucleic acid testing for airport staff.
COVID-19 infection cases in Zhengzhou were
found by routine nucleic acid testing for patients
and hospital staff. Infection cases in Yangzhou,
Putian, Zhangjiajie, Xiamen, and Quanzhou
were discovered by nucleic acid testing for
close contacts of people with infection cases.

Identifying the transmission chain is especially
important to implement prevention strategies
for COVID-19 infection. Main infection chains of
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Table 1. Epidemiological characteristics of sporadic COVID-19 infections by imported virus strain B1.617.2 (Delta) Lineage

Date City Infection cases How to discover the source of infection Classification of infection Main infection chain Database
21 May  Guangzhou 153 Routine nucleic acid testing Community-acquired infection  close contact contagion chain Link 1
14 Jun. Shenzhen 4 Routine nucleic acid testing Community-acquired infection  close contact contagion chain Link 2
18 Jun. Dongguan 4 Nucleic acid testing for close contacts Community-acquired infection  close contact contagion chain Link 3
20 Jul. Nanjing 238 Regular screening for airport staffs Community-acquired infection  International airport contagion chain Link 4
22 Jul. Zhangjiajie 72 Nucleic acid testing for close contacts of people with infection cases = Community-acquired infection =~ Drama-audience contagion chain Link 5
28 Jul. Yangzhou 54 Nucleic acid testing for close contacts of people with infection cases  Community-acquired infection ~ Chess room infection chain Link 6
30 Jul. Zhengzhou 63 Regular screening for medical staff hospital-acquired infection nosocomial infection Link 7
31 Jul. Xiamen 4 Routine nucleic acid testing Community-acquired infection  close contact contagion chain Link 8
2 Aug. Shanghai 1 Routine nucleic acid testing Community-acquired infection  close contact contagion chain Link 9
10 Sep. Putian 261 Nucleic acid testing for close contacts of people with infection cases ~ Community-acquired infection  family, factory, and school contagion chains  Link 10
14 Sep.  Quanzhou 24 Nucleic acid testing for close contacts of people with infection cases  Community-acquired infection  close contact contagion chain Link 11
15 Sep. Xiamen 235 Nucleic acid testing for close contacts of people with infection cases ~ Community-acquired infection  close contact contagion chain Link 12

Link 1 https://www.jiemian.com/article/6459847.html; Link 2 https://zhuanlan.zhihu.com/p/383289593; Link 3 https://zhuanlan.zhihu.com/p/383289593; Link 4 https://mbd.baidu.com/newspage/data/landingsuper?context=%7B%
22nid%22%3A%22news_10065293164295960897%22%7D&n_type=1&p_from=4; Link 5 http://cs.bendibao.com/news/2021728/76896.shtm; Link 6 https://www.cn-healthcare.com/article/20210802/content-558140.html; Link 7

https://www.cn-healthcare.com/article/20210802/content-558161.html; Link 8 http://fj.people.com.cn/n2/2021/0731/c181466-34846905.html; https://www.sohu.com/a/480645422_162758; Link 9 https://baijiahao.baidu.com/s?
id=1707212055810820390&wfr=spider&for=pc; Link 10 https://www.163.com/dy/article/GLCC54V60552IAFD.htmI?f=post2020_dy_recommends; https://news.sina.com.cn/c/2021-10-07/doc-iktzscyx8242990.shtml; Link 11 https://
www.yf-zs.com/zixun/62818.html; Link 12 https://epaper.xkb.com.cn/view/1189400.

3605

Am J Transl Res 2022;14(6):3603-3609



Post-vaccination infection by delta variant

21 May

Guanzzhou Shenzhen

2020 2021 1

1 October 1 April 1 May

[The delta COVID-19 The World Health Organization
o designated Dela as a2 variant
ariant was first detected . .

in India in October 2020 of interest in Apeil 2021.

Mav 10. 2021

The WHO declared delta a *variant

of concern”. A varant can be

labeled as “of concern™ 1if 1t has

(been shown to be more contagious,

imore deadly or more resistant to

current vaccines and treatments.

On Mid-June 2021, the US CDC
upgraded its classification of dela
from a "variant of interest” 10 a
“variant of concern”

COVID-19 vaccme for
young children deserves
cat attention

Hospital-acquired
infection

WRI 3Rl Aye
Naning Zhenzhou Shanghai

11

10Sep

B

14 Sep
Quanzhou

1 August 1 October

| ) -
1

28 Jul

Yangzhou

30 Jul
Xiamer

Figure 2. Graph’s x-axis (dates from October 1, 2020, to October 1, 2021) is used as a timeline of key events and
dynamic profile of imported virus strain B1.617.2 (delta) transmission during sporadic COVID-19 outbreaks in China.
The delta COVID-19 variant was first detected in India in October 2020. The WHO declared the delta variant a “vari-
ant of concern” on May 10, 2021. On Mid-June 2021, the US Centers for Disease Control and Prevention upgraded
its classification of delta from a “variant of interest” to a “variant of concern”.

Guangzhou, Nanjing, Zhangjiajie, and Yangzhou
cases were associated with tearoom infection
chain, international airport contagion chain,
drama-audience contagion chain, chess room
infection chain, respectively. Infection chain
of Zhengzhou cases was mainly involved in
nosocomial infection. Infection chains of Pu-
tian cases included family, factory, and school
contagion chains. There was the superspread-
ing phenomenon in many cities, for example,
Putian, Guangzhou, Nanjing, Zhangjiajie, and
Yangzhou.

Discussion

This study provided novel insights into the vital
role of SARS-CoV-2 delta variant in the process
of sporadic outbreaks with SARS-CoV-2 infec-
tions in China from May to October 2021. Our
findings were as follows: (1) Routine nucleic
acid testing for susceptible populations, includ-
ing immigrants, international airport staff, is
crucial to seeking new imported sporadic out-
break regions in China. (2) Genomic epidemiol-
ogy study for COVID-19 cases is important to
provide insights of the transmission dynamic.
(3) The delta variant of SARS-CoV-2 is even
more contagious than the older variants. (4)
Post-vaccination SARS-CoV-2 infection by delta
variant has attracted great attention.

Last year, the delta variant-induced pandemic
COVID-19 circulated across most of the globe.
The importation of the SARS-CoV-2 virus vari-
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ant had posed a significant threat to Chinese
epidemic prevention and control. Since inbound
travelers and imported goods can carry the
virus variant B.1.617.2, the Chinese govern-
ment had taken strict measures to seeking
new imported sporadic outbreak regions
through routine nucleic acid testing for suscep-
tible populations over the past few months.
These populations included immigrants (Fujian
cases), international airport staff (Shenzhen
and Nanjing cases) and designated COVID-19
hospital staff (Zhengzhou cases). Our data
offers key information to the global community
at this important stage of the delta variant-
induced COVID-19 pandemic.

The SARS-CoV-2 pandemic induced by the
delta variant has forced various countries to
make important decisions to repress their
spread. In order to uncover the initial spread of
this virus delta variants into other countries or
regions, health authorities across the world
conducted a genomic epidemiology study [12-
16]. Page et al. [17] suggested that large-scale
SARS-CoV-2 genome sequencing from one
region allowed informative epidemiological
investigation and strengthened the manage-
ment of local epidemics. Borisova et al. [1]
found that the delta strain appeared in the
Moscow region in May 2021, and became
prevalent in June, partially displacing other
strains. Our data indicated that SARS-CoV-2
delta variant-induced COVID-19 infection had
dramatically impacted Chinese regions, partic-
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ularly in the Guangzhou, Shenzhen, and Nanjing
communities. Genomic epidemiology results
from Guangzhou, Shenzhen, and Nanjing cities
provided key insights which were involved in
the transmission dynamic in these regions and
reported important information to pursue strat-
egies to curtail the spread of the delta variant
in the Chinese population.

According to the WHO’s definition, SARS-CoV-2
variant B.1.617 had three sublineages, includ-
ing B.1.617.1 sublineage, B.1.617.2, and
B.1.617.3. The B.1.617.2 sublineage is known
to bear receptor binding domain mutations
L452R and T478K [5, 18]. The B.1.617.2 vari-
ant has been reported a higher rate of trans-
mission than other variants [19]. The role of
the most widespread VOC all over the world in
the spread of COVID-19 highlights the impor-
tance of researching virus variant B.1.617
transmission through the air. Adenaiye et al.
[20] showed that the delta variant circulating
now is even more contagious than the alpha
variant, suggesting that the delta variants are
evolving to be better at becoming airborne.
Lam-Hine et al. [21] reported the school out-
break of SARS-CoV-2 B.1.617.2 (delta) variant
in May-June 2021, suggesting the delta variant
had rapidly spread in unvaccinated popula-
tions. High community vaccination populations
reduced further transmission of the delta vari-
ant. Dougherty [19] addressed the facility out-
break induced by B.1.617.2 (delta) variant in
April-May 2021, and found that the B.1.617.2
variant was highly transmissible in indoor
sports settings and within households.

Post-vaccination SARS-CoV-2 infection cases
by the delta variant was reported in many coun-
tries [2, 3, 22-24]. It is known that vaccination
is a leading strategy against SARS-CoV-2 dur-
ing the COVID-19 pandemic all over the world
[19, 21]. A report from Israel indicated that
delta variant-related hospitalizations and se-
vere disease were mainly reduced after vacci-
nation [22]. Antonelli et al. [2] reported the
characteristics of post-vaccination SARS-CoV-
2 infection, and discovered that almost all
symptomatic cases were vaccinated individu-
als. The findings of Lam-Hine [21] addressed
that the current SARS-CoV-2 vaccines with FDA
approval were effective to prevent the delta
variant transmission in vaccinated communi-
ties. Our post-vaccination delta infection cases,
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including cases from Nanjing and Putian, sup-
ported the vaccine effectiveness during the
post-vaccination era.

Since the SARS-CoV-2 outbreak in 2019, it has
evolved rapidly into new variants [25, 26], pos-
ing a significant threat to public health. There is
the fast transmission of the omicron infection
that is now spread all over the world. Compared
to the previous delta variant infection, the omi-
cron-induced COVID-19 outbreak was much
larger. Although it showed the high transmissi-
bility of the omicron variant, the fatality rate of
omicron was lower than that of the delta variant
[27]. Multipronged strategies, including human
scientific protective behavior and vaccination,
are effective to reduce imported SARS-CoV-2
delta variant and omicron variant-related mor-
bidity.

In conclusion, our results showed that the
imported SARS-CoV-2 delta variants were easi-
ly transmissible in many Chinese cities. Under-
standing determinants of delta variant trans-
mission, including discovering the source of
COVID-19 infection and identifying the trans-
mission chain, is crucial to developing preven-
tion strategies for the COVID-19 outbreak.
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