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clinical characteristics of hospitalized patients infected with the Delta VOC during the local outbreak in
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Guangzhou, China.
Methods: We extracted the epidemiological and clinical information pertaining to the 159 cases infected

Keywords: with the Delta VOC across seven transmission generations between May 21 and June 18, 2021. The whole
COVID-19 chain of the Delta VOC transmission was described. Kinetics of viral load and clinical characteristics were
Delta variant compared with a cohort of wild-type infection in 2020 admitted to the Guangzhou Eighth People’s Hos-
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Findings: There were four transmission generations within the first ten days. The Delta VOC yielded a
significantly shorter incubation period (4.0 vs. 6.0 days), higher viral load (20.6 vs. 34.0, cycle threshold
of the ORFla/b gene), and a longer duration of viral shedding in pharyngeal swab samples (14.0 vs. 8.0
days) compared with the wild-type strain. In cases with critical illness, the proportion of patients over
the age of 60 was higher in the Delta VOC group than in the wild-type strain (100.0% vs. 69.2%, p = 0.03).
The Delta VOC had a higher risk than wild-type infection in deterioration to critical status (hazards ratio
2.98 [95%CI 1.29-6.86]; p = 0.01).
Interpretation: Infection with the Delta VOC is characterized by markedly increased transmissibility, vi-
ral loads and risk of disease progression compared with the wild-type strain, calling for more intensive
prevention and control measures to contain future outbreaks.
Funding: National Grand Program, National Natural Science Foundation of China, Guangdong Provincial
Department of Science and Technology, Guangzhou Laboratory
© 2021 The Authors. Published by Elsevier Ltd.
This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Research in context

* Corresponding author.
*  Corresponding authors at: Guangzhou Laboratory, Bio-Island, Guangzhou
510320, China
E-mail addresses: gz8h_lifeng@126.com (F. Li), nanshan@vip.163.com (N. Zhong),
tangxp@gzhmu.edu.cn (X. Tang).
T These authors contributed equally to this work.

https://doi.org/10.1016/j.eclinm.2021.101129
2589-5370/© 2021 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/)


https://doi.org/10.1016/j.eclinm.2021.101129
http://www.ScienceDirect.com
http://www.elsevier.com/locate/eclinm
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:gz8h_lifeng@126.com
mailto:nanshan@vip.163.com
mailto:tangxp@gzhmu.edu.cn
https://doi.org/10.1016/j.eclinm.2021.101129
http://creativecommons.org/licenses/by-nc-nd/4.0/

Y. Wang, R. Chen, E. Hu et al.

Evidence before this study

SARS-CoV-2 Delta lineages (B.1.617.2) is one of four types
of lineages identified as variants of concern (VOC) by WHO,
and is fast becoming the dominant strain in many coun-
tries and continuing to evolve and mutate. We searched
PubMed without language restriction for studies published
from databases inception until June 18, 2021, using keywords
“COVID-19”, “SARS-CoV-2", “variants of concern” AND “out-
break” OR “viral load” OR “B.1.617.2" OR “Delta VOC”. Al-
though there are reports on emergent Delta VOC, no data are
available for characteristics of transmission chain and viral ki-
netics. The clinical characteristics of Delta VOC in comparison
with wild-type SARS-CoV-2 are not fully understood.

Added value of this study

We identified a clear chain of transmission comprised 159
cases with the Delta VOC across seven transmission gener-
ations in Guangzhou, China between May 21 and June 18,
2021. A concurrent comparison is conducted which includes
260 cases confirmed with wild-type SARS-CoV-2 admitted in
earlier 2020. We found the Delta VOC had a shorter incuba-
tion period (4.0 vs. 6.0 days), higher viral load (20.6 vs. 34.0
of cycle threshold), and a more extended period of viral pres-
ence in upper respiratory swab samples (14.0 vs. 8.0 days)
than the wild-type SARS-CoV-2. The Delta VOC had a higher
risk than wild-type SARS-CoV-2 in deterioration to critical
status among the elder people (HR, 2.98; 95% CI, 1.29-6.86).

Implications of all the available evidence

Our study revealed a higher transmissibility, viral load and
increased risk of disease prognosis of Delta VOC, compared
to the SARS-CoV-2 wild-type lineage. These data provided in-
sights to understanding of characteristics of the Delta VOC,
which is helpful for achieving effective containment of this
emerging wide-spread variant.

1. Introduction

Since the coronavirus disease 2019 (COVID-19) outbreak asso-
ciated with the wild-type strain of severe acute respiratory syn-
drome coronavirus-2 (SARS-CoV-2) in December 2019, there have
been several globally circulating SARS-CoV-2 variant strains that
have resulted in a considerable socioeconomic burden. Concerns
have been raised regarding their transmissibility and virulence (as-
sessed by the disease severity). To date, there have been four main
lineages that are identified as the variants of concern (VOC) by
the World Health Organization (WHO), including Alpha (known
as B.1.1.7 strain), Beta (known as B.1.351 strain), Gamma (known
as P1 strain) and Delta (known as B.1.617.2 strain) [1]. The Delta
VOC was initially detected in October 2020 and has spread to at
least 98 countries [2]. According to the latest data from GISAID
database, as of July 28, the Delta VOC accounted for 100%, 99.5%,
99.1%, 94% and 99.5% of SARS-CoV-2 infections in the India, United
Kingdom, Singapore, Indonesia and Russia in the past 4 weeks [3].
The Delta VOC is fast becoming the dominant strain in many coun-
tries and continuing to evolve and mutate [2]. The transmissibility
of the Delta VOC was reported to have increased by 97% compared
with the wild-type strain [4]. A study of the clinical characteris-
tics of patients with the Delta VOC in Scotland indicates that chil-
dren aged 5-9 years were more susceptible to viral infection and
those with comorbidities were at high risk of hospital admission
[5]. However, the epidemiological, viral load and clinical features
of patients infected with Delta VOC remain unclear. Furthermore,
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the impact of Delta VOC on the disease severity and the difference
with other SARS-CoV-2 strains also need further investigation.

Recently, the Delta VOC had led to a new wave of outbreak in
Guangdong Province. Since the identification of the first case in
May 2021 in Guangzhou city (the epicenter), this outbreak had re-
sulted in the infection of 167 confirmed cases throughout Guang-
dong. Based on the preliminary data of 47 cases, the peak effective
reproduction number was estimated to be 3.5 [6]. According to the
epidemiological tracing and citywide viral nucleic acid screening
assays, the infections were identified as a cluster having a clear
chain of transmission and sharing the same nucleic acid sequence
as the Delta VOC. Therefore, this represented a unique opportunity
for a better understanding of the transmission and clinical charac-
teristics of Delta VOC.

Meanwhile, the cases infected with SARS-CoV-2 wild-type
strain during the first wave of COVID-19 in 2020 and the Delta
VOC of the current outbreak in Guangzhou were compared to ex-
plore their difference in epidemiological, viral kinetics and clinical
characteristics.

2. Methods
2.1. Study design and participants

A total of 159 individuals infected with SARS-CoV-2 Delta VOC
admitted in the Guangzhou Eighth People’s Hospital from May 21
(the first case was officially confirmed) to Jun 18, 2021 (the last
case related to the first case) was included as the Delta VOC co-
hort. Due to the rapid action of community isolation and repeated
nucleic acid real-time polymerase chain reaction (RT-PCR) assays
organized by the local government, the transmission of Delta VOC
was confined to only several communities. All patients were the
local residents and epidemiologically confirmed to be linked to a
single Delta VOC origin only. The epidemiologic characteristics, vi-
ral genomic sequences, kinetics of viral load, clinical characteris-
tics and laboratory finding were collected. Meanwhile, a wild-type
SARS-CoV-2 cohort from the same hospital was also included for
comparison. The wild-type cohort consisted of all the 260 cases
with complete medical records from January to February 2020, the
first wave of the pandemic.

All patients were confirmed by the local Centers for Disease
Control and transferred to Guangzhou Eighth People’s Hospital,
Guangzhou Medical University, the only official designated hos-
pital to manage the SARS-CoV-2 patients in Guangzhou. Refer-
ring to guidelines issued by Chinese National Health Commission
[7] and WHO [8], the severity of the disease was described in
the Supplementary Appendix Methods. The study was approved
by Guangzhou Eighth People’s Hospital Ethics Committee (No.
202001134 and 202115202). Written informed consents were ob-
tained from all patients.

2.2. Epidemiological and clinical data collection

Demographic, clinical characteristic, laboratory findings were
collected in both cohorts. All diagnoses were made based on the
Guidelines for the Diagnosis and Treatment of Novel Coronavirus
Infection produced by the Chinese National Health Commission
(Trial Version 8) [7]. Epidemiological data were collected includ-
ing the exposure histories directly to the confirmed cases or travel
to where the confirmed individuals have stayed, such as restau-
rants, shopping malls, convenience stores, and schools. The incu-
bation period was defined as the days from exposure to the onset
of illness, estimated among patients who could provide the exact
date of close contact with confirmed or suspected cases.

Laboratory and radiologic findings were derived from the elec-
tronic medical charts. The laboratory findings on admission were
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collected. Chest CT was the primary source of radiologic assess-
ment and was performed within three days of admission. The data
were extracted by two independent clinicians into the electronic
database. Any major dispute was resolved by consultation with a
third reviewer.

2.3. Viral RNA detection with RT-PCR

The collection of nasopharyngeal swabs was performed by well-
trained medical staff in the same hospital, and the standardized
procedures were strictly followed. The samples were stored in
virus medium. Viral RNA was extracted within 2 h using the Nu-
cleic Acid Isolation Kit (Da’an Gene Co. Ltd, Cat: DA0630, China) ac-
cording to the manufacturer’s instructions. RT-PCR was performed
by using the RNA Detection Kit for SARS-CoV-2 (Da’an Gene Co.
Ltd, Cat: DA0930, China) subsequently [9,10]. RT-PCR was con-
ducted with primers and probes targeting at the N, ORFla/b genes
and a positive reference gene. Reaction system and amplification
conditions were performed according to the manufacturer’s specifi-
cation (Da’An Gene Co., Ltd. Of Sun Yat-sen University). The detec-
tion limit of cycle threshold (Ct) was set to be 40 (500 copies/ml).
Samples with Ct of less than 40 were considered positive. The cut-
off Ct value of 40 was determined via the receiver operating char-
acteristics (ROC) curve method. All tests were performed under
strict biosafety conditions and the standard operating procedures.

2.4. Viral RNA sequencing and analysis

The sequencing library was prepared using an amplicon-
based enrichment method as described previously [9,11]. The se-
quencing library of all samples was prepared using the hybrid
capture-based enrichment method according to the instructions
(BGI Co. Ltd, China, Cat no: 1000023555). All samples were se-
quenced on the MGISEQ-2000 platform. Genomic assembly was
conducted using the nCoV Finder pipeline (https://github.com/
BGI-IORI/nCoV_Meta). Assessment of variation was carried out us-
ing the nCoV Variant detection pipeline (BGI, Co. Ltd, China) for hy-
brid capture-based sequencing data (https://github.com/BGI-IORI/
nCoV_Variants) and SARS-CoV-2 Multi-PCR v1.0 (MGI Tech Ltd.,
Co.) for amplicon-based sequencing data (https://github.com/
MGI-tech-bioinformatics/SARS-CoV-2_Multi-PCR_v1.0). To guaran-
tee reliable variation detection in positive retest samples, only mu-
tation sites with a sequencing depth greater than 100 x were re-
ported.

2.5. Phylogenetic tree construction

Representative SARS-CoV-2 genome sequences were down-
loaded as the reference sequences from the GISAID database (http:
[|gisaid.org). The full-length SARS-CoV-2 genome sequence was
aligned with the above reference sequences and manually checked
using BioEdit software (Version 7.0.5). The neighbour-joining (N])
phylogenetic tree was constructed by the program MEGA 6.0.6
through the Kimura two-parameter model [12]. Bootstrap support
values were calculated from 1000 pseudo-replicate trees.

2.6. Statistical analysis

Continuous variables are expressed as median and interquar-
tile range (IQR). Categorical variables are described as number
(percentage). The Shapiro-Wilk test was performed to determine
whether the distribution of the continuous data was Gaussian or
not. The continuous data is considered to be Gaussian if the p-
value is above 0.05. Univariate comparisons of continuous variables
were performed with an independent Student t-test for normally
distributed data; otherwise, with Mann-Whitney U test. Categorical
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variables were compared using x2 test or Fisher’s exact tests. Sur-
vival curves were plotted by using the Kaplan-Meier method and
compared by using the log-rank test. To estimate the association
between linages and disease severity, the Cox proportional hazards
model was performed with variables including virus lineages, de-
mographics, comorbidities, symptom with 3 days of admission. A
final model was performed via a backward selection process that
adhered to the Akaike information criteria. Estimates of adjusted
hazard ratios (HRs), 95% confidence interval (CI) and p value were
displayed. All statistical analyses were conducted using R software,
version 4.1.0 (http://CRAN.R-project.org, R Foundation, Vienna, Aus-
tria). All p values less than 0.05 were considered statistically sig-
nificant.

2.7. Role of funding source

Funders had no role in the study design, study participant se-
lection and recruitment, data collection and analysis, data interpre-
tation, decision to publish, or preparation of the manuscript. All
authors had full access to all the data in the study and had final
responsibility for the decision to submit for publication.

3. Results
3.1. Local transmission of SARS-COV-2 Delta VOC in Guangzhou

The cluster of Delta VOC infections comprised 159 cases, and
the chain of Delta VOC transmission could be traced (Fig. 1). The
index case, a 75-year-old female, is a resident in Guangzhou. She
had no overseas or domestic travel history in the past 4 weeks and
contracted the disease due to accidental exposure to an imported
case. She was identified as the first confirmed local case on May
21, 2021 (G1 in Fig. 1; gz4925 in Fig. 2). According to SARS-CoV-2
whole-genome sequencing, the Delta VOC (B.1.617.2 variant) were
detected and confirmed in her nasopharyngeal swabs (Appendix
p 1). Both of the epidemiological investigation and phylogenetic
tree analysis confirmed the women as the first local case (G1) and
led to the subsequent transmission. Three cases (G2) were infected
by G1 mainly through close familial contact or dining gathering.
Among them, the close familial contactor (gz5002 in Fig. 2) pro-
gressed to critical illness after admission to the hospital. Another
patient (gz5087 in Fig. 2), who progressed into severe illness, was
the key transmitter in the third generation and has infected five
generations in the cluster. In addition, the third case, the restau-
rant’s waitress with a short period of exposure to G1, was con-
firmed outside Guangzhou later.

The epidemic was successfully contained within the seven gen-
erations. The routes of viral transmission were mainly through
short-distance contact directly and indirectly, such as dining, fa-
milial close-contact and community connection (Fig. 1). We ob-
served transmission via dining (30.8%) most frequently, followed
by household contact (29.6%) and community transmission (18.2%).
Severe or critical patients could be found in each generation. In
each generation the phylogenetically identical viral strain com-
pared with the second-generation viral strain could be consistently
detected (Appendix p 2).

3.2. Rapid transmission of SARS-CoV-2 Delta VOC in Guangzhou

To investigate the contagiousness of Delta VOC, the clinical
course of the representative patients from the first to fifth genera-
tion is shown in Fig. 2. In this cluster, the first case (Pt. gz4925)
presented with symptoms on May 18, 2021, and positive SARS-
CoV-2 nucleic acid was initially confirmed on 3 days after symp-
tom onset. Patient gz4925 transmitted the virus to the second-
generation case (gz5087) on May 19, 2021, who served as the
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Fig. 1. Epidemiological transmission network of SARS-CoV-2 Delta VOC transmission in Guangzhou.

One hundred and fifty-seven infected patients with a clear transmission chain were shown in the network. Each transmission generation is shown in rhombus or circles
with different colors. The first-generation patient (rhombus with black solid line, G1) is in the middle. G1 was phylogenetically linked to an imported case (rhombus with
red dotted line, GO). Colored arrows indicate different transmission routes. The transmission includes dining together, household, community (chat, encounter, taking the
elevator together) and others (work and social contacts). Severe (dotted line) and critical (solid line) patients were labelled with squared shapes. Asterisks indicate patients
in or to other cities (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.).
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crucial case resulting in the third-generation infection. Patient
gz5088 was the first to develop symptoms in the third genera-
tion and was associated with the infection of the fourth-generation
case (gz5157). The earliest date of symptom onset in the fifth-
generation occurred on May 29, 2021. Overall, SARS-CoV-2 Delta
VOC spread four generations within only ten days.

3.3. Clinical characteristics of patients infected with Delta VOC

A total of 159 confirmed cases infected with Delta VOC in the
Guangzhou Eighth People’s Hospital from May 21 to June 18, 2021,
were included, of whom 25.8% (41/159) were mild, 61.6% (98/159)
were moderate, 5.0% (8/159) were severe, and 7.5% (12/159) were
critical. None had been living or traveled abroad in the previous
14 days (Table 1). 33% (52/159) of patients were aged 60 years
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or greater, 60% (95/159) were female, and 30.8% (49/159) had at
least one comorbidity. Ten cases completed full vaccination. Among
them, 30% (3/10) were mild cases, 70% (7/10) were moderate cases.
The most common symptoms within three days on admission was
cough (65%), followed by fever (63%) and expectoration (53%). Gas-
trointestinal symptoms including diarrhea (5%) and vomiting (4%)
were infrequent.

Patients infected with the Delta VOC and those infected with
the wild-type strain shared similar distribution of gender, atopy
and smoking history. A larger proportion of COVID-19 patients
aged < 18 years was found in the Delta VOC group (16% vs 3%;
p < 0.01). In patients younger than 18 years old, there were no
severe or critical cases regardless of infection with the wild-type
strain or Delta VOC. No differences in the proportion of patients
aged > 60 years or between 18 and 59 years were found between
the two cohorts. In subgroup analysis, patients infected with the
Delta VOC (100%) showed a higher proportion of the elderly (> 60
years) among the critical cases when compared with 69% of pa-
tients infected with the wild-type strain (Fig. 3a,b). There were
79.6% (207/260) of patients in the wild-type cohort and 79.9%
(127/159) patients in the Delta VOC cohort with exact exposure
tim@s. No significant differences in demographic and clinical char-
actéistics (including gender, age distribution, disease severity dis-
tribgtion, viral load, etc) were found between patients with and
without clea incubation periods in each cohort (Appendix pp
91@ The rngdlan incubation period in the Delta VOC cohort was
51g1@;ﬁcantly ghorter than that in the wild-type cohort (4.0 vs 6.0
days, P < 0.001; Fig. 3c). Further analysis revealed that non-severe
patients mfe%ted with Delta VOC had a significantly shorter me-
dlaﬁ 1ncubat§>n period than those in the wild-type cohort (4.0 day

2.0 days;P < 0.001; Fig. 3d). Lower frequencies of fever (63%
Vs £5%), dys@nea (11% vs 23%), diarrhea (5% vs 12%), vomit (4% vs
15/"1 were found in the Delta VOC cohort compared with the wide-
t@)g cohort @Il P < 0.01; Table 1). The key laboratory findings are
sﬁo&m in tatie S1 (Appendix pp 5-8), Infection with the Delta VOC
vxg;assoaat%d with increased peripheral blood leukocytes, neu-
t@[ﬁlils andgneutrophil-to-lymphocyte ratio and decreased lym-
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plot shows the difference of the incubation period between wild-type (Dark blue) and Delta VOC (Earth yellow) across all subjects (c), non-severe (d), severe (e) and critical
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value no further than 1.5 * IQR (inter-quartile range) from 25th percentile or 75th percentile, respectively (For interpretation of the references to color in this figure legend,

the reader is referred to the web version of this article.).

VOC infection (HR 2.98 [95%Cl 1.29-6.86]), age > 60 years (HR
11.13 [95%CI 3.78-32.82]), male (HR 3.49 [95%CI 1.45-8.41]), dysp-
nea (HR 2.60 [95%CI 1.14-5.93]) and fever within 3 days of admis-
sion (HR 4.77 [95%CI 1.10-20.64]) were the independent risk fac-
tors associated with the deterioration to critical illness (Table 2).
The Kaplan-Meier survival plots for the time from symptom onset
to critical status categorized by virus lineage (Delta VOC vs wild-
type strain) in patients > 60 years and < 60 years were shown in
Fig. 5a and b.

4. Discussion

To our knowledge, this is the first study which has thoroughly
described the whole chain of the Delta VOC transmission, the ki-
netics of viral load and clinical characteristics in a local outbreak.
Compared with a wild-type cohort admitted to the same hospital,
infection with the Delta VOC was associated with a shorter incuba-
tion period, higher viral loads and was proven as an independent
risk factor of greater disease severity.

Delta VOC was first identified in Oct 2020, and has become the
dominant variant globally since April 2021 [1]. Current global re-
ports have announced Delta VOC with a feature of rapid transmis-
sibility around different countries, such as India, Britain [13]. Ac-
cording to the report by Public Health England, the B.1.617.2 strain
displayed an increased growth rate compared with the B.1.1.7 strain
under investigation from 1 January 2021 to 18 May 2021. By us-
ing the sequencing data from GISAID, Campbell et al reported a

97% (95%Cl: 76-117%) increase in the effective reproductive num-
ber of B.1.617.2 strain by 3 June, 2021 [4]. However, due to the wide
spread of this variant, it is difficult to identify the characteristics of
the transmission accurately.

The local outbreak in Guangzhou comprised 159 locally trans-
mitted cases during the study period. All patients were confirmed
infected with the same strain of Delta VOC by next-generation
sequencing. Moreover, the local government implemented a thor-
ough epidemiological tracing and follow-up, quarantined highly
suspected persons in hotels, and initiated community and citywide
viral RNA screening, thus offering a clear and precise overall pic-
ture of virus transmission. Our study provided a unique opportu-
nity to understand the transmission and clinical characteristics of
Delta VOC.

Our data demonstrated a rapid transmission of Delta VOC. First,
Delta VOC accomplished four consecutive generations of transmis-
sions within ten days, with an average of 2.5 days per gener-
ation. Transmission was mainly achieved through short-distance
contacts, including dining together, community and household. In
some individuals, the duration from acquisition of infection to fur-
ther spreading spanned only a single day. Second, compared with
the wide-type cohort, the incubation period was shorter in the
Delta VOC cohort, which implied that the Delta VOC was more vir-
ulent. Third, an outstanding finding was that most viral genomes
from different epidemiological generations were almost identical
with less than three mutations. Since the SARS-CoV-2 virus keeps
mutating quickly in vivo [14,15], the absence of new mutation in
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in this figure legend, the reader is referred to the web version of this article.).

the fifth and sixth generations compared with the second genera-
tion corroborated the rapid virus replication and transmission.

The higher viral load was a key feature of Delta VOC. Several
crucial mutations in the receptor-binding domain have dramati-
cally altered the direct contact of spike protein with the ACE2 re-
ceptor and resulted in compromised immune protection elicited
by natural infection or vaccination [5]. High levels of Delta VOC
virus was detected in patients in vivo [16]. We observed that Delta
VOC group had about over 12 Ct values lower than the wild-type
group, equaling in theory > 1,000 times more virus in patients in-
fected with Delta VOC. We also observed that the Delta VOC cohort
yielded a slower viral clearance, compared with the wild-type co-
hort.

A recent preprint report by Indian National Organization has
investigated the association between the viral load and infectivity
among patients infected with the lineage B.1.617. The data showed

the Ct kept falling from March to April 2021, with an increasing
proportion of B.1.617 stain, compared to the baseline between Dec
2020 to Feb 2021 in Delhi, India [16]. The growth of B.1.617 was
paralleled by a significant increase in the seropositivity rate. Con-
sistently, our data also showed the peak viral load of Delta VOC
was more than a 1000-fold increase than in wild-type SARS-CoV-
2 strains, suggesting that Delta VOC infection was associated with
higher viral loads. The higher transmissibility and viral load were
considered to be related to the mutations of Delta VOC. Molecu-
lar profiling studies have revealed that the Delta strain was char-
acterized by several salient spike protein changes such as T19R,
A157158, L452R, T478K, D614G, P681R, and D950N. As reported
recently, the spike L452R mutation conferred enhanced transmis-
sibility and infectivity [17,18]. Via analysis of construction compu-
tational model, B.1.617 variant with L452R-E484Q mutations was
indicated performing a stronger binding affinity for the host ACE2,
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Table 2
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Univariate and Multivariate Cox regression analysis of the risk factors for deterioration to critical sta-

tus in patients with COVID-19.

Variables Univariate analysis Multivariate analysis
HR (95% CI) p value  HR (95% CI) p value
Lineage
Wide-type Ref. - Ref. -
Delta 1.65 (0.75-3.64) 0.210 2.98 (1.29-6.86) 0.010
Age
<60 Ref. - Ref. -
> 60 11.13 (3.82-32.44)  <0.001 11.13 (3.78-32.82) < 0.001
Sex
Female Ref. - Ref. -
Male 3.49 (1.45-8.41) 0.005 3.49 (1.45-8.41) 0.005
Smoking history
No Ref. - - -
Yes 0.49 (0.07-3.59) 0.480
Comorbidities
Chronic respiratory disease
No Ref. - - -
Yes 3.21 (1.10-9.37) 0.033
Chronic heart disease
No Ref. - - -
Yes 1.35 (0.32-5.74) 0.680
Hypertension
No Ref. - - -
Yes 3.49 (1.59-7.67) 0.002
Diabetes
No Ref. - - -
Yes 3.85 (1.53-9.64) 0.004
Symptoms*
Fever
No Ref. - Ref. -
Yes 4.42 (1.04-18.75) 0.044 4.77 (1.10-20.65) 0.037
Cough
No Ref. - - -
Yes 2.01 (0.69—5.86) 0.200
Dyspnea
No Ref. - Ref. -
Yes 3.34 (1.51-7.37) 0.003 2.60 (1.14-5.93) 0.023
Diarrhea
No Ref. - - -
Yes 2.50 (0.94-6.67) 0.067

HR, hazard ratio; CI, confidence interval; Symptoms*, symptoms within 3 days of admission.

a Kaplan-Meier plot for time from onset to critical status (age = 60) b Kaplan-Meier plot for time from onset to critical status (age < 60)
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Fig. 5. Kaplan-Meier survival plots for the prognostic factors.

The figure displays the Kaplan-Meier plot of time from symptom onset to critical status categorized by virus lineage (Delta VOC vs wild-type) in

years (b).
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likely enhancing virus infectivity [19,20]. Furthermore, P681R mu-
tation can accelerate viral fusion, resulting in enhanced infectivity
of Delta VOC as well as a higher viral load [21,22].

A larger proportion of infected cases aged < 18 years was found
in the Delta VOC cohort. This was in line with the recent study in
Scotland which found a larger proportion of the S gene-positive
cases aged 5-9 years compared with the S gene-negative cases [5].
The similar trend was also reported for the lineage B.1.1.7 [23]. No
difference in the proportion of COVID-19 patients aged > 60 years
was found between the Delta VOC cohort and the wide-type co-
hort. However, in subgroup analysis, all critical cases in Delta VOC
cohort were the elderly individuals aged > 60 years, compared
with 69% in the wide-type cohort. The difference indicated that
the elderly patients were more susceptible to the infection with
the Delta VOC. The susceptibility to Delta VOC infection in the el-
derly has been associated with immunosenescence, particularly the
increased production of inflammatory cytokines [24]. In addition,
the clinical outcomes of elderly patients were significantly differ-
ent in the infection of Delta VOC and wild-type strain. Patients
aged greater than 60 years in the Delta VOC cohort have an in-
creased risk in deteriorating to critical illness, compared with those
in the wild-type cohort.

The Cox regression analysis showed that the virus lineage was
related to disease progression. We found the infection with the lin-
eage of Delta VOC had a higher risk than the wide-type cohort in
deteriorating to critical illness A recent study conducted in Scot-
land demonstrated that the risk of COVID-19 hospital admission
approximately doubled in those infected with the Delta VOC when
compared with the Alpha VOC. Together, infection with Delta VOC
indicated a possibility of more severe clinical status and poorer
outcome, which called for a more intensive surveillance program.

Consistent with our previous findings [25], fever and cough
were two salient symptoms on hospital admission among patients
infected with the Delta strain, suggesting the need to integrate
molecular testing and symptom screening in identifying the cases
in community settings. Gastrointestinal symptoms including vom-
iting, nausea and diarrhea were less frequent compared with the
wide-type strain infection. Moreover, our data showed that the
Delta VOC cohort had a decreased lymphocytes and increased neu-
trophil counts, compared with the wide-type cohort. Lymphope-
nia and high neutrophil-lymphocyte ratio were considered to be
the predictors for deterioration whereas higher lymphocyte counts
predicted a better clinical outcome [26,27]. It is worth noting that
the differences of lymphocytes and the neutrophil-lymphocyte ra-
tio were obvious in mild to moderate cases in the Delta VOC cohort
compared with wild-type cohort. This might be associated with a
higher viral load in patients with Delta VOC, which warrants a fur-
ther investigation of the immune characteristic.

The prevention and control measures against the wild-type
SARS-CoV-2 outbreaks in China have been proven to be effective
[28]. These measures including wearing facial masks, social dis-
tancing, restrictions on social activities and regional lockdowns of
communities are also contributed to contain the current outbreak
of the Delta VOC. However, the novel features of Delta VOC pose
new challenges to Delta VOC prevention and control. In response
to the significantly greater transmissibility in community settings,
new measures are taken against the Delta VOC during the Delta
VOC outbreak in Guangzhou. Firstly, tens of millions of massive
citywide viral RNA screening tests have been launched, targeting
at both the general and high-risk population for screening of any
residual unidentified cases. Second, a detailed epidemiology inves-
tigation and a big data-based QR code system helped identify, clas-
sify and manage close contacts of confirmed cases. With these ef-
forts, the outbreak was quickly contained and resulted in only 167
cases within one month. These experiences could be valuable for
the emerging wide-spread variant.

EClinicalMedicine 40 (2021) 101129

Some limitations should be noted. First, comparison of the
viral-specific antibody generation was missing because two differ-
ent antibody measurement kits were used for the wide-type virus
in 2020 and Delta VOC in 2021. Given the significantly higher peak
viral titers and the more extended shedding of the Delta VOC, the
Delta VOC might elicit a higher antibody concentration. Compar-
ing the humoral immune responses of wild-type strain and the
Delta VOC would be valuable. Second, data related to infection-
induced immune response was limited which has been suggested
to be vital in driving the progression of COVID-19. Third, given that
the cohort infected with the Delta VOC was included from a local
outbreak, which was quickly contained within about one month,
the sample size remained relatively small. Forth, compared with
the early phase of the pandemic, the current public health preven-
tion and control measurements are more systematic and effective.
There were 12 asymptomatic cases in the Delta VOC group, while
the wild-type cohort had no asymptomatic subjects. It was difficult
to make a subgroup comparison of asymptomatic cases between
two cohorts.

Our study revealed a higher transmissibility, viral load and in-
creased risk of disease prognosis of Delta VOC, compared with
the SARS-CoV-2 wild-type lineage. These data provide insights to
the understanding of characteristics of the Delta VOC, which is
helpful for combating this rapidly spreading global pandemic. In-
tensive prevention and control measures including rapidly tracing,
quarantine, restrictions on social settings and citywide nucleic acid
screening are valuable to contain the outbreak of emergent high
transmissible variants.
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