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ABSTRACT

The B.1.617.2 (Delta) variant of the severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) has contributed to a new increment in cases across the globe. We conducted a
prospective follow-up of COVID-19 cases to explore the recurrence and potential propagation
risk of the Delta variant and discuss potential explanations for the infection recurrence. A
prospective, non-interventional follow-up of discharged patients who had SARS-CoV-2
infections by the Delta variant in Guangdong, China, from May 2021 to June 2021 was
conducted. The subjects were asked to complete a physical health examination and undergo
nucleic acid testing and antibody detection for the laboratory diagnosis of COVID-19. In total,
20.33% (25/123) of patients exhibited recurrent positive results after discharge. All patients
with infection recurrence were asymptomatic and showed no abnormalities in the pulmonary
computed tomography. The time from discharge to the recurrent positive testing was usually
between 1-33 days, with a mean time of 9.36 days. The cycle threshold from the real-time
polymerase chain reaction assay that detected the recurrence of positivity ranged from 27.48
to 39.00, with an average of 35.30. The proportion of vaccination in the non-recurrent group
was higher than that in the recurrently positive group (26% vs. 4%; y>*= 7.902; P < 0.05).
Two months after discharge, the most common symptom was hair loss and 59.6% of patients
had no long-term symptoms at all. It is possible for the Delta variant SARS-CoV-2 patients
after discharge to show recurrent positive results of nucleic acid detection; however, there is
a low risk of continuous community transmission. Both, the physical and mental quality of
life of discharged patients were significantly affected. Our results suggest that it makes sense
to implement mass vaccination against the Delta variant of SARS-CoV-2.
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INTRODUCTION

At the end of December 2019, a group of patients infected with the severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) were detected in Wuhan, China’.
This outbreak represented the beginning of a significant global public health issue,
leading to a worldwide pandemic due to the significant infectivity and virulence
of this virus®3. Globally, as of September 22, 2021, there were 229,373,963
confirmed cases of COVID-19, including 4,705,111 deaths, reported to the World
Health Organization. China has confirmed more than 120,000 infections and more
than 5,000 deaths. Through concerted efforts, the spread of SARS-CoV-2 has
been gradually and effectively controlled in China by adopting a series of strict
intervention measures, including social distancing, vaccination and community
management to block local outbreaks*. In particular, the widespread use of broad-
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spectrum antiviral drugs, such as lopinavi and ritonavirhas
achieved some satisfactory results®.

Many clinical studies have been committed to the
measurement of epidemiological and clinical features in
the acute phase of COVID-1957. However, only a small
number of studies on follow-up data from discharged
patients have been reported. The follow-up of patients
after discharge plays an important role in promoting the
improvement of current diagnosis and treatment protocols.
Furthermore, continuous quarantine and community follow-
up of discharged patients is a fundamental measure to
reduce the risk of disease recurrence leading to the spread
of the pandemic. Previous studies have reported that the
proportion of recurrence among discharged patients was
2.4% to 69.2%, with the potential for recurrence persisting
for 1 to 38 days after discharge®.

The B.1.617.2 (Delta) variant was identified in India
in December 2020, and it has quickly swept across
approximately 80 countries, resulting in a large number
of cases due to its higher infectivity and virulence. On
May 21, 2021, in Guangzhou, China, an elderly woman
with COVID-19 was confirmed to be a carrier of the Delta
variant of SARS-CoV-2 through a virological surveillance
and sequencing of amplification products. Subsequently,
a large number of cases were diagnosed, with a total of
153 cases confirmed in this outbreak. However, many
patients have met the hospital discharge criteria and are now
gradually returning to the community life. We believe that
certain strategies, such as the implementation of physical
health examinations, nucleic acid detection and antibody
measurements starting at the time of discharge are necessary
for a long-term follow-up, especially for patients carrying
mutant variants of the virus.

In this study, we aimed to conduct a medical observation
during the follow-up of COVID-19 patients by the Delta
variant after discharge to summarize the clinical and
epidemiological characteristics of discharged patients and
to discuss the potential explanations for the viral recurrence
and the degree of contagiousness of patients with recurrent
positive viral detection. . These findings should aid in the
management of patients with COVID-19 caused by the
Delta variant of SARS-CoV-2 after their hospital discharge.

MATERIALS AND METHODS
Ethical approval

This study was approved by the Ethics Committee of
Guangzhou Center for Disease Control and Prevention and

the Guangzhou Eighth People’s Hospital. Study subjects
(and their parents or guardians if the patient was a minor)
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provided informed consents prior to enrollment in the study.
The procedures were carried out in accordance with the
ethical standards of the Declaration of Helsinki.

Study design and participants

We conducted a prospective and non-interventional
follow-up of patients reported to have a form of pneumonia
attributed to SARS-CoV-2 infection during the COVID-19
outbreak in Guangzhou (23°N,113°E) from May to June
2021. Eligible subjects were those who had been previously
diagnosed with COVID-19, and their respiratory specimens
were submitted to sequencing, with the final results showing
that all viruses were Delta variants of SARS-CoV-2.

The patients were treated at the Guangzhou Eighth
People’s Hospital, Guangzhou Medical University,
Guangzhou, China. Patients were discharged after two
negative nucleic acid tests, performed at least 24 h apart,
and after clinical recovery according to the China National
Health and Fitness Commission criteria. Patients were also
isolated for 14 days during hospitalization before returning
to the community.

In-hospital data collection

The clinical outcome of acute-phase disease in all
123 patients initially enrolled were available and analyzed
retrospectively. All clinical data from the acute phase,
including epidemiological characteristics and clinical
signs and symptoms, were collected from the Guangzhou
Eighth People’s Hospital electronic medical records system.
Demographic information (age, sex, comorbidity, smoking
history), SARS-CoV-2 vaccination (date and dose of
vaccine), and baseline clinical characteristics (symptoms,
severity classification, date of onset and discharge) were
collected.

Follow-up after discharge

A total of 123 patients infected with the Delta variant
of SARS-CoV-2 were designated as the study subjects
after discharge. These individuals were distributed across
six districts of Guangzhou, including Liwan District
(n =108), Nansha District (n = 6), Haizhu District (n = 5),
Panyu District (n = 2), Yuexiu District (n = 1), and one in
Baiyun District (n = 1). The first case included in this study
was discharged on June 26, 2021, and the last case was
discharged on August 23, 2021.

Patients were followed-up for up to four months after
hospital discharge, and repeated nucleic acid and antibody
tests as well as physical examinations. Nucleic acid
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detection was performed on days 1, 7, 14, 30, 45, 60, 90 and
120 after discharge, while antibody examinations on days
7, 14,30, 45, 60, 90 and 120 and physical examinations on
days 14, 30, 45 and 60, respectively. When the SARS-CoV-2
test result was positive, the follow-up was immediately
ended and restarted again after the new discharge.

Assessment of symptoms during the follow-up

The following symptoms were recorded on a structured
paper questionnaire during the follow-up: fever, dry cough,
fatigue, loss of smell and taste, nasal congestion, runny
nose, sore throat, conjunctivitis, myalgia and diarrhea. In
addition, other subjective symptoms were investigated,
including decreased physical activity, concentration
problems, insomnia, anxiety, heart palpitations, hair loss
and poor appetite.

Laboratory methods during the follow-up

Laboratory testing was conducted at an accredited
Guangzhou Center for Disease Control laboratory using
standard operating procedures in accordance with the
manufacturer’s instructions. Infected persons were
identified as being infected with the Delta variant of
SARS-CoV-2 by a real-time polymerase chain reaction
(RT-PCR) assay. Patients whose cycle threshold was 40 or
less were considered to be positive for infection (Wuhan
EasyDiagnosis Biomedicine Co., China). Serum-specific
IgM and IgG antibodies against SARS-CoV-2 were detected
using the COVID-19 Antibody (Immunoglobulin [Ig]M/IgG)
Detection Kit (Autobio, China) using 206 samples by
ROC curve Statistical Analysis. We set the highest point
of the Youden index (sensitivity 90%, specificity 100%) to
determine the cut off coefficient as 0.1, that is, the positive
judgment value (cut off value) of the kit is the average
luminescence value of the positive control well*0.1.The
S/CO value is the ratio of the luminescence value of the
sample to be tested to the cutoff value. If it is greater than
or equal to 1, it is judged to be positive. Conversely, if it is
less than 1, it is judged as negative.

Data analysis

Quantitative variables are expressed as mean =+ standard
deviation values and the differences between groups
were evaluated using the t-test. Categorical variables
are expressed as absolute frequency (n) and relative
frequency (%) values, and the chi-squared test or Fisher’s
exact test was used for categorical variables. The data
were analyzed using the Statistical Package for the Social
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Sciences version 22.0 (IBM Corporation, Armonk, NY,
USA), and a two-sided P-value of less than 0.05 was
considered to be statistically significant.

RESULTS
Demographic information of patients

A total of 123 patients infected with the Delta variant
of SARS-CoV-2 completed the clinical follow-up. These
patients were aged 2-85 years of age, with an average
of 47.48 years. The demographic information of these
patients is presented in Table | showing that most
participants were female (59.35%) and younger than
60 years of age (66.67%). More than half of the study
participants had no underlying disease (59.35%), and
most infected individuals had not been vaccinated before
hospital admission (73.98%).

Table 1 - Patients who recovered from the COVID-19 Delta
variant according to demographic data.

Characteristics Number  Frequency (%)
Gender Male 50 40.65
Female 73 59.35
Age (in years) <60 82 66.67
=60 41 33.33
Vaccination Not vaccinated 91 73.98
First dose 20 16.26
Second dose 12 9.76
Comorbidity Yes 50 40.65
No 73 59.35
Smoking Yes 14 11.38
No 109 88.62

Baseline clinical features at iliness onset

At the onset of illness, the leading symptom was fever
(45.53%), followed by cough (44.72%). Other symptoms
included dry throat (27.64%), sore throat (11.38%) and
expectoration (10.57%). Individuals with moderate severity
of the disease accounted for 75.61% of the cases.

Nucleic acid detection and antibody examination
during the follow-up visits

The 123 study participants completed one to six nucleic
acid testing during the follow-up monitoring period, and
563 nucleic acid samplings were completed in total for
this study.
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Specifically, 55 infected persons completed the nucleic
acid tests on the first day after discharge, of which 8 were
positive and 47 were negative. On the seventh day after
discharge, 7 of 80 patients were positive. On the 14" day
after discharge, 9 of 99 patients were positive. On the 30
day after discharge, 4 of 95 patients were positive. On the
45" day after discharge, 4 of 75 patients were positive. On
the 60" day after discharge, 2 of 65 patients were positive.
Finally, on the 90™ and 120" days after discharge, all
previously infected persons tested negative.

On the seventh day after discharge, 42 of 91 patients
were positive for both IgM and IgG antibodies, 47 were
negative for [gM antibodies and positive for IgG antibodies,
and two were negative for both, IgM and IgG antibodies
against SARS-CoV-2, respectively. On the 14" day after
discharge, 33 of 84 patients were positive for both IgM
and IgG antibodies, 50 were negative for IgM antibodies
and positive for IgG antibodies, and one was negative
for both IgM and IgG antibodies against SARS-CoV-2,
respectively. On the 30" day after discharge, 38 of
93 patients were positive for both, IgM and IgG antibodies,
52 were negative for IgM and positive for IgG antibodies,
and three were negative for both, IgM and IgG antibodies
against SARS-CoV-2, respectively. On the 45" day after
discharge, 17 of 66 patients were positive for both, IgM and
IgG antibodies, 47 were negative for IgM and positive for
IgG antibodies, and two were negative for both, IgM and
IgG antibodies against SARS-CoV-2, respectively. On the
60" day after discharge, 5 of 13 patients were positive for
both, IgM and IgG antibodies, 6 were negative for IgM and
positive for IgG antibodies, and 2 were negative for both
IgM and IgG antibodies against SARS-CoV-2, respectively.
On the 90™ day after discharge, 4 of 15 patients were positive
for both, IgM and IgG antibodies, 11 were negative for
IgM and positive for IgG antibodies. On the 120" day after
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discharge, 1 of 6 patients was positive for both, IgM and
IgG antibodies, 4 were negative for [gM and positive for
IgG antibodies, and one was negative for both, [gM and IgG
antibodies against SARS-CoV-2, respectively. The results
of the nucleic acid and serum antibody tests performed
during the follow-up visits are shown in Figures 1 and 2.

Demographic characteristics of patients with infection
recurrence

Twenty-five of the 123 patients infected with the Delta
variant of SARS-CoV-2 tested positive for respiratory
SARS-CoV-2 after discharge, with a recurrent positivity
rate of 20.33% (25/123).

The patients with infection recurrence ranged in age
from 2-84 years, with an average age of 47.76 years. Most
cases were female (72.00%) and unvaccinated (96.00%).
Participants who were younger than 60 years of age
accounted for 60.00% of the recurrent positive group. It
is worth noting that all recurrently positive cases were
confirmed cases and all patients with infection recurrence
were re-admitted to the hospital.

In addition, a total of 5 close contacts and 266
key populations were screened, and following a close
observation, none of them developed the disease.

Laboratory results of patients with infection recurrence

The first recurrently positive case included in this
study was detected on June 27, 2021, and the last case
was detected on August 27, 2021. The time between
confirmation of a recurrent positive case and discharge
was generally between 1-33 days. The average time from
discharge to the new positive test for SARS-CoV-2 was
approximately 9.36 days.

71 73

21

clml m

60 90 120

Discharge time (days)

H positive ®negative

Figure 1 - RT-PCR results of patients during follow-up visits. On the X-axis, the discharge time in days and on the Y-axis, the number
of copies of the RT-PCR target gene expressed in number of copies/reaction.
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Figure 2 - Results of serum IgM/IgG antibody testing performed during follow-up visits. On the X-axis, the discharge time in days
and on the Y-axis, the antibody title expressed in AU/mL (arbitrary units/mL).

The cycle threshold of RT-PCR assay for the recurrent
positive cases was less than 33 (27.48-28.54) in two of
these cases and greater than 33 (33.15-39.00) in the other
23 cases, and the average cycle threshold was 35.30.

All patients with infection recurrence were asymptomatic
and showed no abnormalities in the pulmonary computed
tomography. They reported no contact with any other cases
of infection recurrence or people with respiratory symptoms
after their discharge. In addition, no infected family
members were reported. The progression of cases from the
onset, hospitalization, and the recurrent positive testing of
25 cases is shown in Figure 3. It should be noted that seven
patients were positive for both, IgG and IgM antibodies at
the time of their recurrent positive RT-PCR test.

Patient 13 was a unique case that warrants a special
reporting. A 75-year-old woman, the first confirmed case
in the latest outbreak in Guangzhou, was linked to all
subsequent cases. She was hospitalized for 36 days until
the discharge criteria were met. However, on the second day
after discharge, she tested positive by RT-PCR for SARS-
CoV-2, and she was hospitalized again for further treatment
for six days. Then, she was hospitalized again for 25 days
due to a positive RT-PCR half a month later. Overall, she
was hospitalized four times due to recurrence of positive
RT-PCR results. The progression of the illness from the
onset, during hospitalization, and the recurrent RT-PCR
results of patients is shown in Figure 3.

Analysis of factors in patients with infection recurrence

In the recurrent group, only 4% of patients had been

Rev Inst Med Trop Sao Paulo. 2022;64:e31

vaccinated before, while 31.6% of patients in the non-
recurrent group had been previously vaccinated (> =7.902;
P <.05). No significant factors regarding socio-demographic
characteristics or initial clinical symptoms were observed
between the two groups. Analysis of factors in patients with
infection recurrence is shown in Table 2.

Assessment of symptoms during the follow-up

A total of 109 patients answered the symptoms
questionnaires during the follow-up period (Figure 4).
The most common symptom after discharge was hair loss,
followed by fatigue. Two months after discharge, 59.6% of
patients reported having no long-term COVID-19 symptoms
at all.

DISCUSSION

The Delta variant of SARS-CoV-2, with its increasing
transmissibility and capability to cause more serious
infections, was the main reason for severity of the second
wave of the COVID-19 pandemic in India. At present, the
Delta variant is predominant among all variants and is the
most commonly reported variant around the world®. It is
believed to be the most transmissible variant, which is more
easily propagated than the Alpha variant firstly found in the
United Kingdom™. However, there are few studies on the
follow-up of discharged patients infected with the Delta
variant of SARS-CoV-2. The recurrence rate and potential
propagation risk of the Delta variant, which was associated
with higher infectivity and virulence, remain unclear. To our
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Table 2 - Analysis of patients with recurrence of SARS-CoV-2 infection during the follow-up.

Characteristics All patients (n = 123) No?nricgé;ent F{(ic:rzl'gr)wt Y3/t P

Gender 2.081 0.149
Male 50 (40.7) 43 (43.9) 7 (28.0)
Female 73 (59.3 55 (56.1) 18 (72.0)

Age (in years)
<60 82 (66.7) 67 (68.4) 15 (60.0) 0.628 0.428
=60 41 (33.3 31 (31.6) 10 (40.0)

Vaccination
Yes 32 (26.0) 31 (31.6) 1(4.0) 7.902 0.005
No 91 (74.0) 67 (68.4) 24 (96.0)

Diagnostic type
Confirmed cases 118 (95.9) 93 (94.9) 25 (100.0) - 0.582°
Asymptomatic infection 5(4.1) 5(5.1) 0 (0.00)

Comorbidity
Yes 50 (40.7) 39 (39.8) 11 (44.0) 0.146 0.702
No 73 (59.3) 59 (60.2) 14 (56.0

Smoking
Yes 14 (11.4) 11 (11.2) 3(12.0) 0.012 0.913
No 109 (88.6) 87 (88.8) 22 (88.0)

Fever 0.030 0.863
Yes 56 (45.5) 45 (45.9) 11 (44.0)
No 67 (54.5) 53 (54.1 14 (56.0)

Cough 0.964 0.326
Yes 55 (44.7) 46 (46.9) 9 (36.0)
No 68 (55.3) 52 (53.1) 16 (64.0)

Dry throat 2.396 0.122
Yes 34 (27.6) 24 (24.5) 10 (40.0)
No 89 (72.4) 74 (75.5) 15 (60.0)

Sore throat 0.012 0.913
Yes 14 (11.4) 1 (11.2) 3(12.0)
No 109 (88.6) 87 (88.8) 22 (88.0)

Expectoration 0.391° 0.532
Yes 13 (10.6) 9(9.2) 4 (16.0)
No 110 (89.4) 89 (90.8) 21 (84.0)

Length of hospital stay 52.04+24.98 52.47+2752 50.32+11.52 0.103 0.748

*Comparison of proportions were made by the Fisher’s exact test.

knowledge, this is the first follow-up of discharged patients
with Delta variant infections in China.

Our follow-up showed that 20.33% of included patients
showed recurrent positive results for SARS-CoV-2 infection
by RT-PCR after discharge. We found that eight patients
tested positive for infection through RT-PCR on the first day
after discharge. On the premise of standardized sampling
operation, it is speculated that false-negative nucleic acid

Rev Inst Med Trop Sao Paulo. 2022;64:e31

tests at discharge may be one of the reasons for this result.
Angiotensin-converting enzyme II (ACE2) receptors, which
SARS-CoV-2 uses to enter host cells, were found to be more
highly expressed in the lungs than the upper respiratory
tract'". There is sufficient evidence to support that the viral
load of SARS-CoV-2 in the lungs is higher than that in the
upper respiratory tract, which leads to a negative test result
in that the virus cannot be detected by a nasopharynx swab
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Figure 4 - Assessment of symptoms related to COVID-19 during follow-up visits. Ob the X-axis, the discharge time in days, and on
the Y-axis, the absolute number of patients reporting each of the COVID-19- related symptoms.

sampling. Therefore, it is of great clinical significance to
comprehensively judge whether the patient’s viral infection
status changes from positive to negative in combination
with the test results of a variety of other samples, such as
sputum and blood.

Theoretically, patients with infection recurrence are
potential transmission sources. However, to our knowledge,
there are no reports of human infection cases resulting from
the contact with a recurrently positive patient. Previously, it
was found in South Korea that the viral particles detected
in a discharged patient were dead remnants'. In addition,
no confirmed cases were reported among close contacts.
These findings support that a recurrent positive test for
SARS-CoV-2 is likely to detect inactivated viral RNA
rather than re-activation or re-infection. Infectivity depends
upon the viral replication®. We found that there was a
certain proportion of individuals actively infected with the
Delta variant of SARS-CoV-2 returning to the community
after discharge from the hospital. However, there were no
clinical symptoms or deterioration in pulmonary computed
tomography findings in all cases. The vast majority of cycle
threshold results by RT-PCR assay were greater than 33,
suggesting that patients with infection recurrence have a
low risk of community transmission.

Previously, our research team conducted a test-
negative case—control study to explore the effectiveness
of COVID-19 vaccines in the real world. It was found
that, although a single dose of vaccine did not provide
sufficient protection, two doses of a vaccine containing
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inactivated viruses remained effective against the Delta
variant infection, with an estimated potency exceeding
the World Health Organization minimum threshold of
50%". In this study, only 4% of patients in the recurrent
group had been vaccinated before, compared to 31.6% of
patients in the non-recurrent group. This may be related to
the establishment of a stronger humoral immune response
in vaccinated people.

In addition, the symptoms most likely to persist until
two months in our cohort were hair loss, fatigue anxiety
problems, and 40.4% of patients reported long-term
COVID-19 symptoms, suggesting a significant reduction
in both, the physical and the mental quality of life of
discharged patients. The duration of these symptoms
remains to be studied in the future.

Our study has several limitations. Firstly, it included
only a small number of discharged patients who tested
positive for SARS-CoV-2. Furthermore, the follow-up
studies involving larger cohorts need to be conducted.
Secondly, in the future, we should strive to isolate samples
of live virus instead of performing RT-PCR assays to
determine the true infectivity of patients for the purpose of
continuous disease management after discharge.

CONCLUSION
Our study suggests that it is possible for patients infected

with the Delta variant of SARS-CoV-2 to show recurrent
positive results for SARS-CoV-2 infection after discharge,
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indicating that mass vaccination against the Delta variant
of SARS-CoV-2 to be an appropriate goal. Both, the
physical and the mental quality of life of discharged patients
were significantly affected, but the duration of observed
symptoms remains to be further observed in the future.
This study has specific significance for driving necessary
improvements in the post-discharge management of patients
infected with the Delta variant of SARS-CoV-2.
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