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ABSTRACT
Objective: The purpose of this study was to investigate vaccine effectiveness in relieving symp-
toms in patients with the SARS-CoV-2 delta (B.1.617.2) variant.
Methods: In this retrospective study, 31 patients did not receive any vaccine (non-vaccination,
NV), 21 patients received 1-dose of inactivated vaccine (one-dose vaccination, OV), and 60
patients received at least 2-dose inactivated vaccine (two-dose vaccination, TV). The baseline
data, clinical outcomes and vaccination information were collected and analyzed.
Results: Patients in the OV group were younger than those in the other two groups (p¼ 0.001),
but there was no significant difference in any of the other baseline data among the three
groups. The TV group showed higher IgG antibody levels and cycle threshold values of SARS-
CoV-2 than the NV and OV groups (p< 0.01), and time to peak viral load was shorter in the TV
group (3.5 ± 2.3 d) than in the NV (4.8 ± 2.8 d) and OV groups (4.8 ± 2.9 d, p¼ 0.03). The patients
in the TV group (18%) showed a higher recovery rate without drug therapy (p< 0.001). Viral
clearance time and hospital stay were significantly shorter in the TV group than in the NV and
OV groups (p< 0.01), and there were no significant differences in these parameters between the
OV and NV groups, but IgG values were higher in the OV group (p¼ 0.025). No severe complica-
tions occurred in this study.
Conclusions: Our results suggest that 2-dose vaccination can reduce viral load and accelerate
viral clearance in patients with the delta variant and enhance the protection afforded by IgG
antibodies in vivo.

KEY MESSAGES

� In this study, our results shows that two-dose vaccination can reduce viral loads and acceler-
ate viral clearance, and two-dose vaccination enhance the protection of IgG antibodies
in vivo; however, one-dose vaccination did not confer protective effectiveness.
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Introduction

Coronavirus disease 2019 (COVID-19) is oneof the

most serious global public health crisis in this century,

and severe acute respiratory syndrome coronavirus 2

(SARS-CoV-2) outbreaks have caused millions of deaths

and placed heavy burdens on individuals and societies

[1]. Therefore, vaccination is an accepted strategy for

protecting individuals against severe COVID-19 and its

consequences and is an important key step in control-

ling the pandemic of SARS-CoV-2 infection. However,

with the emergence of various variants of the SARS-

CoV-2 virus, the delta variant quickly became the main
viral strain of the pandemic [2–5]. In addition, there is
some debate about the protective effect of vaccines
against the delta variant. Some studies have confirmed
vaccine effectiveness in strictly selected populations,
and these data suggested that the different vaccines
could protect against the delta variant and reduce
viral infection [6–9]. More importantly, in the course of
the SARS-cov-2 pandemic, we need to make exact
diagnosis based on the multiple nucleic acid test
results and medical history combined with radiological
examination and laboratory examination of the
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patients, rather than the single nucleic acid test
results, which helps to avoid misdiagnosis and missed
diagnosis of COVID-19 case. Accurate diagnosis is con-
ducive to more accurate epidemiological management
and more authentic evaluation of the effect of vac-
cines [10–13].

Previous reports have shown that vaccination is
effective in reducing household transmission of the
alpha variant by 40–50%, with viral load in the upper
respiratory tract significantly lower in vaccinated
patients [14,15]. Other research has revealed that vac-
cines could have a moderate to a high protective
effect against the delta variant [16,17]. Previous
reports suggested that more than half of people may
be at risk of a likely severe COVID19, because of their
underlying medical issues and risk factors [18], there-
fore, it is urgent to strengthen the vaccination of the
whole population, especially those with basic diseases.
Due to the limitations of the general population’s
access to information on vaccines, some studies have
proved that slightly more than half of the population
received vaccination due to work, social life et al. [19].

Evaluating the vaccines against SARS cov-2 variants
is the focus of the current pandemic, and it is equally
important to take preventive measures to prevent
infection [20]. In the face of mutating viruses, it is

important to evaluate the protective effect of existing
vaccines in the real world, which is helpful to quickly
adjust public policies and develop new vaccines.
However, there are few data on the actual protective
effect of the vaccine in patients infected with the
delta variant in the real world. Therefore, in this study,
we performed a real-world study of the protective
effect of the inactivated vaccine in patients infected
with the delta variant in northwestern China.

Methods

Patients and study design

All patients were treated by the medical team of the
First Affiliated Hospital of Xi’an Jiaotong University
between 20 December 2021, and 20 January 2022.
The eligible discharged patients were screened in this
retrospective study (Figure 1), and patients younger
than 5 years old were excluded. Patients with incom-
plete and inaccurate baseline data were also excluded
from this study. All patients were confirmed to infect
with SARS-CoV-2 delta variant by Xi’an CDC (Center
for Disease Control and Prevention). There were 31
patients who did not receive any vaccination (non-
vaccination group, NV), 21 patients who received only

Figure 1. The flowchart of the study. NV, non-vaccination group; OV, one-dose vaccination; TV, two-dose vaccination.
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one-dose vaccination (one-vaccination group, OV) and
60 patients who received two- or three-dose vaccin-
ation (two-vaccination group, TV). All vaccinated
patients received inactivated vaccines (inactivated
SARS-CoV-2 vaccine CoronaVac, and aluminium
hydroxide as adjuvant. Sinovac life sciences Co. Ltd.).
All patients underwent nasopharyngeal swab sample
collection according to the national guidelines [16]
and were diagnosed via SARS-CoV-2 nucleic acid amp-
lification tests, and the results were confirmed by the
Xi’an Center for Disease Control and Prevention. This
study was approved by the Ethics Committee of the
First Affiliated Hospital of Xi’an Jiaotong University,
and all patients provided written informed consent. All
research methods were carried out in compliance with
the relevant declarations of medical ethics and the
Declaration of Helsinki.

Data collection

The collected data included demographic characteris-
tics, epidemiological data (direct and indirect contact
history, incubation period), clinical data, chest com-
puted tomography (CT), SARS-CoV-2 detection informa-
tion, antiviral antibody information, complications and
outcomes. All data were obtained from the electronic
medical record system, and no follow-up data were
included in this study. Vaccination information was col-
lected from the patients, including vaccine name, dose,
and date of administration. Two-dose vaccination was
defined as having received a second or third dose of
vaccine at least 14days prior; one-dose vaccination was
defined as having received the first dose of the vaccine
at least 21days ago but not the second dose.
Unvaccinated patients did not receive any SARS-CoV-2
vaccine. Antibodies against SARS-CoV-2 (anti-Spike IgG
and IgM) were detected by laboratory tests. All data
were extracted by two independent physicians, and
any disputed data were resolved in consultation with a
third independent physician.

SARS-CoV-2 nucleic acid and antibody tests

SARS-CoV-2 nucleic acid expression was detected with
SARS-CoV-2 virus kits via quantitative reverse tran-
scription polymerase chain reaction (2019-nCoV
Nucleic acid detection Kit, Daan Gene, Guangzhou,
China) according to the national guideline and the
manufacturer’s instructions, and all patients were
examined daily during hospitalization. The conditions
for SARS-CoV-2 nucleic acid amplification were 50 �C
for 15min, 95 �C for 15min, followed by 45 cycles of

94 �C for 15 s and 55 �C for 45 s. Positive detection was
defined as a cycle threshold (Ct value) less than
40(500 copies/ml), and the test procedure was carried
out in strict accordance with the protocol. A patient’s
viral load was defined as the patient’s lowest Ct value
during hospitalization, and the time to peak viral
load was defined as the time from the first positive
SARS-CoV-2 test to the lowest Ct value during hospi-
talization. The incubation period was defined as the
number of days from contact exposure to the onset of
a positive nucleic acid result.

Serum antibodies (anti-Spike IgG and IgM) against
SARS-CoV-2 were detected via a commercial ELISA kit
(SARS-CoV-2 Ig G and SARS-CoV-2 IgM, Maccura
Biotechnology Co., Ltd., Chengdu, China) according to
the manufacturer’s instructions, and the antibodies
were detected at admission, day 7, day 10, day 14 and
at discharge. Briefly, 96-well plates were coated with
purified SARS-CoV-2 antigen in phosphate buffer over-
night at 4 �C in physiological saline (PBS). We added
10 ml of each serum sample to a reaction plate, mixed
it with 50ml magnetic beads and 50ml buffer, incu-
bated it in the reaction plate for 10min and then
washed it. Then, we added 100ml acridine ester-
labeled recombinant magnetic beads and incubated
them in the reaction plate for 10min. After washing,
we added the substrate solution and mixed it well to
detect the luminescence signal value. The assay
detects antibodies to the spike protein of SARS-CoV-2
with a cut-off (CO) value of <1.0 for negative results
and the value �1.0 were defined as positive, the final
value of the test was calculated with the optical dens-
ity value of the sample/CO value.

Clinical management and outcome

All patients were treated in an isolation hospital
according to the national guidelines. Briefly, thera-
peutic strategies were selected according to the sever-
ity of the symptoms and comorbidities of the patients.
Patients with mild symptoms and no pulmonary imag-
ing changes were given prone position ventilation and
drug therapy for underlying diseases, and patients
with obvious symptoms (with pulmonary imaging
changes) were selectively given thymalfasin (1.6mg,
one dose) and lopinavir/ritonavir (250mg twice daily).
Neutralizing antibodies or convalescent plasma were
selectively used for severe patients.

SARS-CoV-2 patients were classified into four types:
mild, common, severe and critical, the clinical classifica-
tion of SARS-CoV-2 was defined previously by the
National Health Commission of China [21,22]. A patient
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whose symptoms disappeared during hospitalization
and who was negative by two consecutive nasopharyn-
geal nucleic acid tests (separated by an interval of at
least 24 h) could be discharged from the hospital. The
time from a patient’s first positive SARS-CoV-2 test to
the end of the two consecutive negative tests was
defined as the viral clearance time. Time to peak viral
load was defined as the time from the first positive test
to the lowest Ct value during hospitalization. The main
adverse events were defined as death from any cause,
myocardial infarction, stroke, and deep vein thrombosis
that occurred during hospitalization.

Statistical analysis

All data were collected with Excel file (Version 2013,
Microsoft, Redmond, Washington) and analyzed by
using SPSS v. 22.0 (SPSS, Chicago, IL, USA) software.
Quantitative variables were presented as mean and
standard deviation and were tested for normality first,
and then hypothesis testing was performed with
paired t tests and analysis of variance (ANOVA).
Categorical variables were presented as frequency and
percentages and were analyzed using chi-square tests
or the Kruskal–Wallis test, Mann–Whitney U test or
Fisher exact test. p values <0.05 were considered stat-
istically significant.

Results

The baseline characteristics of patients in the
three groups

There were 112 patients with the SARS-CoV-2 delta
variant included in this retrospective cross-sectional
study (Figure 1), and their baseline characteristic data

are listed in Table 1. Our results showed that the
patients in the OV group were younger than those in
the other two groups (p¼ 0.001), and no significant
differences were confirmed for the other baseline
characteristics. Except for the incidence of intestinal
symptoms, which was higher in the NV group than in
the other two groups (p¼ 0.02), there were no signifi-
cant differences in the other symptoms and comorbid-
ities, and the most common symptoms included
cough, sputum production, sore throat, anosmia and
dysgeusia (p> 0.05); however, the incidence of any
symptoms in TV group was significantly lower than NV
and OV groups (p< 0.05).

Clinical results in the three groups

All clinical and epidemiological data are listed in
Table 2 and Table 3. All patients had mild or common
SARS-CoV-2 infections, and no severe or critical cases
occurred in the three groups, and the patients showed
a similar contact history. The chest CT and C-reactive
protein and IgM levels were similar among the three
groups (p> 0.05). The TV group showed a similar incu-
bation period of SARS-CoV-2 as the NV and OV
groups. However, the cycle threshold value of SARS-
CoV-2 was higher in the TV group (32.4 ± 5.1) than in
the NV (28.4 ± 5.7) and OV groups (29.4 ± 5.4, p< 0.01),
and time to peak viral load were shorter in the TV
group (3.5 ± 2.3 d) than in the NV (4.8 ± 2.8 d) and OV
groups (4.8 ± 2.9 d, p¼ 0.03, Figure 2). Moreover, levels
of the antibody IgG were also higher in the TV group
(7.2 ± 3.3) than in the NV (2.4 ± 3.2) and OV groups
(4.7 ± 3.9, p< 0.001) and higher in the OV group than
in the NV group (p¼ 0.025). Most patients underwent
the therapeutic strategies described in the Methods

Table 1. Baseline characteristics of patients in three groups.
NV group (n¼ 31) OV group (n¼ 21) TV group (n¼ 60) p value

Gender (M) 13 (42) 15 (71) 37 (62) 0.08
Age (years) 36.9 ± 13.8 22.5 ± 13.9 33.7 ± 13.7 0.001
BMI (Kg/ m2) 22.7 ± 3.6 22.0 ± 5.8 23.2 ± 3.6 0.53
Comorbidities 0.32
Hypertension 2 (7) 0 (0) 1 (2)
Cirrhosis 2 (7) 0 (0) 1 (2)
Operation history 1 (3) 1 (5) 1 (2)
COPD 1 (3) 0 (0) 1 (2)
Type 2 diabetes 0 (0) 2 (10) 1 (2)

Any symptoms 31 (100) 16 (76) 33 (55) <0.05
Stuffy nose/snot 1 (3) 1 (5) 1 (2) 0.74
Sore throat 4 (13) 1 (5) 3 (5) 0.35
Cough 14 (45) 7 (33) 20 (33) 0.52
Sputum production 8 (26) 4 (19) 5 (8) 0.08
Dyspnea 1 (3) 0 (0) 1 (2) 0.69
Intestinal symptom 3 (10) 0 (0) 0 (0) 0.02
Anosmia/dysgeusia 3 (10) 3 (14) 2 (3) 0.20
Fatigue 0 (0) 0 (0) 1 (2) 0.65

Data are presented as n (%) or mean ± standard deviation. NV: non-vaccines; OV: one-vacine; TV: two-vaccine; M: male;
kg: kilogram; BMI: body mass index; COPD: chronic obstructive pulmonary disease. p value, comparison among groups.
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section, and the patients in the TV group (18%)
showed a higher recovery rate without drug therapy
(13% of NV, 10% of OV, p< 0.001; Table 3). There
were no significant differences in the clinical parame-
ters between the NV and OV groups (p> 0.05).

Patient outcomes in the three groups

The outcome parameters after isolation therapy are
shown in Table 3. One patient in each of the three
groups still had mild anosmia/dysgeusia, but their
remaining symptoms disappeared completely
(p> 0.05). During therapy, SARS-CoV-2 viral clearance
time was significantly shorter in the TV group
(11.2 ± 1.9 d) than in the NV (14.3 ± 3.6 d) and OV
groups (13.8 ± 3.6 d, p< 0.001). Moreover, the hospital
stays of patients in the TV group (14.4 ± 2.2 d) were

shorter than those of patients in the NV (17.6 ± 4.4 d)
and OV groups (17.1 ± 3.5 d, p< 0.01). There were no
significant differences in these parameters between
the NV and OV groups (p> 0.05). No severe adverse
events (death, stroke, acute respiratory distress syn-
drome, myocardial infarction or deep vein thrombosis)
occurred in the three groups.

Discussion

The spike protein of the delta variant shows a higher
binding affinity with the human angiotensin-convert-
ing enzyme 2 receptors than that of the spike proteins
of earlier variants, suggesting that the delta variant
has a high transmission and rapid cell infectivity
[23,24]. Thus, patients with the delta variant exhibit
significantly higher transmissibility than that of

Table 2. The clinical results of patients in three groups.
NV group (n¼ 31) OV group (n¼ 21) TV group (n¼ 60) p value

Contact history 0.43
Direct contact 28 (90) 19 (91) 49 (82)
Indirect contact 3 (10) 2 (10) 11 (18)
Clustered feature 25 (81) 16 (76) 42 (70) 0.54
CT positive 21 (68) 14 (67) 30 (50) 0.25
Classification 0.91
Mild 9 (29) 7 (33) 20 (33)
Common 22 (71) 14 (67) 40 (67)
Severe/critical 0 (0) 0 (0) 0 (0)

Cycle threshold 28.4 ± 5.7 29.4 ± 5.4 32.4 ± 5.1 <0.01
Time to peak (d) 4.8 ± 2.8 4.8 ± 2.9 3.5 ± 2.3 0.03
Antibody value
IgG (S/CO) 2.4 ± 3.2 4.7 ± 3.9 7.2 ± 3.3 <0.001
Ig M (S/CO) 3.2 ± 9.6 4.1 ± 13.9 7.6 ± 18.1 0.39

CRP positive 8 (26) 7 (33) 17 (28) 0.84

Data are presented as n (%) or mean ± standard deviation. NV: non-vaccines; OV: one-vacine; TV: two-vaccine; CRP: C
reactive protein. p value, comparison among groups.

Table 3. The outcomes of patients in three groups.
NV group (n¼ 31) OV group (n¼ 21) TV group (n¼ 60) p value

Oxygen support 27 (87) 19 (91) 58 (97) 0.22
No-drug used 4 (13) 2 (10) 11 (18) <0.001
Anticoagulation 16 (52) 11 (52) 36 (60) 0.69
Antibodies/convalescent plasma 0 (0) 0 (0) 0 (0) NA
Thymalfasin 2 (7) 2 (10) 4 (7) 0.89
Lopinavir/ritonavir 0 (0) 0 (0) 1 (2) 0.65
Hospital stay (d) 17.6 ± 4.4 17.1 ± 3.5 14.4 ± 2.2 <0.01
Viral clearance time (d) 14.3 ± 3.6 13.8 ± 3.6 11.2 ± 1.9 <0.001
Time to peak (d) 4.8 ± 2.8 4.8 ± 2.9 3.5 ± 2.2 0.03
Symptom recovery
Stuffy nose/snot 0 (0) 0 (0) 0 (0) NA
Sore throat 0 (0) 0 (0) 0 (0) NA
Cough 0 (0) 0 (0) 0 (0) NA
Sputum production 0 (0) 0 (0) 0 (0) NA
Dyspnea 0 (0) 0 (0) 0 (0) NA
Intestinal symptom 0 (0) 0 (0) 0 (0) NA
Anosmia/dysgeusia 1 (3) 1 (5) 1 (2) 0.74
Fatigue 0 (0) 0 (0) 0 (0) NA

Death/ARDS 0 (0) 0 (0) 0 (0) NA
MI/Stroke 0 (0) 0 (0) 0 (0) NA
DVT 0 (0) 0 (0) 0 (0) NA

Data are presented as n (%) or mean ± standard deviation. NV: non-vaccines; OV: one-vacine; TV: two-vaccine; ARDS:
acute respiratory distress syndrome; MI: myocardial infarction; DVT: deep vein thrombosis. p value, comparison among
groups.
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patients infected by earlier variants regardless of vac-
cination. In our study, we found that incubation peri-
ods were shorter in all three groups, which is also
consistent with the results of previous studies [25–27].
Vaccination had a significant effect on the occurrence
of any symptoms in delta variant patients, especially,
the incidence of intestinal symptoms was higher in
nonvaccinated patients; meanwhile, the most common
symptoms included cough, sore throat and anosmia/-
dysgeusia. These data suggest that vaccination may
help attenuate damage to the gastrointestinal system
from the delta variant.

A previous study revealed that vaccination shows a
low protective effect against the delta variant except
for a satisfactory protective effect against severe infec-
tions [28]. There were no significant differences in
chest CT findings, systemic inflammation or IgM levels
in this study, which seems to indicate that the vaccine
provides limited protection against mild and common
severity of SARS-CoV-2 delta variant infection in
patients. However, we still found an obvious protect-
ive effect of the vaccine in patients with the Delta
variant. When compared with nonvaccinated or one-
dose vaccinated patients, two-dose vaccinated
patients showed significantly lower viral load and
shorter time to peak viral load, and viral clearance
time in these patients was also significantly shortened.
Pouwels et al. confirmed that vaccination was able to
reduce the incidence of new infections and peak viral
burdens [29]. In our study, two-dose vaccinated
patients showed a lower incidence of any symptoms,
these results confirmed that the in inactivated

vaccines still has the certain protective effectiveness
on the delta variant, and further research are needed
to confirm the difference in the protective effect
between the inactivted vaccine and the other vac-
cines. Although the different vaccines show a protect-
ive effect on the various mutants of the virus, existing
vaccines are designed for the initial SARS-CoV-2 virus
and not its mutants. We need to pay more attention
to surveillance the long-term safety and effectiveness
of the vaccinated general population, adverse reac-
tions after vaccination should be strictly observed.
Some studies reveal that these adverse reactions may
be serous [30,31].

Our results confirmed that only two-dose vacci-
nated patients had lower viral load and higher IgG
antibody levels, and the IgG value may be one of the
indicators reflecting the protective effect of vaccin-
ation. These data indicate that the vaccines remain
effective against the delta variant. Previous studies
have demonstrated that serum IgG in patients with
SARS-CoV-2 infection was closely related to its protect-
ive effect, and if the IgG antibody value was less than
50 BAU/mL, the protective effect of the vaccine was
very limited [32]. In our study, the IgG antibody levels
of the 2-dose vaccinated patients were significantly
higher than those of patients in the other two groups,
and the viral clearance times were also significantly
shortened, indicating that the vaccine still provides
significant protection for patients with non-severe
delta variant infection. Our results suggest that
patients who received two doses of vaccinated may
elicit stronger immune responses that relieve the
symptoms and damage caused by the delta variant
virus infected. Therefore, some patients with mild
symptoms were able to recover completely without
drug treatment. In this study, we found that the recov-
ery rate without drug treatment in two-dose vacci-
nated patients reached 18.3%, which was significantly
higher than that in the nonvaccine and one-dose vac-
cine groups. However, the long-term effects and safety
of inactivated vaccines still need to be further
observed.

Despite vaccine neutralization of the delta variant,
the symptom with the slowest recovery is anosmia/-
dysgeusia; indeed, anosmia/dysgeusia may be a good
predictor of SARS-CoV-2 infection [33]. One study
showed that partial two-dose vaccinated patients did
not develop pneumonia or require additional oxygen
support, which suggests that two-dose vaccination
can reduce the severity of delta variant infection [34].
Our results are consistent with this report. Moreover,
vaccination could accelerate the clearance of the delta

Figure 2. Scatterplot of peak Ct values and time to peak of
viral load among three groups. NV: non-vaccination group
(black circle); OV: one-dose vaccination (green square); TV:
two-dose vaccination (red triangle), the TV group showed the
lower viral load and shorter time to peak than the NV and OV
groups (p< 0.05).
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variant virus from the respiratory tract, which is bene-
ficial to the recovery of patients [26,35]. However, we
need to pay attention to the possibility that some risk
factors, such as obesity, diabetes and cancer, may still
affect the clinical outcomes of patients [36,37]. In add-
ition, vaccines may differ in protective efficacy, but
two-dose vaccination could still significantly reduce
the risk of new SARS-CoV-2 infection [38,39]. With the
evolution of the SARS-CoV-2 virus, the protective
effect of existing vaccines may be reduced, specific
vaccine design for different mutant strains may be the
focus in the future [31]. With the outbreak of SARS
CoV-2 variant strains, the only potential solution is the
specific vaccine development targeting against all vari-
ant strains to halt its progress. But before that, vaccin-
ation remains the first choice to avoid severe
infection, and the effect and adverse reaction detec-
tion after vaccination also need further attention.
While taking preventive control strategies (wearing
masks and maintaining social distance) to protect
from the virus infection are also equally import-
ant [40].

Limitations

This study has the following limitations. First, due to
the vaccination policy, there are increasingly fewer
subjects who are not vaccinated; therefore, the num-
bers of unvaccinated and one-dose vaccinated
patients were low in this study, which could cause
selection bias and affect the conclusions. Second, this
study had a small sample size; we only analyzed the
hospitalization data of patients in three specific
groups and did not include the data from each
patient’s entire disease process, which could also
affect the accuracy of the conclusions. Third, we only
analyzed the effectiveness of inactivated vaccines and
did not include live attenuated vaccines or mRNA vac-
cines, which may have affected the results. Finally, this
study did not analyze the protective effects of vac-
cines in different populations, which may affect the
generalizability of the conclusions.

Conclusions

In this retrospective study, our results suggest that
two-dose vaccination could alleviate symptoms of the
SARS-CoV-2 delta variant, reduce viral load and accel-
erate viral clearance in patients. The two-dose vacci-
nated patients showed higher IgG antibody levels
than the unvaccinated and one-dose vaccinated
patients, and the two-dose vaccinated group exhibited

a higher recovery rate without the need for medica-
tions than the other two groups.
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