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ABSTRACT

Coronavirus disease 2019 (COVID-19) cases in China has grown rapidly after adjustment of the dynamic zero-COVID-19
strategy. However, how different vaccination states affect symptoms, severity and post COVID conditions was unclear.
Here, we used an online questionnaire to investigate the infection status of severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) among 11,897 participants, with 55.55% positive and 28.42% negative. The common
COVID-19 symptoms were fatigue (73.31%), cough (70.02%), fever (65.25%) and overall soreness (58.64%); self-
reported asymptomatic infection accounted for 0.7% of participants. The persistent symptoms at 1 month after
infection included fatigue (48.7%), drowsiness (34.3%), cough (30.1%), decreased exercise ability (23.1%) and
pharyngeal discomfort (19.4%), which was reduced by more than 200% at 2 months. Participants with complications
such as chronic obstructive pulmonary disease, respiratory diseases, diabetes, hypertension, etc. have a higher
proportion of hospitalization and longer recovery time (p<=0.01). Multiple vaccination statuses reduced
the infection (p < 0.001) and severity rates (p=0.022) by varying degrees as well as reduced the risk of high fever
(>39.1°CQ), chills, diarrhea and ageusia/anosmia, respectively (p<0.05). Vaccination may enhance some upper
respiratory symptoms, including sore throat, nasal congestion and runny nose, respectively (p < 0.05). Participants
who had been vaccinated within 3 months were better protected by helping reduce their risk of overall soreness,
chills and ageusia/anosmia, respectively (p < 0.05). In conclusion, our work has updated the epidemic characteristics
of the breakthrough infection (BTI) wave after the dynamic zero-COVID-19 strategy, providing data and insights on
how different vaccination statuses affect COVID-19 symptoms and disease prognosis.
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1. Introduction asymptomatic COVID-19 infection rate [7-11]. In

Over 693 millions of infected cases and approximately ~ addition, many infected people personally realize

6.9 million deaths, severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) continues to challenge
and breakthrough host immunity in its unique muta-
tional way [1-3]. Since China adjusted its dynamic
zero-coronavirus disease 2019 (zero-COVID-19)
strategy in December 2022, the number of infections
in China has experienced grown rapidly [4-6]. Most
infected Chinese people complain that the symptoms
of COVID-19 are much more uncomfortable than
those of common viruses with colds, leading to wide-
spread panic. The widespread symptoms of torture
have raised concerns among infected individuals in
China about the previously reported contradictory

that mild symptoms are not actually easy and bearable.
Some explanations suggest that infection symptoms
are related to one’s infection period, virus variants
and immunity statuses [12-14].

The Chinese infection peak dominated by BF.7 and
BA.5.2 may provide a good research model for BTI
[15], because the vast majority of them have not
been infected before, with clean immune background.
Although there were reports on the symptoms after
infection with BF.7 or BA.5.2 [16,17], few were associ-
ated with symptoms and vaccination statuses. Thus,
the characteristics of BTI remain unclear, particularly
after the adjustment of the zero-COVID-19 strategy.
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Moreover, the symptoms and severity of people with
different vaccine immunity statuses and the specific
impact on human life safety need to be investigated.

Driving factors for the adjustment of domestic epi-
demic strategies comprise 1) the immune barrier
against SARS-CoV-2 established by universal vacci-
nation and 2) variants with gradually weakened patho-
genicity [6,18]. Nonetheless, the performance of the
protective barrier established by previous vaccinations
remains to be supported by real-world data in the
widespread BTI following the implementation of the
zero-COVID-19 strategy. On the one hand, the vacci-
nation times of infected people are highly hetero-
geneous and their vaccinations’ protective effects
against SARS-CoV-2 may differ; these factors may
lead to asynchronous symptoms and varying severity
[19]. On the other hand, the association between
different vaccination statuses and acute symptoms
after infection needs further investigation. Impor-
tantly, the proportion and patterns of persistent
post-COVID-19 conditions (long COVID) after BTI
caused by new SARS-CoV-2 sub-variants also require
investigation and evaluation. It has been reported that
long COVID caused by Omicron variant is character-
ized by cardiovascular system, respiratory system, ner-
vous system and so on [20-22] reported that the main
long-term symptoms after BA.2 BTI were neuropsy-
chiatric problems, such as pain, fatigue and sleep
difficulties [22]. In addition, some residents have
received a 4th or even 5th vaccine dose as a booster
shot prior to infection. Whether these booster shots
offer better protection is worth investigating epide-
miologically, which will inform subsequent scientific
prevention and control measures and vaccination
management protocols.

Here, we conducted a survey on SARS-CoV-2
infection soon after the adjustment of China’s
dynamic zero-COVID-19 strategy. Our goal was to
characterize the relationship among different vacci-
nation statuses and infection rates, improvement
rates, acute symptoms and post-infection symptoms.

2. Methods
2.1. Research objective

An online questionnaire survey was conducted in all
provinces of China from January 22 to February 21,
2023. The respondent voluntarily filled out the “Ques-
tionnaire on SARS-CoV-2 infection among Chinese
residents.” At the end of the survey, 12,806 question-
naires were collected. We filtered out potential dupli-
cate samples according to IP address, sex, age.
Abnormal questionnaires were also filtered according
to the notes and the completion times of SARS-CoV-
2-negative and SARS-CoV-2-positive personnel. A
small number of participants who were located

abroad, infected too early (before 2022) or could not
determine their own infection status were also filtered
out. Finally, a total of 909 samples were filtered and
11,897 samples were included in the subsequent analy-
sis. All participants voluntarily participated in the
online survey and gave their informed consent. This
study was approved by the Institute of Microbiology,
Chinese Academy of Sciences of Research Ethics
Committee (No.: APIMCAS2023006-1)

2.2. Research methods

The questionnaire survey included the following ques-
tions: location, sex, age, number of vaccinations,
SARS-CoV-2 infection status, underlying medical
conditions, smoking and drinking habits, etc. (Table
S1). SARS-CoV-2-positive participants were further
asked about the date of infection, infection symptoms,
timing of significant symptom improvement, medical
treatments and family vaccination history and symp-
tom similarity. According to the date of infection in
the positive participants, the symptoms at 1-4 months
after infection were collected. All participants can fill
in basic information such as age, region, gender, vac-
cination history and underlying disease. In order to
exclude the impact of SARS-CoV-2 negative and
uncertain infection status on symptom statistics, we
have set question associations and jumps to ensure
that only participants with nucleic acid and/or antigen
confirmed SARS-CoV-2 positive can fill in infection
symptom related questions. As of the end of question-
naire collection, due to the small number of partici-
pants who had been infected for more than 4
months, this data was not included in the analysis
results. The “Questionnaire Star” platform (https://
www.wjx.cn) was used to distribute the questionnaire
links. The survey platform automatically recorded the
IP address (city) and completion times of the respon-
dents when they submitted their information.

2.3. Statistical analysis

R software (Version 4) was used for data quality con-
trol and statistical analysis. Logistic regression analysis
was used to calculate the contribution or impact of
each grouping factor on prognosis compared to the
reference group (odds ratio: OR). Compared with
reference factors, the larger the OR value, the greater
the impact and contribution of grouping factors and
the stronger the correlation between grouping factors
and prognosis results. OR =1 means that there is no
correlation between grouping factors and disease
prognosis. OR>1 indicates a positive correlation
between grouping factors and disease prognosis. OR
<1 means that grouping factors are negatively corre-
lated with infection or symptoms (protective factors).
The chi-square (x2) test was used to calculate the
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significance of the frequency differences between the
groups and p-values < 0.05 were considered statisti-
cally significant.

3 Results
3.1. Baseline characteristics of participants

The survey included 11,897 participants from seven
regions across China (p <0.001) (Table 1 and Figure
1A). A total of 6728 (55.55%) participants reported
positive results for SARS-CoV-2 antigen and/or
nucleic acid tests and 1788 (15.03%) were self-sus-
pected to be positive (Table 1 and Figure S1A). This
was consistent with the public statistical data that
positive rate of SARS-CoV-2 between about 3%
—60% from December 9, 2022 to February 25, 2023
and reached its peak around December 25 (https://
www.chinacdc.cn/jkzt/crb/zl/szkb_11803/jszl_13141/).
The proportion of female participants was

Table 1. Baseline characteristics of the questionnaire participants.
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significantly higher than that of male participants
(7074 versus 4823, p<0.001) (Table 1 and Figure
S1B). Participants were mainly between 18 and 29
years old, 30-39 years old and 40-49 years old, with
significant differences in age (p < 0.001) (Table 1 and
Figure S1C). Among the participants, 8479 were vacci-
nated with 3 doses of the COVID-19 vaccine, 2111
were vaccinated with 2 doses, 749 were vaccinated
with 4 doses and only 350 were unvaccinated (Figure
S1D), indicating that most of the participants had an
immunity status established by the vaccine. The over-
all smoking rate in the SARS-CoV-2-positive group
was only less than 1% higher than that in the SARS-
CoV-2-negative group (Table 1 and Figure S1E) indi-
cating a slight association between smoking and
SARS-CoV-2 infection. An association between drink-
ing and SARS-CoV-2 infection was observed, as the
proportion of non-drinkers in the SARS-CoV-2-nega-
tive group was higher than that in the SARS-CoV-2-
positive group (53.18% vs. 47.9%) (p<0.001)

Baseline category SARS-CoV-2-negative SARS-CoV-2-positive Suspected positive p-value
Region

East China 781 (23.1%) 1953 (29.03%) 318 (17.79%) p <0.001
South China 267 (7.9%) 461 (6.85%) 120 (6.71%)

Central China 1279 (37.83%) 1864 (27.71%) 852 (47.65%)

North China 608 (17.98%) 1565 (23.26%) 252 (14.09%)

Northeast China 61 (1.8%) 169 (2.51%) 36 (2.01%)

Northwest China 120 (3.55%) 283 (4.21%) 77 (4.31%)

Southwest China 265 (7.84%) 433 (6.44%) 133 (7.44%)

Sex

Male 1486 (43.95%) 2736 (40.67%) 601 (33.61%) p <0.001
Female 1895 (56.05%) 3992 (59.33%) 1187 (66.39%)

Age

Under 18 years 53 (1.57%) 58 (0.86%) 23 (1.29%) p <0.001
18-29 years 1878 (55.55%) 2899 (43.09%) 1161 (64.93%)

30-39 years 398 (11.77%) 1162 (17.27%) 145 (8.11%)

40-49 years 338 (10%) 1099 (16.33%) 161 (9%)

50-59 years 343 (10.14%) 839 (12.47%) 153 (8.56%)

60-69 years 259 (7.66%) 491 (7.3%) 4 (5.26%)

70-80 years 82 (2.43%) 142 (2.11%) 44 (2.46%)

Over 80 years 30 (0.89%) 38 (0.56%) 7 (0.39%)

Smoking

Non-smoker 3037 (89 83%) 6147 (91.36%) 1677 (93.79%) p <0.001
1-5 cigarettes every month 1(1.21%) 120 (1.78%) 17 (0.95%)

1-5 cigarettes per day 3 (1.86%) 134 (1.99%) 3 (1.29%)

6-10 cigarettes per day 4 (1.89%) 130 (1.93%) 29 (1.62%)

11-20 cigarettes per day 112 (3.31%) 134 (1.99%) 22 (1.23%)

More than cigarettes 20 per day 4 (1.89%) 3 (0.94%) 0 (1.12%)

Drinking

Non-drinker 1798 (53.18%) 3223 (47.9%) 1007 (56.32%) p <0.001
1-3 times a year 1021 (30.2%) 2175 (32.33%) 560 (31.32%)

1-3 times a month 363 (10.74%) 925 (13.75%) 156 (8.72%)

1-3 times a week 144 (4.26%) 338 (5.02%) 38 (2.13%)

Once a day or more 55 (1.63%) 67 (1%) 7 (1.51%)

Medical condition

Chronic obstructive pulmonary disease 18 (0.53%) 6 (0.68%) 14 (0.78%) 0.518
Emphysema 7 (0.21%) 3 (0.49%) 10 (0.56%) 0.071
Respiratory diseases (asthma, chronic bronchitis, etc.) 93 (2.75%) 304 (4.52%) 72 (4.03%) p <0.001
Diabetes 87 (2.57%) 207 (3.08%) 47 (2.63%) 0.29
Hypertension 235 (6.95%) 576 (8.56%) 103 (5.76%) p <0.001
Cardio-cerebrovascular disease 67 (1.98%) 164 (2.44%) 34 (1.9%) 0.205
Chronic nephrosis 2 (0.35%) 7 (0.55%) 8 (0.45%) 0.399
Chronic liver disease 23 (0.68%) 7 (0.7%) 11 (0.62%) 0.93
Pregnancy 13 (0.38%) 0 (1.04%) 1 (0.06%) p <0.001
Malignant tumor in treatment 8 (0.24%) 8 (0.27%) 2 (0.11%) 0.483
Malignant tumor after treatment 22 (0.65%) 9 (1.03%) 12 (0.67%) 0.1
Benign tumor 17 (0.5%) 7 (0.85%) 15 (0.84%) 0.147
Autoimmune disease 46 (1.36%) 113 (1.68%) 19 (1.06%) 0.12
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Figure 1. Symptom distribution of positive participants. A: Map showing the provincial distribution of the participants in China.
The top five provinces with the most participants were Hubei, Beijing, Anhui, Shanxi and Guangdong. B: Diagram showing the
proportion of hospitalizations (severe COVID-19) of infected participants. C: Diagram showing the timing of when participants’
symptoms improved significantly. D: Diagram illustrating the proportion of infected individuals reporting similarities in symptoms
and vaccination status with at least one family member, indicating the potential role of close family contact in contributing to the
spread of the virus. E: Bar chart showing the symptom frequencies of infected subjects. F: Word frequency map showing the other
symptoms most commonly reported by the infected participants. The data comes from symptom frequency statistics filled out by
participants themselves. When participants feel that the symptom options in the questionnaire do not match their own situation,
they can choose other options and supplement their own symptoms. G: Bar chart showing participants’ symptom frequencies at

1-3 months.

(Table 1 and Figure S1F). Finally, the common under-
lying medical conditions of the participants mainly
included hypertension and diabetes (Table 1). The
SARS-CoV-2-positive participants have a higher pro-
portion of respiratory diseases (asthma, chronic bron-
chitis, etc.), hypertension and pregnancy (p < 0.001)
(Table 1).

Furthermore, we compared the impact of different
comorbidities on the prognosis of COVID-19 partici-
pants. The statistical results showed that multiple

comorbidities were significantly associated with the
severity of COVID-19 (Table S2, p <0.001), including
chronic obstructive pulmonary disease (1.05% versus
8.7%), respiratory diseases (1% versus 3.44%), diabetes
(1% versus 4.46%), hypertension (0.79% versus
4.46%), cardio-cerebrovascular disease (0.79% versus
13.75%). In addition, the statistical results also showed
that comorbidities had significantly delayed improve-
ment time in symptoms, such as chronic obstructive
pulmonary disease, respiratory diseases, hypertension,



cardio-cerebrovascular disease, chronic nephrosis,
tumor and autoimmune (Table S3, p <= 0.01). Par-
ticipants with these comorbidities had a lower pro-
portion of significant improvement in symptoms
within a week (Table S3). These data suggest that
COVID-19 patients with comorbidities may need
more recovery time and medical monitoring.

3.2. Common symptoms and persistent
symptoms of SARS-CoV-2-positive participants

A total of 6728 participants tested positive for SARS-
CoV-2, of whom 98.47% were infected after October
2022 (Figure S1G) and 73 people required hospitaliz-
ation (1.1%), while the rest were considered to have
mild symptoms (Figure 1B). After infection, about
83% of participants reported significant symptom
improvement within 1 week and about 6% improved
significantly after more than two weeks (Figure 1C).
Interestingly, about 78% reported that at least one
family member had a vaccination status and symp-
toms that were similar to their own (Figure 1D), indi-
cating a high incidence of contact infection among
family members.

The most common infectious symptoms among
COVID-19 participants were fatigue (73.31%), cough
(70.02%), fever (65.25%), overall soreness (58.64%),
headache/dizziness (57.61%), sore throat (52.53%),
expectoration (44.68%), nasal congestion (42.91%),
chills (38.87%), runny nose (38.83%), ageusia/anosmia
(34.77%) and high fever >39.1°C (34.48%) (Figure
1E). Uncommon symptoms included conjunctivitis
(2.18%) and abdominal pain (3.64%) (Figure 1E). In
addition, the other commonly self-reported symptoms
were mainly lumbago and insomnia (Figure 1F). It is
worth noting that only 0.7% of the positive partici-
pants self-reported themselves as asymptomatically
infected, (Figure 1E); however, this proportion may
have been an underestimate due to low-frequency test-
ing of asymptomatic individuals.

Next, we analyzed the symptoms of positive partici-
pants during the 1-3-month period after infection to
assess persistent symptoms (medium and long-term
symptoms). The results showed that many partici-
pants reported the following symptoms one month
after infection: fatigue (48.7%), drowsiness (34.3%),
cough (30.1%), decreased exercise ability (23.1%),
pharyngeal discomfort (19.4%), sleep disorders
(14%), headache/dizziness (11.8%), arrhythmia/palpi-
tation (10.4%) and so on (Figure 1G). Notably, most
long-term symptoms were significantly reduced by
more than 200% within 2 months after infection, leav-
ing only a higher proportion of fatigue (17.7%) and
drowsiness (12.6%) (Figure 1F). By 3 months post-
infection, the proportion of fatigue (7%) and drowsi-
ness (5%) symptoms further decreased to less than
10% or 5%, respectively (Figure 1G). The data
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illustrates the prevalence of long COVID triggered
by SARS-CoV-2 infection, with many people requir-
ing 1-2 months to recover and a small portion requir-
ing more time for full recovery.

3.3. Effect of vaccine dose on breakthrough
infection

We analyzed the relationship between vaccine doses
and infection rates, the time of significant symptom
improvement and disease severity. Significant differ-
ences between these factors (p <0.001, p <0.001, p
=0.006) were observed (Figure 2A-C). Among
these, the positive rate of SARS-CoV-2 in participants
with one vaccine dose was comparable to that in
unvaccinated participants; however, the positive rate
of participants with 2-3 doses was reduced (p<
0.001) (Figure 2A). Notably, the positive rate of
SARS-CoV-2 was the lowest in participants vacci-
nated with 4-5 doses (Figure 2A). Participants who
received 1-5 doses of vaccine had a higher proportion
of significant improvement in symptoms within 1
week than unvaccinated ones who had a higher pro-
portion of improvement for more than 2 weeks and
had not improved (p <0.001) (Figure 2B). This indi-
cates that vaccination accelerates the improvement of
COVID-19 symptoms by varying degrees. Finally, the
results showed that unvaccinated participants had a
higher proportion of hospitalizations (p =0.006)
(Figure 2C).

In subsequent analyses, we employed multivariate
logistic regression to assess the relationship between
vaccination doses and infection symptoms. After
adjusting for age, sex, medical condition, smoking
and drinking habits, region and recent date of vacci-
nation, the results showed that different vaccine
doses were associated with different symptoms.
Specifically, compared to unvaccinated status, 2-3
doses of vaccine significantly reduced the occurrence
of palpitations (OR=0.46 p=0.007 and OR =0.471
p=0.012) (Figure 2D). Additionally, the OR of diar-
rhea in the 4-dose vaccine group was significantly
reduced (OR =0.543, p = 0.02) and the 2-dose vaccine
group had a significantly reduced proportion of chills
(OR=0.605 p=0.021) (Figure 2D). Moreover, 4-5
doses of vaccine significantly decreased the incidence
of high fever (>39.1°C; OR=0.635 p=0.026; OR =
0.078 p=0.014) (Figure 2D). However, vaccination
also increased the ORs of some symptoms. For
example, the OR for sore throat in participants who
received 1-5 doses of vaccine was significantly high
(OR=2.027, OR=2.002, OR=2.103, OR=2.775,
OR =4.323, respectively; p<0.05) and the ORs of
nasal congestion (OR=1.563, OR=1.972, OR=
2.566, respectively; p <0.05) and cough (OR =1.566,
OR=1.971, OR=1.94, respectively; p<0.05) in the
2-4-dose group were significantly increased (Figure
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1.00 Time of significant Third dose | —4—— 0882 Vomit
symptom improvement ~ Seconddose{ —pe—— g 771 0639 Vomit
Firstdose | =—e—— 1163:0.416~3.066 0765 Vomit
- Fithdose {o ! 0:0~0 0.946 Nausea
0.754 Within 3 days Fouthdose {  +e— 1.477:0.785~2.842 0232 Nausea
: Thug gose {1 —+— 1.007:0.493~2.077 0.986 Nausea
o= ¥ Seconddose { ——— 1.026:0.492~2.161 0.945 Nausea
c . Day 3-5 Firstdose { —e— 0.75:0.268~1.941 0565 Nausea
9 Fifth dose { —e—L— 0.442:0.068~1.629 0.289 Diarrhea
£ 0.50+ Day 6-7 Fourth dose { -1 05430322~0907 0.02 Diarrhea
gf Thirddose { -~ 0.661:0.375~1.155  0.148  Diarrhea
Seconddose | —e— 0.801:0.445~1.432 0457 Diarrhea
8-14 days Firstdose { —e— 09:0422~1844 0778 Diarrhea )
0.25- B Fm gose 1 -—:_— 0.883:g.gz1~2.§88 0.798 QgeusG;anosm!a
ourth aose - 0.947:0.645~1.394 0.783 geusia/anosmia
More than 2 weeks Thirddose {1  =e= 0.848:0.553~1.298 0.447 Ageusia/anosmia
. Seconddose | e~ 0.841:0.54~1.308  0.442 Ageusia/anosmia
. Not yet improved Firstdose { =e— 0.717:0.397~1.278  0.264  Ageusia/anosmia
0.00 - F—_—_—T —— Fithdose | —L—e———  1661:0.682~3.991 0256 Expectoration
T 73 5 T T F%m gose 1 e 1.254:0.865~1.824  0.233  Expectoration
&S S S & & ird aose - 1.555:1.036~2.341 0.034  Expectoration
O R A I Seconddose |  e— 1.446:0.949~2.211 0087 Expectoration
o & O ¢ & &L First dose 4 e 14580.84~253  0.18  Expectoration
&F <O O >R Fithdose{ . o 1.998:0.798~5.512  0.155 Cough
S o P8 Fouthdose { | —o— 1.94:1.324~2848 0001 Cough
N Third dose 4 | —— 1.971:1.294~3.009  0.002  Cough
Vaccination doses Seconddose {  —e— 1566:1.01~2.431 0045 Cough
Fistdose { ~ —~o— 1.339:0.759~2.389  0.317 Cough
F Fm gose 1 =2 1.89:0.704~4.761  0.187 Eunny nose
; - ourth dose —— 2.208:1.482~3.32 0 unny nose
Cc chi-square test p=0.006 Thiddose | j—e— 17411252708 0013 Runnynose
1.00] Seconddose {  ye— 1.392:0.886~2.2  0.154 Runny nose
Firstdose 4~ —e— 1.147:0.629~2.074 0.651 Runny nose
Fithdose { ——o—-- .651:0.614~4.163 0.299 Nasal congestion
) ) Fourth dose 4 I —— 0 Nasal congestion
0.754 Disease seventy Se-grlzg gose 1 | —— 0.002 masa: cangesgon
- e . lose 4 .563:1.004~2.446  0.049 asal congestion
- (Hospitalization or not) First dose J _._:_°— 1122:0.623~2.008 0699 Nasal congestion
q‘:) o Fifth dose - . e 4.323:1.766~11.37 0.002 Sore throat
©0.504 Mild iliness Fouthdose{ 1| —e—— 27751915~4041 0  Sorethroat
o L 3 Third dose 4 | —— 2.103:1.401~3.168 0 Sore throat
a . Hospitalization required Seconddose{ | —e—— 200211313~3.063 0.001 Sore throat
Fistdose{ | —e— 2.027:1.169~3.529  0.012  Sore throat
0.254 Fifth dose { —e—— 0.698:0.266~1.706  0.443  Chills
Fourthdose{ -el 0.813:0.562~1.178  0.273  Chills
Thirddose{ e+ 0.697:0.46 0.084 Chills
Seconddose{ e 0.605:0.39 0.021  Chills
— Firstdose{ ~e- 0.692:0.39 0.195 Chills
0.00+ Fifth dose 1.338:0.55! 0.524  Overall soreness
L L & £ 2 o Fouthdoes| - 07270506-1.042 0083 Overal soreness
N 1 - 0.866:0.581~1.288  0.477 verall soreness
\(\Ib \bo & F ‘\bo ® Seconddose {  —q— 0.926:0.612~1.4  0.715 Overall soreness
S € &8 ,-\6\(‘9 Firstdose { —ep~ 0.754:0.438~1.302  0.31  Overall soreness
L < Y A <9 ) Fithdose { —e— 0.756:0.292~1.867  0.55 Headache/dizziness
NS & F%m dose{ - 1.024:0.707~1.484  0.901 Headache/dizziness
: : ird dose + —h— 1.089:0.724~1.64  0.683 Headache/dizziness
Vaccination doses Seconddose {  e— 1.223:0.799~1.874 0.354 Headache/dizziness
Firstdose{ ~ —p— 1.087:0.621~1.916  0.771 Headache/dizziness
Fifthdose { —e— 1.139:0.456~3.127 0.788 Fatigue
Fouthdose { ~d— 0.92:062~1.36  0.678 Fatigue
Third {4 4 1.206:0.776~1.871  0.404 Fatigue
Seconddose{  —pe— 1.178:0.746~1.862 0.482 Fatigue
Firstdose{ ~ —o—— 1.304:0.71~2.446 0.4  Fatigue
Fifthdose { —e— 0.983:0.41~2.476 0.97 Low fever (37.4~39 C)
Fouthdose { —4— 0.945:0.651~1.37  0.767 Low fever (37.4~39 C)
Third dose 1 o 1.137:0.753~1.713  0.541 Low fever (37.4~39 C)
Seconddose {  —¢— 0.989:0.645~1.515 0.96 Low fever (37.4~39 C)
Firstdose { —e— 0.771:0.444~1.344 0.357 Low fever (37.4~39 C)
Fifth dose 4 e~ 0.078:0.004~0.392  0.014  High fever (above 39.1 C)
Fourthdose { - 0.635:0.426~0.947 0.026 High fever (above 39.1 C)
Thiddose { =el 0.784:0.509~1.207  0.268 High fever (above 39.1 C)
Seconddose {  —4— 0.935:0.598~1.462 0.768 High fever (above 39.1 C)
First dose 1.264:0.715~2.231  0.42  High fever (above 39.1 C)
0 1 3 4 Confidence Pvalue Symptom
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Figure 2. Breakthrough infections in participants with different vaccine doses. A: Stacked bar chart showing the proportion of
SARS-CoV-2—positive participants in the unvaccinated group and different vaccine dose groups. B: Stacked bar chart showing
the proportion of participants demonstrating significant symptom improvement within one week in the unvaccinated group
and the different vaccine dose groups. C: Stacked bar chart showing the proportion of hospitalized participants in the unvacci-
nated group and the different vaccine dose groups. D: Forest plot showing the effects of different vaccine doses on symptom
frequencies. Unvaccinated participants were used as control variables. OR > 1 represents an increased risk of symptoms, OR <
1 represents a reduced risk of symptoms, which is a potential protective factor and OR=1 represents no correlation with
symptoms.



2D). In addition, in participants who received 3-4
doses of vaccine, the ORs of runny nose (OR =1.74,
p=0.013, OR=2.208, p<0.001) and expectoration
(OR=1.555, p=0.034) were significantly increased
in participants (Figure 2D).

3.4. Impact of recent date of vaccination on
breakthrough infection

We analyzed the relationship between the recent date
of vaccination of the participants and their infection
rates, as well as their symptom improvement time
and symptom severity data. The results showed that
the longer the time since vaccination, the higher the
infection rate (p < 0.001). Participants who had been
vaccinated within 3 months had the lowest positive
rate of SARS-CoV-2 (Figure 3A). No overall signifi-
cant difference in the time of significant symptom
improvement between the different groups based on
their recent vaccination times (p=0.094) was
observed; however, it was still observed that a higher
proportion of participants who had been vaccinated
over 6 months prior required over 2 weeks to alleviate
their symptoms (Figure 3B). No overall significant
difference in the proportion of severe cases among
the different groups based on their recent vaccination
timings (p =0.257) was observed (Figure 3C), which
may be due to the limited number of severe cases in
the dataset.

We used multivariate logistic regression to adjust
for vaccine doses and other factors to assess the
relationship between vaccination time and symptoms.
The results showed that in participants who had been
vaccinated over 12 months previously, compared with
participants who had been vaccinated within 3
months, the ORs of various symptoms increased sig-
nificantly, including palpitation (OR=1.83, p=
0.009), ageusia/anosmia (OR =1.38, p =0.044), chills
(OR=1.407, p=0.028) and overall soreness (OR =
1.353, p =0.04) (Figure 3D).

3.5. Effects of different COVID-19 vaccination
statuses on infection

We found that there were significant overall differ-
ences in infection rates among groups with different
vaccination combinations and unvaccinated groups
(p <0.001) (Figure 4A). In detail, compared to unvac-
cinated participants, individuals who received a 3-dose
protein subunit vaccine or a combination of a 2-dose
inactivated vaccine and 1 protein subunit vaccine
had a lower infection rate compared to unvaccinated
participants. Importantly, the infection rate was lowest
among participants who received 4-dose COVID-19
vaccinations (4-dose protein subunit vaccines or 3-
dose inactivated + 1 protein subunit vaccines or 3-
dose inactivated + 1-adenovirus-vectored vaccine)
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(Figure 4A). Overall, significant differences in the
improvement time between participants with different
vaccine combinations and unvaccinated participants
were observed (p <0.001) (Figure 4B). For instance,
the proportion of participants who received more
than 2 doses of vaccines and those who improved
within 1 week was higher than that of unvaccinated
participants. In contrast, the proportion of slow
improvement (persistent symptoms for more than 2
weeks or no improvement) was higher in the unvacci-
nated group (Figure 4B). Participants vaccinated with
2 doses of adenovirus-vectored vaccines had the high-
est proportion of rapid improvement within 3 days
(Figure 4B).

We found that participant vaccination status was
significantly associated with COVID-19 severity (p =
0.022) (Figure 4C), as the unvaccinated population
had a higher proportion of hospitalizations. Next,
after adjusting for multiple covariate factors and
recent vaccination timing, the correlation between
vaccination status and symptoms was revealed (Figure
4D and Figure S2). The results showed that compared
with being unvaccinated, the combination of 2 or
more doses of vaccine reduced the OR of high fever
(>39.1°C) (OR < 1, p <0.25), especially in the 3-inac-
tivated + 1 protein subunit vaccine group (OR=
0.428, p=0.01) (Figure 4D). In addition, receipt of
3-inactivated + 1 adenovirus-vectored vaccines signifi-
cantly reduced the OR of overall soreness (OR = 0.463,
p =0.006) and ageusia/anosmia (OR = 0.46, p = 0.024),
which was also significantly negatively correlated with
two-shot adenovirus-vectored vaccines (OR = 0.279, p
=0.006) (Figure 4D). The results also demonstrated
that multiple vaccine combinations reduced the OR
of palpitation overall, including 1-shot inactivated
vaccines (OR = 0.41, p = 0.049), 2-shot inactivated vac-
cines (OR =0.443, p =0.018), 2-shot adenovirus-vec-
tored vaccines (OR=0.293, p=0.036) and 3-shot
inactivated vaccines (OR=0.422, p=0.01) (Figure
4D).

Different vaccine combinations were also posi-
tively correlated with certain symptoms. Among
these, the risk of sore throat in participants with
different vaccine combinations was significantly
higher than that in unvaccinated participants (OR
> 1.5, p<0.05). At the same time, some vaccine com-
binations increased the risk of nasal congestion,
runny nose, cough and expectoration (OR>1, p<
0.05), such as 3-inactivated vaccines, 2-inactivated
+1 protein subunit vaccines and 3-inactivated + 1
protein subunit vaccines (Figure 4D). The results
also demonstrated that participants who received 4
shots of inactivated vaccines had higher ORs for
nausea (OR=2.941, p<0.012) and shortness of
breath (OR =2.156, p=0.026) (Figure 4D). Interest-
ingly, these symptoms appear to be primarily upper
respiratory symptoms.
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A chi-square test p<0.001 D iThe correlation between recent date of vaccination and symptoms
1:001 Morethan 12months |~ —e——  1.221:0699~2.226 0.499 Tinnitus/earache
7-12months 4 —_—— 1.034:0.584~1.907 0.912 Tinnitus/earache
0.754 Infection status 3-6 months ——e——— 1.354:0.711~2.625 0.362 Tinnitus/earache
. More than 12 months 4 oo 1.83:1.179~2.903 0.009 Palpitation
‘qc: SARS-CoV-2 negative 7-12months - .:_._. 1.486:0.949~2.375 0.09 Palpitation
o J ” 3-6 months 4 —_— 1.209:0.717~2.045 0.477 Palpitation
E 0.50 . SARS-CoV-2 positive  porethan 12months |~ —re—s 1.109:0.747~1.674 0.615 Eyes soreleasy fatigue
Suspected positive 7-12months 4 —— 1.001:0.669~1.521 0.997 Eyes sore/easy fatigue
0.254 36months {  —e— 0.917:0.575~1.469 0.718 Eyes sore/easy fatigue
More than 12 months : e 2654:0918~8.33 0.084 Conjunctivitis
7-12months Y . 2.21:0.752~6.996  0.164 Conjunctivitis
0.00- 36months{ + 1 e 1.45:0.4~5085  0.564 Conjunctivitis
More than 12 months —— 1.433:0.954~2.192 0.09 Shortness of breath
7-12 months 1 Ao 1.329:0.877~2.046 0.188 Shortness of breath
& 36months |  —e— 0.853:0.516~1.406 0.533 Shoriness of breath
@\N“ More than 12 months - " o 2.389:0.887~7.599 0.111 Abdominal pain
7-12 months g ° 2.308:0.848~7.385 0.128 Abdominal pain
i 36months{ =+ I e 1.742:0.558~5.98 0.355 Abdominal pain
Recent date of vaccination Morethan12months |~ —le——  1.098:0.617~2.069 0762 Vomit
B chi-square test p=0.094 7-12 months 1 ._.:_. 0.903:0.5~1.72 0.746  Vomit
1.004 Time of significant 36months { —e1— 0.728:0.356~1.514 0.388 Vomit
symptom improvement More than 12 months ———— 1.322:0.803~2.248 0.287 Nausea
. 7-12 months e 1.131:0.68~1.937  0.645 Nausea
0751 Within 3 days 36monts | —et— 0.737:0.396~1.371 0333 Nausea
r . Day 3-5 More than 12 months - 1.088:0.709~1.708 0.706 Diarrhea
S 7-12 months A —— 1.05:0.678~1.662 0.83 Diarrhea
g 0.50+ Day 6-7 36months { —e—+ 0.681:0.396~1.168 0.163 Diarrhea
o More than 12 months 4 Lo 1.38:1.011~1.896  0.044 Ageusia/anosmia
.- 8-14 days 7-12 months ._:._. 1.155:0.84~1.597 0.378 Ageusia/anosmia
497 3-6 months —_— 1.129:0.786~1.623 0.512 Ageusia/anosmia
Morethan2weeks. oo pentzmontie] o 1.058:0.788~1.419 0708 Expectoration
0.00 . Not yet improved 7-12 months e 0.922:0.683~1.244 0.594 Expectoration
el T T T 36months{  ~e-k 0.775:0.549~1.09  0.144 Expectoration
{{6‘&" 6‘6‘(’ (\@” ({@6 More than 12 months 1 +—- 1.182:0.858~1.62 0.303 Cough
& & & & 72months {  —p— 1.077:0.777~1.486 0.654 Cough
®¢% ‘b’Q) /\/,(1, 0'0’ 3-6 months —.t— 0.884:0.615~1.27  0.507 Cough
\§\‘ v@q’ More than 12 months —o—s 1.064:0.788~1.44 0.689 Runny nose
L 7-12 months 4 - 1.019:0.75~1.388  0.905 Runny nose
Recent date of vaccination 3-6 months -0:—- 0.814:0.573~1.157 0.252 Runny nose
More than 12 months —-p— 1.054:0.783~1.422 0.727 Nasal congestion
C chi-square test p=0.257 7-2months{  —#— 1.022:0.755~1.387 0.886 Nasal congestion
1.00+ 3-6 months 4 —— 0.938:0.665~1.325 0.717 Nasal congestion
More than 12 months { -IL—- 1.051:0.785~1.406 0.737 Sore throat
: . 7-12 months —— 1.094:0.813~1.473 0.551 Sore throat
55 0751 ?Azesiiealls;\;‘eor::yor not) 3-6 months 1 '-Oi—' 0.891:0.637~1.246  0.499 Sore throat
q:) More than 12 months 4 —— 1.407:1.04~1.911  0.028 Chills
g 0.50+ Mild illness 7-12 months Lo— 1.177:0.865~1.608 0.302 Chills
o . Hospitalization required 36montis{  —d— 0.923:0.648~1.316 0.657 Chills
0.254 More than 12 months e 1.353:1.012~1.807 0.04  Overall soreness
) 7-12 months — 1.264:0.94~1.698 0.12  Overall soreness
3-6 months 4 ot 0.853:0.61~1.19 0.349 Overall soreness
0.00+ More than 12 months 4 vlo— 1.12:0.829~1.512  0.458 Headache/dizziness
<@ © © o 7-12 months 4 - 1.105:0.812~1.5  0.524 Headache/dizziness
& 0(9 (“& &o 3-6 months 4 : 1.024:0.722~1.45 0.895 Headache/dizzi
QO (&) (&) &) S '-f—‘ E 0. 3 K eadache/dizziness
A(\P’@ ‘b‘b& ,3,& (1/& More than 12 months 1 o 0.888:0.639~1.224 0.475 Fatigue
§ & 7-12months{  —ek 0.861:0.616~1.194 0.375 Fatigue
0@\ 36months{ -t 0.724:05~1.045 0086 Fatigue
. . More than 12 months - 1.033:0.764~1.392 0.83 Low fever (37.4~39 C)
Recent date of vaccination 712months{  —4— 0.963:0.708~1.306 0.81 Low fever (37.4~39 C)
3-6 months - 0.944:0.667~1.334 0.744 Low fever (37.4~39 C)
More than 12 months 4 Ho— 1.123:0.817~1.55  0.477 High fever (above 39.1 C)
7-12 months -, 1.053:0.761~1.462 0.757 High fever (above 39.1 C)
3-6 months et 0.787:0.541~1.145 0.211 High fever (above 39.1 C)

> Confidence  Pvalue Symptom

Figure 3. Vaccination timing is associated with breakthrough infection. A: Stacked bar chart showing the proportion of SARS-CoV-
2-positive cases among the different vaccination timing groups. B: Stacked bar chart showing the timing of significant improve-
ment of symptoms in the different vaccination timing groups. C: Stacked bar chart showing the proportion of hospitalization
among the different vaccination timing groups. D: Forest plot showing the effect of vaccination timing on the prevalence of
COVID-19 symptoms across different groups. The group of participants who received vaccinations within 3 months served as
the control group in this analysis. OR > 1 represents an increased odds ratio of symptoms, OR < 1 represents a reduced risk of
symptoms, which is a potential protective factor, and OR =1 represents no correlation with symptoms.

3.6. Association between different vaccination
statuses and medium- to long COVID-19
symptoms

We calculated the relationship between different vac-
cination statuses and medium- to long-term symp-
toms after infection. The results showed that 2-shot
adenovirus-vectored vaccines significantly reduced
the OR of fatigue 1 month after infection (OR =

0.418, p=0.027). In addition, 2-shot inactivated vac-
cines (OR=0.42, p=10.024), 2-shot adenovirus-vec-
tored vaccines (OR =0.185, p =0.039), 2-inactivated
+1 protein subunit vaccines (OR =0.338, p=0.034)
and 3-inactivated + 1 adenovirus-vectored vaccines
(OR =0.2, p =0.033) led to significantly reduced head-
ache/dizziness symptoms 1 month after infection
(Figure 5A and Figure S3). In addition, 2-shot
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A1 00 chi-square test p<0.001 D i The correlation between vaccination statuses and symptoms :
. 3-inactivated 1 protein vaccine A 2247.0787~5995 0.113 Tinnitus/earache
0.75 Infection status 2-inactivated 1 protein vaccine :—o—- 2.097:0.665~6.219 0.19  Tinnitus/earache
= SARS-CoV-2 negative 3-shot inactivated vaccine o — 1.814:0.738~4.476 0.192 Tinnitus/earache
I 2-shot !nact!vated vaccine —_— 1.78:0.703~4.515 0.221 T!nn{tus/earache
% 0.50: -SARS—CoV—2 positive 1 shot inactivated vaccine e 2249:0.712~6598 0.149 Tinnitus/earache
o . 2-inactivated 1 protein vaccine { ~e— 0.549:0.238~1.208 0.147 Palpitation
Suspected positive 3-shot protein vaccine 4 e+ 0.515:0.25~1.03  0.065 Palpitation
0.25 3-shot inactivated vaccine o-: 0.422:0.217~0.8  0.01  Palpitation
2-shot adenovirus vaccine - 0.293:0.085~0.864 0.036 Palpitation
0.00 2-shot inactivated vaccine 4 - 0.443:0.223~0.857 0.018 Palpitation
gy TS N VR S . 1 shot inactivated vaccine -.-: 0.41:0.162~0.961 0.049 Palpitation )
Leccccccccc 3-inactivated 1 protein vaccine —— 1.87:0.89~3.794 0.089 Eyes sore/easy fatigue
§88383838388838 3-shot protein vaccine -.:—- 0.277:0.039~1.743 0.186 Conjunctivitis
g888g8¢g8g88¢8¢ 2-shot inactivated vaccine { e—— 0.308:0.049~1.722 0.193 Conjunctivitis
TEP 5855853 4-shot inactivated vaccine { ~ —e—— 2.156:1.082~4.197 0.026 Shortness of breath
5 ‘§ TS ‘§ 5E E = = ) 1 ;hot |nact|vat§d vaccine { e— 0.203:0.01~1.421 0.175 Abdgmmal pain
£ % 25 8aaga o 3-inactivated 1 protein vaccine | s— 0.206:0.011~1.061 0.131 Vomit
g iss-o- B 4-shot inactivated vaccine |——e———— 2.941:1.241~6.763 0.012 Nausea
EESES5ZERS 3-inactivated 1 adenovirus vaccine | = 0.526:0.206~1.178 0.144 Diarrhea
2282w 2T, 2-inactivated 1 protein vaccine { w 0.492:0.191~1.155 0.119 Diarthea
LS00 £92FQ0 3-inactivated 1 adenovirus vaccine - w4 0.46:0.226~0.879 0.024 Ageusia/anosmia
Taan o ¥ S g 2-inactivated 1 protein vaccine { ep« 0.694:0.372~1.274 0.243 Ageusia/anosmia
T T8 3-shot protein vaccine 0.613:0.359~1.04 0.071 Ageusia/anosmia
Vaccination st:tuset; ‘E 3-shot inactivated vaccine :'r 0.721:0.442~1.168 0.187 Ageusia/anosmia
) 2-shot adenovirus vaccine 4 o, 0.279:0.106~0.666 0.006 Ageusia/anosmia
- < 2-shot inactivated vaccine { ey 0.729:0.44~1.199 0.215 Ageusia/anosmia
B1 00 b Time of significant 3-inactivated 1 protein vaccine — 1.645:0.959~2.821 0.07 Expectoration
’ symptom improvement 4-shot inactivated vaccine ro— 1.592:0.898~2.808 0.109 Expectoration
Within 3 days 2-inactivated 1 protein vaccine |—— 2.159:1.218~3.838 0.009 Expectoration
0.75 3-shot inactivated vaccine Fo— 1.616:1.029~2.544 0.038 Expectoration
[= JI I . Day 3-5 2-shot adenovirus vaccine 4 -+ 0.617:0.268~1.354 0.24 Expectoration
8 2-shot inactivated vaccine fo—s 1.558:0.976~2.49 0.063 Expectoration
% 0.50 Day 6-7 1 shot inactivated vaccine {  +e— 1.576:0.844~2.948 0.153 Expectoration
o l 8-14 da 3-inactivated 1 adenovirus vaccine{ t+e— 1.591:0.908~2.834 0.109 Cough
- ys s s A 8
0.25 3-inactivated 1 protein vaccine | —— 2.708:1.486~5.145 0.002 Cough
More than 2 weeks 4-shot inactivated vaccine | —— 2.477:1.358~4.636 0.004 Cough
. 2-inactivated 1 protein vaccine —— 1.661:0.912~3.062 0.1  Cough
0.00{ SR E - —_—— .NOt yet improved 3-shot protein vaccine{ 4+e— 1.414:0.839~2.399 0.196 Cough
gLoooooooQ 3-shot inactivated vaccine | —— 2.309:1.434~3.745 0.001 Cough
0000 00G G0 2-shot inactivated vaccine —— 1.762:1.076~2.906 0.025 Cough
= EiS8888E8 3-inactivated 1 adenovirus vaccine{ 1 —e—o 3.003:1.694~5323 0  Runny nose
] il = s Lt 3-inactivated 1 protein vaccine I——— 2.215:1.248~3.911 0.006 Runny nose
z222°2cpl¢c: 4-shot inactivated vaccine o—rs 1.566:0.835~2.887 0.156 Runny nose
588385985673 2-inactivated 1 protein vaccine{  d-e— 1.494:0.809~2.745 0.198 Runny nose
8B g8 22 ag 3-shot inactivated vaccine { ~ +-o— 1.686:1.036~2.751 0.036 Runny nose
28s52eT 253 3-inactivated 1 adenovirus vaccine{ | —e—— 2.562:1.451~4.522 0.001 Nasal congestion
5% 5B o % 5 % i 3-inactivated 1 protein vaccine ! ——e——— 3.844:2201~6.781 0  Nasal congestion
G55 2623 ~ 4-shot inactivated vaccine{  be— 1.69:0.914~3.081  0.09 Nasal congestion
- ™ S+ 0% 2-inactivated 1 protein vaccine b 2.047:1.13~3.713  0.018 Nasal congestion
£ £2 3-shot inactivated vaccine l—o—o 1.96:1.22~3.161  0.006 Nasal congestion
SRR 2-shot inactivated vaccine{ Le— 1.542:0.945~2.525 0.084 Nasal congestion
Vaccination statuses % 3-inactivated 1 adenovirus vaccine o 2.625:1.521~4.556 0  Sore throat
. @ 3-inactivated 1 protein vaccine | —e———  34932027~6.109 0 Sore throat
C chi-square test p=0.022 4-shot inactivated vaccine{ ! —e———  3.156:1.792~5.607 0  Sore throat
1.00 2-inactivated 1 protein vaccine Lo 1.668:0.938~2.967 0.081 Sore throat
3-shot protein vaccine Le— 1.699:1.033~2.802 0.037 Sore throat
] Disease severity 3-shot inactivated vaccine R 2.264:1.439~3575 0  Sore throat
Y 0.75 (Hospitalization or not) 2-shot adenovirus vaccine{ ~e—— 1.561:0.74~3.285 0.24 Sore throat
5 o 2-shot inactivated vaccine{ '—e— 2.06:1.29~3.302 0.003 Sore throat
S g 501 Mild illness 1 shot inactivated vaccine { '—e—— 2.223:1.188~4.191 0.013 Sore throat
e [l Hospitalization required ~ 3-shot inactivated vaccine ol 0.756:0.478~1.193 0.231 Chills
2-shot inactivated vaccine { ot 0.688:0.428~1.102 0.12  Chills
0.254 3-inactivated 1 adenovirus vaccine { ! 0.463:0.265~0.798 0.006 Overall soreness
4-shot inactivated vaccine { - 0.62:0.355~1.079 0.091 Overall soreness
0.00mm —° I . ) 2-shot adenovirus vaccine -o—:- 0.581:0.279~1.216 0.148 Overall soreness
LI P S K S S S 3-inactivated 1 adenovirus vaccine - 0.717:0.407~1.25 0.245 Headache/dizziness
8Ecccccccc 2-shot inactivated vaccine —e—s 1.379:0.858~2.223 0.186 Headache/dizziness
2888888888 3-shot protein vaccine +o—- 1.43:0.823~2.505 0.207 Fatigue
g8g8g8g8gegeeg 1 shot inactivated vaccine{ ~ —e—— 2.058:0.975~4.654 0.068 Fatigue
SBE8 88558583 3-shot protein vaccine|  o— 1.536:0.92~2.573 0.102 Low fever (37.4~39 C)
S ‘§ T30 3 % T QS ) 1 shot inactivated vaccine o 0.626:0.334~1.176 0.144 Low fever (37.4~39 C)
5 % <) % s E.% 52 3-inactivated 1 adenovirus vaccine | o5 0.578:0.305~1.06 0.083 High fever (above 39.1 C)
sg3csg- a3 3-inactivated 1 protein vaccine - 0.428:0.218~0.8  0.01 High fever (above 39.1 C)
£EeEsEggEDa 4-shot inactivated vaccine { - 0.688:0.36~1.275 0.245 High fever (above 39.1 C)
g9 _‘é o ‘g‘ S ‘§ > 2-shot adenovirus vaccine o e 0.556:0.238~1.245 0.163 High fever (above 39.1 C)
0G0 5950 1 shot inactivated vaccine —— 1.613:0.849~3.072 0.144 High fever (above 39.1 C)
TAQAO §YFS —l Confi
e £2 0 2 4 6 onfidence Pvalue Symptom
o OR
Vaccination statuses i

Figure 4. Correlation between vaccination status and breakthrough infection. A: Stacked bar chart showing the proportion of
SARS-CoV-2—-positive cases in the unvaccinated group and among the different vaccination status groups. B: Stacked bar chart
showing the proportion of time for significant improvement of symptoms in both the unvaccinated group and in groups with
different vaccination statuses. C: Stacked bar chart showing the proportion of hospitalizations in the unvaccinated group and
the different vaccination status groups. D: Forest plot showing the effects of different vaccination statuses on different symptoms
compared to unvaccinated individuals, who were used as controls. OR > 1 represents an increased risk (odds ratio) of symptoms,
OR < 1 represents a reduced risk of symptoms, which is a potential protective factor, and OR =1 represents no association with
symptoms. Only results with p < 0.25 are shown in the figure, complete results and significance are shown in Figures S2.

inactivated vaccines (OR=0.463, p=0.037), 2-shot
adenovirus-vectored vaccines (OR=0.17, p=0.028)
and 3-shot inactivated vaccines (OR=0.435, p=
0.019) significantly reduced the OR of arrhythmia/pal-
pitation at 1 month (Figure 5A). In contrast, we found

that 3-inactivated +1 protein subunit vaccines

increased the OR of chest pain symptoms at 1
month (OR =4.681, p = 0.021). Further results showed
that 1-shot inactivated vaccines, 2-shot adenovirus-
vectored vaccines and 3-shot protein subunit vaccines
significantly reduced the risk of fatigue at 2 months
(OR<0.5, p<0.05) and 1-shot inactivated vaccines
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A Multivariate analysis of the contribution of vaccination statuses to symptoms at 1 month
3-inactivated 1 protein vaccine4{ I ® 4.681:1.214~18.046 0.021 Chest pain
3-shot inactivated vaccine A -0-: 0.435:0.213~0.858 0.019 Arrhythmia/Palpitation
2-shot adenovirus vaccine 4 o 0.17:0.025~0.685 0.028 Arrhythmia/Palpitation
2-shot inactivated vaccine | -4 0.463:0.221~0.939 0.037 Arrhythmia/Palpitation
1 shot inactivated vaccine -0-: 0.373:0.151~0.839 0.023 Decreased motor ability
3-inactivated 1 adenovirus vaccine | e—1 0.2:0.032~0.705 0.033 Headache Dizziness
2-inactivated 1 protein vaccine -0—-: 0.338:0.117~0.884 0.034 Headache Dizziness
2-shot adenovirus vaccine 4 o—, 0.185:0.027~0.76 0.039 Headache Dizziness
2-shot inactivated vaccine - -0-l 0.42:0.193~0.883 0.024 Headache Dizziness
2-shot adenovirus vaccine 4 0.418:0.19~0.894 0.027 Fatigue

I ' — 11T Confidence Pvalue Symptom
012 3 45

B Multivariate analysis of the contribution of vaccination statuses to symptoms at 2 months§

' ® 6.92:1.504~36.788 0.014 Ageusia/anosmia

2-shot adenovirus vaccine- e— 0.244:0.05~0.878 0.048 Drowsiness

1 shot inactivated vaccine - o~ 0.196:0.042~0.654 0.017 Drowsiness
3-shot protein vaccine 4 e’ 0.465:0.232~0.914 0.028 Fatigue

2-shot adenovirus vaccine- e+ 0.217:0.057~0.662 0.013 Fatigue

1 shot inactivated vaccine o= 0.322:0.116~0.796 0.02  Fatigue

Confidence Pvalue Symptom

4-shot inactivated vaccine

More than 12 months |~ 1—e— 1.796:1.149~2.868 0.012 Sleep disorders
7-12 months | :-—0—- 1.723:1.094~2.769 0.022  Sleep disorders
More than 12 months{ |+ e 2.843:1.364~6.49 0.009  Anxiety
7-12months{ 1+ e 2.648:1.258~6.083 0.015 Anxiety
3-6 months A : ° 2.77:1.233~6.621 0.017  Anxiety
More than 12 months{ e~ 1.432:1.037~1.994 0.031 Cough
7-12 months4{ ke~ 1.416:1.018~1.984 0.041 Cough
7-12 months4{ +e— 1.7:1.046~2.838 0.037 Headache Dizziness
OI 1' 2' 3' 4' 5' Confidence Pvalue Symptom

More than 12 months I~o—1 1.74:1.075~2.896 0.028 Drowsiness
1
7-12 months 10— 1.699:1.041~2.846 0.039 Drowsiness
1
More than 12 months o 1.582:1.063~2.423 0.031 Fatigue
1
7-12 months o—i 1.613:1.066~2.485 0.026 Fatigue
Confidence Pvalue Symptom
0 2 4 6
OR

7-12 months !—0—| 2.473:1.069~6.455 0.047 Drowsiness
Confidence Pvalue Symptom

0 2 4 6
OR

Figure 5. Effect of vaccination background and vaccination time on medium- to long-term symptoms. A: Forest plot showing the
effects of unvaccinated status and different vaccine combinations on symptoms at 1 month. B: Forest plot showing the effects of
unvaccinated status and different vaccine combinations on symptoms at 2 months. C-E: Forest plot showing the effects of differ-
ent vaccination timings on symptoms at 1-3 months. Those with vaccine combinations were compared to unvaccinated subjects.
The recent vaccination time was compared with vaccination within 3 months. OR > 1 represents an increased risk of symptoms,
OR < 1 represents a reduced risk of symptoms, which is a potential protective factor, and OR = 1 represents no association with
symptoms. Only results with p < 0.05 are shown in the figure, complete results and significance are shown in Figures S3-S6.



and 2-shot adenovirus-vectored vaccines significantly
reduced drowsiness (OR < 0.5, p<0.05) (Figure 5B
and Figure S3). Furthermore, participants that
received 4-shot inactivated vaccines had a significant
risk of ageusia/anosmia 2 months after infection
(OR=6.92, p=0.014).

Overall, symptoms tended to be reduced within 1-2
months after infection. In addition, there was no sig-
nificant relationship between symptoms and vaccine
status at 3 months (Figure S4). The effect of vacci-
nation time on medium and long-term symptoms
was also analyzed (Figure S5-S6). The results showed
that compared with recent vaccination timings within
3 months, participants whose last vaccination shot was
7-12 months prior had a significantly higher risk of
headache/dizziness (OR = 1.7, p =0.037), cough (OR
=1.416, p=0.041), anxiety (OR=2.648, p=0.015)
and sleep disorders (OR =1.723, p=0.022) 1 month
after infection (Figure 5C and Figure S5). Addition-
ally, participants vaccinated over 12 months pre-
viously had a significantly increased risk of cough
(OR=1432, p=0.031), anxiety (OR=2.843, p=
0.009) and sleep disorders (OR=1.796, p=0.012) 1
month after infection (Figure 5C) and the same was
true for anxiety (OR=2.77, p=0.017) in those vacci-
nated 3-6 months prior. Further results showed that
COVID-19 positive participants vaccinated 7-12
months prior and greater than 12 months prior had
a significantly increased risk of fatigue and drowsiness
(OR>1, p<0.05) at 2 months and these symptoms
persisted until 3 months after infection (Figure 5D-
E and Figure S6). Taken together, these results suggest
that the interval between one’s most recent vaccine
dose and the time of infection may contribute to the
persistence of symptoms (long COVID).

4, Discussion

Extensive SARS-CoV-2 infections in China mainly
occurred after the adjustment of the dynamic zero-
COVID-19 strategy. Previous studies reported that
the immune barrier established by COVID-19 vacci-
nation reduces the proportion of severe cases [23-
25] and even the positive rate of SARS-CoV-2 to a cer-
tain extent [26,27], while the evolution of the virus
into new variants rarely causes lower respiratory
symptoms [7,8]. Nevertheless, during the most recent
infection wave in China, the rapid spread of infection
has caused panic in the public and led to an excessive
strain on medical resources. As a result, reevaluating
whether the epidemiological characteristics of
COVID-19 after the adjustment of the dynamic
zero-COVID-19 strategy are the same as those
observed previously is crucial. Currently, a large pro-
portion of residents in China have been vaccinated
with inactivated vaccines and some have been vacci-
nated with adenovirus-vectored vaccines and/or
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protein subunit vaccines. Prior to this, there was also
heterogeneity in the time and frequency of vaccination
in the Chinese population. Studies on the relationship
between different vaccination statuses and BTI in the
real world after the zero-COVID-19 strategy are still
lacking.

This study determined a key correlation between
vaccination statuses, BTI symptoms and symptom
persistence. Following our statistical analysis, only
1.1% of the positive participants reported that they
required hospitalization (Figure 1), which was a sig-
nificant reduction from the proportion of severe
cases in the early stages of COVID-19 [28,29]. Con-
sistent with previous reports, comorbidities related
to COVID-19 severity include hypertension, diabetes,
chronic obstructive pulmonary disease, respiratory
diseases, cardiovascular disease and tumors, etc.
(Table S2) [22,30]. The proportion of self-reported
asymptomatic participants in positive participants
was only 0.7%, which was significantly lower than pre-
vious reports [7-11]. We speculate that this pro-
portion may be underestimated as it is not directly a
statistical result of detecting SARS-CoV-2 in healthy
individuals and the detection rate is usually lower in
asymptomatic infected individuals [7-11]. In addition,
questionnaire participants may be vulnerable to
psychological and environmental influences when
choosing certain symptoms, such as fatigue and drow-
siness. Although about 83% of participants with BTI
exhibit significant improvements in their symptoms
within a week, a large proportion of subjects still
have a variety of medium and long-term symptoms
at 1-2 months, especially fatigue, drowsiness, cough,
decreased exercise ability, pharyngeal discomfort,
sleep disorders and headache/dizziness (Figure 1).
These medium to long-term symptoms are basically
consistent with the previously reported high frequency
of long COVID symptoms [22], but the proportion of
persistent symptoms caused by BA. 5 and BF. 7 is
lower than that caused by previous variants, ranging
from 8.89% to 20% three months after infection [31-
33]. Overall, complete physical recovery still takes
longer than expected, which is significantly different
from the time required to recuperate from the com-
mon viral cold [34]. Symptom recovery after SARS-
CoV-2 infection and its mechanism requires further
study and this research may provide insights into
social life and work management strategies to promote
more humane care and sick leave procedures after
infection.

Our data support some hypothesized conclusions,
including that vaccination can significantly reduce
the positive rate of SARS-CoV-2, the proportion of
severe cases and the time to significant symptom
improvement and these protective effects are
enhanced when the number of vaccine doses increases
[35,36]. In general, our data show that four or five
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vaccine doses exhibit the best protective effects.
Although the sample size for this analysis was small,
it may provide evidence to support subsequent booster
vaccines, particularly for elderly and immunocompro-
mised individuals. In addition, our results showed that
different vaccine doses and vaccine combinations
could significantly reduce the risk of extreme fever
(>39.1°C), chills, diarrhea, ageusia/anosmia and
other symptoms (Figures 2 and 4). On the other
hand, vaccination may increase the frequency of
symptoms such as sore throat, nasal congestion,
runny nose and expectoration (Figures 2 and 4). It is
noteworthy that these increased symptoms were
mainly discomforts of the nasal cavity and throat,
which are parts of the upper respiratory tract, while
the reduced symptoms were mainly lower respiratory
symptoms or other symptoms (such as extreme high
fever and palpitation). We speculate that increased
upper respiratory symptoms may be necessary to acti-
vate respiratory immunity to eliminate the virus.
Opverall, our results also supported the fact that differ-
ent vaccination combinations significantly reduced
mid- and long-term symptoms such as fatigue, drow-
siness and headache (Figure 5).

In addition to vaccination doses and vaccine com-
binations, our findings suggest that the interval
between one’s recent vaccine shot and BTI contributes
to the mitigation of COVID-19. This is evidenced by
the fact that the group of participants who were vacci-
nated within 3 months had a lower positive rate than
the group vaccinated 7-12 months prior and the time
to improvement in the former group was also shorter
(Figure 3). In addition, participants who had been vac-
cinated for 3 months before infection also had a sig-
nificantly lower risk of overall soreness, chills and
ageusia/anosmia (Figure 3), as well as long-term
symptoms including fatigue, drowsiness, headache,
cough, anxiety and sleep disorders at 1-3 months
(Figure 5). These results indicate that timely booster
shots may reduce the disease severity and duration
of symptoms.

Overall, this study offers important insights and
data regarding the relationship between vaccination
statuses and BTI after zero-COVID-19 strategy.
Nevertheless, this research has several limitations.
First, our questionnaire survey focused on the infec-
tion wave after China’s dynamic zero-COVID-19
strategy adjustment and the conclusion was mainly
aimed at the prevailing BA.5 and BF.7. Second, the
effectiveness of the information in online survey
depends on the participants’ self-perception, so some
participants may have some deviations in symptom
recall and we cannot give a real clinical objective
assessment. Third, a large number of participants
were mainly vaccinated with inactivated vaccines,
while the population samples vaccinated with protein
subunit vaccine, adenovirus-vectored vaccine and

mixed vaccination were limited. Fourth, although
our survey covered the whole China to assess BTI
across the country, the number of participants in
different provinces was not balanced. Fifth, the inves-
tigation timing was not long enough to assess long
COVID longer than three months, six months or
even more post infection. In the future, we hope that
more diverse samples and more comprehensive and
systematic investigations using more diverse samples
will be carried out to gain a better understanding of
the relationship between COVID-19 vaccination and
SARS-CoV-2 BTI.
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