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A B S T R A C T   

This study was aimed to investigate the knowledge, attitudes, and practices (KAP) towards coronavirus disease 
2019 (COVID-19) among school-aged children in the Hubei province when children were being confined to their 
homes. The questionnaire included questions of KAP about COVID-19, depressive and anxiety symptoms scales. 
Multivariable generalized linear regressions models were applied to estimate the unstandardized regression 
coefficients (β) of KAP. The awareness rates about COVID-19 were 70.1%–99.5% for all 1650 valid question-
naires. 37.2% of the participants quite worried about being infected with COVID-19. Approximately 96% of them 
washed hands in certain situations, while 85.6% of them washed hands after coughing or sneezing. Compared to 
the students without depressive symptoms, those who had depressive symptoms scored lower of total KAP, 
knowledge, attitudes, and practice. The findings suggest that primary students had a relatively good awareness of 
COVID-19 during the epidemic, as well as optimistic attitudes and appropriate practices. However, some items of 
appropriate practices still needed to be enhanced.   

1. Introduction 

Since December 2019, an increasing number of patients of the 
coronavirus disease 2019 (COVID-19) have been identified in Wuhan 
city, Hubei province, which is already a global pandemic. In response to 
the rapidly spreading of COVID-19 infection throughout China, Wuhan 
city was sealed off on January 23, 2020. Huangshi city, which is 85 km 
away from Wuhan city, was lockdown on January 24, 2020. Until July 
11, 2020, the epidemic has caused 12,498,722 infections and 560,215 
death worldwide (https://coronavirus.jhu.edu/map.html). 

To control the spreading of COVID-19 infection, governments have 
ordered a nation-wide school closure and required students to restrict at 
home. The outbreak had caused nationwide school closures and affected 
1,067,590,512 learners (https://zh.unesco.org/themes/education-eme 
rgencies/coronavirus-school-closures) up to July 10, 2020. During 
home restriction, children are not encouraged to have any public 

activities. Although the confinement may quell the outbreak, it perhaps 
diminished the resilience of family and individuals and increased the 
possibility for adverse reactions, like depression and anxiety symptoms 
(Xie et al., 2020). 

The knowledge, attitudes, and practices (KAP) of infectious diseases 
would greatly affect whether people could follow the control measures 
(Tachfouti, Slama, Berraho, & Nejjari, 2012; Zhou et al., 2019). 
Reducing the fear of the population toward infectious diseases was vital 
for controlling transmission (Person, Sy, Holton, Govert, & Liang, 2004). 
Experience of fighting the severe acute respiratory syndrome (SARS) 
virus showed that knowledge and attitudes towards SARS would influ-
ence the level of panic emotion of the population (Wenzel & Edmond, 
2003; Xie, Zheng, Xie, & Wang, 2005), which could lead to the stig-
matization and discrimination of specific populations (Budhwani & Sun, 
2020). Person et al. found that targeted health education materials of the 
disease outbreaks contributed to mitigating fear, stigmatization, and 
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discrimination (Person et al., 2004). Previous studies showed that un-
dergraduate students in China understood the COVID-19 related 
knowledge, and had positive attitude and proactive practice during the 
outbreak (Peng et al., 2020). Not only for undergraduate students, 
healthcare workers and the populations around the world also had 
relatively good level of the knowledge and optimistic attitudes and good 
practices of COVID-19 (Puspitasari, Yusuf, Sinuraya, Abdulah, & 
Koyama, 2020). However, few researches have investigated the KAP of 
COVID-19 among primary students, who were also been influenced by 
this epidemic. Furthermore, public health emergencies may affect the 
mental health status of the public. Mass home-confinement directives 
might reveal numerous emotional outcomes, including anxiety, 
depression and fear (Pfefferbaum & North, 2020). Researches indicated 
that mental health of the general public was affected, when we 
compared to that before the outbreak of COVID-19 (Dong & Bouey, 
2020; Vindegaard & Benros, 2020). Evaluating the direct and the indi-
rect effects of the outbreak towards mental health of the students is 
highly needed to optimize interventions on the mental health. 

To improve the targeted management and health education of 
COVID-19 among students in countries affected by the disease, it is an 
urgent need to understand the awareness of students about COVID-19. In 
this study, we investigated the KAP towards COVID-19 among students 
in two primary schools in Wuhan and Huangshi city, Hubei Province, 
during the outbreak of COVID-19. 

2. Methods 

2.1. Participants 

The information of this cross-sectional epidemiological study was 
described previously (Xie et al., 2020). In brief, this school-based study 
was conducted between February and March 2020 through an online 
questionnaire survey platform (https://www.wjx.cn/), which is widely 
used in China (Gao et al., 2020; Zhang et al., 2020). We sent the survey 
link and a statement to the schools included in this survey, and then the 
headteachers of schools distributed them to the cellular telephone of the 
guardians. The students completed the survey after their guardian had 
consented. The request of students to independently complete the survey 
were shown in the electronic questionnaires and the statement. The 
participants were students of grades 2–6 in the two elementary schools 
in Wuhan city and Huangshi city, Hubei Province by convenience 
sampling. Wuhan was the first city to seal off on January 23, 2020. 
While Huangshi was following lockdown on January 24, 2020. Since the 
Lunar New Year approached, many people returned to Huangshi from 
Wuhan, which caused an outbreak of COVID-19 in Huangshi. This study 
was approved by the Ethics Committee of Tongji Medical College, 
Huazhong University of Science and Technology. There were no disclose 
information that might identify a particular person. All procedures 
performed in studies involving human participants were following the 
1964 Helsinki declaration and its later amendments. 

2.2. Measures 

Online questionnaires included questions on the demographic 
characteristics of participants (gender, grade, location of school), 
knowledge about COVID-19 with 12 questions (e.g. “Which are more 
likely the host of COVID-19?”), attitudes towards COVID-19 with 2 
questions (e.g. “Do you worried about being infected with COVID-19?”), 
and practices in 12 questions during the outbreak of COVID-19 (e.g. 
“Which of the following situation you will wash your hands?”) (Detailed 
questions were showed in Table S1), as well as the depression and 
anxiety symptoms. Students who answered all the questions of one item 
with the correct answer were classified as answering the item correctly. 

2.3. Assessment of depression symptom 

Depression symptom was measured by the Children’s Depression 
Inventory-Short Form (CDI-S) (Ahlen & Ghaderi, 2017). This question-
naire consisted of 10 items with each item rated from 0 to 2. This scale 
asks respondents to rate the severity of each symptom of depression, 
with excellent reliability and validity in the Chinese population (Guo 
et al., 2012; Guo et al., 2015; Li et al., 2019). The total score ranges from 
0 to 20, and higher scores indicate more depressive symptomatology. 
The scores of CDI-S ≥ 4 indicates depression symptom with acceptable 
values for sensitivity (77%) and specificity (82%) in the detection of 
depressed children (Allgaier et al., 2012). 

2.4. Assessment of anxiety symptom 

The Screen for Child Anxiety Related Emotional Disorders (SCARED) 
is a 41-item self-report, which is one of the best-studied of anxiety dis-
order screening instruments in youth (Birmaher et al., 1999; Birmaher 
et al., 1997). We used the SCARED child version in this study which has 
developed the norms in Chinese urban children (Wang, Su, & Zhu, 
2002). The children rated each symptom on a 3-point likert scale: 
0 (rarely), 1 (sometimes), 2 (often). The total scores ranged from 0 to 82. 
The cut-off score for differentiating between children with and without 
an anxiety disorder is accepted as 23 (Wang et al., 2002). 

2.5. Statistical analysis 

The assessment of KAP was described as categorical frequencies and 
scored, respectively. The scoring method of questions of KAP was 
summed in Table S1. For quantitative variables, mean and standard 
deviation (SD) were calculated, and percentages for categorical vari-
ables. T-tests or Mann-Whitney U tests, as appropriate, for continuous 
variables, and chi-square tests for categorical variables. Generalized 
linear regressions models (GLM) and logistic regressions models were 
used to test unstandardized regression coefficients (β) and odds ratios 
(ORs) and their 95% confidence intervals (CIs) for KAP and basic in-
formation. We further analyses by stratified the location of the school. 
Results were statistically analyzed with SPSS for Windows 22.0 (IBM). 
All P values were two-tailed with a significance level at 0.05. 

3. Results 

A total of 1650 children completed the survey (Table 1). Among the 
12 questions of knowledge about COVID-19, the awareness rates were 
70.1%–99.5% (Table 2). Findings suggested that students had lower 

Table 1 
Characteristics of participants.  

Characteristic Participants, n (%) 

Gender   
Male 934 (56.6)  
Female 716 (43.4) 

Location of school   
Huangshi 1070 (64.8)  
Wuhan 580 (35.2) 

Grade   
Grade 2 354 (21.5)  
Grade 3 310 (18.8)  
Grade 4 368 (22.3)  
Grade 5 266 (16.1)  
Grade 6 352 (21.3) 

Children’s Depression Inventory–Short Form   
Depressive symptoms 370 (22.4)  
No depressive symptoms 1280 (77.6) 

Screen for Child Anxiety Related Emotional Disorders   
Anxiety symptoms 311 (18.8)  
No anxiety symptoms 1339 (81.2) 

Total 1650 (100.0)  
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awareness levels in the terms of the suspected host (70.1%), separating 
the cutting boards and knives for raw and cooked foods (80.6%) and 
purchasing chilled poultry meat from standard markets and fully cooked 
the poultry meat, eggs and milk (88.5%). Still, 2.1% (34) of students 
thought visiting relatives and friends during the outbreak was right. 

About 50.7% (837) were quite optimistic towards the COVID-19 
epidemic, while 37.2% (613) of the participants quite worried about 
being infected with COVID-19. About 93.7% (1546) of students washed 
hands frequently during the outbreak of COVID-19, and 95.1%–96.5% 
of them would wash their hands after using the bathroom or touching 
the object outside the home. However, only 85.6% of them chose to 
wash hands after coughing or sneezing. Whereas 4.7% (77) of them did 
nothing during the epidemic, including frequent hand-washing. Besides, 
only 52.0% (858) of students used to share information about COVID- 
19 with others. The average scores of total KAP, knowledge, attitudes, 
and practices for all students were 24.35 ± 3.11, 11.05 ± 1.13, 4.54 ±
1.76, and 8.76 ± 1.65, respectively (Table 3). 

Total KAP scores of students towards COVID-19 were significantly 
associated with gender, grade, and whether they had depressive and 

anxiety symptoms (Table 4). Girls had significant higher KAP scores 
than boys (β = 0.014, 95%CI: 0.001, 0.027, P = 0.032). Compared with 
students in grade 2, students in grade 6 had higher KAP scores (β =
0.021, 95%CI: 0.001, 0.040, P = 0.044) and attitudes scores (β = 0.065, 
95%CI: 0.012, 0.117, P = 0.015). Students with depressive symptoms 
had lower scores in terms of total KAP, knowledge, attitudes, and 
practice scores than those without depressive symptoms (all P-values <
0.05). Students had anxiety symptoms had significantly lower overall 
KAP and attitudes scores than students without anxiety symptoms (β for 
KAP = − 0.029, 95%CI: − 0.047, − 0.012, P = 0.001; β for attitudes =
− 0.120, 95%CI: − 0.166, − 0.074, P < 0.001). 

Stratified analyses suggested that students in Wuhan had different 
awareness levels with students in Huangshi, as well as attitudes 
(Table S2, Table S4). Among the students in Huangshi and Wuhan, 
scores for total KAP and attitudes of students towards COVID-19 were 
significantly different between students with or without depressive and 
anxiety symptoms (Table S5). We also found the significant associations 
between total KAP, knowledge, attitudes, and practice scores with the 
depressive symptoms among students in Huangshi. The βs for total KAP, 
knowledge, attitudes and practice scores were − 0.060 (95%CI: − 0.081, 
− 0.039), − 0.033 (95%CI: − 0.049, − 0.016), − 0.082 (95%CI: − 0.140, 
− 0.025), and − 0.067 (95%CI: − 0.103, − 0.030), respectively. 

Table 2 
Summary of the knowledge, attitudes, and practices questions for participants.  

Items Contents Correct answer 
n (%) 

Knowledge of COVID-19   
K1 Which are more likely the host? 1156 (70.1)   

During the outbreak, about food, it should be noted 
that?   

K2 Do not eat sick poultry. 1511 (91.6)  
K3 Purchase chilled poultry meat from standard markets 

and fully cook the poultry meat, eggs and milk. 
1460 (88.5)  

K4 Separate the cutting boards and knives for raw and 
cooked foods. 

1330 (80.6)  

K5 Washing hands between handling the raw and 
cooked foods. 

1484 (89.9)   

Which of the following prevention is true?   
K6 Eating exotic animals. 9 (0.5)  
K7 Wearing a mask when go out. 1608 (97.5)  
K8 Washing hands frequently. 1635 (99.1)  
K9 Ventilating the house frequently. 1559 (94.5)  
K10 Visiting the relatives and friends. 34 (2.1)  
K11 Gathering for amusement. 5 (0.3)  
K12 Disinfection the house. 1592 (96.5) 

Attitudes towards the outbreak of COVID-19   
A1 Do you worried about being infected with COVID-19?    

Quite worried 613 (37.2)   
Moderately worried 409 (24.8)   
Slightly worried 286 (17.3)   
Rarely worried 219 (13.3)   
Not at all worried 123 (7.5)  

A2 What is your attitude towards the COVID-19 
epidemic?    
Quite optimistic 837 (50.7)   
Moderately optimistic 623 (37.8)   
Indifferent 26 (1.6)   
Moderately pessimistic 92 (5.6)   
Quite pessimistic 72 (4.4) 

Practices during the outbreak of COVID-19   
Which of the following situation you will wash your hands?   
P1 After using the bathroom. 1590 (96.4)  
P2 After getting home. 1569 (95.1)  
P3 After coughing or sneezing. 1413 (85.6)  
P4 Before having a meal. 1590 (96.4)  
P5 After touching the object outside home 1593 (96.5)  
P6 I would not wash my hands on purpose. 5 (0.3)  
What have you done during the outbreak?   
P7 Sharing the information of COVID-19 with others. 858 (52.0)  
P8 Reminding my family members to wear masks. 1449 (87.8)  
P9 Convince my family members not to go out or 

gathering. 
1408 (85.3)  

P10 Ventilating the house frequently. 1429 (86.6)  
P11 Washing hands frequently. 1546 (93.7)  
P12 None of the above 77 (4.7)  

Table 3 
Scores of all knowledge, attitudes, and practices questions of participants.    

Total KAP 
scores 
(max = 30) 

Knowledge 
scores (max =
12) 

Attitudes 
scores (max 
= 8) 

Practices 
scores (max 
= 10) 

Overall 24.35 ±
3.11 

11.05 ± 1.13 4.54 ± 1.76 8.76 ± 1.65 

Gender      
Male 24.20 ±

3.27 
11.02 ± 1.17 4.51 ± 1.82 8.68 ± 1.77  

Female 24.54 ±
2.88 

11.10 ± 1.07 4.58 ± 1.67 8.86 ± 1.49 

Location of 
school      

Huangshi 24.42 ±
3.06 

11.15 ± 1.08 4.52 ± 1.71 8.75 ± 1.68  

Wuhan 24.23 ±
3.20 

10.88 ± 1.19 4.58 ± 1.84 8.76 ± 1.61 

Grade      
Grade 2 24.34 ±

3.08 
11.18 ± 1.10 4.50 ± 1.69 8.66 ± 1.74  

Grade 3 24.46 ±
2.99 

11.10 ± 1.13 4.45 ± 1.78 8.91 ± 1.47  

Grade 4 23.95 ±
3.35 

10.97 ± 1.25 4.35 ± 1.72 8.64 ± 1.75  

Grade 5 24.49 ±
3.12 

10.97 ± 1.14 4.65 ± 1.82 8.86 ± 1.60  

Grade 6 24.57 ±
2.96 

11.03 ± 0.98 4.77 ± 1.78 8.77 ± 1.65 

Depressive 
symptoms      

No 24.71 ±
2.90 

11.15 ± 1.06 4.68 ± 1.69 8.88 ± 1.56  

Yes 23.09 ±
3.46 

10.72 ± 1.29 4.06 ± 1.89 8.32 ± 1.88 

Anxiety 
symptoms      

No 24.58 ±
3.04 

11.08 ± 1.10 4.69 ± 1.73 8.81 ± 1.62  

Yes 23.38 ±
3.21 

10.94 ± 1.25 3.91 ± 1.74 8.53 ± 1.77 

Scores were shown as mean ± standard deviation. 
KAP: K for knowledge; A for attitudes; P for practices. 
max: Maximum score for the items. 
Depressive symptoms were measured by the Children’s Depression Inventory- 
Short Form. 
Anxiety symptoms were measured by The Screen for Child Anxiety Related 
Emotional Disorders. 
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4. Discussion 

This study was conducted in the middle stage of the COVID-19 
outbreak in the Hubei province, which was the epi-center of the 
epidemic in China. We investigated the KAP about COVID-19 in the 
students from two primary schools. Nearly one third did not think that 
the wild animals were more likely the host of virus and 1 in 5 partici-
pants did not know the cutting boards and knives for raw and cooked 
foods should be separated. Around 79.3% of the subjects worried about 
infected with COVID-19 whereas 88.5% of students felt optimistic to-
wards the COVID-19 epidemic. Most of the subjects could do the correct 
practice. 

Knowledge is a prerequisite for forming positive attitudes and pro-
moting positive behaviors (McEachan et al., 2016). The correct answer 
rates were ranged from 70.1% to 99.5%, which were similar to those in 
the study about the COVID-19 knowledge of Chinese residents (70.2%−

98.6%) (Zhong et al., 2020). More information about COVID-19 basic 
science is expected to be strengthened in health education. For instance, 
only 70.1% of students knew the host of the virus. This may due to the 
fact that COVID-19 had not been spreading for a long time and the risk of 
blending facts with misinformation via Internet was present. Health 
authorities in China could carry out targeted public information cam-
paigns to promote the spread of accurate knowledge about COVID-19 
among primary students. Considering that the new media may be the 
primary source of information on COVID-19, prioritizing the use of new 
media could quickly disseminating COVID-19 related knowledge. The 
provinces and municipalities in China have enforced compulsory face 
mask policies in public areas during the investigation period (Feng et al., 
2020). Around 97.5% of the students thought that wearing a mask when 
went out was necessary, while only 66.6% of the Chinese workers in Li’s 
study agreed that wearing medical face masks was effective in protect-
ing against COVID-19 (Li et al., 2020). This phenomenon may be caused 
by the fact that the participants between two studies were from different 
provinces in China. Only 8.0% of the participants in Li’s study were from 
Hubei province, while our study was based on two cities in Hubei 
province. Girls and students in grade 6 showed higher total KAP scores 
when compared to boys and students in grade 2. This trend was 
consistent with previous studies about the KAP of COVID-19 in the 

Chinese population (Liu et al., 2020; Zhou et al., 2019). Such differences 
may be caused by the cognition differences between sex and educational 
level (Allegrini et al., 2019; Hyde, 2016). Better-educated students could 
process information more quickly and boys had higher risk-taking 
tendency. 

We found that students had great confidence in winning the battle 
against COVID-19, even in fear of infected with COVID-19. Zhong also 
found that 97.1% of Chinese residents had confidence that China can 
win the battle against COVID-19 and 90.8% believed that COVID-19 
would finally be successfully controlled (Zhong et al., 2020). It may 
be related to the timely multifaceted interventions implemented by the 
Chinese government such as cordons sanitaire, traffic restriction, home 
confinement, and closure of entertainment venues and unnecessary 
public places, which were proved to effectively control the COVID-19 
outbreak (Pan et al., 2020). People of all ages are generally suscepti-
ble to COVID-19 and no vaccine is available for COVID-19 till now 
(Sohrabi et al., 2020). Prevention is still an important way to prevent 
infected with COVID-19. We found that 93.7% of the students in our 
study washed hands frequently, which was similar to other investigation 
(95.4%) (Taghrir, Borazjani, & Shiraly, 2020). The majority of the stu-
dents in our study showed high compliance with the suggested practice. 
Unfortunately, around 14.4% of the students did not wash hands after 
coughing or sneezing and 13.4% did not ventilate the house frequently. 
This phenomenon may be partly attributed to poor parental supervision. 
Promotional materials, suitable to the primary students such as the an-
imations, and parental supervision may improve students’ behavior. 
Such information could be transmitted via various channels such as 
CCTV and the official website of the National Health Commission of 
China. 

Our results also showed that mental health problems were signifi-
cantly associated with lower KAP scores. Mental health is part of the 
mission of addressing communicable disease (Safran, 2009). When the 
extent of the pandemic and its eventual impact on health are uncertain, 
mental health problems such as anxiety and depression occur (Stein, 
2020). Mental health problems could hinder acquiring and retaining 
information about COVID-19 prevention thereby deepening the feeling 
of uncertainty. It is recommended to make the most of the online mental 
health services widely established in China (e.g. WeChat-based 

Table 4 
Multivariable GLM for participants – knowledge, attitudes, and practices of COVID-19.   

Total KAP Knowledge Attitudes Practices 

β (95%CI) P-value β (95%CI) P-value β (95%CI) P-value β (95%CI) P-value 

Gender          
Male ref  ref  ref  ref   
Female 0.014(0.001, 0.027) 0.032 0.006(-0.004, 0.017) 0.225 0.006(-0.028, 0.040) 0.729 0.021(-0.001,0.043) 0.059 

Location of 
school          

Huangshi ref  ref  ref  ref   
Wuhan − 0.004(-0.017, 0.010) 0.584 ¡0.022(-0.033, ¡0.011) <0.001 0.032(-0.004, 0.067) 0.084 0.006(-0.017,0.029) 0.620 

Grade          
Grade 2 ref  ref  ref  ref   
Grade 3 0.009(-0.012, 0.029) 0.401 − 0.006(-0.022, 0.011) 0.510 − 0.012(-0.065, 0.042) 0.668 0.032(-0.003,0.066) 0.073  
Grade 4 − 0.009(-0.029, 0.011) 0.372 ¡0.017(-0.032, ¡0.001) 0.038 − 0.014(-0.066, 0.038) 0.591 0.004(-0.029,0.037) 0.812  
Grade 5 0.012(-0.010, 0.033) 0.289 − 0.014(-0.031, 0.003) 0.104 0.029(-0.027, 0.085) 0.317 0.028(-0.009,0.064) 0.134  
Grade 6 0.021(0.001, 0.040) 0.043 − 0.007(-0.023, 0.009) 0.406 0.064(0.012, 0.117) 0.016 0.023(-0.011,0.057) 0.180 

Depressive 
symptoms          

No ref  ref  ref  ref   
Yes ¡0.061(-0.077, ¡0.044) <0.001 ¡0.037(-0.050, ¡0.023) <0.001 ¡0.071(-0.115, ¡0.027) 0.002 ¡0.065(-0.093,-0.037) <0.001 

Anxiety 
symptoms          

No ref  ref  ref  ref   
Yes ¡0.029(-0.047, ¡0.012) 0.001 0.000(-0.014, 0.014) 0.966 ¡0.119(-0.165, ¡0.072) <0.001 − 0.011(-0.040,0.019) 0.476 

β (95% Wald CI) was derived from generalized linear regression (Gamma distribution). 
Depressive symptoms were measured by the Children’s Depression Inventory-Short Form. 
Anxiety symptoms were measured by The Screen for Child Anxiety Related Emotional Disorders. 
ref: reference. 
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resources and free electronic books published by the Chinese Association 
for Mental Health), which may alleviate the adverse psychological im-
pacts and psychiatric symptoms of the students and finally facilitate the 
improvement of KAP levels of COVID-19 (Liu, Sun, & Wang, 2020). 
These findings also suggested that the COVID-19 KAP scores may be 
greatly increased if the health education programs were specifically 
designed for students with potential mental health problems. Our study 
also has some limitations. The survey was conducted in only one prov-
ince of China, which may have limited generalizability in other prov-
inces. In addition, this study was conducted online, the students might 
be influenced by other people around. The measurement of KAP may be 
imprecise due to the tight schedule and the limited number of items. The 
factors associated with KAP levels of COVID-19 was also limited, such as 
the number of infected people around students and household income. 
Studies in larger samples and more comprehensive items are needed. 

5. Conclusions 

Our findings suggested that the majority of primary students (more 
than 80%) have acquired the knowledge of COVID-19, and they still had 
some knowledge misconceptions during the COVID-19 outbreak. They 
showed optimistic attitudes, and appropriate practices towards COVID- 
19 during the COVID-19 outbreak. Some specific items still needed to be 
enhanced. We also identified some factors associated with KAP scores, 
which may be useful for the recognition of the target population for 
COVID-19 health education. With the COVID-19 well controlled in 
China, students are back to school step by step. Improving the level of 
KAP of the COVID-19 is essential to the prevention of the rebounding of 
the COVID-19 epidemic since a resurgence in contagion could be 
possible as late as 2024 (Kissler, Tedijanto, Goldstein, Grad, & Lipsitch, 
2020). 
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