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[bookmark: h2]Background 
Several studies have shown that severe infectious disease outbreaks affecting multiple countries and communities can impact not only physical but also psychological health ( 1 – 3 ). Although positive changes and cognitive restructuring were described in some cases, generally, a series of negative consequences was evidenced. Development of anxiety, fear, somatic symptoms, sleep disturbance, depression, feelings of anger and irritability, grief and loss, post-traumatic stress, and stigmatization due to severe infection disease outbreaks have been repeatedly reported in a significant part of the population. A cross-sectional study carried out in Singapore 16 weeks after the first national outbreak of SARS showed that 22. 9 and 25. 8% of 415 individuals visiting community health care services had suffered or were suffering from SARS-related psychiatric or posttraumatic morbidities, respectively ( 4 ). Similar or even higher rates of acute and long-term psychosocial effects at the individual, community, and international levels were demonstrated during and after the 2009 influenza pandemic and Ebola epidemic ( 5 , 6 ). 
As expected, the novel coronavirus disease 2019 (COVID-19) pandemic has been accompanied by the development of significant psychological problems in a considerable part of the population; however, the incidence and type of psychological reactions have varied significantly according to the characteristics of the involved population and the incidence rate of the disease in the geographic area where the problem has been studied ( 7 , 8 ). The most vulnerable groups seem to be health-care workers, homeless people, migrant workers, pregnant women, and people who were already mentally ill. Moreover, it has been suggested that other vulnerable populations, such as people leaving in remote or rural areas who face barriers in accessing health care and those living in lower socioeconomic conditions, may develop relevant psychological problems ( 9 ). The same seems true for older children and adolescents, who, mainly due to school closures, remain socially isolated and may lose access to all the health services that are delivered via schools, including mental health services ( 10 ). 
Italy was deeply affected by the present COVID-19 pandemic, but there were differences in the effects between the northern and southern regions. On August 25, 2020, 261, 174 laboratory-confirmed severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) cases and 35, 445 deaths were reported to the Ministry of Health in Italy, among which more than 70% were diagnosed in the northern regions ( 11 ). Since March 8, school closures until the end of the school year have been recommended in Italy, and lessons have been performed via tele-teaching ( 11 ). The impact of school closure in Italian students has not been previously evaluated. In particular, it is not known whether impact on lifestyle and mental health was different in younger compared to older students, in males compared to females and in children living in Regions with different COVID-9 epidemiology. This knowledge seems essential to understand which measures must be put in place in Italy to reduce potential health problems related to COVID-19 among older children and adolescents that do not attend school to limit SARS-CoV-2 diffusion. To make a contribution in this regard a study was performed. 
[bookmark: h3]Methods 
Participants and Procedure 
This was a cross-sectional survey with the main aim to evaluate whether school closure during COVID-19 pandemic had caused in older children and adolescents significant modifications of the current lifestyle potentially associated with the development of significant psychological problems. Moreover, the role of some variables (knowledge of COVID-19 characteristics, age, gender, type of school, incidence of COVID-19 in the region where the student was living and presence of one or more relatives among SARS-CoV-2 infected subjects) in the development of psychological problems was tentatively evaluated. To collect data and ensure the confidentiality and reliability of the data an anonymous online questionnaire developed by pediatricians, infectious diseases specialists, child neuropsychiatrists and psychologists was used. Google Forms ® was used to collect information from users. The questionnaire was disseminated through schools and private channels. The personal that were data collected were age, sex, type of school and region of residence. Participants accessed the questionnaire through a web link. Data collection took place for a period of <2 weeks (8–21 April 2020) 1 month after the beginning of school closures because of the COVID-19 lockdown. The privacy policy was approved by the Data Protection Office of the University of Parma. Expedited ethics approval was obtained from the Institutional Review Board of the University of Parma, which conforms to the principles embodied in the Declaration of Helsinki, 4 weeks after the World Health Organization (WHO) declared the COVID-19 outbreak to be a pandemic. Both parents and students had to provide their written consent. 
The online survey was first disseminated to the parents of students of 2 secondary and 3 high schools with different educational orientations located in Parma. The schools were chosen among those with the highest number of students after the school administrators and the teachers had given their consent to allow the study to be carried out. With the teachers it was established that, on the day of the distribution of the questionnaire, they would explain to the students the meaning of the questionnaire and would clarify any doubts about its completion. To have information on the impact of the pandemic on students who lived in geographical areas less affected by the spread of SARS-CoV-2, the teachers at Parma schools were encouraged to contact some colleagues from Southern Regions, explain the importance of the survey and obtain the cooperation for the distribution of the questionnaire to their students. A total of 7 schools sited in Italian Regions other than Emilia-Romagna, the Region where Parma is sited, was involved in the study. The dissemination of the questionnaire took place in the same way as in Parma. The online form comprised six parts: (1) an introductory part addressed to parents that requested that they accept the privacy policy; (2) an introductory part aimed at students; and (3–6) the questionnaire parts. The authors drew from the measurement instruments of studies on the psychological impacts of SARS and influenza outbreaks that were mainly devoted to the evidence of the development of depression and anxiety ( 12 , 13 ) and included additional questions related to the COVID-19 outbreak. The structured questionnaire ( Table 1 ) consisted of questions covering several areas: (1) demographic data and school locations, (2) knowledge and concerns about COVID-19, (3) additional information related to COVID-19, (4) the psychological impact of the COVID-19 outbreak, and (5) mental health status. 
[bookmark: T1]TABLE 1  
Questionnaire presented during the survey. 
Statistical Analysis 
The continuous variable “ age” was characterized as the mean ± standard deviation, and the categorical variables (gender, region of residence, type of school, age group, and frequency) for each item were characterized by frequencies and percentages. The age groups considered in the analysis were 11–13 and 14–19 years old. The Wilcoxon rank–sum test was used to compare the difference in age between groups. The chi–square test or Fisher's exact test, when the frequency was ≤5, was performed to compare the frequency of answers for each question between groups. The same tests were used to compare the difference in the frequency of a single response between groups. For better assessing impact of pandemic on psychological status of enrolled children a negative feeling index was developed. It was calculated as the sum of the following dichotomous variables: presence of fear, restless, sadness, and variation in the hours of sleep, considered 0 for absence and 1 for presence. A multivariate regression model to assess the association between the negative feelings index and a series of variables, such as age in years, sex, and personal experience of at least one relative or acquaintance with COVID-19. All statistical analyses were performed by using Stata Statistical Software: Release 12 (College Station, TX, USA). 
[bookmark: h4]Results 
General Characteristics of the Study Population 
Table 2 summarizes the general characteristics of the study population. A total of 2, 064 students (62. 8% females; mean age, 15. 4 ± 2. 1 years), 69% of those initially included in the study, completed and returned the questionnaire. Subjects who did not return the questionnaire were equally distributed among northern and southern students, without differences regarding age, gender and type of school. Among those who returned the questionnaire, 1, 290 (62. 5%) were residents in northern Italian regions, mainly Lombardy and Emilia-Romagna, while 774 (37. 5%) lived in southern regions, mainly Sicily and Puglia. In both northern and southern Italy, females represented approximately two-thirds of the studied population. However, individuals aged 14–19 years and those who were attending high school were significantly more numerous in the northern regions than in the southern regions, where subjects aged 11–13 years and those attending professional and technical schools were more numerous. 
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General characteristics of the study population. 
Knowledge of Covid-19 
Table 3 summarizes knowledge about Covid-19 in the study population according to gender, area of residence and age. Most students evidenced the high lethality and lack of effective therapy of COVID-19. The lethality of COVID-19 was significantly more frequently highlighted by females than males ( p < 0. 01), while the lack of an effective therapy for the disease was more frequently reported by older students (58. 6 vs. 49. 2%; p < 0. 001), Knowledge about symptoms and diagnosis of COVID-19, and personal risk of infection was generally good, without significant differences according to sex, age, type of school, and geographic area of origin. Mass media were largely used by all the students to access information on COVID-19. However, while mass media were the most frequently used tools by older students, parents were the source of information most frequently consulted by children under 13 years of age. Personal experience with a relative or an acquaintance affected by COVID-19 was significantly more frequently reported by northern students than by southern students (53. 7 vs. 11. 6%; p < 0. 001). 
[bookmark: T3]TABLE 3  
Knowledge about COVID-19 in the study population according to gender, area of residence, and age. 
Lifestyle 
Table 4 summarizes the questionnaire results about lifestyle during pandemic period. Of the total sample, 65% said they were satisfied with doing school online, without significant differences between the groups. Regarding leaving home, 74. 6% said they did not go out, while 11. 8% went out only once a week. Among those who responded “ I don't go out,” there were statistically significant differences by gender, age group, and region with females, older children, and subjects living in the Southern Regions the subjects with the greater tendency to remain at home. For a greater use of video games than before, a significantly higher frequency was found in males (76%) and the 11–13-year age group (65%) than in females (43%) and the 14–19-year age group (53%). 
[bookmark: T4]TABLE 4  
Psychological impact of school closure because of COVID-19 lock-down in the study population according to gender, area of residence, and age. 
No differences between groups were found for the question about “ washing my hands more than before” except for by age group: 87. 4% of the 11–13-year group and 82. 5% of the 14–19-year group reported washing their hand more than before ( p < 0. 01). Differences were found for the habit of using the surgical mask between males and females and the two age groups, with males and older adolescents using face masks less than females and younger adolescents ( p < 0. 001). However, no differences were evidenced among Northern and Southern students. 
Psychological Impact of Covid-19 
Table 5 shows the psychological impact of school closures due to the COVID-19 lockdown in the study population. As shown, problems were evidenced in all the study groups, although with greater frequency among females, and students living in the regions with greater incidence of COVID-19. This was clearly evidenced when fear of Covid-19 was considered. This was reported in 85. 4% of females and in 63. 5% of males ( p < 0. 001). Moreover, fear of losing grandparents was more common in the northern regions (33. 6%) than in the southern regions (22%) ( p < 0. 001) and in the 11–13-year age group (36. 6%) than the 14–19-year age group (27. 6%; p < 0. 001). The feeling of sadness was significantly more frequent in females (84%) than in males (68. 2%) ( p < 0. 001) and in the 14–19-year age group (79. 2%) ( p < 0. 001). Loneliness was identified as the primary cause of sadness in all groups (ranging from 32. 3% of males to 42. 5% of females). Missing the school community was a significantly more common cause of sadness in girls (26. 5% vs. 16. 8%; p < 0. 001), in the southern regions (26. 45% vs. 20. 2%; p < 0. 01) and in the 14–19-year-old group (24. 2% vs. 14. 7%; p < 0. 001). In addition, 48. 7% of females reported crying during the day (13. 4% in males; p < 0. 001). A sense of fatigue was more frequent in females than in males ( p < 0. 05) and in the 14–19-year age group than in the 11–13-year age group ( p < 0. 001). No differences were found between northern and southern Italy. Similarly, a sense of agitation was more frequent in females than males (61. 9% vs. 42. 5%; p < 0. 001). The ability to see classmates was the aspect that was most commonly missed by adolescents during school closures regardless of gender, age group, or geographic location. 
[bookmark: T5]TABLE 5  
Questionnaire results about lifestyles during school closure because of COVID-19 lockdown in the study population according to gender, area of residence, and age. 
Since schools had been closed, males reported sleeping more than before (46. 8%), while 43. 1% of females stated they slept less than before ( p < 0. 001). An analysis of these data by age group showed that the younger students (11–13 years) were more likely than older students to report sleeping more than before school closures ( p < 0. 001). Difficulty falling asleep was the most frequent reason for sleeping less among the groups. A lack of interaction with schoolmates/friends was the main reason for displeasure in all groups, with significant differences between males and females (70. 9% vs. 58. 1%; p < 0. 001), between students in the northern and southern regions (65. 4% vs. 58. 8%; p < 0. 01) and between age groups (11–13 years, 69. 5%; 14–19 years, 61. 4%; p < 0. 01). A lack of sports activity was significantly more frequent in the 11–13-year age group (20. 6% vs. 8. 9%) and in males (16. 4% vs. 7. 9%; p < 0. 001). 
Most of the subjects reported eating more during the quarantine period, with a statistically significant difference between males and females (48. 8 vs. 55. 9%; p < 0. 01). Of particular interest were the data concerning the relationship with parents: 68. 4% of the sample declared that their relationships had remained the same, 24. 5% of the females reported that their relationships had improved (compared to 19. 0% of the males; p < 0. 01). In addition, most of the teenagers said that they spoke more with their parents (42. 6%), with a higher percentage of students in norther than southern Italy (46. 3 vs. 40. 5%; p < 0. 05) and a higher percentage of students in the 14–19-year age group than the 11–13-year age group (46. 0 vs. 27. 5%; p < 0. 01) reporting this change. 
When asked if they talked about Covid-19 with friends, 50. 1% of the students from the southern regions reported doing so often or very often (vs. 42. 1% of the students from the northern regions). The responses to the question asking who students would like to talk about the virus, similar percentages were found between regions: 52. 5% of southern students said they would like to speak with a doctor (vs. 46. 9% of northern students). 
To understand the degree of fear that teenagers experienced, we asked them whether they had taken their temperature during the quarantine and, if so, how many times. The resulting data were: 6. 2% of the females and 5. 6% of the males said they had taken their temperature once or several times a day. However, approximately 52% of the sample replied that they did not want to undergo a swab test (51. 7%) or provide a blood sample (52. 3%) to determine if they had–or had previously had–the virus. 
A global evaluation of all these findings through the feeling index showed that school closure impact on mental health was slightly greater in females and in subjects living in the Northern Regions possibly due to the greater clinical relevance of COVID-19 in these areas and the greater personal experience with a relative or an acquaintance affected by this disease. The multivariate regression analysis showed that male sex was a protective factor against negative feelings ( p < 0. 01), leading to a decrease of 0. 63 points in the total negative feelings index. Having a family member or an acquaintance with COVID-19 increased the negative feelings index by 0. 1 points ( p < 0. 05). 
[bookmark: h5]Discussion 
In this study, most students who completed the administered questionnaire showed good knowledge of the epidemiological, clinical and therapeutic characteristics of COVID-19, as well as of disease risks, regardless of sex, age, location, and type of school. Only the source of information was slightly different in younger students than the older ones. Younger students preferred to consult with parents, while older students drew most of their knowledge on COVID-19 from mass media, likely due to the increased autonomy of adolescents with age ( 14 ). Teenagers' good knowledge of COVID-19 even in Italian Regions where diffusion of COVID-19 was relatively low is not surprising, as the outbreak of the pandemic has had profound impact on all aspects of people's everyday lives, mainly because of the very restrictive preventive measures put in place by most governments, including the closure of factories, commercial activities and schools ( 14 ). All these findings have had very wide resonance in the mass media and it is highly likely that they have been repeatedly discussed within families mainly because of the organization of the distance learning ( 15 ). Adolescents were therefore widely informed about COVID-19 and the evolution of the pandemic. Moreover, with school closures and the need to be compliant with recommendations by authorities, teenagers in most countries have personally experienced several conditions that have made them aware of the medical, social, and economic consequences of COVID-19 ( 16 ). 
Modifications of lifestyle were also clearly evidenced in the population that participated in the study, but with slight differences according to sex, age, and location. In general, they seem related to both school closure that prevented socialization and the good knowledge of the danger of COVID-19 which led to a good acceptance of the health authority recommendations for COVID-19 spread containment ( 17 , 18 ). However, adherence to some of these, such as frequent hand washing and use of masks, was greater among females than among males. This seems to confirm what has been repeatedly reported in more complex studies, i. e., that girls are more compliant than boys with the requests and demands of parents, teachers, and other authorities ( 19 ). 
This study shows that school closures because of the COVID-19 lockdown have several negative psychological consequences among adolescents, even when they have not been infected with SARS-CoV-2. As expected, negative feeling was more common among subject living in northern regions where children and adolescents have had more frequent opportunities to see directly the clinical significance of COVID-19. Impaired mental health in conditions such as those due to COVID-19 pandemic has been previously shown by several studies evidencing that home confinement of children and adolescents cause uncertainty and anxiety which is ascribable to disruption in education, physical activities and socialization ( 20 ). Results quite similar to those of this study have been recently reported by Zhou et al. ( 12 ), who surveyed 8, 079 Chinese adolescents during the COVID-19 outbreak and reported symptoms of depression, anxiety and combined depression and anxiety in 43, 37, and 31% of the adolescents, respectively. As found in this study, in the previous study psychological symptoms were significantly more common among females. The prevalence of mental disorders among females is not surprising because, independent of the pandemic outbreak, anxiety, and depressive symptoms are generally more common among women, even in the adolescent period ( 13 ). On the other hand, questions included in the questionnaire were focused on the evidence of internalizing symptoms that are generally more common among females and not on externalizing problems such as rule–breaking actions and aggressive behavior, that are more frequently diagnosed in males ( 19 ). However, the incidence of psychological problems in the studied population was also significant among males, highlighting that all adolescents may suffer from psychological problems when facing unexpected dangerous events. In addition, adolescence is a crucial period of life characterized by multiple physical, emotional, and social changes that expose the individual to several risk factors for the development of mental health problems. Up to 20% of adolescents suffer from mental disabilities, mainly depression and anxiety ( 21 , 22 ), and it is not surprising that the emergence of a stressful event such as a pandemic outbreak would make these conditions even more evident, particularly when the event is associated with school closures that reduce social connections and access to mental health services. A study carried out in the UK ( 13 ) involving more than 2100 adolescents with mental problems showed that most of them (83%) had experienced a worsening of their mental conditions. More than a quarter of enrolled subjects reported that they were no longer able to access mental health support. 
At the beginning of the pandemic, considering previous experience with influenza ( 23 ), children and adolescents were considered among the major populations responsible for SARS-CoV-2 transmission; thus, to reduce risks, any type of school was closed in most of the countries. However, this decision was thoroughly discussed by many experts for several reasons ( 24 ). Although the actual role of pediatric patients as a cause of SARS-CoV-2 diffusion was not precisely defined, the possibility could not be excluded that adolescents could have a significant role in this regard ( 25 ); however, school closures could cause a number of social, mental, economic and nutritional problems that are even greater than those due to the infection. Our data on the psychological impact of school closures in children and adolescents because of COVID-19 lockdown highlight that school closures should be avoided and that school system infrastructure, the number of employees and their education on infectious disease prevention should be improved to ensure safe school attendance. 
This study has several limitations. The sample size was small, and it is possible that it may not represent the Italian population of older children and adolescents due to the recruitment method and because of differential internet access. The use of the online tool limits access to persons who can use this technology, whereas in Italy, particularly in the Southern Regions, many students do not have adequate connection and personal computer. Moreover, collected data only refer to the first period of COVID-19 pandemic and it is possible that after a longer lockdown the impact of the pandemic could have been different. Finally, the study does not define whether lifestyle and mental health problems are simply due to school closure or the hard lockdown simultaneously decided by authorities. 
[bookmark: h6]Conclusions 
Data collected with this study can be useful to show that school closures can cause substantial emotional uncertainty among adolescents and subjects living in geographic areas with high incidence of COVID-19 cases. This indicates the relevance of a strict monitoring of mental health of older children and adolescents during school closure and the need for schools to be reopened as soon as possible accordingly with the evolution of the pandemic. 
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