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Abstract

Aim: To detect risk and preventive factors associated with the Omicron va-
riant infection in university students, a combination of a web-based survey
and multivariate logistic regression analysis was introduced as the front-line
initiatives by the school health practitioners. Design: Questionnaire survey.
Methods: The school-wide web-based questionnaire survey was conducted
among our university students as a part of the annual health check-up in
April, 2023. The positive outcome was confined to the first symptomatic
COVID-19 onset during the Omicron variant outbreak. Results: In this self-
administered survey, risk or protective associations were merely estimated
statistically in university students (n = 5406). In measured factors, karaoke
and club/group activities could maintain the statistical significance in ad-
justed odds ratios (ORs) as relative risk factors, and science course, measles/
rubella (MR) vaccination, and COVID-19 vaccination remained as relative
protective factors in adjusted OR analyses. Club/group activities with mem-
ber gathering and karaoke sing-along sessions in university students may
frequently have WHOQ’s three Cs. These risk factors are still important topics
for the infection control of COVID-19 in university students. Together with
some recent reports from other researchers, the significant protective role
of MR vaccine in our survey warrants further clinical investigation. If the
breakthrough infection continuously constitutes the majority of infection,
real data in test-negative case-control or web-based questionnaire design con-
tinue to be important for statistical analysis to determine the minimal re-
quirement of our strategies which may be equivalent to or replace COVID-19
vaccines.
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1. Introduction

The surge of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
variants is repeatedly updating the pandemic peak of the coronavirus disease
2019 (COVID-19) even after the roll-out of vaccines [1]. Because the Omicron
outbreak is characterized by breakthrough infection and reinfection [2], the mo-
lecular mechanisms including antibody-dependent enhancement of infection [3]
may actually be active in the transmission processes for the virus to survive. In this
evolutionarily carved landscape, efforts to find the effective solution for infection
control should be continued. Without such efforts, vaccination-rate-based risk
compensation [4] may promote the virus survival.

Infection control of COVID-19 in schools and campuses is a global policy
priority, but detecting risk behaviors in children and adolescents is still challenging
[5]. Subtle interactions between infection-protective behaviors and risks may be
involved in the increase of COVID-19 in vaccinated individuals [6] [7]. The im-
pact of the COVID-19 pandemic on children/youth further highlighted the im-
portant role of school health practitioners in infection control initiatives in
schools and campuses [8] [9], and they are viewed as a credible, tailored, and
sometimes only source of COVID-19 information [10] [11]. Infection control in
university students may have an indirect impact on the COVID-19 burden for
other age groups [12], and better understanding of the clinical features of
COVID-19 risk in young populations has current and future policy implication
not only for COVID-19 but also for the next infectious respiratory disease by a
novel virus. As a practical effort with a low burden on school staff both in terms
of time and budget, a web-based questionnaire survey in combination with sta-
tistical analyses using R (free statistical software) was implemented for Omicron

variant prevention strategies.

2. Methods
2.1. Study Design and Sample Constitution

A school-wide web-based questionnaire survey was launched in conjunction
with the annual health checkup (web version) in April, 2023. As a result, the re-
sponse rate can be increased more than independent implementation and fun-
damental variables can be available from the annual health checkup questions
(Table 1). Authenticated eligible students in Kagoshima University could access
the questionnaire and their answers could be revised repeatedly by themselves

for more than two months (until Jun. 15%, 2023). In this self-administered
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Table 1. Definitions of variables.

Gender

Academic year (first)

Course

Outcome variable: “How many times did you get infected with COVID-19?”

COVID-19 vaccine: “How many times did you get vaccinated for COVID-19?”

Measles/rubella (MR) vaccine: “Have you got vaccinated for MR more than or equal
to twice?”

Smoking: “Do you smoke?”
Persistent cough: “Do you have a persistent cough for more than two weeks?”

BMI low

Binary 1
Male (52.7%)
First (28.9%)

Science (68.7%)
>1 (31.5%)
>1 dose (92.2%)
>2 doses (90.8%)

>3 doses (66.9%)
Yes (72.0%)

Yes (2.8%)
Yes (0.5%)
BMI < 18.5 (14.2%)

BMI > 25.0 (10.0%)

Reference (0)
Female
>Second
Humanities
Un-infected
Un-vaccinated
<2 doses

<3 doses

BMI = 18.5

BMI < 25.0

BMI high

Health concerns including past history abnormalities (4 questions)

Yes (14.1%) No (every 4 question)

Club or group activities: “Are you recently joining in club or group activities?” Yes (40.7%) No
Travel activities: “Is your travel activity recently high (=twice per year)?” Yes (58.2%) No
Karaoke activities: “Is your karaoke activity (group) recently high (=once per month)?” Yes (19.8%) No

Yes (2.4%) No

International students: “Are you a student from abroad?”

To increase response rate of the questionnaire survey, questions are simplified and carefully selected for smart phone access. Only

essential questions for the variables are presented. Gender, academic year, and course are obtained from student personal infor-
mation in connection with I.D., and body mass index (BMI) was calculated with self-declared weight and height.

questionnaire survey, following the exclusion criteria being applied to the 5,804
responders with informed consent (Figure 1), risk or protective associations
were merely estimated statistically.

Instructions for the annual health checkup were informed to every student in
Kagoshima University using documents, e-mails, home page contents, bulletin
boards, and banner-flags. In order to make the outcome variable to be sympto-
matic infection with Omicron variants, cases with the first onset prior to the be-
ginning of Omicron surge (Jan 2022) [13] are not included in the participants. A
symptomatic episode and positive result of COVID-19 testing [antigen test or
polymerase chain reaction (PCR)] are prerequisites for the inclusion as infected
students. The exclusion processes to evaluate associations between a sympto-
matic episode of COVID-19 and related factors during the Omicron variant

outbreak are depicted in Figure 1.

2.2. Questions and Variable Definitions (Table 1)

Vaccination campaign was rolled out in Jun. 2021 in our university using the
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10,144 students in Kagoshima University

Male/female ratio = 1.55

3,350 non-responders

A4

6,794 responders

Response rate = 67.0%

»| 990 students without consent

5,804 students with informed consent

Consent rate = 85.4%

A,

218 infected cases without diagnostic tests

A

99 students with asymptomatic infection (first episode)
81 cases with the first onset before the Omicron surge

A4

(5,404 for BMI analyses)

5,406 students including 1,703 infected cases (31.5%) Male/female ratio = 1.11

Figure 1. Flowchart outlining data exclusion to evaluate associations between a symptomatic episode of COVID-19 and related

factors during the Omicron variant outbreak. The questionnaire survey was executed in conjunction with 2023 annual health

checkup for Kagoshima university students.

mRNA vaccine (Moderna) without student financial burden. The second dose
was scheduled 4 weeks after the first dose and the third vaccine dose (first
booster) was provided from Mar. to Jun. in 2022. Although most vaccinated
students enjoyed this campus vaccination campaign, some got vaccinated out-
side our university and with mixed vaccine types or brands for each dose. As an
additional booster offer, mRNA bivalent vaccine (Moderna) was provided from
Oct. 13, 2022 in Japan. Because the positive outcome is clinical diagnosis of
symptomatic COVID-19 with the first episode after the biggening of 2022 as de-
scribed above, in infected individuals, most of the vaccinated students have
completed the last dose more than 2 months prior to the outcome. Related va-
riables were obtained from two questionnaire sections, the annual health check-
up section and the newly added questions. Each section has two types of ques-
tions, history taking type and questions to detect present or recent conditions
(Table 1). The outcome variable and vaccine doses were binarized using answers
to the history taking questions as shown in Table 1. Because Japanese students
have usually gotten vaccinated with measles/rubella (MR) vaccine doses in
childhood, the MR vaccine variable is a marker of parental vaccine policy. BMI
was calculated as weight/height? (kg/m?) using self-declared data and categorized
as low (<18.5 kg/m?), normal (18.5 - 24.9 kg/m?), and high (=25 kg/m?). The
BMI variables, BMI low and high, were binarized as shown in Table 1. The an-
nual health checkup section includes 4 questions to select students who have
health concerns including past history abnormalities and positive family histo-
ries of heart diseases. Students who registered a “Yes” response to one or more
of these questions are automatically instructed to make a web-based reservation
for face-to-face checkup with a medical doctor. Such students with health con-
cerns were 14.1% of the final participants. Newly added questions to estimate
club/group, travel, and karaoke activities of university students were simplified
for smart phone response and prepared to avoid too few “Yes” responses as

shown in Table 1. Questions for COVID-19 vaccination and internationality
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were also newly added. These questions were all added to evaluate the risk or
preventive factors for COVID-19, and the real associations were objectively con-
firmed by statistical analyses. Because too many questions or a too long query
may cause answer interruption, the number and texts of newly added questions
were considered repeatedly. In order to evaluate the presence of confounding
factors and interactions between predictors, associations with symptomatic

COVID-19 were statistically evaluated in as many variables as possible.

2.3. Statistical Analyses

Generalized linear model (GLM) was implemented for multivariate logistic re-
gression with the outcome variable of symptomatic Omicron infection using R
software version 4.3.0 (The R Foundation). This analysis can make it possible to
evaluate the presence of confounding factors and the interactions between pre-
dictors (effect modifications) [14]. Every combination between the outcome and
predictor variables was preliminarily tested by chi-square analysis using R to
predict the presence of associations. Confounding effects were controlled among
the outcome-associated variables using adjusted odds ratio (OR) by combination
with one of the COVID-19 vaccine dose variables, >1 dose, 22 doses, or =3 dos-
es. To show confounder-rich association between the predictor variable and
outcome, GLM outputs without statistical significance were shown as missing of
adjusted OR data. Effect modification by inter-variable interactions were eva-
luated by the involvement of every combination of the predictor candidates. A
p-value < 0.05 was considered to be statistically significant, and a 95% confi-

dence interval (CI) was presented with ORs.

2.4. Ethics Approval

Ethical clearance was obtained from the institutional ethical review board, Ethics
Committee of the Health Service Center, Kagoshima University (accession no.:
R4-5-1). A question for participation consent was included in the questionnaire
in the health checkup, and students with disagreement were excluded from this

study.

3. Results

The university has an enrollment of 10,144 students in academic year 2023
(Figure 1). Non-responders were 3350 students with a response rate of 67.0%.
990 students refused to allow their answers to be anonymously utilized for
community or society with a consent rate of 85.4%. 218 infected students in the
consented students answered that the clinical diagnosis had been made without
COVID-19 testing (antigen test or PCR) and were excluded from the subjects. 99
COVID-19 cases with asymptomatic first episode and 81 infected cases with the
first onset prior to the beginning of Omicron surge were also excluded from the
participants. Then, the infected students (31.5%) were characterized as COVID-19

test-proven symptomatic infection of Omicron variants. Because the final sam-
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ple (n = 5406) included 2 individuals without data of self-declared weight and
height, only body mass index (BMI)-associated analyses were implemented in
5404 students (Figure 1). Male/female ratio was 1.55 in the 2023 enrollment,
and 1.11 in the final participants as shown in Figure 1. 87.8% (n = 1495) of infected
students (n = 1703) were fully vaccinated with COVID-19 vaccines (=2 doses), and
92.2% (n = 3413) of uninfected students (n = 3703) were fully vaccinated.

3.1. Risk and Protective Associations

Associations between the outcome variable (symptomatic infection with Omi-
cron variants) and each predictor candidate were assessed using chi-square test
(p < 0.05) (Table 2) and ORs (Figure 2). Relative risk associations were revealed
in present smoking, high karaoke activities, male gender, club/group activities,
and high travel activities. Relative protective associations were demonstrated in
science course, measles/rubella vaccination (=2 doses), and COVID-19 vaccina-
tion (each dose). Other predictor candidates including present persistent cough,

the first academic year, the presence of health concerns, BMI extremes (high or

Table 2. Crude and a djusted odds ratios (ORs) for factors associated with COVID 19 symptomatic infection in university stu-

dents.

Factors oD (cfl)i-j,sz:x:re Crude OR (95%  Adjusted OR (2:;:2:;1351
Infected Uninfected test) CD (95% CI) interactions
Smoking Yes 60 89 0.02 1.48 (1.06 - 2.07) 1.45 (1.01 - 2.08)
No 1643 3614
Karaoke activities High 402 671 <1x10° 1.40(1.21-1.61) 1.33(1.15-1.53)
Low 1301 3032
Gender Male 943 1906 0.01 1.17 (1.04 - 1.13) 1.21 (1.06 - 1.38)
Female 760 1797
Club or group activities Yes 737 1462 0.01 1.17 (1.04 - 1.13) 1.17 (1.04 - 1.32) 1.19 (1.05 - 1.34)
No 966 2241
Travel activities High 1027 2120 0.03 1.13 (1.01 - 1.28)
Low 676 1583
Course Science 1115 2601 <0.001 0.80 (0.71-0.91) 0.81(0.72-0.92) 0.73 (0.63 - 0.83)
Humanities 588 1102
Measles/rubella vaccine  >2 doses 1172 2720 <0.001 0.80 (0.70 - 0.91) 0.84 (0.74 - 0.96)
<1 dose 531 983
COVID-19 vaccine >3 doses 1002 2616 <1x 10" 0.59(0.53-0.67) 0.61 (0.54 - 0.68) 0.60 (0.53 - 0.68)
<2 doses 701 1087

Adjusted OR with 95% confidence intervals (CI) was computed using generalized linear model (GLM) for factors with significant
p-values (chi-square test, <0.05). Missing data in adjusted ORs indicate the GLM outputs cannot reach statistical significance. The

last column is a GLM analysis with interactions, and every pair of predictor candidates was initially involved. Statistically signifi-

cant combinations were course x BMI (low), gender x BMI (low), and smoking x health concerns, in this output.
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low), and internationality, had no significant association with the outcome va-

riables (Figure 2).

3.2. Adjusted ORs

Predictor variables with significant association with symptomatic Omicron in-
fection were involved in the GLM regression calculation. In some variables, the
statistical significance was disappeared from the GLM outputs (Table 2), sug-
gesting the presence of confounding networks with other listed variables. Ad-
justed ORs for present smoking, male gender, and travel activities could not
maintain the significance (Table 2). Adjusted OR for measles/rubella vaccina-
tion maintained the statistical significance in the GLM outputs as a protective

factor of symptomatic Omicron infection.

3.3. Variable Interactions

Every pair of predictor candidates including factors without association with
symptomatic Omicron infection was involved in the GLM regression calculation
with interactions (the last column of Table 2). Statistically significant variable
interactions (effect modifications) were demonstrated in pairs with low BMI and
a pair of a risk variable (smoking) and a factor without association (health con-
cerns); science course x low BMI (adjusted OR = 1.61 with CI: 1.12 - 2.31), male
gender x low BMI (adjusted OR = 0.64 with CI: 0.45 - 0.90), and present smok-
ing x health concerns (adjusted OR = 0.28 with CI: 0.09 - 0.90). The significance

crude OR
Smoking | *
Karaoke activities (high) —e 7
Gender (male) [
Club/group activities o *
Travel activities (high) o

Persistent cough (more than 2 weeks)
Academic year (first) —
Health concerns e
BMI (high) e
International students e
BMI (low) e

lllI

Course (science) * rod
Measles/rubella vaccine (=2 doses) * e
COVID-19 vaccine (=1 dose) *
COVID-19 vaccine (=2 doses) *
COVID-19 vaccine (=3 doses) *

*¢¢

0 05 1 156 2 25 3 35 4

Figure 2. Crude odds ratios (OR) and 95% confidence intervals for association between predictor
candidates and the outcome variable (symptomatic infection with Omicron variants). Statistically
significant (chi-square test, p-value < 0.05) relative risk associations were shown with red asterisks
and relative protective associations with statistical significance (chi-square test, p-value < 0.05)
were presented with blue asterisks.
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in low BMI-associated interactions were reconfirmed in R outputs whose family
is binomial with link = log (data not shown) [14]. To confirm the statistically
significant interactions, GLM outputs were repeated in subgroups of the partici-
pants. In low BMI students (n = 766), adjusted OR of science course was in-
creased and the protective significance was disappeared and the risk significance
of male gender was also masked. In students with health concerns (n = 760), the
risk significance of present smoking became unclear. Although the indepen-
dence was statistically denied using chi-square test between COVID-19 and MR
vaccinations (Table 3), there was no significant interaction (effect modifica-
tions) between these two protective factors in the interaction GLM outputs
(Table 2). In students boosted with COVID-19 vaccines, the risk situations
(present smoking, karaoke activities, and male gender) were significantly fewer.
The risk situations (present smoking and male gender) were also significantly
fewer in students fully vaccinated with MR vaccine. A risk situation (club/group
activities) was more frequently found in MR fully vaccinated students with a sta-

tistical significance (Table 3).

4. Discussion

Questionnaire survey is still one of the data collection tools to investigate
complex factors affecting human behaviors and clinical outcomes [15], and
self-administered questionnaire survey can provide generalizable adjusted ORs

of exposure-outcome associations even when the response rate is considerably

Table 3. Chi-square analyses between variables.

COVID-19 vaccine p-value Measles/rubella vaccine p-value
Factors (chi-square (chi-square
>3 doses <2 doses test) >2 doses <1 dose test)
Smoking Yes 64 (1.8%) 85 (4.8%) <1x10°° 90 (2.3%) 59 (3.9%) <0.01
No 3554 1703 3802 1455
Karaoke activities High 672 (18.6%) 401 (22.4%) <0.001 748 325 0.07
Low 2946 1387 3144 1189
Gender Male 1721 (47.6%) 1128 (63.1%) <1x 107 1921 (49.4%) 928 (61.3%) <1 x 107
Female 1897 660 1971 586
Club or group activities Yes 1498 (41.4%) 701 (39.2%) 0.13 1632 (41.9%) 567 (37.5%) <0.01
No 2120 1087 2260 947
Travel activities High 2114 1033 0.67 2271 876 0.77
Low 1504 755 1621 638
Course Science 2511 1205 0.14 2667 1049 0.61
Humanities 1107 583 1225 465
Measles/rubella vaccine =2 doses 2736 (75.6%) 1156 (64.7%) <1x107%
<1 dose 882 632

Values given in parentheses are percentages in students with the same vaccination uptake.
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low (18%) [16]. Both the critical exposure (including vaccination) as the result of
non-randomized allocation and the diagnostic outcome during the period of inter-
est can be evaluated in a regional-community-based survey [17]. In addition,
web-based manner using a variety of internet platforms can optimize and accelerate
the data collection and processing with the spread of personal internet access de-
vices (smartphone), and large-scale survey can increase the statistical implications.
In this self-administered survey, risk or protective associations were merely es-
timated statistically in university students (n = 5406) with an acceptable response
rate (67.0%) [18]. Risk associations with symptomatic infection with Omicron va-
riants were statistically (chi-square test) detected in present smoking, high karaoke
activities, male gender, club/group activities, and high travel activities. Protective
associations were demonstrated in science course, measles/rubella vaccination (=2
doses), and COVID-19 vaccination. The statistical significance of present smok-
ing, male gender, and travel activities were disappeared in GLM outputs to cal-
culate adjusted ORs (Table 2), suggesting the presence of confounding networks
with other listed variables. In measured factors, karaoke and club/group activi-
ties could maintain the statistical significance as risk factors, and science course,
MR vaccination, and COVID-19 vaccination remained as protective factors in
GLM outputs (Table 2). Social gathering and karaoke sessions provide high risk
environments for SARS-CoV-2 infection in Japan [19], and club/group activities
(with member gathering) and karaoke sing-along sessions in university students
may frequently have WHO’s three Cs (crowed places, close-contact settings, and
confined and enclosed spaces). These risk factors are still important topics in
cautions for university students to control the transmission. GLM outputs with
variable interactions (effect modifications) and chi-square analyses between va-
riables suggested the presence of more complex connections of predictive va-
riables. In this GLM analysis, adjusted ORs for smoking and male gender main-
tained the statistical significance (Table 2). A risk factor (karaoke activities) and
a protective factor (MR vaccination) were much affected by measured con-
founders including interactions. The statistically significant and reconfirmed
(using GLM) interactions were science course x low BMI (risk direction) and
male gender x low BMI (protective direction) (Table 2). Critical clinical clues or
keys to terminate COVID-19 prevalence may be hidden in this complex relation-
ship of predictive factors including unmeasured confounders and interactions.
Further analyses with more other predictors may be warranted from these results.
Because MR vaccination is usually included in childhood vaccination cam-
paign in Japan, the MR vaccination uptake depends on domestic surroundings
under strong influence of parental decision-making. At present, vaccinated stu-
dents have usually gotten fully vaccinated with MR vaccines at least 10 years
prior to admission. Same as our results shown in Figure 2 and Table 2, MR vac-
cine had been characterized in previous reports as one of the protective factors
of COVID-19 [20] [21] [22] [23] [24]. Possible preventive or mitigating effects of
measles, mumps, and rubella (MMR) vaccine could be explained by an induc-

tion of innate immunity [20], antigenic homology between viruses [21], and spe-
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cific or non-specific enhancement of COVID-19 vaccine response [23]. The B cell
cross-reactivity with SARS-CoV-2 antigens was also reported in MR-vaccinated
children [24], and statistical correlation between the SARS-CoV-2-specific B cell
activation and serum level of anti-measles antibody was suggested [22]. On the
other hand, there are some negative data on the protective role of such live atte-
nuated vaccines against COVID-19 outcomes [25] [26]. Our results warrant
further investigation on unmeasured confounders or interactions (effect mod-
ifications) around the possible protective factor (MR vaccination). Although the
independence was statistically denied using chi-square test between COVID-19
and MR vaccinations (Table 3), there was no significant interaction (effect mod-
ifications) between these two protective factors in the interaction GLM outputs
(Table 2), suggesting the modification of COVID-19 vaccine response by MR
vaccine may be not plausible.

No vaccine may be 100% effective. Therefore, growing vaccine coverage in the
population and prolonged infection prevalence causes an increase of vaccinated
cases in infected individuals (87.8% in our survey). The breakthrough infection
is one of the characteristics of Omicron variants of SARS-CoV-2 and the appar-
ent persistence of breakthrough infection may warrant reconsideration of vac-
cine strategies. However, if this situation remained unchanged, we should con-
tinue to investigate the complexity behind and beyond the risk and protective
factors of the infection. Mechanisms which increase the ratio of vaccinated cases
in infected individuals include a possible link between inoculation behavior and
the accessibility to COVID-19 tests at symptomatic onset [6], and an association
between vaccination and frequent social interactions or potentially hazardous
behaviors [7]. As possible backgrounds which decrease the ratio of unvaccinated
people in the documented infection, the link between inoculation behavior and
risk reduction behavior and the biased presence of undocumented infection with
COVID-19 in unvaccinated individuals were speculated [6] [7]. If unvaccinated
patients were more registered as vaccination-unknown inputs in interview de-
signs, the unvaccinated counterpart in infected patients may be underestimated
[6]. The presence of undocumented infection with SARS-CoV-2 in unvaccinated
individuals and the low accessibility to PCR or antigen test in unvaccinated in-
fection were previously suggested by small scale studies [6]. These mechanisms
were not supported by our survey. The inoculation behaviors (MR and
COVID-19 vaccination) had a protective association with COVID-19 sympto-
matic diagnosis (Figure 2 and Table 2), and the more COVID-19 vaccination
doses, the fewer social activities and risk behaviors they have (Table 3). Al-
though there is almost no ‘unknown’ input on COVID-19 vaccination status in
our university student questionnaire, the vaccination rate of infected individ-
uals was quite high (87.8%). Concerning documentation of infection in our uni-
versity, students who wish apply for academic relief or helps for COVID-19-
associated absences from university class must register their symptomatic onset
to a web-registration system with the information of the COVID-19-test result.
Therefore, the accessibility to PCR or antigen test may be quite high in both vac-
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cinated and unvaccinated students without apparent difference between them in

our university.

5. Limitations

Although statistical analyses using large-scale response samples more than 5000
can make it possible to evaluate even the presence of confounding factors and
the interactions between predictors, the school-wide survey using a web-based
questionnaire has some limitations. Answers to the questionnaire can be affected
by student’s memory biases and subjective instability. For the responders to as-
certain and retrieve their answers, the access to the questionnaire was unlimited
for more than two months as described in method. The response to the ques-
tionnaire was imposed on students as a part of the annual health check-up (web
version) and the response rate was 67.0%. Response rates in the range 60% - 69%
can be evaluated as acceptable [18]. Selection biases may be involved in with-
drawal of male students (Figure 1) and invisible or arbitrary (n = 99) exclusion
of asymptomatic episodes. Because male gender was one of the risk candidates
with confounders, the male withdrawal may cause obscuration of the risk asso-
ciations. Although university students are relatively homogenous regarding age,
life circumstances, and field range of activities, there may be a lot of unmeasured
or unknown confounders. Involvement of multiple risk or protective candidates
in multivariate logistic regression analysis may be critical for reliable implemen-
tation of large-scale web-based questionnaire survey. Even in view of these limi-
tations, our report has an important priming significance that warrants further

investigations including prospective studies.

6. Conclusion

Risk circumstances for SARS-CoV-2 infection in university students were club/
group activities (with member gathering) and karaoke sing-along sessions, which
were previously suggested in a report using test-negative case-control design [19].
MR vaccine had been characterized as a protective factor of COVID-19 [24] and
the protective significance in symptomatic Omicron infection was reconfirmed
in our study. The reproducibility of risk or protective significance in related fac-
tors supports the reliability and implication of our web-based questionnaire sur-
vey. If the virus variants continue to be characterized by breakthrough infection
and reinfection [2], the effort to accumulate clinical real data in test-negative
case-control or web-based questionnaire design must be continued by school
health practitioners. Such efforts may allow statistical analyses to determine the
minimal requirement of our strategies which may be equivalent to or replace
COVID-19 vaccines.
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