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ABSTRACT

Objective To examine whether influenza transmission
risk decreased during summer and winter vacations and
increased after vacations and statutory holiday.

Design An ecological study.

Setting Guangzhou, Guangdong Province of China.
Participants A total of 458 343 influenza cases in school-
aged children were included, including 160067 (35.05%)
in kindergarten, 223817 (48.83%) in primary school,
50053 (10.92%) in middle school and 23801 (5.19%) in
high school.

Data and methods Data on influenza cases were
obtained from the Notifiable Infectious Disease
Surveillance System operated by Guangzhou Centre for
Disease Control and Prevention. Influenza incidence rate
ratio (IRR) by negative binomial regression model was
used to analyse the influenza risk of school-age children
during/after vacation to before/during breaks.

Results In all four groups, there was significantly

lower incidence of influenza during winter and summer
vacations compared with the 4 weeks preceding vacations.
Compared with the 2 weeks preceding return, kindergarten
students experienced the highest influenza risk in the third
week after summer vacation (IRR=3.40, 95% Cl 2.43to
4.79). Primary school students had the highest risk in the
fourth week after winter vacation (IRR=9.59, 95% Cl 6.71
to 13.87). Middle school students had the highest risk in
the fourth week after summer (IRR=11.60, 95% Cl 6.17 to
22.62). High school students also experienced the highest
risk in the fourth week following summer (IRR=17.96, 95%
Cl 8.10 to 42.05). Despite the risk of influenza increasing
after returning to school, it remained lower compared with
before vacations and holidays.

Conclusions Due to changes in contact patterns,
influenza incidence was high towards the end of term,
significantly decreased during vacations and started to
rise on returning to school, peaking in the third or fourth
week. These findings suggested using holiday periods
strategically to promote influenza vaccination and
implementing enhanced non-pharmaceutical interventions
on students returning to school.

INTRODUCTION
Schools are critical hubs for influenza trans-
mission, with children playing a pivotal role in

STRENGTHS AND LIMITATIONS OF THIS STUDY

= This study analysed the impact of winter vacations,
summer vacations and short statutory holidays
on influenza infection among school-age children
separately.

= Quantitative analyses were conducted to compare
the risk of influenza infection among students be-
fore vacations, during vacations and after returning
to school.

= This study categorised school-age children into four
groups and calculated the infection risk for each
group, respectively: kindergarten, primary school,
middle school and high school.

= This study primarily classified cases based on the
age of the patients, which, to a certain extent, re-
duced the accuracy of categorising student cases.

= There was no comparator population to calculate
incidence rates, and this study did not adjust for key
confounders such as time, COVID-19 pandemic ef-
fects or changes in case detection methods.

spreading the virus.' > During the 2009-2010
period, Chinese schools experienced 2498
influenza outbreaks, constituting 90.08% of
all clustered outbreaks reported in China
during that period.” Due to high population
density and frequent interpersonal contact,
schools pose key and challenging fronts in
influenza outbreak prevention and control.
At the onset of each academic year, students
often bring viruses from their hometowns to
campuses, resulting in increased respiratory
disease cases among school-age children.*
Several studies have documented influenza
outbreaks coinciding with the beginning of
the school term.” ® However, this phenom-
enon remained inadequately recognised and
studied in China.

School closures are usually implemented
as emergency interventions in response to
influenza outbreaks in China. According to
the Guidelines for Influenza-like Iliness Outbreak
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Management in China, class suspension (typically lasting
4days) may be implemented when epidemiological risk
assessment indicates potential for further spread and
any of the following criteria are met: (1) =5 newly identi-
fied influenza-like illness (ILI) cases in the class within a
single day; (2) current ILI cases constitute >30% of class
enrolment; (3) occurrence of >2 laboratory-confirmed
influenza-related hospitalisations or fatalities occur-
ring within 1week. When sustained influenza outbreaks
disrupt regular educational activities, the educational
authority should conduct risk evaluations and implement
tiered class suspension measures.

However, such school closures are strictly confined
to institutions experiencing active influenza outbreaks,
demonstrating reactive implementation and geograph-
ical specificity. Moreover, school closures must weigh
social and economic benefits and cannot be implemented
as a routine preventive measure. In contrast, scheduled
summer and winter vacations, along with statutory holi-
days, which involve regular and proactive school closures,
also affect influenza epidemic dynamics.” ® Previous
research has primarily focused on the impacts of school
closures during outbreaks of infectious diseases,”* such
as the 2009 influenza pandemic and the 2020 COVID-19
epidemic. Consequently, there is a tendency to emphasise
the significant findings that school holidays can reduce
virus transmission and that the return to school may
increase the incidence rate of diseases. Comparatively,
limited attention has been given to studies focusing on
non-epidemic periods or natural trends.” '* *°

This study used daily influenza case data from Guang-
zhou City spanning 14 years (2010-2023) to explore the
following hypotheses and quantify effect sizes: (1) influ-
enza transmission risk decreased during summer and
winter vacations, (2) transmission increased after vaca-
tions and (3) despite the postvacation increase, the risk
remained lower than prevacation levels.

METHODS

Study area

Guangzhou, situated in southern China, serves as the
capital city of Guangdong Province. The city is divided
into 11 districts spanning a total area of 7434.4 km®. By
the end of 2023, the permanent resident population
reached 18.82million and registered population reached
10.56 million, including 2.43million (23.01%) individ-
uals under the age of 18.

Study data

Influenza is classified as a statutory infectious disease in
China, mandating clinicians to report diagnosed cases
online. According to Chinese guidelines for diagnosis and
treatment of influenza (2018 version),"” influenza cases can
be categorised as clinically diagnosed cases or confirmed
cases. Clinically diagnosed cases refer to patients meeting
clinical criteria of influenza with epidemiological linkage
and exclusion of alternative aetiologies for influenza-like

symptoms. Confirmed cases refer to patients demon-
strating influenza clinical manifestations with >1 positive
pathogen detection result (nucleic acid test, virus culture
or increased IgG antibody level). This study used data
obtained from the Notifiable Infectious Disease Surveil-
lance System operated by Guangzhou Centre for Disease
Control and Prevention, covering influenza cases in
Guangzhou from 2010 to 2023. The dataset comprised
case numbers, birthdates, symptom onset dates, diagnosis
dates, gender and population categories (occupation).
All analysed data underwent anonymisation proce-
dures, excluding all personal information (eg, names,
national ID numbers, telephone number and residential
addresses).

Study design

This study conducted an ecological design to analyse
the impact of vacations and back-to-school periods on
influenza transmission among school-age children in
Guangzhou from 2010 to 2023. The primary variables of
interest included the timing of summer and winter vaca-
tions, statutory holidays and the back-to-school periods.
The outcome of interest was the risk of influenza infec-
tion among school-age children. The negative binomial
regression model was chosen due to the overdispersion
observed in the influenza case data, and the incidence
rate ratio (IRR) was calculated to compare influenza risk
before, during and after vacations.

Relevant definitions

School-age children

In China, the school year typically commences on 1
September. Children who reach the age of 3 years by the
start of the school year are eligible for kindergarten, while
those who turn 6 years old can enrol in primary school,
12 years for middle school and 15 years for high school.
In this study, children were categorised based on their
school entry age (calculated as the difference between the
school year’s starting date and their birth date) into four
groups: kindergarten (3-5 years), primary school (6-11
years), middle school (12-14 years) and high school
(15-17 years). Collectively, these age groups constitute
school-age children (excluding university students).

Winter and summer vacations and statutory holidays

An academic year is divided into two semesters in China.
The first semester, generally from September to January,
incorporates a winter vacation in February. The second
semester spans from March to June, with a summer vaca-
tion in July and August. Details of the specific winter and
summer vacations were provided in online supplemental
table S1).

To differentiate between summer and winter vacations
and statutory holidays, ‘vacation’ refers to the summer
and winter breaks and ‘holiday’ pertains to statutory holi-
days. Statutory holidays include New Year’s Day, Spring
Festival, Qingming Festival, Labour Day, Dragon Boat
Festival, Mid-Autumn Festival and National Day. The
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Spring Festival invariably falls within the winter vacation;
thus, it was excluded from the holiday analysis. Children’s
Day is observed only by kindergarten and primary school
students. Specific dates of statutory holiday were listed in
online supplemental table S2).

Adjusted working days, a distinct holiday arrangement
in China, involve connecting statutory holidays with adja-
cent weekends to create a longer, consecutive holiday
period by compensating shifts on other rest days. For
example, if New Year’s Day falls on a Thursday, the govern-
ment mandates a day off on Friday, requiring work on
Sunday to make up for it. This study exclusively analysed
the impact of statutory holidays that involve rest periods
exceeding 2days in duration.

Other covariates

To minimise the risk of confounding, we adjusted the
model by incorporating mean temperature and relative
humidity as covariates, based on available dataset and
previous research on the relationship between the mete-
orological factors and paediatric influenza in Guang-
zhou.'® 1 Meteorological data were obtained from the
Guangdong Provincial Meteorological Bureau (http://
gd.cma.gov.cn/). We constructed multiple models incor-
porating 0, 1 or 2 covariates and selected the optimal
model based on the Akaike Information Criterion, with
detailed results provided in online supplemental table
S3-S6).

Negative binomial regression model

The negative binomial regression model was employed
to characterise and predict the distribution of discrete
random variables, commonly applied in medical research
to forecast disease incidence rates and analyse influ-
encing factors. Influenza cases were treated as count data,
and the overdispersion test confirmed the presence of
overdispersion in the influenza data. The formula for the
negative binomial regression model was presented below:

log () = log (m;) + Bo + B1Xpn + BaXig + - - + BuXim + l0g (ki)

where log(y) represented the log odds of the event
occurrence; i represented the number of observed
events; B represented the regression coefficient and k
represented the coefficient of dispersion.

The negative binomial regression model was used for
the following analyses: (1) to calculate the risk of influenza
incidence during summer and winter vacations compared
with the 4 weeks preceding vacations; (2) to calculate
the risk of influenza incidence in the first 4weeks after
returning to school from vacations compared with the
2weeks preceding return; (3) to assess the risk of influ-
enza incidence during the first 4 weeks after returning to
school compared with the 4weeks preceding vacations;
(4) to estimate the risk of influenza incidence within
2weeks after statutory holidays compared with the 2weeks
before holidays.

Sensitivity analysis

Given the substantially higher influenza case numbers in
2023 compared with other years, we performed sensitivity
analyses by excluding this period. Replicating the afore-
mentioned statistical methodology, we analysed influ-
enza infection risks among school-aged children during
2010-2022.

Software and analysis

Data collection and cleaning were performed using WPS
Office. No missing values were identified in the case
records used for statistical analysis. Time series plots and
negative binomial regression models were constructed
using the ‘ggplot2’ and ‘MASS’ packages in R (V.4.2.1),
respectively. IRR achieved statistical significance when its
95% Cl excluded 1. IRR of during/after to before vacation
<l indicated that the number of influenza cases during/
after vacation was lower than those before vacation.

Patient and public involvement statement
Patients or the public were not involved in the design,
conduct, reporting or dissemination plans of this research.

RESULTS

Time series of influenza cases

Between 2010 and 2023, Guangzhou reported 458 343
influenza cases in school-aged children, including 160 672
(35.05%) in kindergarten, 223817 (48.83%) in primary
school, 50053 (10.92%) in middle school and 23801
(5.19%) in high school (online supplemental table S7).
The total number of male cases amounted to 263450
(57.48%), with female cases accounting for 194894 cases
(42.52%). The year 2023 recorded the highest number of
influenza cases among school-age children (n=246260),
followed by 2019 with 76027 reported cases (online
supplemental table S8). The increase in cases may be
associated with population growth, reduced population
immunity and revisions to diagnostic criteria outlined
in the Diagnosis and Treatment Protocol for Influenza (2019
Edition) issued in November 2019. The protocol empha-
sises the importance of epidemiological history and early
aetiological testing during influenza seasons, even in
cases with atypical clinical manifestations, and recognises
positive antigen detection results as one of the confirmed
diagnostic criteria.

The trend in influenza cases among these age groups
was similar, showing an overall fluctuating upward trend.
Excluding the COVID-19 pandemic period (2020-2021),
influenza case numbers during 2010-2018 (figure 1)
were substantially lower than those in the 2019-2023
period (figure 2). Each year experienced a peak in winter
or spring, with additional summer peaks observed in
2014, 2015, 2018 and 2023. The influenza season typically
coincided with the winter vacation, and in most years, a
new influenza outbreak could be observed within 4 weeks
after the end of the winter vacation.

Liu'Y, et al. BMJ Open 2025;15:096341. doi:10.1136/bmjopen-2024-096341

salbojouyoal rejiwis pue ‘Buluresy | ‘Buiuiw elep pue 1xa) 01 pale|al sasn 1o} Buipnjoul ‘1ybliAdos Aq paloaloid
“1s9nb6 Ag 920z ‘v yoJeN uo jwod fwg uadolway/:dny woly papeojumod "520Z dunr £Z U0 T#E£960-720z-uadolwa/oeTT 0T se paysiignd 1siiy :uado CING


https://dx.doi.org/10.1136/bmjopen-2024-096341
http://gd.cma.gov.cn/
http://gd.cma.gov.cn/
https://dx.doi.org/10.1136/bmjopen-2024-096341
https://dx.doi.org/10.1136/bmjopen-2024-096341
https://dx.doi.org/10.1136/bmjopen-2024-096341
https://dx.doi.org/10.1136/bmjopen-2024-096341
https://dx.doi.org/10.1136/bmjopen-2024-096341
http://bmjopen.bmj.com/

200

Kindergarten
AN
(=3 o
o o

3.
o

0 2010 2011 2012 2014

2013

S
[=3
o

w
(=3
o

Primary School
- N
[=3 (=3
=] =]

2015 2016 2017 2018 2019

0 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
60
)
2
S 40-
(77}
K
B 20-
.'920
=
o 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
20
B 15
815
S
10
=
2
TS
0 _‘ﬂll l Illj 11 1l 1 I |
2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
Date

Figure 1

Time-series graph of influenza cases (per week) among school-age children in Guangzhou from 2010 to 2018. The

yellow area represented the first four weeks after returning to school from winter vacations, and the grey area represented the

first four weeks after returning to school from summer vacations.

Influenza risk during winter and summer vacations

In all four groups, there was significantly lower inci-
dence of influenza during winter and summer vacations
compared with the 4weeks preceding vacations. The
longer the summer vacation period, the greater the
reduction in influenza incidence risk among school-aged
children. Primary school students had an IRR of 0.08
(95% CI: 0.06 to 0.11) during the whole summer vaca-
tion, indicating a substantial reduction in influenza risk
compared with the prevacation period (table 1).

Risk of back-to-school after winter and summer vacations

Following both winter and summer vacations, the
influenza risks within the first 4weeks back to school
compared with the 2weeks preceding return were
statistically significant and exhibited hazardous effects
across all age groups. Adjusted for temperature and
humidity, the IRRs were comparable to those in the
unadjusted models. Kindergarten students experi-
enced the highestinfluenza risk in the third week after
summer vacation (IRR=3.40, 95% CI1=2.43 to 4.79) and
in the fourth week after winter vacation (IRR=2.98,
95% CI=2.18 to 4.12). Primary school students had the
highest risk in the third week after summer vacation

(IRR=9.11, 95% CI=5.88 to 14.35) and in the fourth
week after winter vacation (IRR=9.59, 95% CI=6.71 to
13.87). Middle school students had the highest risk in
the fourth week after both summer (IRR=11.60, 95%
CI=6.17 to 22.62) and winter vacation (IRR=10.08,
95% CI=6.51 to 15.82). High school students also
experienced the highest risk in the fourth week
following both summer (IRR=17.96, 95% CI=8.10 to
42.05) and winter vacation (IRR=5.92, 95% CI=3.87 to
9.16) (table 2).

The impact of summer and winter vacations on the spread of

influenza

Following summer or winter vacations, the influ-
enza risk decreased markedly across all age groups
compared with prevacation levels. Summer vacations
exerted a more substantial influence on influenza
prevalence among kindergarten, primary and middle
school students, whereas winter vacations had a more
pronounced effect on high school students (table 3).

The impact of statutory holidays on the spread of influenza
In the first week following the statutory holidays,
statistically significant results were observed only
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Figure 2 Time-series graph of influenza cases (per week) among school-age children in Guangzhou from 2019 to 2023. The
yellow area represented the first four weeks after returning to school from winter vacations, and the grey area represented the

first four weeks after returning to school from summer vacations.

among high school students in the univariate model.
However, in the multivariate model, all four age groups
exhibited lower incidence rates. By the second week,
none of the adjusted models were statistically signif-
icant for any school-age group. Cumulative effects
over 2weeks showed lower incidence rates on middle
(IRR=0.76, 95%CI=0.60 to 0.97) and high school
students (IRR=0.64, 95%CI=0.49 to 0.84), while no
statistical significance was observed for kindergarten
and primary school students (table 4).

Sensitivity analysis

Analysis of vacation and back-to-school on influenza
infection among school-age children from 2010 to 2022
was presented in online supplemental table S9-S11). A
marginal elevation in infection risk was observed among
students after summer vacations compared with the
2weeks preceding return (online supplemental table
S10). A notably lower incidence of influenza was observed
after summer vacation compared with prevacation periods

Table 1 Risk of influenza during vacations compared with the 4 weeks preceding vacations

Summer vacation (first 4 weeks) Summer vacation (whole vacation) Winter vacation (whole vacation)
Adjusted IRR Adjusted IRR Adjusted IRR

Group Irr (95% CI) (95% Cl) Irr (95% ClI) (95% Cl) Irr (95% ClI) (95% Cl)

Kindergarten 0.17 (0.13 to 0.19 (0.15t0 0.26)  0.12 (0.09t0 0.15)  0.12 (0.10 to 0.15) 0.24 (0.18 t0 0.31) 0.28 (0.21 to 0.36)
0.23)

Primary school 0.12 (0.09 to 0.14 (0.10t0 0.19)  0.08 (0.06 to 0.11)  0.08 (0.06 to 0.11) 0.09 (0.07 to 0.12) 0.11 (0.08 to 0.15)
0.17)

Middle school 0.11 (0.08 to 0.13 (0.08 t0 0.19)  0.08 (0.06 to 0.11)  0.08 (0.06 to 0.12) 0.08 (0.05 to 0.11) 0.10 (0.07 to 0.15)
0.17)

High school 0.12 (0.08 to 0.14 (0.09 to 0.21)  0.09 (0.07 t0 0.13)  0.10 (0.07 to 0.15) 0.10 (0.07 to 0.16) 0.14 (0.09 to 0.22)
0.18)

Adjustment models incorporated average temperature and relative humidity.
IRR, incidence rate ratio.

Liu'Y, et al. BMJ Open 2025;15:096341. doi:10.1136/bmjopen-2024-096341

salbojouyoal rejiwis pue ‘Buluresy | ‘Buiuiw elep pue 1xa) 01 pale|al sasn 1o} Buipnjoul ‘1ybliAdos Aq paloaloid
“1s9n6 Aq 920z ‘v yoeN uo jwod fwg uadolway/:dny woly papeojumod "520Z dunr £Z Uo TE£960-7202-uadolwa/oeTT 0T se paysiignd 1siiy :uado CING


https://dx.doi.org/10.1136/bmjopen-2024-096341
https://dx.doi.org/10.1136/bmjopen-2024-096341
https://dx.doi.org/10.1136/bmjopen-2024-096341
http://bmjopen.bmj.com/

Open access

3

Table 2 Risk of influenza in the first 4 weeks after returning to school from vacations compared with the 2 weeks preceding

return

Back to school (weeks)

Summer vacation

Winter vacation

IRR (95% CI)

Adjusted IRR (95% CI)

IRR (95% CI)

Adjusted IRR (95% Cl)

Kindergarten

Primary school

Middle school

High school

1.55 (1.10 to 2.22)
2.17 (1.54 to 3.08)
3.12 (2.22 to 4.43)
2.87 (2.05 to 4.08)
2.43 (1.88 t0 3.12)
2.12 (1.35 to 3.41)
3.34 (2.13 10 5.33)
7.58 (4.86 to 12.06)
6.69 (4.29 to 10.64)
4.93 (3.50 to 6.89)

2.24 (1.16 to 4.45)

4.29 (2.27 to 8.40)

7.97 (4.25 to 15.46)
7.21 (3.84 to 13.99)
5.43 (3.29 to 8.85)

1.57 (0.66 to 3.93)

6.94 (3.06 to 16.76)

1.68 (1.19 to 2.39)
2.17 (1.55 to 3.07)
3.40 (2.43 to 4.79)
3.39 (2.42 to 4.79)
2.64 (2.05 to 3.39)
2.44 (1.56 to 3.88)
3.10 (1.99 to 4.92)
9.11 (5.88 to 14.35)
8.79 (5.69 to 13.81)
5.80 (4.12 to 8.12)

2.96 (1.54 to 5.82)

3.63 (1.93 to 6.98)

11.30 (6.05 to 21.83)
11.60 (6.17 t0 22.62)

6.96 (4.21 to 11.48)
1.89 (0.78 to 4.82)
3.76 (1.64 to 8.94)

17.34 (7.81 t0 40.78)

1.58 (1.15 to 2.20)
2.40 (1.75 to 3.34)
2.57 (1.87 to 3.57)
3.01 (2.19 to 4.18)
2.39 (1.89 to 3.01)
2.88 (2.02 to 4.14)
5.95 (4.20 to 8.55)
7.57 (5.34 t0 10.88)
8.45 (5.96 to 12.12)
6.21 (4.77 to 8.04)
1.93 (1.23 to 3.08)
5.19 (3.37 to 8.09)
7.98 (5.22 to 12.39)
9.17 (6.00 to 14.21)
6.07 (4.29 to 8.55)
1.31 (0.80 to 2.15

(
1.95 (1.23 0 3.13

1.48 (1.08 to 2.05)
2.32 (1.70 to 3.21)
2.34 (1.71 to 3.24)
2.98 (2.18 to 4.12)
2.29 (1.81 to 2.87)
2.74 (1.93 to 3.93)
6.12 (4.32 t0 8.77)
8.05 (5.63 to 11.66)
9.59 (6.71 to 13.87)
6.14 (4.72 to 7.94)

1.77 (1.12 t0 2.82)

5.11 (3.32 to 7.96)

8.06 (5.18 to 12.70)

10.08 (6.51 to 15.82)

5.85 (4.14 to 8.25
1.20(0.73 t0 1.97
1.94 (1.22 t0 3.10

12.55 (5.57 to 30.14)

2
3 13.84 (6.14 to 33.23)
4
1-4 8.73 (4.48 to 16.54)

Adjustment models incorporated average temperature and relative humidity.
IRR, incidence rate ratio.

(online supplemental table S11). Other results were
consistent with those from 2010 to 2023. It suggested that
the substantial increase in summer 2023 cases had a huge
influence on the outcomes, highlighting the necessity for
enhanced containment measures when students return
to school after the summer vacation.

DISCUSSION

This study revealed a notable decrease in the risk of
influenza among school-age children during summer
and winter vacations. The decrease in the incidence of
influenza was more pronounced with longer vacation
durations, but risk increased on returning to school. This
finding was consistent with research from various global

17.96 (8.10 to 42.05)
9.75 (5.01 to 18.65)

5.92 (3.87 t0 9.16,
3.09 (2.15t0 4.43

5.95 (3.88 to 9.25

)

( )

( )

3.28 (2.11105.13)

( )

3.18 (2.21 t0 4.56 ( )

)
)
3.50 (2.25 to 5.50)
)
)

contexts, primarily attributing to changes in contact
patterns—reduced exposure during vacations and height-
ened exposure post return to school.'®*’ A study in South
Korea reported a 27%-39% reduction in influenza trans-
mission during spring vacation, with an overall estimated
reduction in transmission rates of 6%-23%.” Cauchemez
et al analysing surveillance data from France found that
school holidays potentially lowered influenza infection
rates among children by 20%-29%.”' Tamerius et al esti-
mated an average of 14% reduction (95% CI: 10% to 19%)
in influenza transmission during the spring and summer
vacations in Mexico in 2009.% Furthermore, an increase
in the incidence of other diseases has been observed on
returning to school. A clear association existed between

Table 3 Risk of influenza during the first 4 weeks after returning to school compared with the 4 weeks preceding vacations

Summer vacation

Winter vacation

Group IRR (95% Cl)

Adjusted IRR (95% Cl)

IRR (95% Cl) Adjusted IRR (95% Cl)

Kindergarten 0.12 (0.09 to 0.16

Primary school 0.17 (0.12 t0 0.23

Middle school 0.25 (0.17 to 0.37,
(

0.52 (0.33 t0 0.83

0.24

=z = = =

(
(
(
(

High school

Adjustment models incorporated average temperature and relative humidity.

IRR, incidence rate ratio.

0.13 (0.10t0 0.16
0.16 (0.12 to 0.22
0.16 to 0.36
0.50 (0.32t0 0.78

= 2= =

0.30 (0.23 t0 0.38
0.32 (0.25 t0 0.42
0.24 (0.17 t0 0.32
0.17 (0.12 t0 0.25

0.24 (0.19 t0 0.31)
0.27 (0.21 to 0.35)
0.19 (0.14 to 0.26)

)
)
)
) 0.15 (0.11 t0 0.22)
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Table 4 The risk of influenza within 2 weeks after statutory holidays compared with the 2 weeks before the holidays

1week 2week 1-2week
Adjusted IRR Adjusted IRR Adjusted IRR
Group IRR (95% ClI) (95% Cl) IRR (95% CI) (95% Cl) IRR (95% CI) (95% Cl)
Kindergarten 0.92 (0.75t0 1.13) 0.71(0.58100.87) 1.35(1.10t0 1.66) 1.11(0.91to 1.37) 1.13(0.96 to 1.34) 0.91 (0.77 to 1.08)
Primary school 0.87 (0.70t0 1.09) 0.72 (0.58t0 0.91) 1.18(0.94t0 1.47) 1.06(0.85to0 1.34) 1.02 (0.85to 1.23) 0.89 (0.74 to 1.08)
Middle school 0.77 (0.59t0 1.03) 0.59 (0.45t00.79) 1.10(0.83t0 1.46) 0.93(0.71to 1.24) 0.94 (0.74 to 1.18) 0.76 (0.60 to 0.97)
High school 0.57 (0.41t0 0.80) 0.46 (0.34t0 0.65) 0.91 (0.66 to 1.28) 0.81 (0.59to 1.13) 0.74 (0.56 to 0.98) 0.64 (0.49 to 0.84)

Adjustment models incorporated average temperature and relative humidity.
IRR, incidence rate ratio.

the prevalence of asthma in September and the return
to school after summer vacation, as evidenced in studies
from Canada and the UK.** * Another study conducted
in the UK identified an increase in rhinovirus infections
among adults following the summer vacation, suggesting
the potential role of children in the transmission of
rhinovirus.**

This study also indicated that although the risk of influ-
enza increased after returning to school, it remained
lower compared with before the break. Similar findings
were reported in other studies. Research conducted in
the Oregon School District demonstrated a nearly 50%
decrease in influenza A cases after winter and spring vaca-
tions compared with before the vacations.”” In contrast
to the persistently high influenza incidence observed
prior to holidays, school resumption was associated with
a progressive increase in case numbers, requiring several
weeks to return to preholiday baseline levels. These find-
ings underscore once again the critical role of school
closures in mitigating influenza transmission risks.

All four groups of school-age children in this study expe-
rienced the highest IRRs during the fourth week after
winter vacations, but this did not signify the epidemic
peak occurred during that week. Preliminary simulation
models indicated that the heightened influenza risk post
return to school could persist for 8-10 weeks, closely
correlating with the annual influenza epidemic pattern
across the entire population. Moreover, the accuracy
of simulated risk assessments may diminish with longer
study durations. On the other hand, the fifth week after
summer vacation coincided with National Day, a statutory
holiday entailing a 7-day break for students and workers.
This may be an inflection point in the influenza epidemic
curve, weakening the impact of back-to-school on influ-
enza transmission. Therefore, this study specifically anal-
ysed the influenza risk among school-age children during
the first 4 weeks following vacations.

Kindergarten students are more active and engage
more frequently in community activities, coupled with
poorer hygiene practices and lower innate immunity,
which partly explained the relatively high incidence of
influenza during summer and winter vacations among
this group.” In contrast to other school-age children,
high school students experienced shorter vacation
periods and faced enormous academic pressure, leading

them to reduce outdoor activities considerably. They were
more inclined to rest or study at home during vacations
and holidays. Additionally, high school students generally
exhibit stronger immune capabilities and better health
awareness. However, middle and high school students
exhibited higher IRR values in the third week and fourth
week following winter and summer vacations compared
with kindergarten and primary school students. This
discrepancy could be attributed to fewer cases among
middle and high school students, where even a slight
increase in numbers can amplify disease risk. There-
fore, although the postresumption elevation in infection
risk among kindergarten and primary school students
was less pronounced compared with junior and senior
high school students, implementing targeted protection
measures for these younger cohorts remains crucial from
a public health perspective.

This study also demonstrated that, even brief stat-
utory holidays significantly reduced influenza infec-
tion risk among school-aged children during the first
postholiday week, with risk normalisation occurring by
the second week. This phenomenon was similar to the
‘weekend effect’, primarily attributable to synchronised
closures of workplaces and schools during holidays,
which reduced interpersonal contact.”” * Liang demon-
strated that extended weekend strategies (=3 consecutive
days) effectively suppressed seasonal influenza transmis-
sion.” Therefore, these findings suggested that statu-
tory holidays effectively mitigate influenza transmission
among students. Meanwhile, the reinforcement of post-
holiday preventive measures on back to school remains
imperative.

School closures during influenza outbreaks typically
involve additional non-pharmaceutical interventions,
such as home isolation, reduced outings, frequent hand-
washing and active mask wearing. When combined
with these measures, school closures can greatly reduce
influenza cases.” Some studies suggested that school
closure may only delay the peak of influenza epidemics
and had limited effectiveness in reducing total epidemic
sizes.” > Other research indicated that if no time is
appropriately or implemented without other interven-
tions like vaccination, school closures may not effectively
control outbreaks.**
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School closures during influenza outbreaks typically
involve additional non-pharmaceutical interventions,
such as home isolation, reduced outings, frequent hand-
washing, and active mask wearing. When combined
with these measures, school closures can greatly reduce
influenza cases.” Some studies suggested that school
closure may only delay the peak of influenza epidemics
and had limited effectiveness in reducing total epidemic
sizes.” '™ Other research indicated that if no time is
appropriately or implemented without other interven-
tions like vaccination, school closures may not effectively
control outbreaks.”*

This study had substantial practical implications. First,
during vacations, people do not deliberately reduce
outings, self-isolate at home or wear masks voluntarily,
yet vacations and holidays still reduce the risk of influ-
enza among school-age children. This indicates that
vacations notably influence influenza epidemiological
patterns, suggesting that extending or adjusting vacations
during influenza seasons may be advisable and beneficial.
Second, influenza cases among students often increase
gradually on returning to school, potentially leading to
outbreaks thereafter. Vaccinating students during vaca-
tions can establish herd immunity within schools, which
may substantially suppress influenza outbreaks, thereby
alleviating both health and economic burdens on the
population.”® Vacations provide ample time for both
vaccine production and vaccination, and vaccinating
children during these periods can yield maximum bene-
fits.™® Therefore, governments should enhance vaccina-
tion policies, promote vaccines and encourage student
vaccination during vacations. We hope this study will
contribute to the development of influenza prevention
and control policies worldwide, appealing to policy-
makers to prioritise respiratory infectious diseases among
school-age children on their return to school and imple-
ment timely interventions.

This study had several limitations. First, cases of
school-age children were categorised based on enrolment
date and birthdate, thus children who had dropped out
of school may not be identified and could be included in
the study, and some children who started school earlier or
later may be overlooked or misclassified. Second, we lacked
detailed data on influenza virus strains. Virus strains were
linked to epidemic patterns, and we could not further
analyse whether different influenza strains were associ-
ated with vacations and back to school. Third, there was
no comparator population to calculate incidence rates,
which limits the ability to generalise the findings. Fourth,
this study did not adjust for key confounders such as time,
COVID-19 pandemic effects, socioeconomic levels, vacci-
nation rates or changes in case detection methods. These
factors may have influenced the observed trends in influ-
enza incidence. Finally, we did not differentiate between
influenza seasons. Winter vacations generally align with
the influenza seasons in Guangzhou, and occasional years
may experience a second peak in summer. Statutory holi-
days are spread across various seasons and are shorter

in duration, possibly exerting less impact on influenza
epidemic patterns. Therefore, the significance of distin-
guishing influenza seasons may be limited.

CONCLUSION

Due to changes in contact patterns, both long winter
and summer vacations, as well as short statutory holidays,
could reduce the risk of influenza transmission. Influ-
enza incidence was high towards the end of term, signifi-
cantly decreased during vacations and started to rise on
returning to school, peaking in the third or fourth week.
These findings suggested using holiday periods strategi-
cally to promote influenza vaccination and implementing
enhanced non-pharmaceutical interventions on students
returning to school.
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