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Abstract

Background: Influenza causes considerable disease burden each year, particularly in children. Monitoring school absenteeism
has |ong been proposed as a surveillance tool of influenzaactivity in the community, but the practice of school absenteeism could
be varying, and the potentia of such usage remains unclear.

Objective:  The aim of this paper is to determine the potential of monitoring school absenteeism as a surveillance tool of
influenza.

Methods: We conducted a systematic review of the published literature on the relationship between school absenteeism and
influenza activity in the community. We categorized the types of school absenteeism and influenza activity in the community to
determine the correlation between these data streams. We also extracted this correlation with different lags in community
surveillance to determine the potential of using school absenteeism as aleading indicator of influenza activity.

Results:  Among the 35 identified studies, 22 (63%), 12 (34%), and 8 (23%) studies monitored all-cause, illness-specific, and
influenza-like illness (1L1)—specific absents, respectively, and 16 (46%) used quantitative approaches and provided 33 estimates
on thetemporal correlation between school absenteeism and influenzaactivity in the community. The pooled estimate of correlation
between school absenteeism and community surveillance without lag, with 1-week lag, and with 2-week lag were 0.44 (95% ClI
0.34, 0.53), 0.29 (95% CI 0.15, 0.42), and 0.21 (95% CI 0.11, 0.31), respectively. The correlation between influenza activity in
the community and I L1-specific absenteei sm was higher than that between influenzaactivity in community all-cause absenteeism.
Among the 19 studies that used qualitative approaches, 15 (79%) concluded that school absenteeism was in concordance with,
coincided with, or was associated with community surveillance. Of the 35 identified studies, only 6 (17%) attempted to predict
influenza activity in the community from school absenteeism surveillance.

Conclusions. There was a moderate correlation between school absenteeism and influenza activity in the community. The
smaller correlation between school absenteeism and community surveillance with lag, compared to without lag, suggested that
careful application wasrequired to use school absenteeism as aleading indicator of influenzaepidemics. IL1-specific absenteeism
could monitor influenza activity more closely, but the required resource or school participation willingness may require careful
consideration to weight against the associated costs. Further development is required to use and optimize the use of school
absenteeism to predict influenza activity. In particular, the potential of using more advanced statistical models and validation of
the predictions should be explored.
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Introduction

Influenza virus causes substantial morbidity and mortality in
humans each year on average[1,2]. Influenzaactivity and hence
infections decreased due to public health and social measures
of COVID-19[3]. However, rebound of influenzavirus activity
isexpected [4,5], given therelaxation of public health and social
measures [6,7] and low population immunity of influenza [8].
Therefore, monitoring influenza activity is important in the
post—-COVID-19 era. Common modes of surveillance for
influenza activity include the following: (1) sentinel
surveillance, in which the consultation rates or the number of
influenza-like illness (IL1) in outpatient and private medical
practitioner clinicsis recorded and (2) laboratory surveillance,
inwhich respiratory specimens are coll ected and the proportion
of positive tests of the influenza virus are recorded.

Children are believed to be a major driver of influenza virus
transmission since they have more frequent person-to-person
close contactswith low preexisting immunity [9-11]. Therefore,
school is a high-risk setting for the transmission of influenza
and other respiratory viruses. Preventing transmission in schools
could block transmissionsto family membersand further reduce
community epidemics [12]. School surveillance offers an
opportunity for the early detection of theseviruses[13]. In some
regions, student absenteei sm surveillance could bein real time,
and hence it could have minimal reporting delay, with relative
low cost [14,15].

Some studies explore the potential use of school absenteeism
to monitoring the influenza activity in the community. In some
regions, school absenteeism has been integrated as a part of
routine disease surveillance, particularly for respiratory virus
infections [16-21], athough there are also usages for other
diseases[22,23]. However, the component of school absenteeism
surveillance could be different, such as the use of all-cause and
illness-specific absenteeism. Moreover, their performances are
rarely assessed. Therefore, validating and optimizing the
performance of the use of school absenteeism on the surveillance
of influenza activity would be critical.

In this paper, we conducted a systematic review to collect
information on studies that described both school absenteeism
surveillance and community surveillance. We summarized the
types of school absenteeism surveillance and community
surveillance methods to assess the relationship between these
2 surveillances, and the potential use of school absenteeism
surveillance to predict influenza activity in the community.

Methods

Definition of School Absenteeism Surveillance and
Community Surveillance

School absenteeism surveillance was defined as the time series
recording the absent rate per day or week in a school.

https://publichealth.jmir.org/2023/1/e41329

Absenteeism could be al-cause, specific to ILI, or specific to
respiratory illness but not limited to ILI.

Community surveillance was defined as the time series
monitoring the influenza activity in a region. There were the
following two main types of surveillance: (1) ILI rate or count
per day or week and (2) the proportion of laboratory specimens
testing positive for influenza virus.

Search Strategy and Selection Criteria

This systematic review was conducted following the PRISMA
(Preferred Reporting Items for Systematic Review and
Meta-analysis) statement [24]. A standardized search was done
in PubMed, Embase, and Web of Science, using the searchterm
“((school AND (absent OR absence OR absenteeism) AND (flu
OR influenza))”. The search was done on May 12, 2022, with
no language restrictions. Additional relevant articles from the
reference sections were also reviewed.

Two authors (XH and Y G) independently screened the titles
and extracted data from the included studies. Disagreements
were resolved by consensus with athird author (TKT). Studies
identified from different databases were deduplicated.

Eligible articles were those reporting daily or weekly student
absenteeism data and community ILI surveillance in the same
region. Therewas no restriction on the methods used for finding
the relationship between school absenteeism and influenza
surveillance in the community. Studies without both school
absenteeism and community surveillance data were excluded.
Articlesthat met thefollowing were also excluded: (1) the study
summarized the findings published elsewhere; (2) the study
used data generated from simulation or prediction; (3) the study
analyzed the combination of data from studies published
elsewhere; or (4) the full text was not available.

Data were extracted from included studies using a standard
form, with the following information in following 3 major
components: school absenteeism, influenza surveillance in the
community, and comparison between school absenteeism and
influenza surveillance in community. Each mentioned variable
below was a column in the standard form. For school
absenteeism, the number of schools, the school size, the grade
of students, methods used for school absenteeism surveillance,
the types of absenteeism (all-cause, ILI-related, or
illness-specific), illness ascertainment methods for illness-related
absenteeism, and the treatment of holiday in the analysis were
extracted. For influenza surveillance in the community, the
extracted dataincluded the types of surveillance (influenza-like
illness with or without laboratory test) and the information of
laboratory surveillance (influenza strain and the use of
test-positive number or proportion). For comparison between
school absenteeism and influenza surveillance in the community,
information included methods, period and lag time (day/week)
of comparison, and estimated correlation coefficients.
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Data Analysis

For studies reporting regression coefficients, we used the
approach by Rodgers and Nicewander [25] to transform them
to Pearson correlation coefficient. We conducted random effects
meta-anal yses using the inverse variance method and restricted
maximum likelihood estimator for heterogeneity to obtain the
pooled correl ation between school absenteei sm and community

surveillance [26-29]. Cochran Q test and the |2 statistic were
used to identify and quantify heterogeneity among included
studies [30]. An 12 value of more than 75% indicated high
heterogeneity [31]. We conducted subgroup meta-analyses by
the types of school absenteeism surveillance (al-cause vs
ILI-related vs illness-specific), by the type of community
surveillance (IL1 vslab-confirmed), with or without considering
thedelay effect of school absenteeism on community influenza.
Meta-analysis on subgroups was only performed when there
were at least 5 estimates. However, it should be noted that as

12 could be biased in small studies, we only quoted the 12
estimate when the number of studies was at least 10 [32]. We
also conducted metaregressions to explore the impact of the
following factors: types of school absenteeism, types of
community surveillance, primary school or lower gradein school
absenteeism surveillance, use of count data in school
absenteeism surveillance, use of weekly data, and study type
(prospective vs retrospective) in the analysis.

For studies using qualitative methods, in which only plots or
tables of time series of school absenteeism and influenzaactivity
in the community were provided without using any statistical
comparison such as estimating correlations, a qualitative
description of the relationship between these 2 surveillance
systems was extracted. The used terms for the relationship in
those articles was summarized. For the studies attempting to
predict community surveillance by using school absenteeism,
the following information about prediction was extracted: the
types of dataand itstime period used for training for the models
for prediction, data type and prediction methods, the type of
data for validating the developed models and its time period,
and the evaluation method.

Results

Overview

In the systematic review, we identified 3579 studies in our
search, and 1144 duplicated articles were excluded (Figure 1).
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After screening the titles and the abstracts of the remaining
articles, we identified 171 studies that may contain relevant
information for full-text screening. Among these, 35 articles
(Table S1in Multimedia Appendix 1) met theinclusion criteria
and were included in this review [15-19,33-62], of which 9
[19,33,37,41,46,48,54,61,62] and 6 [17,18,40,42,51,53] were
prospective and retrospective studies, respectively. In terms of
school absenteeism surveillance, 22 [15,16,34-39,41,47-49,
51,53-57,59-62], 12 [15,17-19,35-37,44,45,50,54,61], and 8
[33,40,42,43,46,52,58,61] of the studies provided counts on
al-cause, ILI-related, and illness-specific absenteeism,
respectively. In terms of community surveillance, 25
[16-19,33-37,39-45,47,49-51,55,58-60,62] and 26
[15-17,19,33,34,36-43,46-49,52-54,56,57,59-61] studies
provided the number of ILI cases and laboratory-confirmed
cases, respectively. Moreover, 24 [15,17,19,33,35-38,40-45,
47-49,51,54,56-58,60,62] and 11 [16,18,34,39,46,50,52,
53,55,59,61] studies used weekly and daily scale of time series
for analysis, respectively. In total, 7060 (we excluded 5 studies
that did not provide this information) schoolswere included in
our study. Of these, 2 articles [16,56] did not provide any
comparison between school absenteeism and community
surveillance; 16  articles  [17-19,33,37,40-42,46,48,
51,53-55,61,62] with 7703 school years performed quantitative
analysis by using statistical method to compute the correlation
between school absenteeism and community surveillance; and
19 articles [15,16,34-36,38,39,43-45,47,49,50,52,56-60] with
2123 school years performed qualitative analysis comparing
their trends visually by figures or plots. In addition, 6
[17,18,42,46,54,61], 5 [17,18,42,46,61], and 1 [37] articles
considered time lag and reported comparisons of school
absenteeism and community surveillance with 1-week, 2-week,
and 3-week lags, respectively. Moreover, 25 studies excluded
holidays in the comparison, while 10 studies did not provide
any information. Among the 25 studies that excluded holidays
inthe comparison, 15 of them [16-18,33,37,45,48-53,55,61,62]
used weekly absolute count in school absenteei sm surveillance,
which may not have accounted for the reduction in denominator
due to holidays within the week. Overall, among 16 and 19
studies using quantitative and qualitative analysis, 15 and 17
studies supported the association between school absenteeism
and community surveillance, respectively (Table 1).
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Figure 1. Process of systematic review. ILI: influenza-like illness.
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Table 1. Summary of included studies for pooled analysis (n=35).

2264 articles excluded
»| Not about influenza

Not relevant to school absenteeism
Not relevant to community ILI

Not human subject

Reported on a systematic review or meta-analysis

Characteristics Studies, n Reference
Methods to assess correlation
Quantitative analysis 16 N/AR
Regression 4 [33,41,51,62]
Correlation 11 [17-19,37,40,42,46,48,53,54,61]
Other measures 1 [55]
Qualitative analysis by comparing of trendsin plots of time series 19 [15,16,34-36,38,39,43-45,47,49,50,52,56-60]
Time lag between school absent and surveillance
0 week 14 [17-19,33,40-42,46,48,51,53,54,61,62]
1 week 6 [17,18,42,46,54,61]
Others 1 [37]
Association between school absent and surveillance
By quantitative analysis
Significance for 0-week lag 6 [17-19,33,40,46]
Significance for 1-week lag 2 [17,18]
Significance for 2-week lag 2 [17,18]
Significance for 3-week lag 1 [37]
Unknown significance 8 [41,42,51,53-55,61,62]
No significant association 1 [48]
By quantitative analysis
With association 17 [16,34-36,38,39,43-45,47,49,50,56-60]
No detected association 2 [15,52]

3N/A: not applicable.
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Correlation Between School Absenteeism and
Community Surveillance

For quantitative analysis, all studies used regression coefficient
or Pearson or Spearman correlation coefficient for evaluating
the relationship between school absenteeism and community
surveillance, except 1 [63], which used receiver operating
characteristic to determine the accuracy of using school
absenteeism to predict the occurrence of influenza outbreak,
which was not included in our calculation of pooled correl ation.
Overdll, 14 studies [17-19,33,40-42,46,48,51,53,54] provided
33 correlation estimates (Figure 2 [17-19,33,40-42,
46,48,51,53,54,61,62] and Table S2 in Multimedia Appendix
1), and 30 estimates supported a positive correlation between
school absenteeism and community surveillance [18,42]. The
correlation (without lag) between school absences and
community surveillance was 0.44 (95% CI 0.34, 0.53), with
high heterogeneity (Figure 3). In terms of community
surveillance, the correlation between school absences and
community surveillance using laboratory-confirmed cases
(correlation: 0.45; 95% CI 0.33, 0.57) was higher than using
the number of IL1 (corrélation: 0.41; 95% CI 0.23, 0.59), which
wasless specific. Interms of school absenteeism, the correlation
between community and IL1-specific absenteeism (correlation:

Tsang et a

0.51; 95% CI 0.30, 0.73) and illness-specific absenteeism
(correlation: 0.43; 95% CI 0.30, 0.57) was higher than all-cause
absenteeism (correlation: 0.36; 95% CI 0.11, 0.62). Whilethere
was apositive rel ationship between school absenteeism and the
community surveillance with 1-week (correlation: 0.29; 95%
Cl 0.15, 0.42) and 2-week lag (correlation: 0.21; 95% CI 0.11,
0.31), the positive correl ation was smaller compared with those
without lag.

Inthe metaregression (Table 2), we estimated that the correlation
between school absenteeism and the community surveillance
with 1-week and 2-week lag was 0.19 (95% CI 0.04, 0.34) and
0.26 (95% Cl 0.10, 0.41) lower than without lag. We found that
the correlation between community surveillanceand ILI-related
absenteeism was 0.25 (95% CI 0.04, 0.45) higher than that
between community surveillance and all-cause absenteeism.
The correlation between school absenteeism and
laboratory-confirmed community surveillance was 0.17 (95%
Cl 0.04, 0.30) higher than that between school absenteeism and
ILI surveillance. We found that the correlation between school
absenteeism and community surveillance from prospective
studies was 0.19 (95% CI 0.05, 0.33) higher than from
retrospective studies.

Figure2. Thetemporal correlation between school absenteeism and influenza activity in community from identified studies. ILI: influenza-likeillness,

PCR: Polymerase Chain Reaction.

Study School surveillance Community Surveillance Correlation (95% CI)
Aldridge et al liness—specific school absence (7-11 years old) ILI consultation counts (all ages) ] —_— 0.65(0.47, 0.82)
liness-specific school absence (7-11 years old) ILI consultation counts (5-14 years old) | —— 0.79 (0.67, 0.90)
liness-specific school absence (7-11 years old) Laboratory—confirmed case numbers ' —_— 0.52 (0.30, 0.74)
Dong et al ILI-related school absence Laboratory-confirmed case numbers —_— 0.69 (0.49, 0.90)
ILI-related school absence Hospital IL| surveillance {ILI%) — 0.70(0.49, 0.90)
Kara et al lliness-specific school absence ILI consultation counts (5-14 years old) R 0.42 (0.28, 0.56)
Kom Mogto et al liness-spacific school absence PCR confirmed hospitalization (5-17 years old) —— 0.83 (0.71, 0.95)
lliness-specific school absence Laberatory—confirmed case numbers (5-17 years old) —— 0.90 (0.83, 0.97)
Lau et al All-cause school absence ILI counts * laboratory-positive rate 1 e 0.61 (0.44, 0.78)
Ma et al lliness-specific school absence ILI consultation counts ——— 0.19(-0.52, 0.15)
liness-specific school absence ILI consultation counts —-— -0.01 (-0.36, 0.33)
lness-specific school absence ILI consultation counts —_————— 0.24 (-0.08, 0.57)
liiness-specific school absence ILI consultation counts —_— 0.47(0.20, 0.74)
liness-specific school absence Laboratory-confirmed case numbers R 0.22 (-0.11, 0.55)
liness-specific school absence Laboratory—confirmed case numbers — 0.11 (-0.23, 0.46)
liness-specific school absence Laboratory-confirmed case numbers e 0.22 (-0.11, 0.55)
liness-specific school absence Laboratory-confirmed case numbers —_— 0.45(0.18, 0.72)
Schmidt et al liness-specific school absence Laboratory-confirmed case numbers H —— 0.52 (0.44, 0.60)
liness-specific school absence Laboratory—confirmed case numbers — 0.25(0.15, 0.35)
Short et al All-cause school absence Laboratory-confirmed case numbers e 0.10 (-0.24, 0.44)
All-cause school absence Laboratory-confirmed case numbers (5-19 years old) —— 0.09 (-0.25, 0.43)
Takahashi et al All-cause school absence ILI consultation counts (<16 years ald) B — 0.85 (0.73, 0.97)
Ward et al All-cause school absence Laboratory—confirmed case numbers . - 0.37 (0.33, 0.41)
All-cause school absence Laboratory-confirmed case numbers - 0.16 (0.11, 0.21)
Williams et al ILI-related school absence Laboratory-confirmed case numbers | - 0.92 (0.87, 0.97)
All-cause school absence Laboratory-confirmed case numbers —— 0.33 (0.08, 0.60)
Fan et al ILI-related school absence ILI consultation counts ' —— 0.43 (0.35, 0.51)
ILI-related school absence ILI consultation counts e 0.25(0.16, 0.34)
ILI-related school absence ILI consultation counts —— =0.06 (-0.15, 0.03)
Weiss et al ILI-related school absence ILI consultation counts E —— 0.64 (0.40, 0.88)
Temte et al All-cause school absence Laboratory-confirmed case numbers - 0.23(0.17, 0.28)
liness-specific school absence Laboratory-confirmed case numbers —-— 0.47 (0.42, 0.52)
ILI-related school absence Laboratory-confirmed case numbers - 0.58 (0.54, 0.62)
I T T | T | T 1
-06 04 02 02 04 06 08 10
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Figure 3. The pooled estimate of temporal correlations between school absenteeism and influenza activity in the community by types of school
absenteeism surveillance and types of surveillance of influenza activity in community. ILI: influenza-like ilIness.

Community surveillance

School surveillance

No. of estimates Correlation range

Correlation (95% Cl)

Correlation without lag

QOverall Overall 33 (-0.19, 0.92) —— 0.44 (0.34, 0.53)
ILI-related absenteeism 8 (-0.08, 0.92) —_—— 0.51 (0.30, 0.73)
All-cause absenteeism 8 (0.09, 0.85) — 0.36 (0.17, 0.55)
lliness-specific absenteeism 17 (-0.19, 0.90) —_— 0.43 (0.30, 0.57)
Lab-confirmed influenza Overall 20 (0.09, 0.92) —— 0.45 (0.33, 0.57)
All-cause absenteeism 7 (0.09, 0.61) —— 0.29 (0.16, 0.42)
lliness-specific absenteeism 10 (0.11, 0.90) — 0.48 (0.31, 0.64)
Influenza-like illness Qverall 13 (<0.19, 0.85) — 0.41 (0.23, 0.59)
ILI-related absenteeism 5 (-0.08, 0.70) —_—— 0.38 (0.11, 0.85)
lliness-specific absenteeism 7 (-0.19, 0.79) ——— 0.36 (0.11, 0.62)
Correlation with 1-week lag in community surveillance
Qverall Overall 18 (-0.03, 0.97) —— 0.29(0.15, 0.42)
ILI-related absenteeism B (-0.03, 0.97) —_—— 0.40 (0.09, 0.71)
lliness-specific absenteeism 1" (-0.03, 0.47) —— 0.24 (0.12, 0.35)
Lab-confirmed influenza Overall " (0.00, 0.97) —— 0.37 (0.19, 0.54)
lliness-specific absenteeism 7 (0.00, 0.47) — 0.25(0.11, 0.39)
Influenza-like illness Qverall 7 (-0.03, 0.42) — 0.15 (-0.01, 0.30)
Correlation with 2-week lag in community surveillance
Owverall Overall 17 (<0.09, 0.62) —— 0.21 (0.11, 0.31)
ILI-related absenteeism 5 (-0.07, 0.62) —_—— 0.23 (-0.02, 0.47)
lliness-specific absenteeism 11 (=0.09, 0.47) —— 0.23 (0.12, 0.34)
Lab-confirmed influenza Overall 10 (0.15, 0.15) - 0.15 (0.09, 0.21)
lliness-specific absenteeism 7 (-0.08, 0.47) — 0.23 (0.08, 0.38)
Influenza-like illness Qverall 7 (-0.07, 0.33) —— 0.08 (-0.02, 0.18)
—r 1T 1T 1T 1
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Table 2. Factors affecting the correlation between school absenteeism and community surveillance by metaregression.

Tsang et a

Variables

No lag (95% Cl)

1-week lag (95%Cl)  2-week lag (95% Cl) Overall (O- to 2-week lag; 95% Cl)

School absence type

All-cause absenteeism

ILI1%-related absenteeism

I1Iness-specific absenteeism
Community surveillance type

ILI

Laboratory confirmed
Study type

Retrospective study

Prospective study

L agb

Nolag
1-week lag
2-week lag

Only primary school and lower gradein
school surveillance

Using count in school absenteeism (Refer-
ence: using rate or proportion)

Reference
0.20 (-0.11, 0.50)

0.10 (~0.16, 0.35)

Reference

0.08 (~0.14, 0.30)

Reference

0.25 (0.04, 0.45)

N/A®

N/A

N/A
-0.10(-0.53,0.34)

0.03 (-0.23, 0.29)

Using weekly scale (Reference: daily scale) 0.11 (-0.15, 0.38)

Reference

0.39 (-0.11, 0.89)

0.16 (~0.32, 0.64)

Reference

0.30 (0.05, 0.54)

Reference

0.12 (~0.20, 0.44)

N/A

N/A
N/A
-0.21 (-0.59, 0.16)

-0.16 (-0.50, 0.18)

0.09 (-0.22, 0.41)

Reference
0.21(-0.16, 0.57)

0.14 (~0.20, 0.47)

Reference

0.23 (0.03, 0.43)

Reference

0.07 (~0.19, 0.33)

N/A

N/A
N/A
-0.15 (-0.41, 0.12)

0.22 (-0.10, 0.54)

-0.07 (-0.33, 0.19)

Reference
0.25(0.04, 0.45)

0.12 (~0.07, 0.30)

Reference

0.17 (0.04, 0.30)

Reference

0.19 (0.05, 0.33)

Reference

-0.19 (-0.34, -0.04)
-0.26 (-0.41, -0.10)
-0.14 (-0.36, 0.08)

0.01 (-0.16, 0.18)

0.06 (-0.10, 0.22)

4LI: influenza:like illness.

PNumber of weeks that school absentesism data were leading community surveillance.

ENJ/A: not applicable.

Qualitative Analysis for the Relationship School
Absenteeism and Community Surveillance

In the qualitative analysis, there were 19 articles that reported
the relationship between school absenteeism and community
surveillance by presenting the time series of these surveillances
(Table 3). Of these 19 studies, 2 [16,56] did not compare the
relationship in plots of time series. Overall, a similar pattern
was reported within school absenteeism and community
surveillance in al studies (Table 3), except 2, which reported
no detected association [15,52]. Moreover, 6 studies
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[35,36,43,47,49,50] compared the peak of school absent and
peak of epidemics. Among these, 4 [35,36,43,50], 1 [49], and
1[47] studies found that school absenteeism peaked before, at
the same time, and after the peak of community surveillance,
respectively. In addition, 15 studies concluded that school
absenteeism was in concordance with, coincided with, or was
associated with community surveillance, using termsincluding
“trends are coincident” [34,47,59], “associated with”
[16,34,36,56,57,60], “concordance with” [38,43,58], “similar
trend” [39,44,50], or ‘' mirror” [45].
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Table 3. Summary of term count for qualitative results.
Term combined and term used Study Comparison Count
School absenteeism isin concordance with, coincided with, or isassociated with community | L2 16

Increases in absences coincided with community-wide ILI out-

breaks

The second wave of school absenteeism coincided with the second

round of community ILI

The drop in school absenteeism coincided with the epidemic

School absenteeism is associated with community ILI

Theextent of school absenteeism is associated with the extent

of community ILI peak

School absenteeism is associated with community LI

Influenza activity was reflected by the school absenteeism

rates

Influenza activity was associated with or reflected by school

absenteeism

School absenteeism was less timely than laboratory data

Close temporal correlation between school absenteeism and

the isolation of strains of influenzavirus

School absenteeism is concordant with community LI

Similar trend

School absenteeism mirrored or corresponded to community ILI

Comparison by peak time

Peak at the sametime

Besculides [34], 2005

Schoub [47], 1994

McCormick [59], 2010

Besculides [34], 2005

Cheng [36], 2012

Chin [57], 1974

Rubin [60], 1975

Chu [16], 2013

Olson [56], 1980

Jaeger [38], 2011

Mook [43], 2007

Lenaway [58], 1995

Janusz [39], 2011

Nasrullah [44], 2012

Suzue [50], 2012

Read [45], 2021

Sigmundsdottir [49],
2010

School absenteeism peak preceded or was ahead of the epidemic peak

Bollaerts [35], 2010

Cheng [36], 2012

Mook [43], 2007

Suzue [50], 2012

All-cause absenteeism vs community 1
influenzaisolates

All-cause absenteeism vs |aboratory 1
isolations

All-cause absenteeismvscommunity LI 1
surveillance or virus-confirmed influenza

All-cause absenteeism vs community
influenzaisolates

ILI-related absenteeism vs laboratory
isolations

All-cause absenteeism vs laboratory-
confirmed influenza

All-cause absenteeism vscommunity ILI
surveillance

All-cause absenteeism vs laboratory-
confirmed influenza

All-cause absenteeism vs laboratory-
confirmed influenza

All-cause absenteeism vs |aboratory-
confirmed influenza

111 ness-defined absenteei sm vs communi-
ty ILI surveillance

ILI-related absenteeism vs community
ILI surveillance

All-cause absenteeism vscommunity ILI
surveillance

ILI-related absenteeism vs community
ILI surveillance

ILI-related absenteeism vs community
ILI surveillance

Influenza-confirmed absenteeism vs 1
community virus—confirmed influenza

[E

All-cause absenteeism vs |aboratory
confirmed cases

All-cause absenteeism vscommunity ILI
surveillance

ILI-related absenteeism vs laboratory
isolations

111 ness-defined absenteei sm vs communi-
ty ILI surveillance or laboratory isola-
tions

ILI-related absenteeism vs community
ILI surveillance
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Term combined and term used Study Comparison Count
Virusisolation commence and peak before the school absenteeism  Schoub [47], 1994 All-cause absenteeism vs laboratory 1
isolations
No detected association 2

No related outbreaks were detected, and no peaks were found

Within seasons, cases peaked in winter, whereas county-level ab-
sences varied throughout the year

Tan [52], 2014

Quandelacy [15], 2021

ILI-related absenteeism vs laboratory- 1
confirmed cases

ILI-related absenteeism or al-cause ab- 1
senteeism vs community virus—con-
firmed influenza

4LI: influenza-like illness.

Prediction of Community Surveillance From School
Surveillance

Six studies attempted to predict community ILI from school
absenteeism (Table S3 in Multimedia Appendix 1), 3 of which
[15,41,62] predicted the influenza rate (case number), and 3
[18,53,55] predicted the occurrence of outbreaks. All the studies
agreed that school absenteeism surveillance was of good use
for influenzaoutbreak detection [15,18,41,53,62], except 1 using
all-cause absenteeism [55]. Among these, 4 studies[15,53,55,62]
and 2 studies [18,41] used the all-cause absenteeism and
ILI-related absenteeism for prediction, respectively. Moreover,
1[18] and 5[15,41,53,55,62] studies used mechanistic models
(SEIR) and dtatistical models, respectively, 3 of which
[41,53,62] considered the autocorrelation of the time series. In
term of evaluation, those studies that predicted the occurrence
of outbreaks used receiver operating characteristic curves
[18,55] and false-positive rate (1 minus sensitivity) [53]. For
those studies that predicted the number of cases, 1 used the
model fit [41], 1 used mean absolute error [15], and 1 used
Akaike Information Criterion value [62]. Two articles [15,53]
conducted out-sample testing to evaluate the performance.

Discussion

Principal Findings

In this study, we summarized the practice of school absenteeism
surveillance and their potential use on monitoring and predicting
influenza activity in the community. Studies could broadly be
classified as quantitative and qualitative. In quantitative studies,
most studies used temporal correlation to quantify the
relationship between school absenteeism and influenzaactivity
in the community. In qualitative studies, time series between
these 2 datastreamswere compared visually. Overall, wefound
a moderate correlation between school absenteeism and
influenza activity in the community based on quantitative
studies. This suggested the potential to use school absenteeism
data to monitor or predict influenza activity in the community.

The measure of school absence could be classified to nonspecific
(all-cause absent) and specific (illness- or IL1-specific absence).
We found that IL1-specific absenteeism had a higher correlation
with the community surveillance, compared with al-cause
absenteeism, which was consistent with the findings from
another review [64]. While using specific measure of school
absenteeism could be dlightly more accurate [54], the
implementation of using more specific absenteeism surveillance

https://publichealth.jmir.org/2023/1/e41329

in schools should be considered jointly with the associated costs.
Those specific measures may require more resources to obtain,
such as follow-up of the reasons of absence, which may also
jeopardize thetimeliness of the school absence data. Moreover,
the willingness of school participation may be lower dueto the
higher requirement of resource; hence the sample size may
decrease. Such factors should be considered when deciding the
use of all-cause absence or ILI-specific absence to monitor
influenza activity. The actual cost of implementation of using
more specific absenteeism surveillance in schools was likely
different by regions and countries; therefore, our studies could
not provide recommendation on this.

A number of studies proposed that one of the values of school
absenteeism surveillance was its lead on the traditional
surveillance [35,36,43,50]. However, we found that the
correlation between school absenteeism and community
surveillance without lag was the highest. In addition, the
correlation between school absenteeism and 1-week lag of
community surveillance was only marginally smaller than
community surveillance without lag. Hence, the school
absenteeism surveillance could at most lead influenza outbreaks
by 1 week. Therefore, despite the moderate correl ation between
school absenteeism and community surveillance, the use of
school absenteeism as a surveillance tool may require further
exploration and development of methodol ogy. In particular, we
found that the correlations between school absenteeism and
community surveillance from prospective studies were higher
than from retrospective studies, suggesting that prospective data
collection could improve the accuracy by carefully checking
the data with timely correction.

More than half of the studies only use qualitative approaches
to explore the relationship between school absenteeism and
influenza activity in the community, in which only figures of
time series of these 2 surveillances were compared visually.
Such approaches were relatively subjective, and further
guantitative comparison should be performed. Furthermore,
almost al quantitative comparisons were based on temporal
correlation, which required further steps to determine the
usefulness of school absenteeism for monitoring or predicting
influenza activity in the community, such as the development
of prediction or forecasting tools.

Only 6 out of 35 studies attempted to develop methods to use
the school absenteeism data to predicted influenza activity in
the community. However, those applied approaches were
suboptimal  compared with other influenza-forecasting
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approaches[65,66]; particularly, the potential of more advanced
statistical approaches was less explored, as well as the lack of
validation. In terms of modeling fitting, only 2 out of 6 studies
conducted out-sample eval uation on their forecasting approach
to avoid overfitting. In terms of model evaluation, all studies
evaluated the point forecast, but none of them evaluated the
prediction intervals from those models. The evaluation of
interval forecast by some proper score rules would also be
important to use the prediction performance [66,67] and to
support the accuracy of the predictions. In future studies, using
school absenteeism datain more well-devel oped model s should
be explored, including mechanistic models (ie, SIR-type)
[65,66], and statistical models, such as generalized additive
model and random forecast regression, which could particularly
handle nonlinear relationship [68].

Limitations

Our study may have some limitations. First, we did not
summarize the change of rule on the school attending in the
identified studies. For example, many regions may not allow
students to attend school when they have fever, particularly
during or after the 2009 pandemic influenza outbreaks.
Therefore, our study may not be able to evaluate thisimpact on
the relationship between school absenteeism and community
surveillance. Second, we did not stratify the analysis by type

Tsang et a

of reported correlation coefficients (Pearson or Spearman).
However, we expected that the direction of correlation should
be the same. Third, most studies did not report information of
burden or costs of implementing school surveillance. Therefore,
it was impossible for us to determine the real-life impact or
cost-effectiveness of different typesof surveillance. Finally, we
could not rule out other potential cofounders in the identified
relationship between school absenteeism and influenza activity
in the community. For example, information of school or class
size was not available.

Conclusion

We found there was a moderate correlation between school
absenteeism and influenza activity in the community. Wefound
that the correlation between influenza activity and ILI-specific
absenteeism was higher than all-cause absenteeism. However,
implementing more specific surveillance in school may require
careful consideration, since more resources may be required,
and it may have a negative impact on the willingness of school
participation. Therewas potential for using school absenteeism
as a surveillance and prediction tool of influenza activity. A
further development of methodology was required to use and
optimize such usage. In particular, more statistical models
should be explored, and the vaidation of prediction performance
ismissed in most studies.
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