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Julia Wilhelm a, Ole Wichmann a, Thomas Harder a,*

a Immunization Unit, Robert Koch Institute, Berlin, Germany
b European Centre for Disease Prevention and Control, Sweden
c Department of Health Research Methods, Evidence, & Impact, McMaster University, Canada
d Institute for Evidence in Medicine, Medical Center – University of Freiburg, Faculty of Medicine, University of Freiburg, Freiburg, Germany
e Division of Infection Control, Norwegian Institute of Public Health, Oslo, Norway
f Public Health Agency of Sweden, Solna, Sweden
g National Institute for Public Health and the Environment, Center for Infectious Disease Control, Bilthoven, The Netherlands
h Statens Serum Institut, Copenhagen, Denmark
i Cochrane Germany, Cochrane Germany Foundation, Freiburg, Germany
j Finnish Institute for Health and Welfare, Helsinki, Finland
k Vaccination Programme, General Directorate of Public Health, Ministry of Health, Spain
l Pediatric Research Laboratory, School of Health Sciences, Faculty of Nursing, National & Kapodistrian University of Athens, Goudi, Greece
m National Advisory Committee on Immunisation, Hellenic Ministry of Health, Athens, Greece
n General Directorate of Public Health and Addictions, IMIB-Arrixaca, Murcia University, Region of Murcia, Spain
o National Institute of Public Health, Communicable Diseases Centre, Ljubljana, Slovenia

A R T I C L E  I N F O

Keywords:
Systematic review
Influenza vaccination
Indirect effects
Children
Adolescents

A B S T R A C T

Objectives: To investigate indirect vaccine effectiveness (indirVE) of vaccination of children and adolescents with 
seasonal influenza vaccines against influenza-related outcomes occurring in other population groups.
Methods: We performed a systematic review of studies (randomized and non-randomized) on indirVE of vacci
nation of participants aged 6 months–17 years with tri- or quadrivalent seasonal influenza vaccines against 
influenza (lab-confirmed; non-lab-confirmed) occurring in contacts of vaccinated persons or members of the 
wider community (last search: 17th March 2024). GRADE certainty of evidence (CoE) was evaluated (PROS
PERO: CRD42024546400).
Results: We identified 28 studies (5 randomized; 23 non-randomized). In community-based studies, indirect 
protection against laboratory-confirmed influenza (LCI) ranged from − 38 % [95 % CI: − 574 to 72] to 61 % [95 
% CI: 8–83] (very low CoE). In household-based settings, indirVE against LCI varied between − 151.2 % [95 % CI: 
− 1194.6 to 51.3] and 39.4 % [95 % CI: 7.4 to 60.3] (very low CoE). In school-based settings, highly variable 
indirect effects were observed on LCI, hospitalization, emergency department visits and school/work absen
teeism (very low CoE).
Conclusions: There is no clear evidence of indirect effects from influenza vaccination in children. While plausible, 
effect size is uncertain and varies by study design, population, and vaccine type. Stronger indirect effects 
appeared only when direct VE was high.
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1. Introduction

Respiratory infections caused by seasonal influenza virus impose a 
substantial social and economic burden [1] and are associated with 
adverse health outcomes that extend beyond respiratory illnesses [2]. 
The transmission pressure can be substantially influenced by various 
factors like low-middle income settings with dense populations or a high 
prevalence of respiratory and febrile infectious diseases, including 
immunocompromising infections, like tuberculosis or HIV [3,4]. 
Vaccination against seasonal influenza has been extensively studied and 
has been proven effective in preventing influenza infection and lowering 
influenza-attributable mortality [5,6]. At the community level, the 
effectiveness of influenza vaccines depends on various factors, including 
the match between circulating viral strains and vaccine strains as well as 
the health status of the vaccinated individual. Several studies report 
reduced vaccine effectiveness (VE) in subgroups at elevated risk for 
severe health outcomes from seasonal influenza, such as immunocom
promised individuals and the elderly [3,7–9]. Vaccination of children 
and adolescents could potentially have a substantial indirect protective 
effect on the wider community and therefore on non-vaccinated or 
under-vaccinated population groups and vaccinated immunosenescent 
populations, as children are considered key transmitters of influenza 
[10]. For this reason, there has been growing interest in the indirect 
population effects of influenza vaccination, i.e. the protective effects for 
the whole population beyond the vaccinated group. This systematic 
review aims to assess the available evidence on indirect population ef
fects of the standard seasonal influenza vaccine (tri- or quadrivalent 
seasonal influenza vaccination, inactivated or live-attenuated) admin
istered to children and adolescents (aged 6 months to 17 years) on other 
population groups (contacts or members of the wider community of the 
target group for direct effects).

2. Methods

This systematic review is reported according to the Preferred 
Reporting Items for Systematic Reviews and Meta-analysis (PRISMA) 
guidelines [11] and follows methodological standards outlined in the 
Cochrane Handbook for Systematic Reviews of Interventions [12]. The 
protocol was registered with the Prospective Register of Systematic 
Reviews (PROSPERO; CRD42024546400). As this systematic review is 
based on published studies, the approval of a data protection officer or 
an ethics committee was not required.

2.1. Eligibility criteria

Studies were eligible if they a) investigated children and/or adoles
cents aged 6 months–17 years as the target group for vaccination with a 
seasonal influenza vaccine (tri-or quadrivalent, inactivated (IIV) or live- 
attenuated (LAIV)), compared to placebo, no vaccination or vaccination 
with a vaccine not directed against influenza, and b) reported at least 
one vaccine effectiveness estimate of protection in another target group 
(contacts or members of the wider community of all ages, irrespective of 
health and vaccination status). Eligible primary outcomes were seasonal 
laboratory-confirmed influenza (LCI), influenza-related emergency 
department (ED) visits, influenza-related hospitalizations, influenza- 
related intensive care unit (ICU) admissions, influenza-related deaths 
and ambulant diagnosed influenza, irrespective of laboratory confir
mation (ILI (influenza-like illness), MAARI (medically attended acute 
respiratory infection), or SARI (severe acute respiratory infection)). 
Eligible secondary outcomes were school/work absenteeism and anti
biotic use. Randomized controlled trials (RCT) and non-randomized 
studies of interventions (NRSI) were eligible.

2.2. Search strategy & study selection process

We conducted electronic searches on 17th March 2024 in MEDLINE 

(ALL) (via Ovid), Embase (via Ovid), and CENTRAL (via the Cochrane 
Register of Studies Online) for literature published from 1st January 
2000 onwards (see Appendix 1 for search strategy). Searches for ongoing 
studies or unpublished completed studies were performed in ClinicalT 
rials.gov (www.clinicaltrials.gov), CINAHL Plus (EBSCOhost) and 
WHO International Clinical Trials Registry Platform (ICTRP). In addi
tion, relevant studies and systematic reviews were used to search for 
additional references.

2.3. Data extraction

Titles and abstracts of the citations identified by the searches were 
independently screened by pairs of reviewers (MA, MB, VP, JW). Full 
texts were also independently checked for eligibility by pairs of re
viewers (MA, MB, JW), and reasons for exclusions were documented. 
Any disagreement was resolved by consensus, moderated by a third 
reviewer (TH). The Covidence® software was used for literature 
screening.

2.4. Risk of bias

Risk of bias of each included study was assessed independently by 
pairs of two authors (MA, JW). Any disagreement was resolved by 
consensus, moderated by a third reviewer (TH). Risk of bias in an RCT 
was evaluated according to the revised Cochrane risk-of-bias tool for 
randomized trials (RoB 2). Risk of bias in an NRSI was evaluated ac
cording to the ‘Risk of Bias In Non-randomized Studies of Interventions’ 
(ROBINS-I) tool.

2.5. Effect measures and synthesis method

If reported, we extracted and reported both direct and indirect ef
fects, defined as follows (see Appendix 2 for illustration): 

• Direct effects: effects of vaccination which occur in the same person 
who has received the vaccine. The direct effect is calculated by 
comparing the occurrence of the outcome in those who received the 
vaccine (at the intervention site), compared to those who did not 
(either at the comparison site, or (in some studies) at the intervention 
site (e.g., persons who refused to be vaccinated)).

• Indirect effects: effects of vaccination which occur in other persons 
than those who have received the vaccine (contacts or members of 
the wider community of the target group for direct effects). The in
direct effects are calculated by comparing the occurrence of the 
outcome in those who were contact persons of those who received 
the vaccine, compared to those who were contact persons of those 
who did not receive the vaccine.

We planned to conduct meta-analyses separately for each interven
tion (type of influenza vaccine) and separately for RCTs and NRSIs, 
where applicable. However, due to high heterogeneity of data we 
decided to present data in summary tables alongside study and clinical 
characteristics and provide a narrative synthesis of results only.

2.6. Certainty of evidence

The certainty of evidence (CoE) was assessed using the Grading of 
Recommendations, Assessment, Development and Evaluation (GRADE) 
approach [13].

3. Results

The literature search resulted in 7604 records. No additional records 
were identified via searches of reference lists (PRISMA flow diagram see 
Appendix 3). After removing duplicates, 5231 records remained. During 
title and abstract screening, we judged 5085 records to be irrelevant. 
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From the remaining 146 records, we excluded 116 records during full- 
text screening (see Appendix 4 for records and exclusion reasons). The 
final total of included publications was 30, representing 28 studies 
(Table 1).

3.1. Characteristics of included studies

The identified 30 publications represent 28 studies, comprising two 
RCTs, three cluster-RCTs and 23 NRSIs. The latter included two pro
spective cohort studies, four retrospective cohort studies, one case- 
control study and 16 studies with an ecological design. Key character
istics of all identified studies are reported in Table 1. Since ecological 
studies do not measure intervention and outcome at the individual 
participant level (but rather assess geographical or temporal associa
tions), these studies do not allow causal inference or assessment of po
tential confounders acting at the individual level. Therefore, we decided 
to exclude these studies from evidence synthesis and assessment, but to 
describe them separately (Appendix 5).

Of the 12 studies where exposure and outcome were assessed at the 
individual level, eight were conducted in the USA, one in Canada, one in 
Senegal, and one study each in Italy and India. Three studies were 
conducted in community settings, four had a household-based design 
and five used a school-based design. The influenza immunization pro
grams reported in the included studies targeted children at the age of 6 
months up to 18 years. In most studies [19,24–29] LAIV (tri- or quad
rivalent) was used for immunization. Some of those studies 
[19,24–26,29] offered IIV (tri- or quadrivalent) in case of contraindi
cations for LAIV use. Five studies (7 publications) [14–17,21–23] used 
IIV (tri- or quadrivalent) as standard intervention. Seven studies 
[19,24–29] used no vaccination, four studies [14–17,22,23] other 
vaccination and one study [21] placebo as comparator. In the following, 
the evidence base is reported by setting (for all extracted data see Ap
pendix 6).

3.2. Community-based studies

A total of 4 studies were identified for the community-based setting. 
Two of these were randomized studies, which were reported in a total of 
4 publications [14–17]. We also identified one NRSI [19] and one 
ecological study [20] (Appendix 5).

3.2.1. Risk of bias
Risk of bias (RoB) in RCTs was assessed in 4 publications of 2 cluster- 

RCTs for 3 different outcomes. Across the 4 studies overall risk of bias 
was low. In one NRSI, RoB was assessed as critical for ambulant diag
nosed influenza due to lack of adjustment for confounders (Appendix 7).

3.2.2. Laboratory-confirmed influenza
Two cluster-RCTs (in four publications) investigated laboratory- 

confirmed influenza (LCI) [14–17]. In the first cluster-RCT [16,17], 
participants were randomized to receive either influenza vaccination 
(QIV) or hepatitis A vaccine (control) and the outcome was assessed 
during influenza seasons 2008/2009 [16] and 2009/2010 to 2010/2011 
[17]. For season 2008/2009, direct VE against LCI (all strains) was 55 % 
[95 % CI: − 21 to 84], while indirect protection (in unvaccinated com
munity members) was 61 % (95 % CI: 8 to 83] (for strain-specific results, 
see Appendix 6). For season 2009/2010 and 2010/2011, no direct effect 
estimates were reported. A significant indirect protection effect was only 
observed for influenza A during the 2010/2011 season (85 %; [95 % CI: 
48 to 96], all other estimates were not significant (see Appendix 6). In 
the second cluster-RCT [14,15], participants in communities were ran
domized to receive either influenza vaccine (TIV) or inactivated polio 
vaccine (control) and LCI was assessed during influenza seasons 2008/ 
2009 [14] and 2010/2011 to 2011/2012 [15]. During the 2008/2009 
season when mismatch occurred between the vaccine and the circu
lating influenza strain, direct protection was 25.2 % [95 % CI: − 5.7 to 

47.0]), and none of the indirect protection estimates were statistically 
significant (see Appendix 6). During season 2010/2011 [15], a direct 
protection of 52.8 % [95 % CI: 32.3 to 67.0] was observed (all strains), 
while the corresponding indirect protection estimate (mean age: 22 
years) was 15.4 % [95 % CI: − 44.3 to 50.4]. In strain-specific analyses, 
the only significant indirect protection estimate was the one against A/ 
H3N2 (56.4 % [95 % CI:39.0 to 68.9] (see Appendix 6). During season 
2011/2012, direct protection was − 14.5 % [95 % CI, − 81.2 to 27.6] all 
strains) and none of the indirect protection effects were statistically 
significant (Table 2).

3.2.3. Ambulant diagnosed influenza
In the NRSI [19], participants received either LAIV or remained 

unvaccinated during one influenza season (2003/2004). MAARI attack 
rates were investigated in participants and in community members (age 
< 5 to > 65 years). Relative risk (RR) for direct effects was 1.0 [95 % CI: 
0.9 to 1.2]. RR for indirect effects in community members < 5 yrs. was 1 
before the intervention; 0.95 during the intervention and 0.99 after the 
intervention. RR for indirect effects in community members ≥ 65 yrs. 
was 0.83 before the intervention; 0.85 during the intervention and 0.84 
after the intervention. No 95 % CIs were reported (Table 2).

3.2.4. Other outcomes
No studies reported on other outcomes.

3.3. Household-based studies

A total of 4 studies were identified for the household-based setting, of 
which 3 were randomized studies [21–23] and one was non-randomized 
[24].

3.3.1. Risk of bias
In RCTs, RoB was low for LCI, influenza-related hospitalizations and 

absenteeism. For ambulant diagnosed influenza and antibiotic use, RoB 
showed some concerns. One household-based NRSI was available for 
assessment of RoB, addressing absenteeism. Risk of bias was moderate, 
mainly due to possible residual confounding (Appendix 7).

3.3.2. Laboratory-confirmed influenza
One cluster-RCT [23] reported estimates for participants and un

vaccinated household members (mean age: 27 years) from three 
consecutive seasons (2009–2012). Direct VE against Influenza B was 
32.5 % [95 % CI: 11.3 to 48.6] 4.9 % [95 % CI: − 39.9 to 34.9] and 76.5 
% [95 % CI: 59.4 to 86.4] for season 2009/2010, 2010/2011 and 2011/ 
2012, respectively. The corresponding indirVE estimates in the house
hold members were − 151.2 % [95 % CI: − 1194.6 to 51.3] (season 
2009/2010), 8.4 % [95 % CI: − 17.6 to 28.7] (season 2010/2011) for 
influenza A (H3N2) and 6.7 % [95 % CI: − 21.9 to 28.6] (season 2009/ 
2010), 36.2 % [95 % CI: − 0.23 to 59.4] (season 2010/2011) and 39.4 % 
[95 % CI: 7.4 to 60.3] (season 2011/2012) for influenza B (Table 3 and 
Appendix 6).

3.3.3. Influenza-related hospitalization
One RCT [21] investigated hospitalizations in participants and their 

unvaccinated parents (mean age: 37–38 years) during influenza season 
2000/2001. Direct VE against hospitalization was 60 % [95 % CI: NR]. 
IndirVE was 0 % [no events reported] (Table 3).

3.3.4. Ambulant diagnosed influenza
Two RCT reported on this outcome [21,22]. One RCT [21] investi

gated MAARI in study participants and their parents and siblings during 
influenza season 2000/2001. Direct VE against MAARI hospitalization 
was 60 % (95 % CI: NR). IndirVE was 24 % (95 % CI: NR) for parents and 
siblings together, and 22 % (95 % CI: NR) for parents and 29 % (95 % CI: 
NR) for siblings, respectively (Table 3). In the other RCT [22], indirVE 
was − 14 % [95 % CI: − 175 to 53] for control children aged 0–4 years, 
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Table 1 
Key characteristics of included studies by setting.

Study Study design Country/ 
season of 
intervention

Population direct/indirect effects Intervention/ 
comparator

Ascertainment of 
vaccination status

Funding/COI§

Community-based studies
Diallo, 2019 [14] 

(same study as 
[15])

Cluster RCT Senegal  

2009/2010

Intervention population: children, 6 
mos.-10 yrs. (n = 3918) 
Population for indirect effects: 
community members of all ages, (n =
NR)

Intervention: 
IIV3 
Comparator: 
other vaccine (polio)

Medical chart review/ 
received vaccine in 
immunization campaign of 
the study

Industry 
funded/Y

Loeb, 2011 [16] 
(same study as 
[17,18])

Cluster RCT Canada  

2008/2009

Intervention population: children, 3–15 
yrs. (n = 502) 
Population for indirect effects: 
community members of all ages, 
(influenza arm n = 1271, HepA arm n =
1055)

Intervention: 
IIV4 
Comparator: 
other vaccine (HepA)

Medical chart review/ 
received vaccine in 
immunization campaign of 
the study

Non-industry 
funded/NR

Niang, 2021 [15] 
(same study as 
[14])

Cluster RCT Senegal 
2010/2011 
2011/2012

Intervention population: children, 6 
mos.-10 yrs. (year 2: n = 4714, year 3: n 
= 4678) 
Population for indirect effects: 
community members of all ages, 
(influenza village: n = 12,714, polio 
village: n = 12,022)

Intervention:  
IIV3 
Comparator: 
other vaccine (polio)

Medical chart review/ 
received vaccine in 
immunization campaign of 
the study

Industry 
funded/Y

Wang, 2016 
[17] 
(same study as 
[16])

Cluster RCT Canada  

2009/2010 
2010/2011

Intervention population: children, 3–15 
yrs. (2009/2010: vaccinated n = 525, 
not vaccinated: n = 1521, 2010/2011: 
vaccinated: n = 527, not vaccinated: n 
= 1576) 
Population for indirect effects: 
community members of all ages, (2009/ 
2010: influenza vaccination colonies: n 
= 2046, HepA colonies: n = 1812; 2010/ 
2011: influenza vaccination colonies: n 
= 2103, HepA colonies: n = 1715)

Intervention: 
IIV3 
Comparator: 
other vaccine (HepA)

Medical chart review/ 
received vaccine in 
immunization campaign of 
the study

Industry 
funded/N

Piedra, 2007 [19] Prospective 
cohort study

USA  

2003/2004

Intervention population: children, 5–18 
yrs. (vaccinated children: n = 16,975; 
2003: LAIV-T n = 1544; 1998–2001 
LAIV-T: n = 903; 2003 IIV-T: n = 490) 
Population for indirect effects: 
community members of all ages (n =
NR)

Intervention: 
IIV3, LAIV (trivalent) 
Comparator: 
no vaccination

Immunization registry Industry 
funded/Y

Piedra, 2005 [20] Ecological study USA  

1998/1999 
1999/2000 
2000/2001

Intervention population: children, 8 
mos.-18 yrs. (n = 20,000) 
Population for indirect effects: 
community members of all ages (n =
350,156)

Intervention: 
LAIV (trivalent), IIV3 
(in case of 
contraindication) 
Comparator: 
no vaccination

Medical chart review/ 
received vaccine in 
immunization campaign of 
the study

Industry 
funded/NR

Household-based studies
Esposito, 2003 

[21]
RCT Italy  

2000/2001

Intervention population: children, 6 
mos.-9 yrs. (n = 64) 
Population for indirect effects: 
household members of all ages 
(contacts: n = 176, controls: n = 173)

Intervention: 
IIV3 
Comparator: 
placebo

Medical chart review/ 
received vaccine in 
immunization campaign of 
the study

Non-industry 
funded/NR

Hurwitz, 2000 
[22]

RCT USA   

1996/1997

Intervention population: children, 2–5 
yrs. (n = 127: 60 intervention arm, 67 
control arm) 
Population for indirect effects: 
household members of all ages (n = 328: 
162 contacts of influenza vaccinated 
group, 166 contacts of placebo group)

Intervention:  
IIV3 
Comparator:  
other vaccine (HepA)

NR Industry 
funded/NR

Sullender, 2019 
[23]

Cluster RCT India  

2009/2010 
2010/2011 
2011/2012

Intervention population: children, 6 
mos.-10 yrs. (2009/2010: n = 1632, 
2010/2011: n = 1718, 2011/2012: n =
1673) 
Population for indirect effects: 
household members of all ages (2009/ 
2010: n = 8307 (IIIV3 vaccinated 
contacts: n = 4154, IPV vaccinated 
contacts: n = 4153); 2010/2011: n =
8655 (IIIV3 contacts: n = 4331, IPV 
contacts: n = 4324); 2011/2012: n =
8544 (IIIV3 contacts: n = 4371, IPV 
contacts n = 4173)

Intervention: 
IIV3 
Comparator: 
other vaccine (polio)

Medical chart review/ 
received vaccine in 
immunization campaign of 
the study

Non-industry 
funded/N

(continued on next page)
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Table 1 (continued )

Study Study design Country/ 
season of 
intervention 

Population direct/indirect effects Intervention/ 
comparator 

Ascertainment of 
vaccination status 

Funding/COI§

Bleser, 2019 [24] Retrospective 
case-control 
study

USA  

not reported 
most likely: 
2011/2012 
2012/2013 
2013/2014 
2014/2015

Intervention population: children, 0–18 
yrs. (n = 11,003) 
Population for indirect effects: parents 
of included children (n = 23,014: 
11,003 with vaccinated child; 12,011 
with unvaccinated child)

Intervention: 
LAIV* or IIV3/IIV4**
Comparator: 
no vaccination

Self-reported Non-industry 
funded/Y

School-based studies
Pannaraj, 2014 

[25]
Prospective 
cohort study

USA  

2010/2011

Intervention population: 
schoolchildren, 5–13 yrs. (n = 2368; 
(813 vaccinated)) 
Population for indirect effects: 
schoolchildren (students in control 
schools regardless of vaccination status: 
n = 2087; unvaccinated students: 
control schools: n = 2031, intervention 
schools: n = 1555)

Intervention: 
LAIV (trivalent)* or 
IIV3 
Comparator: 
no vaccination

Medical chart review/ 
received vaccine in 
immunization campaign of 
the study; immunization 
registry

Non-industry 
funded/Y

Benjamin-Chung, 
2021 [26]

Retrospective 
cohort study

USA  

2014/2015 
2015/2016 
2016/2017

Intervention population: 
schoolchildren, 5–12 yrs. (n = 68,851) 
Population for indirect effects: 
community members of all ages (n =
NR)

Intervention: 
LAIV (quadrivalent)* or  
IIV3 (2014/2015, 
2015/2016) 
IIV4 (2016/2017) 
Comparator: 
no vaccination

Medical chart review/ 
received vaccine in 
immunization campaign of 
the study

Non-industry 
funded/Y

Grijalva, 2009 
[27]

Retrospective 
cohort study

USA  

2005/2006

Intervention population: 
schoolchildren, ≥5 yrs. (n = 77,732) 
Population for indirect effects: 
schoolchildren <5 yrs. (n = 51,619; 
Knox County: n = 24,547, Knox 
surrounding counties: n = 27,072)

Intervention: 
LAIV (trivalent) 
Comparator: 
no vaccination

NR Industry 
funded/Y

Grijalva, 2010 
[28]

Retrospective 
cohort study

USA   

2013/2014

Intervention population: 
schoolchildren, 5–17 yrs. (n = 62,516) 
Population for indirect effects: 
community members of all ages (n =
807,963, Knox county: n = 385,899, 
Knox surrounding counties: n =
422,064)

Intervention: 
LAIV (trivalent)*
Comparator: no 
vaccination

NR Industry 
funded/Y

Plaspohl, 2014 
[29]

Retrospective 
cohort study

USA  

2010/2011 
2011/2012

Intervention population: elementary 
school-aged children (n = 2170) 
Population for indirect effects: 
elementary school-aged children (n =
7425)

Intervention: 
LAIV* or IIV3/IIV4**
Comparator: 
no vaccination

Immunization registry No funding/N

Benjamin-Chung, 
2020 [30]

Ecological study USA  

2014/2015 
2015/2016 
2016/2017 
2017/2018

Intervention population: 
schoolchildren, 5–12 yrs. (2014/2015: 
n = 30,045, 2015/2016: n = 35,944, 
2016/2017: n = 34,214, 2017/2018: n 
= 34,741) 
Population for indirect effects: 
schoolchildren (n = NR)

Intervention: 
LAIV*, IIV for 
contraindications 
(2014/2015, 2015/ 
2016) 
IIV***(2016/2017, 
2017/2018) 
Comparator: 
no vaccination

Self-reported Non-industry 
funded/Y

Charu, 2011 [31] Ecological study Japan, USA  

1977/ 
1978–2005/ 
2006

Intervention population: 
schoolchildren, 3–15 yrs. (n = NR) 
Population for indirect effects: elderly 
general population (n = NR)

Intervention: 
IIV4 
Comparator: 
no vaccination

Immunization registry Non-industry 
funded/Y

Davis, 2008 [32] Ecological study USA  

2005/2006

Intervention population: elementary 
school-aged children (n = 12,090) 
Population for indirect effects: 
elementary to high school-aged children 
(n = NR)

Intervention: 
LAIV (trivalent) 
Comparator: 
no vaccination

Medical chart review/ 
received vaccine in 
immunization campaign of 
the study

Industry 
funded/Y

Ghendon, 2006 
[33]

Ecological study Russia  

2001/2002

Intervention population: 
schoolchildren, 3–17 yrs. (n = 28,309) 
Population for indirect effects: elderly 
community members (vaccination 
group: n = 82,051, control group: n =
76,401)

Intervention: 
IIV3 
Comparator: 
no vaccination

Medical chart review/ 
received vaccine in 
immunization campaign of 
the study

NR/N

Glezen, 2010 [34] Ecological study USA 
2007/2008

Intervention population: 
schoolchildren, 4–11 yrs. (n = 6191) 
Population for indirect effects: 
community members of all ages 

Intervention: 
IIV3 
Comparator: 
no vaccination

Medical chart review/ 
received vaccine in 
immunization campaign of 

Industry 
funded/Y
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Table 1 (continued )

Study Study design Country/ 
season of 
intervention 

Population direct/indirect effects Intervention/ 
comparator 

Ascertainment of 
vaccination status 

Funding/COI§

(intervention area: n = 50,665, 
comparison area: n = 67,036)

the study; immunization 
registry

Green, 2016 [10] Ecological study UK  

2013/2014

Intervention population: 
schoolchildren, 4–11 yrs. (n = 199,475) 
Population for indirect effects: primary 
and secondary school children (n = NR)

Intervention: 
LAIV (trivalent) 
Comparator: 
NR

Medical chart review/ 
received vaccine in 
immunization campaign of 
the study

Non-industry 
funded/N

Hull, 2010 [35] Ecological study USA  

2000/2001 
2001/2002 
2002/2003 
2004/2005 
2005/2006

Intervention population: schoolchildren 
(2005/2006: public school children: n 
= 24,198; 2006/2007: public school 
children: n = 25,749; 2006/2007: 
private school children: n = 3659) 
Population for indirect effects: elderly 
community members (n = NR)

Intervention: 
LAIV (trivalent) 
Comparator: 
no vaccination

Medical chart review/ 
received vaccine in 
immunization campaign of 
the study

NR/NR

McBean, 2011 
[36]

Ecological study USA  

2002/2003 
2003/2004 
2004/2005 
2005/2006 
2006/2007 
2007/2008

Intervention population: school aged 
children (n = NR) 
Population for indirect effects: elderly 
community members (n = NR)

Intervention: 
LAIV (trivalent) 
Comparator: 
no vaccination

Immunization registry Industry 
funded and 
non-industry 
funded/NR

King, 2005 [37] Ecological study USA  

2003/2004

Intervention population: 
schoolchildren, ≥5 years (n = 481 (185 
vaccinated)) 
Population for indirect effects: 
household members of all ages 
(vaccination group: n = 157, control 
group: n = 452)

Intervention: 
LAIV (trivalent)*
Comparator: 
no vaccination

Medical chart review/ 
received vaccine in 
immunization campaign of 
the study

Industry 
funded/Y

Muller-Pebody, 
2021 [38]

Ecological study UK  

2010/2011 
2011/2012 
2012/2013 
2013/2014 
2014/2015 
2015/2016 
2010/2016

Intervention population: 
schoolchildren, 2–16 yrs. (n = NR) 
Population for indirect effects: 
community members of all ages (n =
NR)

Intervention: 
LAIV (trivalent)  
Comparator: 
NR

Immunization registry NR/N

Pebody, 2014 
[39]

Ecological study UK  

2013/2014

Intervention population: 
schoolchildren, 4–11 yrs. (n = NR) 
Population for indirect effects: 
community members of all ages (n =
NR)

Intervention: 
LAIV (trivalent)  
Comparator: 
no vaccination

Immunization registry NR/N

Pebody, 2015 
[40]  
(study contains 
community- 
based aspects)

Ecological study UK  

2014/2015

Intervention population: primary and 
secondary school children (n = 381,969) 
Population for indirect effects: 
community members of all ages (n =
NR)

Intervention: 
LAIV*** or IIV***
Comparator: 
no vaccination

Immunization registry Non-industry 
funded/N

Pebody, 2018 
[41]

Ecological study UK  

2015/2016

Intervention population: 
schoolchildren, 5–11 yrs. (n = 279,933) 
Population for indirect effects: 
community members of all ages (n =
NR)

Intervention: 
LAIV (trivalent) 
Comparator: 
no vaccination

Immunization registry Non-industry 
funded/N

Sinnathamby, 
2022 [42]

Ecological study UK  

2016/2017

Intervention population: children, 5–11 
yrs. (n = 285,735 (vaccinated: 
172,175)) 
Population for indirect effects: 
community members of all ages (n =
NR)

Intervention: 
LAIV (quadrivalent), 
IIV4 (in case of 
contraindication) 
Comparator: 
no vaccination

Immunization registry No funding/N

Tran, 2014 [43] Ecological study USA  

2009/2010 
2010/2011 
2011/2012 
2012/2013

Intervention population: 
schoolchildren, 5–17 yrs. (n = 12,426) 
Population for indirect effects: 
community members of all ages (n =
NR)

Intervention: 
LAIV (quadrivalent);  
IIV3 (in case of 
contraindication) 
Comparator: 
NR

Immunization registry Non-industry 
funded/Y

NR = not reported, IIV3 = trivalent inactivated influenza vaccine, IIV4 = quadrivalent inactivated influenza vaccine, IPV = inactivated polio vaccine, LAIV = live 
attenuated influenza vaccine, N = no, NR = not reported, Y = yes, §COI = conflict of interest.

* Most likely used vaccine since no explicit information on vaccine was provided in the paper (e.g., “nasal influenza vaccine” used in USA is most likely LAIV; LAIV by 
MedImmune used before 2012 is most likely trivalent; after 2012 quadrivalent).

** Vaccinated with “flu shot/injection” most likely intramuscular vaccination with IIV3 or IIV4.
*** No information if vaccine was tri- or quadrivalent.
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Table 2 
Results of included studies in community-based settings.

Characteristics of the intervention Direct effect Indirect effect

Study 
(Author, 
Year)

Study design Influenza 
season

Age 
vaccinated

Vaccine (doses) Vaccine 
coverage

Age 
controls

Comparator Outcome 
(main 
results)

Effect 
estimate 
(main 
results)

Additional 
results

Age of indirect 
target group

Outcome 
(main 
results)

Effect estimate 
(main results)

Additional 
results

Diallo, 
2019 
[14]

Cluster RCT 2008/ 
2009

6 mos.-10 
yrs.

IIV3/ 
inactivated, 
trivalent [2]

6 mos.- 
10 yrs.: 
66.8 % 
6–35 
mos.: 
58.7 % 
3–5 yrs.: 
76.4 % 
6–8 yrs.: 
78.5 % 
9–10 
yrs.: 
43.5 %

6 mos.- 
10 yrs.

Polio 
vaccine

LCI  
A/H3N2 
(per 
protocol)

VE: 43.7 
% [95 % 
CI: 19.0; 
60.9]

Subgroup 
analysis 
according to 
age

<6 mos. LCI  
A/H3N2

VE: 7.0 % [95 % 
CI: − 59.2; 45.6]

​

​ ​ ​ ​ ​ ​ ​ ​ LCI  
A or B 
(modified 
intention- 
to-treat)

VE: 25.2 
% [95 % 
CI: − 5.7; 
47.0]

​ 6 mos.-10 yrs. LCI  
A/H3N2

VE: 7.6 % [95 % 
CI: − 29.2; 33.9]

​

​ ​ ​ ​ ​ ​ ​ ​ LCI  
A/H3N2 
(modified 
intention- 
to-treat)

VE: 43.6 
% [95 % 
CI: 18.6; 
60.9]

​ 11–17 yrs. LCI  
A/H3N2

VE: 45.1 % [95 
% CI: − 1.6; 
70.4]

​

​ ​ ​ ​ ​ ​ ​ ​ LCI  
B (modified 
intention- 
to-treat)

VE: 23.0 
% [95 % 
CI: 
− 361.3; 
87.1]

​ 18–49 yrs. LCI  
A/H3N2

VE: 0.3 % [95 % 
CI: − 74.6; 43.1]

​

​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ 50–64 yrs. LCI  
A/H3N2

VE: − 35.5 % 
[95 % CI: 
− 135.1; 21.9]

​

Loeb, 
2011 
[16]

Cluster RCT 2008/ 
2009

36 mos.- 
15 yrs.

Inactivated, 
quadrivalent 
[1]

83 % 36 
mos.- 
15 yrs.

Hepatitis A 
vaccine

LCI VE: 55 % 
[95 % CI: 
− 21; 84]

Subgroup 
analysis 
according to 
strain

NR LCI VE: 61 % [95 % 
CI: 8; 83]

Subgroup 
analysis 
according to 
strain

Niang, 
2021 
[15]

Cluster RCT 2010/ 
2011

6 mos.-10 
yrs.

Inactivated, 
trivalent (1–2 
doses according 
to age and 
vaccination 
status)

74 % 6 mos.- 
10 yrs.

Polio 
vaccine

LCI (mITT) VE: 52.8 
% [95 % 
CI: 32.3; 
67.0]

Subgroup 
analysis 
according to 
strain

Mean age  
IIV3: 22.7 (19.5) 
yrs. 
IPV: 22.4 (19.4) 
yrs.

LCI VE: 15.4 % [95 
% CI: − 44.3; 
50.4]

Subgroup 
analysis 
according to 
strain

​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ <6 mos. LCI VE: 36.0 % [95 
% CI: − 17.7; 
65.2]

​
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Table 2 (continued )

Characteristics of the intervention Direct effect Indirect effect

Study 
(Author, 
Year) 

Study design Influenza 
season 

Age 
vaccinated 

Vaccine (doses) Vaccine 
coverage 

Age 
controls 

Comparator Outcome 
(main 
results) 

Effect 
estimate 
(main 
results) 

Additional 
results 

Age of indirect 
target group 

Outcome 
(main 
results) 

Effect estimate 
(main results) 

Additional 
results

​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ 11–17 yrs. LCI VE: − 5.5 % [95 
% CI: − 177.7; 
59.9]

​

​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ 18–49 yrs. LCI VE: 13.2 % [95 
% CI: − 94.7; 
61.2]

​

​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ 50–64 yrs. LCI VE: 11.2 % [95 
% CI: − 263.3; 
78.3]

​

​ ​ 2011 (not 
2012)

6 mos.-10 
yrs.

Inactivated, 
trivalent (1/2)

​ 6 mos.- 
10 yrs.

Polio 
vaccine

LCI (mITT) VE: − 14.5 
% [95 % 
CI: − 81.2; 
27.6]

Subgroup 
analysis 
according to 
strain

Mean age  
IIV3: 22.7 (19.5) 
yrs.  
IPV: 22.4 (19.4) 
yrs.

LCI VE: 20.1 % [95 
% CI: − 23.9; 
48.5]

Subgroup 
analysis 
according to 
strain

​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ <6 mos. LCI VE: 24.6 % [95 
% CI: − 26.0; 
54.9]

​

​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ 11–17 yrs. LCI VE: − 0.1 % [95 
% CI: − 113.7; 
53.1]

​

​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ 18–49 yrs. LCI VE: 30.0 % [95 
% CI: − 150.3; 
80.4]

​

​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ 50–64 yrs. LCI VE: 30.0 % [95 
% CI: − 150.3; 
80.4]

​

Wang, 
2016 
[17]

Cluster RCT 2009/ 
2010

36 mos.- 
15 yrs.

Inactivated 
trivalent (NR)

76.5 % 36 
mos.- 
15 yrs.

Hepatitis A 
vaccine

NR NR ​ Mean age 
influenza 
vaccination 
communities: 
25.6 yrs., 
Hepatitis A 
vaccination 
communities: 
25.7 yrs.

LCI HR: 1.38 [95 % 
CI: 0.28; 6.74], 
protective 
effectiveness: 
− 38 [95 % CI: 
− 574; 72]

​

​ ​ 2010/ 
2011

36 mos.- 
15 yrs.

Inactivated 
trivalent (NR)

​ 36 
mos.- 
15 yrs.

Hepatitis A 
vaccine

NR NR ​ Mean age 
influenza 
vaccination 
communities: 
25.6 yrs., mean 
age Hepatitis A 
vaccination 
communities: 
25.7 yrs.

LCI HR: 0.56 [95 % 
CI: 0.2; 1.56] 
Protective 
effectiveness: 44 
[95 % CI: 
− 56; 80]

Subgroup 
analysis 
according to 
strain
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80 % [95 % CI: 17 to 95] for controls aged 5–17 years and 41 % [95 % CI: 
− 92 to 82] for contacts aged ≥ 18 yrs.

3.3.5. School/work absenteeism
Two RCT [21,22] and one NRSI [24] reported on absenteeism. In one 

RCT [21], school absenteeism was assessed in participants and their 
siblings and work absenteeism was assessed in parents. Direct VE against 
school absenteeism was 61 % [95 % CI: NR]. IndirVE against school 
absenteeism was 53 % [95 % CI: NR]. IndirVE against work absenteeism 
was 84 % [95 % CI: NR]. In the other RCT [22], school absenteeism was 
significantly reduced in contacts (5–17 years old) of influenza- 
vaccinated children, compared to contacts of control children with an 
indirVE of 72 % [95 % CI: 12 to 91]. In contacts of influenza-vaccinated 
children work absenteeism was not significantly reduced compared to 
contacts of control children, with an indirVE of 93 % [95 % CI: − 23 to 
100]. In the NRSI, work absenteeism was assessed in parents as house
hold members in 2013–2015. Adjusted prevalence rate ratio (PPR) was 
0.79 [95 % CI: 0.67–0.93] for paid sick leave and 1.10 [95 % CI: 0.87 
to1.38] for unpaid sick leave in household members of vaccinated vs. 
unvaccinated children (Table 3 and Appendix 6).

3.3.6. Antibiotic use
Antibiotic use was investigated in two RCTs [21,22]. One RCT [21] 

investigated antibiotic prescriptions in participants and in unvaccinated 
parents and siblings during influenza season 2000/2001. Direct VE was 
44 % [95 % CI: NR]. IndirVE was 29 % [95 % CI: NR] for parents and 
siblings together, and 27 % [95 % CI: NR] for parents and 33 % [95 % CI: 
NR] for siblings (Table 3). In the other RCT [22], antibiotic use was 
significantly reduced in contacts of influenza-vaccinated children, 
compared to contacts of control children, with an indirVE of 88 % [95 % 
CI: 9 to 98].

3.3.7. Other outcomes
No studies reported on other outcomes.

3.4. School-based studies

A total of 20 studies were conducted in a school-based setting, with 
the majority (n = 15) having an ecological study design [10,30–43] (see 
Appendix 5). Five studies had a non-randomized design [25–29].

3.4.1. Risk of bias
Five school-based NRSIs addressing five different outcomes were 

assessed. RoB was moderate to critical across outcomes, mainly due to 
the possibility of residual confounding or lack of adjustment for con
founders (see Appendix 7).

3.4.2. Laboratory-confirmed influenza
Three NRSI [25–27] investigated this outcome. One NRSI [27], using 

a retrospective cohort design, evaluated a school-based influenza 
vaccination campaign (LAIV, trivalent) conducted during season 2005/ 
2006 and 2006/2007, compared to surrounding counties without a 
campaign (control) and five baseline seasons (2000–2005). Relative risk 
of LCI in participants was 0.79 [95 % CI: 0.59 to 1.05] and 0.73 [95 % CI: 
0.06 to 0.87] for season 2005/2006 and 2006/2007, respectively. The 
corresponding indirect effects (RR) in children < 5 years were 0.91 [95 
% CI: 0.71 to 1.17] and 1.12 [95 % CI: 0.91 to 1.38] (Table 4). The 
second NRSI [25] used a prospective cohort design to investigate the 
direct and indirect effects of school-located influenza vaccination 
(trivalent LAIV or TIV) in four intervention schools, compared to four 
comparison schools without school-based influenza vaccination, during 
season 2010/2011. Direct VE against LCI in the age group 8.3 years 
[5–13] was 67.0 % [95 % CI: 45.4 % to 80.1 %] for all strains, 78.3 % 
[95 % CI: − 61.7 % to 97.1 %] for influenza AH3N2 and 65.7 % [95 % CI: 
34.8 % to 81.9 %] for influenza B. The indirect effect was measured as 
relative rate reduction in unvaccinated children in intervention schools Ta

bl
e 

2 
(c

on
tin

ue
d)

Ch
ar

ac
te

ri
st

ic
s 

of
 th

e 
in

te
rv

en
tio

n 
D

ir
ec

t e
ffe

ct
 

In
di

re
ct

 e
ffe

ct

St
ud

y 
(A

ut
ho

r,
 

Ye
ar

) 

St
ud

y 
de

si
gn

 
In

flu
en

za
 

se
as

on
 

A
ge

 
va

cc
in

at
ed

 
Va

cc
in

e 
(d

os
es

) 
Va

cc
in

e 
co

ve
ra

ge
 

A
ge

 
co

nt
ro

ls
 

Co
m

pa
ra

to
r 

O
ut

co
m

e 
(m

ai
n 

re
su

lts
) 

Ef
fe

ct
 

es
tim

at
e 

(m
ai

n 
re

su
lts

) 

A
dd

iti
on

al
 

re
su

lts
 

A
ge

 o
f i

nd
ir

ec
t 

ta
rg

et
 g

ro
up

 
O

ut
co

m
e 

(m
ai

n 
re

su
lts

) 

Ef
fe

ct
 e

st
im

at
e 

(m
ai

n 
re

su
lts

) 
A

dd
iti

on
al

 
re

su
lts

Pi
ed

ra
, 

20
07

 
[1

9]

Pr
os

pe
ct

iv
e 

co
ho

rt
 s

tu
dy

20
03

/ 
20

04
5–

18
 y

rs
.

In
ac

tiv
at

ed
, 

tr
iv

al
en

t (
N

R)
40

.6
 %

5–
18

 
yr

s.
N

o 
va

cc
in

at
io

n
M

A
A

RI
LA

IV
-T

 in
 

20
03

: R
R:

 
1.

0 
[9

5 
%

 
CI

: 0
.9

; 
1.

2]

Su
bg

ro
up

 
an

al
ys

is
 

ac
co

rd
in

g 
to

 
in

flu
en

za
 

se
as

on

<
5 

yr
s.

M
A

A
RI

RR
 b

ef
or

e:
 1

, 
RR

 d
ur

in
g:

 0
.9

5,
  

RR
 a

fte
r: 

0.
99

Fu
rt

he
r 

an
al

ys
is

 
av

ai
la

bl
e 

fo
r 

ag
e 

gr
ou

p 
5–

64
 y

rs
.

​
​

​
​

​
​

​
​

​
​

​
≥

65
 y

rs
.

M
A

A
RI

RR
 b

ef
or

e:
 0

.8
3,

  
RR

 d
ur

in
g:

 0
.8

5,
  

RR
 a

fte
r: 

0.
84

​

H
R 
=

ha
za

rd
 ra

tio
, N

R 
=

no
t r

ep
or

te
d,

 II
V3

 =
tr

iv
al

en
t i

na
ct

iv
at

ed
 in

flu
en

za
 v

ac
ci

ne
, I

IV
4 
=

qu
ad

ri
va

le
nt

 in
ac

tiv
at

ed
 in

flu
en

za
 v

ac
ci

ne
, m

IT
T 
=

m
od

ifi
ed

 in
te

nt
io

n-
to

-tr
ea

t, 
IP

V 
=

in
ac

tiv
at

ed
 p

ol
io

 v
ac

ci
ne

, L
A

IV
 =

liv
e 

at
te

nu
at

ed
 in

flu
en

za
 v

ac
ci

ne
, N

 =
no

, N
R 
=

no
t r

ep
or

te
d,

 O
R 
=

od
ds

 r
at

io
, R

R 
=

re
la

tiv
e 

ri
sk

, V
E 
=

va
cc

in
e 

ef
fic

ac
y/

ef
fe

ct
iv

en
es

s,
 Y

 =
ye

s.
* 

M
os

t l
ik

el
y 

us
ed

 v
ac

ci
ne

 si
nc

e 
no

 e
xp

lic
it 

in
fo

rm
at

io
n 

on
 v

ac
ci

ne
 w

as
 p

ro
vi

de
d 

in
 th

e 
pa

pe
r (

e.
g.

, “
na

sa
l i

nfl
ue

nz
a 

va
cc

in
e”

 u
se

d 
in

 U
SA

 is
 m

os
t l

ik
el

y 
LA

IV
; L

A
IV

 b
y 

M
ed

Im
m

un
e 

us
ed

 b
ef

or
e 

20
12

 is
 m

os
t l

ik
el

y 
tr

iv
al

en
t; 

af
te

r 
20

12
 q

ua
dr

iv
al

en
t)

.
**

 V
ac

ci
na

te
d 

w
ith

 “
sh

ot
” 

m
os

t l
ik

el
y 

in
tr

am
us

cu
la

r 
va

cc
in

at
io

n 
w

ith
 II

V3
 o

r 
IIV

4.
**

* 
N

o 
in

fo
rm

at
io

n 
if 

va
cc

in
e 

w
as

 tr
i- 

or
 q

ua
dr

iv
al

en
t.

M. Askar et al.                                                                                                                                                                                                                                  Vaccine 71 (2026) 128040 

9 

Descargado para Anonymous User (n/a) en Murcia Region Health Department de ClinicalKey.es por Elsevier en marzo 09, 2026. Para uso 
personal exclusivamente. No se permiten otros usos sin autorización. Copyright ©2026. Elsevier Inc. Todos los derechos reservados.



Table 3 
Results of included studies performed in household-based settings.

Characteristics of the intervention Direct effect Indirect effect

Study 
(Author, 
Year)

Study design Influenza 
season

Age 
vaccinated

Vaccine 
(doses)

Vaccine 
coverage

Age controls Comparator Outcome (main 
results)

Effect 
estimate 
(main 
results)

Additional 
results

Age of 
indirect 
target 
group

Outcome (main 
results)

Effect 
estimate 
(main 
results)

Additional 
results

Esposito, 
2003 
[21]

RCT 2000/ 
2001

3.71 ±
2.10 yrs.

Inactivated 
trivalent [2]

NR 3.87 ± 2.14 
yrs.

Placebo MAARI VE: 27 % 
[95 % CI: 
NR]

​ ​ MAARI (all) VE: 24 % 
[95 % CI: 
NR]

Subgroup 
analysis 
parental 
absenteeism

​ ​ ​ ​ ​ ​ ​ ​ MAARI VE: 33 % 
[95 % CI: 
NR]

​ ​ MAARI 
(parents)

VE:22 % 
[95 % CI: 
NR]

​

​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ MAARI 
(siblings)

VE:29 % 
[95 % CI: 
NR]

​

​ ​ ​ ​ ​ ​ ​ ​ Hospitalization VE: 60 % 
[95 % CI: 
NR]

​ ​ Hospitalization VE: 0 % 
[95 % CI: 
NR]

​

​ ​ ​ ​ ​ ​ ​ ​ Antibiotic use VE: 44 % 
[95 % CI: 
NR]

​ ​ Antibiotic use VE: 29 % 
[95 % CI: 
NR]

​

​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ Antibiotic use 
(parents)

VE: 27 % 
[95 % CI: 
NR]

​

​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ Antibiotic uses 
(siblings)

VE: 33 % 
[95 % CI: 
NR]

​

​ ​ ​ ​ ​ ​ ​ ​ Absenteeism VE: 61 % 
[95 % CI: 
NR]

​ ​ Absenteeism 
(parents)

VE: 84 % 
[95 % CI: 
NR]

​

​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ Absenteeism 
(siblings)

VE: 53 % 
[95 % CI: 
NR]

​

Hurwitz, 
2000 
[22]

RCT 1996/ 
1997

24–60 
mos.

Inactivated, 
trivalent [2]

NR 24–60 mos. Hepatitis A 
vaccine

LCI  
B

VE: 45 % 
[95 % CI: 
− 2; 69]

​ 0–4 yrs. MAARI VE: − 14 
[95 % CI: 
− 175; 
53]*

​

​ ​ ​ ​ ​ ​ ​ ​ LCI  
A (H3N2)

VE: 31 % 
[95 % CI: 
− 95; 73]

​ 5–17 yrs. MAARI VE: 80 
[95 % CI: 
17; 95]*

​

​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ≥18 yrs. MAARI VE: 41 
[95 % CI: 
− 92; 82]*

​

​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ . Absenteeism 
(school)

VE: 72 
[95 % CI: 
12; 91]*

​

​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ Absenteeism 
(work)

VE: 93# 

[95 % CI: 
− 23; 
100]*

​

​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ Antibiotic use VE: 88 
[95 % CI: 
9; 98]*

​
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Table 3 (continued )

Characteristics of the intervention Direct effect Indirect effect

Study 
(Author, 
Year) 

Study design Influenza 
season 

Age 
vaccinated 

Vaccine 
(doses) 

Vaccine 
coverage 

Age controls Comparator Outcome (main 
results) 

Effect 
estimate 
(main 
results) 

Additional 
results 

Age of 
indirect 
target 
group 

Outcome (main 
results) 

Effect 
estimate 
(main 
results) 

Additional 
results

Sullender 
2019 
[23]

Cluster RCT 2009/ 
2010

5 (2–8) 
yrs.

Inactivated, 
trivalent [2]

NR mean: 5 
[range:1–8] 
yrs.

Polio 
vaccine

LCI (Influenza 
A (H3N2))

NR ​ Influenza 
vaccine: 
mean: 27 
[range 
17–39] yrs.; 
polio 
vaccine: 
mean: 27 
[range 
16–38] yrs.

LCI 
(Influenza A 
(H3N2))

VE: 
− 151.2 % 
[95 % CI: 
− 1194.6; 
51.3]

Subgroup 
analysis 
according to 
strain

​ ​ ​ ​ ​ ​ ​ ​ LCI (Influenza 
B)

VE: 32.5 
% [95 % 
CI: 11.3; 
48.6]

​ ​ LCI 
(Influenza B)

VE: 6.7 % 
[95 % CI: 
− 21.9; 
28.6]

​

​ ​ 2010/ 
2011

5 (2–8) 
yrs.

Inactivated, 
trivalent (1–2 
doses 
according to 
age and 
vaccination 
status)

​ mean: 5 
[range 1–8] 
yrs.

Polio 
vaccine

LCI (Influenza 
A (H3N2))

VE: 64.5 
% [95 % 
CI: 48.5; 
75.5]

Subgroup 
analysis 
according 
to strain

Influenza 
vaccine: 
mean: 27 
[range 
17–39] yrs.; 
polio 
vaccine: 
mean: 27 
[range 
16–38] yrs.

LCI 
(Influenza A 
(H3N2))

VE: 8.4 % 
[95 % CI: 
− 17.6; 
28.7]

Subgroup 
analysis 
according to 
strain

​ ​ ​ ​ ​ ​ ​ ​ LCI (Influenza 
B)

VE: 4.9 % 
[95 % CI: 
− 38.9; 
34.9]

​ ​ LCI 
(Influenza B)

VE: 36.2 
% [95 % 
CI: − 0.23; 
59.4]

​

​ ​ 2011/ 
2012

5 (2–8) 
yrs.

Inactivated, 
trivalent [1]

​ mean: 5 
[range 1–8] 
yrs.

Polio 
vaccine

LCI (Influenza 
A (H3N2))

NR Subgroup 
analysis 
according 
to strain

Influenza 
vaccine: 
mean: 27 
[range 
17–39] yrs.; 
polio 
vaccine: 
mean 27 
[range 
16–38] yrs.

LCI 
(Influenza A 
(H3N2))

NA Subgroup 
analysis 
according to 
strain

​ ​ ​ ​ ​ ​ ​ ​ LCI (Influenza 
B)

VE: 76.5 
% [95 % 
CI: 59.4; 
86.4]

​ ​ LCI 
(Influenza B)

VE: 39.4 
% 
[95 % CI: 
7.4; 60.3]

​

Bleser, 
2019 
[24]

Retrospective 
case control 
study

not 
reported 
most 
likely 
2011/ 
2012 
2012/ 
2013 
2013/ 

<18 yrs. Any (NR) NR <18 yrs. No 
vaccination

NR NR ​ ≥18 yrs. Absenteeism AOR: 1.04 
[95 % CI: 
0.81; 
1.31]

Subgroup 
analysis 
according to 
paid/unpaid 
sick leave
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with 50 % vaccination coverage vs. unvaccinated children in control 
schools (aged 8.2 years [5–13]), showing a relative rate reduction of 
54.5 % [95 % CI: 8.0 % to 77.5 %]. The third NRSI [26] used a retro
spective cohort design to analyze healthcare data from three seasons 
(2014–2017). Children (age: 5–12 years) received trivalent LAIV (sea
sons 2014/2015, 2015/2016) or QIV (season 2016/2017) as part of a 
school-based vaccination program, or were unvaccinated (control 
group). Adjusted difference-in-difference (comparison of difference in 
cumulative incidence during influenza season to that in three seasons 
prior to the intervention (2011–2014) in each study group) was 8.9 [95 
% CI: − 3.0 to 20.8] (Table 4).

3.4.3. Influenza-related ED-visits
One NRSI [28] addressed this outcome (see above for study details). 

The excess rate ratio of MAARI emergency department visits attributable 
to influenza in the target group of direct effects (age group 5–17 years) 
was 0.65 [95 % CI: 0.46 to 0.84] for seasons 2005–2007. In the target 
groups for indirect effects (age groups: < 5, 18–49, 50–64, ≥ 65 years), 
no significant indirect effect was observed for this outcome (Table 4).

3.4.4. Influenza-related hospitalization
Two NRSIs [26,28] investigated influenza-related hospitalization 

(see above for study details). In one NRSI [26], adjusted difference-in- 
difference in the target group of direct effects was 1.9 [95 % CI: − 0.5 
to 4.2] for the season 2014/2015. Among the target groups of indirect 
effects (age groups 0–4, 13–17, 18–64, ≥ 65 years), estimates in 18–64- 
and ≥ 65-years-old persons were statistically significant, and showed an 
increase (see Table 4). In the other NRSI [28], the excess rate ratio of 
MAARI hospitalizations attributable to influenza in the target group of 
direct effects (age group 5–17 years) was 0.93 [95 % CI: 0 to 2.38] for 
seasons 2005–2007. A significant indirect effect on this outcome was not 
observed in any of the target groups of indirect effects (age groups: < 5, 
18–49, 50–64, ≥ 65 years) (Table 4).

3.4.5. Ambulant diagnosed influenza
One NRSI [26] investigated MAARI (for details, see above). Adjusted 

difference-in-difference of MAARI in the target group of direct effects 
was − 1.5 [95 % CI: − 16.3 to 13.2], 7.0 [95 % CI: − 5.6 to 19.6] and 2.9 
[95 % CI: − 9.9 to 15.7] for season 2014/2015, 2015/2016 and 2016/ 
2017, respectively. Among the target groups of indirect effects (age 
groups 0–4, 13–17, 18–64, ≥ 65 years), estimates in 18–64- and ≥ 65- 
years-old persons were statistically significantly decreased in all three 
influenza seasons, except for season 2016/2017 (Table 4).

3.4.6. School/work absenteeism
One NRSI [29] investigated absenteeism and showed a small but 

significant reduction of absenteeism among students (difference of days: 
0.64 [95 % CI: 0.51 to 0.78]) (Table 4).

3.4.7. Other outcomes
No studies reported on other outcomes.

3.5. Certainty of evidence (CoE)

In community-based studies, CoE was very low for indirect protec
tion of the population regarding the outcome LCI. In household-based 
settings, CoE was assessed as being very low for indirect protection of 
the population regarding the outcomes LCI and ambulant diagnosed 
influenza. In school-based settings, certainty was assessed as being very 
low for indirect protection of the population regarding the outcomes 
LCI, influenza-related ED-visits, influenza-related hospitalizations and 
ambulant diagnosed influenza. For the remaining outcomes, no CoE 
assessment was possible in any of the settings due to lack of data (Ap
pendix 8).
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Table 4 
Results of included studies performed in school-based settings.

Characteristics of the intervention Direct effect Indirect effect

Study 
(Author, 
Year)

Study design Influenza 
season

Age 
vaccinated

Vaccine 
(doses)

Vaccine 
coverage

Age controls Comparator Outcome (main 
results)

Effect estimate 
(main results)

Additional 
results

Age of 
indirect 
target group

Outcome (main 
results)

Effect 
estimate 
(main 
results)

Pannaraj, 
2014 
[25]

Prospective 
cohort study

2010/2011 Mean: 8.3 
[range 
5–13] yrs.

Inactivated or 
live- 
attenuated, 
trivalent (≥
1)

34.3 % 
[range: 
26.9–46.6]

5–13 yrs. No 
vaccination

LCI VE: 67.0 % [95 
% CI: 45.4; 
80.1]

Subgroup 
analysis 
according 
to strain

Mean: 8.2 
[range 5–13] 
yrs.

LCI (unvaccinated 
children in 
intervention 
schools with 50 % 
vaccination 
coverage vs. 
unvaccinated 
children in 
control schools)

Relative 
rate 
reduction: 
54.5 % [95 
% CI: 8.0; 
77.5]

Benjamin- 
Chung, 
2021 
[26]

Retrospective 
cohort study

2014/2015 5–12 yrs. Live 
attenuated or 
inactivated, 
trivalent (NR)

2014/2015: 
36.2 % 
2015/2016: 
29.6 % 
2016/2017: 
32.5 %

5–12 yrs. No 
vaccination

​ ​ ​ 18–64 yrs. LCI Adjusted 
difference- 
in- 
difference: 
8.9 [95 % 
CI: − 3.0; 
20.8]

​ ​ ​ ​ ​ ​ ​ ​ Hospitalizations Adjusted 
difference-in- 
difference: 1.9 
[95 % CI: − 0.5; 
4.2]

​ 0–4 yrs. Hospitalizations Adjusted 
difference- 
in- 
difference: 
− 0.6 [95 % 
CI: − 5.1; 
3.9]

​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ 18–64 yrs. Hospitalizations Adjusted 
difference- 
in- 
difference: 
4.3 [95 % 
CI: 2.7; 5.9]

​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ 65+ yrs. Hospitalizations Adjusted 
difference- 
in- 
difference: 
7.9 [95 % 
CI: 1.9; 
14.0]

​ ​ ​ ​ ​ ​ ​ ​ MAARI Adjusted 
difference-in- 
difference: 
− 1.5 [95 % CI: 
− 16.3; 13.2]

​ 0–4 yrs. MAARI Adjusted 
difference- 
in- 
difference: 
− 13.5 [95 
% CI: 
− 36.1; 9.1]

​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ 13–17 yrs. MAARI Adjusted 
difference- 
in- 
difference: 
4.7 [95 % 
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Table 4 (continued )

Characteristics of the intervention Direct effect Indirect effect

Study 
(Author, 
Year) 

Study design Influenza 
season 

Age 
vaccinated 

Vaccine 
(doses) 

Vaccine 
coverage 

Age controls Comparator Outcome (main 
results) 

Effect estimate 
(main results) 

Additional 
results 

Age of 
indirect 
target group 

Outcome (main 
results) 

Effect 
estimate 
(main 
results)

CI: − 10.3; 
19.6]

​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ 18–64 yrs. MAARI Adjusted 
difference- 
in- 
difference: 
− 7.7 [95 % 
CI: − 12.1; 
− 3.3]

​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ 65+ yrs. MAARI Adjusted 
difference- 
in- 
difference: 
− 12.3 [95 
% CI: 
− 22.3; 
− 2.3]

​ ​ 2015/2016 5–12 yrs. Live 
attenuated or 
inactivated, 
trivalent (NR)

​ 5–12 yrs. No 
vaccination

​ ​ ​ 18–64 yrs. Hospitalizations Adjusted 
difference- 
in- 
difference: 
2.1 [95 % 
CI: 1.1; 3.2]

​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ 65+ yrs. Hospitalizations Adjusted 
difference- 
in- 
difference: 
0.6 [95 % 
CI: − 3.9; 
5.1]

​ ​ ​ ​ ​ ​ ​ ​ MAARI Adjusted 
difference-in- 
difference:7.0 
[95 % CI: − 5.6; 
19.6]

​ 0–4 yrs. MAARI Adjusted 
difference- 
in- 
difference: 
− 7.4 [95 % 
CI: − 28.9; 
14.2]

​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ 13–17 yrs. MAARI Adjusted 
difference- 
in- 
difference: 
6.8 [95 % 
CI: − 5.7; 
19.3]

​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ 18–64 yrs. MAARI Adjusted 
difference- 
in- 
difference: 
− 1.6 [95 % 
CI: − 5.4; 
23]
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Table 4 (continued )

Characteristics of the intervention Direct effect Indirect effect

Study 
(Author, 
Year) 

Study design Influenza 
season 

Age 
vaccinated 

Vaccine 
(doses) 

Vaccine 
coverage 

Age controls Comparator Outcome (main 
results) 

Effect estimate 
(main results) 

Additional 
results 

Age of 
indirect 
target group 

Outcome (main 
results) 

Effect 
estimate 
(main 
results)

​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ 65+ yrs. MAARI Adjusted 
difference- 
in- 
difference: 
− 20.9 [95 
% CI: 
− 30.4; 
− 11.4]

​ ​ 2016/2017 5–12 yrs. Inactivated, 
quadrivalent 
(NR)

​ 5–12 yrs. No 
vaccination

​ ​ ​ 18–64 yrs. LCI Adjusted 
difference- 
in- 
difference: 
0.4 [95 % 
CI: − 10.6; 
11.5]

​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ 65+ yrs. LCI Adjusted 
difference- 
in- 
difference: 
5.1 [95 % 
CI: − 5.2; 
15.4]

​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ 0–4 yrs. Hospitalizations Adjusted 
difference- 
in- 
difference: 
− 0.7 [95 % 
CI: − 4.5; 
3.1]

​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ 18–64 yrs. Hospitalizations Adjusted 
difference- 
in- 
difference: 
2.1 [95 % 
CI: 0.9; 3.3]

​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ 65+ yrs. Hospitalizations Adjusted 
difference- 
in- 
difference: 
2.8 [95 % 
CI: − 1.9; 
7.5]

​ ​ ​ ​ ​ ​ ​ ​ MAARI Adjusted 
difference-in- 
difference: 2.9 
[95 % CI: − 9.9; 
15.7]

​ 0–4 yrs. MAARI Adjusted 
difference- 
in- 
difference: 
4.0 [95 % 
CI: − 18.1; 
26.0]

​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ 13–17 yrs. MAARI Adjusted 
difference- 
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Table 4 (continued )

Characteristics of the intervention Direct effect Indirect effect

Study 
(Author, 
Year) 

Study design Influenza 
season 

Age 
vaccinated 

Vaccine 
(doses) 

Vaccine 
coverage 

Age controls Comparator Outcome (main 
results) 

Effect estimate 
(main results) 

Additional 
results 

Age of 
indirect 
target group 

Outcome (main 
results) 

Effect 
estimate 
(main 
results)

in- 
difference: 
7.0 [95 % 
CI: − 6.2; 
20.1]

​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ 18–64 yrs. MAARI Adjusted 
difference- 
in- 
difference: 
− 2.0 [95 % 
CI: − 6.1; 
2.1]

​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ 65+ yrs. MAARI Adjusted 
difference- 
in- 
difference: 
− 12.3 [95 
% CI: 
− 22.4; 
− 2.2]

Grijalva, 
2009 
[27]

Retrospective 
cohort study

2000/2001 <18 yrs. LAIV, 
trivalent (at 
least one 
dose)

2005/2006: 
41 % 
2006/2007: 
48 %

NR No 
campaign

LCI RR: 0.66 [95 % 
CI: 0.43; 1.01]

​ NR LCI RR: 1.02 
[95 % CI: 
0.66; 1.59]

​ ​ 2001/2002 ​ ​ ​ ​ ​ LCI RR: 1.15 [95 % 
CI: 0.83; 1.6]

​ ​ LCI RR: 1.27 
[95 % CI: 
1.09; 1.47]

​ ​ 2002/2003 ​ ​ ​ ​ ​ LCI RR: 0.91 [95 % 
CI: 0.73; 1.13]

​ ​ LCI RR: 1.11 
[95 % CI: 
0.83; 1.48]

​ ​ 2003/2004 ​ ​ ​ ​ ​ LCI RR: 0.95 [95 % 
CI: 0.81; 1.1]

​ ​ LCI RR: 0.95 
[95 % CI: 
0.88; 1.04]

​ ​ 2004/2005 ​ ​ ​ ​ ​ LCI RR: 1.19 [95 % 
CI: 0.96; 1.46]

​ ​ LCI RR: 1.09 
[95 % CI: 
0.91; 1.3]

​ ​ 2005/2006 ​ LAIV, 
trivalent (at 
least one 
dose)

​ ​ ​ LCI RR: 0.79 [95 % 
CI: 0.59; 1.05]

​ <5 yrs. 
mean:  
Knox county: 
1.53 yrs.  
Knox 
surrounding 
counties: 
1.48 yrs.

LCI RR: 0.91 
[95 % CI: 
0.71; 1.17]

​ ​ 2006/2007 ​ LAIV, 
trivalent (at 
least one 
dose)

​ ​ ​ LCI RR: 0.73 [95 % 
CI: 0.6; 0.87]

​ <5 yrs. 
mean:  
Knox county: 
1.53 yrs.  
Knox 
surrounding 

LCI RR: 1.12 
[95 % CI: 
0.91; 1.38]
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Table 4 (continued )

Characteristics of the intervention Direct effect Indirect effect

Study 
(Author, 
Year) 

Study design Influenza 
season 

Age 
vaccinated 

Vaccine 
(doses) 

Vaccine 
coverage 

Age controls Comparator Outcome (main 
results) 

Effect estimate 
(main results) 

Additional 
results 

Age of 
indirect 
target group 

Outcome (main 
results) 

Effect 
estimate 
(main 
results)

counties: 
1.48 yrs.

Grijalva, 
2010 
[28]

Retrospective 
cohort study

2000–2004 5–17 yrs. LAIV, 
trivalent (at 
least one 
dose)

2000–2004: 
45 % 
2005/2006: 
41 % 
2006/2007: 
48 %

5–17 yrs. No 
campaign

ED-visits ERR: 0.95 [95 
% CI: 0.74; 
1.16]

​ <5 yrs. ED-visits ERR: 0.96 
[95 % CI: 
0.73; 1.19]

​ ​ ​ 5–11 yrs. ​ ​ ​ ​ ED-visits ERR: 0.99 [95 
% CI: 0.71; 
1.27]

​ 18–49 yrs. ED-visits ERR: 0.85 
[95 % CI: 
0.63; 1.07]

​ ​ ​ 12–17 yrs. ​ ​ ​ ​ ED-visits ERR: 0.89 [95 
% CI: 0.59; 
1.19]

​ 18–34 yrs. ED-visits ERR: 0.76 
[95 % CI: 
0.53; 0.99]

​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ 35–49 yrs. ED-visits ERR: 0.95 
[95 % CI: 
0.51; 1.39]

​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ 50–64 yrs. ED-visits ERR: 0.95 
[95 % CI: 
0.46; 1.44]

​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ 65+ ED-visits ERR: 0.98 
[95 % CI: 
0.49; 1.47]

​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ 18+ ED-visits ERR: 0.90 
[95 % CI: 
0.71; 1.09]

​ ​ ​ 5–17 yrs. ​ ​ ​ ​ Hospitalizations ERR: 0.82 [95 
% CI: 0; 1.98]

​ <5 yrs. Hospitalizations ERR: 0.79 
[95 % CI: 
0.12; 1.46]

​ ​ ​ 5–11 yrs. ​ ​ ​ ​ Hospitalizations ERR: 0.79 [95 
% CI: 0; 2.13]

​ 18–49 yrs. Hospitalizations ERR: 0.80 
[95 % CI: 0; 
1.63]

​ ​ ​ 12–17 yrs. ​ ​ ​ ​ Hospitalizations ERR: 1.02 [95 
% CI: 0; 2.69]

​ 18–34 yrs. Hospitalizations ERR: 1.12 
[95 % CI: 0; 
2.53]

​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ 35–49 yrs. Hospitalizations ERR: 0.57 
[95 % CI: 0; 
1.43]

​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ 50–64 yrs. Hospitalizations ERR: 0.74 
[95 % CI: 
0.04; 1.44]

​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ 65+ Hospitalizations ERR: 0.84 
[95 % CI: 
0.33; 1.35]

​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ 18+ Hospitalizations ERR: 0.68 
[95 % CI: 
0.34; 1.02]

​ ​ 2005–2007 5–17 yrs. LAIV, 
trivalent (at 
least one 
dose)

​ 5–17 yrs. No 
campaign

ED-visits ERR: 0.65 [95 
% CI: 0.46; 
0.84]

​ <5 yrs. ED-visits ERR: 0.90 
[95 % CI: 
0.60; 1.20]
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Table 4 (continued )

Characteristics of the intervention Direct effect Indirect effect

Study 
(Author, 
Year) 

Study design Influenza 
season 

Age 
vaccinated 

Vaccine 
(doses) 

Vaccine 
coverage 

Age controls Comparator Outcome (main 
results) 

Effect estimate 
(main results) 

Additional 
results 

Age of 
indirect 
target group 

Outcome (main 
results) 

Effect 
estimate 
(main 
results)

​ ​ ​ 5–11 yrs. ​ ​ ​ ​ ED-visits ERR: 0.67 [95 
% CI: 0.44; 
0.90]

​ 18–49 yrs. ED-visits ERR: 0.84 
[95 % CI: 
0.48; 1.20]

​ ​ ​ 12–17 yrs. ​ ​ ​ ​ ED-visits ERR: 0.66 [95 
% CI: 0.34; 
0.98]

​ 18–34 yrs. ED-visits ERR: 0.78 
[95 % CI: 
0.38; 1.18]

​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ 35–49 yrs. ED-visits ERR: 0.95 
[95 % CI: 
0.31; 1.59]

​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ 50–64 yrs. ED-visits ERR: 1.15 
[95 % CI: 
0.23; 2.07]

​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ 65+ ED-visits ERR: 0.99 
[95 % CI: 
0.21; 1.77]

​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ 18+ ED-visits ERR: 0.94 
[95 % CI: 
0.61; 1.27]

​ ​ ​ 5–17 yrs. ​ ​ ​ ​ Hospitalizations ERR: 0.93 [95 
% CI: 0; 2.38]

​ <5 yrs. Hospitalizations ERR: 0.84 
[95 % CI: 0; 
1.94]

​ ​ ​ 5–11 yrs. ​ ​ ​ ​ Hospitalizations ERR: 0.84 [95 
% CI: 0; 2.31]

​ 18–49 yrs. Hospitalizations ERR: 0.55 
[95 % CI: 0; 
1.46]

​ ​ ​ 12–17 yrs. ​ ​ ​ ​ Hospitalizations ERR: 0.93 [95 
% CI: 0; 2.56]

​ 18–34 yrs. Hospitalizations ERR: 0.8 
[95 % CI: 0; 
1.91]

​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ 35–49 yrs. Hospitalizations ERR: 0.52 
[95 % CI: 0; 
1.76]

​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ 50–64 yrs. Hospitalizations ERR: 0.83 
[95 % CI: 0; 
1.96]

​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ 65+ Hospitalizations ERR: 0.89 
[95 % CI: 
0.05; 1.73]

​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ 18+ Hospitalizations ERR: 0.56 
[95 % CI: 
0.06; 1.06]

Plaspohl, 
2014 
[29]

Retrospective 
cohort study

2010/2011 
2011/2012

Elementary- 
grade 
students (K- 
5)

LAIV or IIV3/ 
IIV4

NR Elementary- 
grade 
students (K- 
5)

No 
vaccination

Absenteeism Difference of 
days: 0.14 [95 
% CI: 0.02; 
0.26]

​ Elementary- 
grade 
students (K- 
5)

Absenteeism Difference 
of days: 
0.64 [95 % 
CI: 0.51; 
0.78]

CI = confidence interval, ED-visits = emergency department visits, ERR = Excess rate ratio, HR = Hazard Ratio, IIV3 = trivalent inactivated influenza vaccine, IIV4 = quadrivalent influenza vaccine, LAIV = live attenuated 
influenza vaccine, LCI = laboratory-confirmed influenza, MAARI = ambulant diagnosed influenza/irrespective of lab confirmation (this includes but is not restricted to influenza-like illness, medically attended acute 
respiratory infection and severe acute respiratory infection (ILI, MAARI, SARI)), NR = not reported, RR = relative risk, VE = vaccine efficacy/effectiveness.
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4. Discussion

The aim of this review was to assess the evidence on indirect popu
lation effects of influenza vaccination in children and adolescents. Study 
data are available for three different settings (community-based, 
household-based and school-based) in which influenza vaccination was 
given to children and adolescents and indirect effects were assessed. 
Although at least four studies were available for each of the settings, and 
for two out of three settings data from RCTs could be evaluated, we 
noted a considerable number of limitations regarding the evidence base.

For community-based studies, effect sizes for indirect protection 
from LCI were highly heterogenous, with 61 % being the highest esti
mate observed in one RCT where 55 % direct protection was observed.

In household-based studies, the effect size against LCI varied 
considerably between − 151.2 % (season 2009/2010) and 8.4 % (season 
2010/2011) for Influenza A (H3N2) and 6.7 % and 39.4 % for Influenza 
B. The negative indirect effect and large confidence intervals can be 
explained by the emergence of the new Influenza A (H1N1/pdm09) 
virus. Since the seasonal vaccine was not expected to work against the 
novel H1 and there was only little circulation of seasonal flu viruses in 
that season, these estimates are only of limited informative value. Effects 
were either small or non-significant for indirect protection against 
MAARI, absenteeism and antibiotic use.

For school-based settings, effect measures and effect sizes were also 
highly heterogenous for protection against LCI, with one study (at crit
ical risk of bias) reporting an indirect VE of 54.5 % (while direct VE was 
67 %). Indirect protection against ED visits, hospitalization and MAARI 
was either small and/or non-significant. One study with critical risk of 
bias reported a small, but significant indirect effect against absenteeism 
[29].

Due to the high level of heterogeneity a meta-analysis was not per
formed. Overall, many studies suffered from poor reporting and lacked 
essential data such as study characteristics, study design, type of vac
cine, vaccine strains and even 95 % CIs of main outcomes. Importantly, 
in the majority of studies vaccine coverage was not reported. Without 
these key pieces of information drawing robust conclusions was difficult 
or sometimes even impossible. Data gaps also affected interpretation of 
the effect size, since in some cases direct effects were not reported and 
therefore, the size of the indirect effect was difficult to interpret. 
Although there were a considerable number of studies available on the 
topic, the majority of them suffered from methodological limitations. 
For example, the certainty of evidence was very low for the school-based 
settings and four out of five studies were assessed as being of critical risk 
of bias due to lack of adjustment for confounders.

In addition to the body of evidence described above, a total of 16 
ecological studies were identified. Given the fact that for each of the 
three settings a considerable number of randomized and cohort studies 
was identified, we decided to exclude these ecological studies from 
further analysis and evidence assessment. In general, ecological studies 
do not measure intervention and outcome at the individual participant 
level, but investigate geographical associations or trends over time. 
Therefore, they are prone to ecological fallacy [44–46] and do not allow 
causal inference. Moreover, since no individual participant data are 
evaluated in these studies, it is usually not possible to adjust for con
founders. However, in order to provide a comprehensive overview of the 
available evidence, we extracted and aggregated the main results of all 
identified ecological studies and report them in the Appendix 5. Almost 
all of the ecological studies reported positive indirect effects of child
hood/adolescence influenza vaccination programs performed in com
munity settings [20] or school settings [10,30–43] on influenza-related 
outcomes in other population groups. On one hand, this seems to 
confirm that at least to a certain extent, these effects can also be 
observed when a different study design is used. On the other hand, effect 
sizes are difficult to compare between the different study designs. 
Furthermore, the fact that all of these ecological studies reported sig
nificant protective effects, whereas a considerable number of the RCTs/ 

cRCTs and cohort studies analyzed in this review found no indirect ef
fect, might lead to the question whether the published study landscape 
of ecological studies is distorted by publication bias.

Regarding potential biases in the study identification process, there 
is a small chance that our search missed potentially relevant studies. 
However, this appears unlikely since the search string was built by an 
experienced information specialist and validated by checking whether 
the strategy identified studies already known. In the screening/data 
extraction process, there remains a small possibility that we have 
overlooked crucial information (e.g. vaccine type) in studies which led 
to exclusion. We think that this is unlikely since the review process was 
conducted by pairs of experienced reviewers and a senior reviewer was 
involved in every case of uncertainty. Finally, risk of bias assessment is 
always subjective to some extent and therefore, other reviewers might 
have come to different assessment results. We tried to minimize 
subjectivity by conducting independent assessments by pairs of re
viewers and allowing for an in-depth team discussion of the results of the 
risk of bias judgements. This systematic review includes outcomes with 
syndromic definitions in order to identify influenza-related illnesses 
(MAARI). In other studies, such syndromic definitions have been found 
relatively insensitive to very young and old individuals (including SARI 
in younger children) [47,48]. Therefore, a potential risk of non- 
differential misclassification in primary studies which assessed these 
outcomes can not be excluded.

To our knowledge, two other systematic reviews published in the last 
seven years addressed this topic [49,50]. Comparing the studies 
included in these reviews to those included in our review, we conclude 
that we have analyzed the study base most comprehensively and timely 
(see Appendix 9). However, in comparison to those two reviews, we see 
several major discrepancies. In comparison to Friedman et al. (2019) 
[49] we did not conduct any meta-analyses, due to high heterogeneity of 
results of the included studies. We also excluded data for several out
comes since they were reported as total effects (but not indirect effects) 
or were not reported in accordance with our study protocol. In their 
publications, Friedman et al. (2019) [49] and Yin et al. (2017) [50] 
conclude that a clear protective indirect effect of influenza vaccination 
in children and adolescents on the population exists. We come to a more 
cautious conclusion. Based on our review, indirect effects are likely or at 
least possible, but the effect size is often unclear and the quantitative 
correlation between direct effect, coverage and indirect effect cannot be 
evaluated on the basis of the evidence available to date.

One important inference from our systematic review is that the 
quality of VE studies on indirect influenza vaccination effects needs to be 
increased, and that methodology standardization is needed in future 
studies. In light of the risk of possible insensitivity or under-recording of 
syndromically defined outcomes such as influenza-like illness (MAARI), 
we would like to emphasize the importance of laboratory-confirmed 
endpoints. Furthermore, we recommend that the assessment of these 
effects should always be conducted in multiple influenza seasons to 
account for fluctuations in virus circulation and vaccine mismatch. 
Moreover, it should become standard to report direct effects together 
with indirect effects using the same effect measure in one study.

In conclusion, this systematic review shows that evidence obtained 
in three settings (community-based, household-based, school-based) 
suggests that any indirect effects of influenza vaccination of children and 
adolescents on the population are likely highly variable. Strong effects 
with indirect VE of 40–50 % were only reported when the direct VE was 
above 50 %. Based on the available evidence, indirect effects are likely 
or at least possible, but the effect size is often unclear and the quanti
tative correlation between direct effect and indirect effect cannot be 
evaluated to date. It should also be considered, that more data on 
vaccination coverage rates within the target populations would help to 
come to a clearer understanding of how coverage levels relate to indirect 
effects. In this context, it would be particularly important to include 
severe outcomes like ICU admissions and deaths which have a high 
impact on public health. Therefore, well designed, transparent and 
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completely reported NRSIs are still needed to clarify the extent by which 
influenza vaccination of children and adolescents protects other popu
lation groups.
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review & editing, Methodology, Conceptualization. Vanessa Piechotta: 
Writing – review & editing, Methodology, Formal analysis. Catalina 
Hamon Pinilla: Writing – review & editing, Visualization, Methodol
ogy, Formal analysis, Data curation. Johanna Rubin: Writing – review 
& editing, Methodology, Conceptualization. Veronika Učakar: Writing 
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