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Background. Knowledge about how older adults get a respiratory infection is crucial for planning preventive strategies. We
aimed to determine how contact with young children living outside of the household affects the risk of acute respiratory tract infec-

tions (ARTT) in community-dwelling older adults.
Methods.

This study is part of the European RESCEU older adult study. Weekly surveillance was performed to detect ARTI

throughout 2 winter seasons (2017-2018, 2018-2019). Child exposure, defined as having regular contact with children under 5 living
outside of the subject’s household, was assessed at baseline. The average attributable fraction was calculated to determine the fraction

of ARTI explained by exposure to these children.

Results.  'We prospectively established that 597/1006 (59%) participants experienced at least 1 ARTI. Child exposure increased
the risk of all-cause ARTI (adjusted odds ratio [aOR], 1.58; 95% confidence interval [CI], 1.21 -2.08; P = .001). This risk was highest
in those with the most frequent contact (aOR, 1.80; 95% CI, 1.23-2.63; P = .003). The average attributable fraction of child exposure

explaining ARTT was 10% (95% CI, 5%-15%).
Conclusions.
side of the household.
Clinical Trials Registration. NCT03621930.

One of 10 ARTI in community-dwelling older adults is attributable to exposure to preschool children living out-
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Respiratory tract infections (RTI) are the leading cause of dis-
ease worldwide with an estimated annual incidence of 17.2 bil-
lion upper RT1, and 291 million lower RTI [1]. Most respiratory
infections are of viral etiology. Common respiratory viruses in
both children and adults are influenza virus, respiratory syn-
cytial virus (RSV), rhinovirus, coronaviruses, parainfluenza
viruses, metapneumovirus, adenoviruses, and bocaviruses [2].
The incidence of respiratory infections is highest in childhood
and decreases with older age [3]. However, most severe disease
occurs in the extremes of the age spectrum [4]. This is illus-
trated by the fact that 45% of all worldwide deaths due to lower
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RTT occur in adults older than 70 years [4]. It is therefore im-
portant to protect this vulnerable older age group and decrease
their risk of getting infected. We are aware that young children
are a reservoir of (viral) respiratory pathogens and their role
in introducing RTT into their households has been well estab-
lished [5-7]. Contact with children increased the risk of RTI in
the adult population in other studies [8-10]. But despite many
transmission studies in various settings [5-7, 11-20], the role
of young children in the occurrence of RTI in older adults that
live outside of the child’s household is not well known. Because
the majority of older adults live independently of children in
Europe and North America [21], understanding the source of
infection and the transmission patterns in this setting is fun-
damental to determine how preventive strategies should be
deployed. The pandemic of severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) underlines once more the neces-
sity of having a thorough understanding of how social contacts
drive the risk of RTI in this vulnerable population to deter-
mine the impact of preventive strategies such as which isola-
tion measures should be taken. The Respiratory Syncytial Virus
Consortium Europe (RESCEU) study was performed during 2
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winter seasons to investigate the burden of disease of RSV in
community-dwelling older adults [21]. In this current study, we
aimed to investigate the contribution of child exposure to RTI
in community-dwelling older adults from the RESCEU study.

METHODS

Participants of the prospective RESCEU older adult cohort study
were analyzed. The study design and data collection have been
described previously [22]. In summary, the RESCEU older adult
study is a European multicenter, prospective, observational cohort
study conducted across 2 consecutive RSV seasons (2017-2018
and 2018-2019) in the Netherlands, Belgium, and the United
Kingdom. In each season a cohort of community-dwelling adults
of at least 60 years of age was recruited from 17 general practi-
tioners’ offices before the start of the RSV season (defined as 1
October to 1 May), and followed up during 1 RSV season. General
practitioners’ offices were located in urban and suburban areas.
More detailed information about the RESCEU older adult study
can be found at Clinicaltrials.gov, identifier: NCT03621930.

The study was approved by the Ethical Review Authority
in Belgium (reference No. B300201732907), the Netherlands
(reference No, NL60910.041.17), and United Kingdom (ethics
reference 17/LO/1210, Integrated Research Approval System
[IRAS] reference 224156). Participants gave informed consent
before taking part in this study. The study was conducted ac-
cording with the Declaration of Helsinki, as revised in 2013.

Respiratory Infections

Between 1 October and 1 May during the seasons 2017-2018
and 2018-2019, the participants were contacted weekly by email
or telephone by the study team to ask for presence of respira-
tory symptoms. We defined an acute respiratory tract infection
(ARTI) as the presence of 1 or more of the following symp-
toms for at least 1 day: nasal congestion or discharge, cough,
wheezing, or shortness of breath. When a participant fulfilled
this ARTI case definition, a home visit was scheduled within 72
hours. During the home visit 2 nasopharyngeal swabs were col-
lected for viral diagnostics (FLOQSwab, 3 mL UTM Xpert viral
transport medium, Copan diagnostics, and MicroTest M4RT,
Remel). RSV and influenza were tested within 24 hours after
collection using a point-of-care qualitative polymerase chain re-
action (PCR; Xpert Xpress Flu/RSV assay, Cepheid, Sunnyvale,
CA, USA [23]. RSV was also validated in the second nasopha-
ryngeal sample using quantitative PCR after the study. Because
this study was performed as part of an RSV burden of disease
project, we did not evaluate other viruses or bacterial causative
agents in this study. We therefore stratified for all-cause ART],
RSV-ARTI, and influenza-ARTI. New episodes of ARTI were
defined as either ARTI symptoms after a symptom-free interval
of at least 1 week following a previous ARTI episode or a sudden
increase in symptom severity of an existing ARTI, including de-
velopment of new symptoms.

Exposure

Several exposure variables were measured by questionnaire
during a baseline home visit before the start of the RSV season
(August/September). This included if participants generally
had close contact with children younger than 5 years that were
living outside of the subject’s household and, if so, how often
they would see these children. It was indicated in the question-
naire that the contact had to be substantial, for example contact
with a visiting grandchild. Exposure to children was stratified
as having frequent (weekly), infrequent (less than weekly), or
no contact, irrespective of the number of children they had
close contact with. Additionally, the number of human contacts
during the past 24 hours as a proxy of average daily contacts,
employment status, and household composition were recorded.
We defined households as those living alone and those living
with a partner. Participants that lived together with children
were excluded from the analysis. We calculated ARTT attack
rates in those living alone and those living with a partner using
a subcohort of participants that lived together and both partici-
pated in the study. The secondary attack rate, that is the rate of
those infected by an infected household partner, was calculated
in this subcohort. Details of the estimation of the attack rates
are provided in the Supplementary Material.

Statistical Analysis

Univariate logistic regression was used to approximate the risk
of all-cause ARTI for individual risk factors. Subsequently, all
exposure variables with a univariate P value < .10 were included
in a multivariable logistic regression model that was adjusted
for confounders. Potential confounders for the association be-
tween exposure variables and ARTI were based on literature
and selected based on the highest correlations with the afore-
mentioned exposure variables observed in a correlation matrix.
No variable selection was performed and adjusted estimates
were obtained from the full model. Similarly, models were de-
veloped for RSV-ARTI and influenza-ARTI, although these
were considered explorative because of limited power due to the
low number of cases. In these explorative models, single uni-
variate predictors (P < .10) were included in the multivariable
model together with a fixed set of confounders, including age,
frailty score, and comorbidity.

We estimated the contribution of child exposure to the oc-
currence of ARTI by calculating the population-attributable
risk and average attributable fraction. Both metrics combine
the effect size of a risk factor with its prevalence in the studied
population to provide an estimate of the fraction of disease
that could be explained by that risk factor. The population-
attributable risk was calculated using the unadjusted relative
risk (RR) and the prevalence of exposure among cases (P)
using the formula: P, (RR - 1)/ 1 + P_(RR ~ 1). We thereafter
calculated the average attributable fraction, which was cor-
rected for other exposure variables and confounders [24]. The

S80 « JID 2022:226 (Suppl 1) « Korsten et al

€20z Aenuep gz uo Jasn Aseiqi Ausieaiun yoaan Aq LEYZ919/6/.S/1 uawalddng/9zz/a101e/pil/wod dno-ojwapese//:sdiy woly papeojumod



average attributable fraction is calculated by modelling disease
occurrence as a function of predictors (of which child expo-
sure was of interest). By removing variables from the model one
can estimate the variables’ contribution to the disease occur-
rence. Averaging all attributable fractions from every possible
permutation for which different predictors could be excluded
from the model provides the average attributable fraction per
included predictor. Details of the average attributable fraction
can be found in the Supplementary Material. No imputation of
missing data was performed and all analyses were performed in
R version 4.0.1. The Averisk package was used for calculating
the average attributable risk [24].

RESULTS

In total, 1040 participants were included in the RESCEU study,
of whom 1006 (97%) lived in a household without young
children. At least 1 ARTT was experienced by 597/1006 (59%)

participants during the course of the study (range, 1-5). Eight
patients (0.9% of ARTI) were hospitalized while 211 had an out-
patient visit (26% of ARTTI). In total, 822 ARTIs were reported
in these 597 patients, of which 783 ARTIs were visited by the
study team for diagnostic testing at the moment of infection.
RSV was detected by PCR in 35/783 (4.5%) ARTI episodes in
35 individual patients while 58/783 (7.4%) ARTI episodes were
positive for influenza by PCR in 57 individual patients (1 pa-
tient had 2 separate influenza infections). No RSV-influenza
coinfections occurred. Most respiratory infections were PCR
negative for RSV and influenza (termed other ARTI). The char-
acteristics of study participants are displayed in Table 1. The
subcohort of participants that lived with their partner and par-
ticipated together in the study included 316 individuals (158
households). In total, 39 missed visits in 39 patients were regis-
tered (ie, an infection was reported but no visit was performed).
Missed study visits most often occurred because the infection

Table 1. Characteristics of Study Participants With and Without a Respiratory Infection

No ARTI ARTI
Demographics n =409 All-Cause n = 597 ° RSV n =35 Influenza n = 57
Age, y, median (IQR) 76 (70-81) 75 (68-80) 75 (70-80) 71 (67-78)
Female sex 212 (52) 322 (54) 20 (57) 29 (51)
Comorbidity, any 269 (66) 411 (69) 22 (63) 37 (65)
Cardiovascular 86 (21) 123 (21) 7 (20) 10 (18)
Pulmonary 38 (9) 78 (13) 5 (14) 7 (12)
Diabetes 18 (4) 60 (10) 2(6) 5(9)
Frail®® 59 (16) 83 (15) 2 (6) 6 (11)
Influenza vaccination® 274 (72) 458 (80) 29 (85) 45 (79)
Pneumococcal vaccination® 41 (11) 72 (14) 4(12) 10 (21)
Smoking 39 (10) 40 (7) 3(9) 3 (5)
Household smoke exposure 50 (12) 62 (11) 3(9) 5(9)
Allergic, any’ 97 (24) 168 (29) 9 (26) 15 (27)
Hay fever 22 (6) 32 (6) 3(9) 2 (4)
House-dust mite 8(2) 23 (4) 0 (0) 4.(7)
Exposure
Exposure to children aged < 5 y°
Any 174 (43) 328 (65) 18 (61) 33 (60)
Infrequent, less than weekly 113 (28) 197 (33) 7 (20) 22 (40)
Frequent, weekly 61 (15) 131 (22) 11(31) 11 (20)
Household composition
Living alone 140 (34) 198 (32) 6 (17) 18 (32)
Living with partner 267 (65) 395 (64) 28 (80) 39 (68)
Other, adults only 2 (1) 4(1) 1(2) 0 (0)
Daily contacts, median (IQR) 5(3-10) 5(2-10) 5 (4-9) 6 (3-15)
Employed” 49 (13) 71 (12) 6 (18) 8 (15)

Values are numbers and percentage of cases unless otherwise indicated. Missing data <1% is not shown, if more than 1% is missing, the percentages are added as footnote.

Abbreviations: ARTI, acute respiratory tract infection; IQR, interquartile range.
®Including the 35 RSV and 57 influenza patients.

®Scored using the Groningen Frailty Indicator questionnaire, a 15-item validated screening instrument to determine the level of frailty in adults, the cut-off for frail is at 4 points [25].

“Missing n = 74 (7%).
9Missing n = 52 (56%).
*Missing n = 89 (9%).
Missing n =19 (2%).
IMissing n = 11 (1%).
"Missing n = 38 (4%).
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Table 2. Regression Analysis of Exposure Variables

All-Cause ARTI (n = 597)

RSV (n = 35) Influenza (n = 57)

Risk Factor Crude OR (95% CI) aOR (95% CI)

Crude OR (95% CI)

aOR (95% Cl)  Crude OR (95% CI)  aOR (95% Cl)

.

Child exposure, any 1.64 (1.27-2.1)
Child exposure infrequent, < weekly?  1.51 (1.13-2.02)"

Child exposure frequent, weekly? 1.86 (1.31-2.65)""

Living with partner® 0.99 (.76-1.29)
Infected partner NA°
Employed 0.97 (.66-1.43)

Number of daily contacts 1.00 (.99-1.01)

1.58 (1.21-2.08)
1.48 (1.09-2.01)"
1.80 (1.23-2.63)

1.05 (.63-2.07) 1.51 (.87-2.67)
0.65 (.27-1.59) 1.65 (.90-3.04)
1.69 (.78-3.69) 1.30 (.62-2.73)
2.31(1.05-5.79)"  2.15(90-5.17) +  1.13 (.65-2.03) y
5.18 (1.08-19.0)"  4.81(1.18-19.6)" 3.33 (72-11.54)+ 2.57 (.65-10.2)
1.57 (.58-3.65) 1.09 (.47-2.23)
1.01 (.98-1.02) 1.01 (.99-1.02)

Abbreviations: ARTI, acute respiratory tract infection; Cl, confidence interval; crude OR, univariate regression analysis odds ratio; aOR, adjusted odds ratio corrected for age, Groningen Frailty

Indicator score, and comorbidity only in those with a univariate association P < .10.
*P< .10, *P < .05, **P < .01, ***P < .001. Significant values P < .05 are shown in bold.
“Compared to never.

Compared to those living alone.

°Not determined because patients with multiple infections could not be classified for a single disease and exposure status in this analysis (ie, 1 participant could have been an index case

while also been exposed to an infected partner during a separate infection).

was only mentioned after it was resolved or because partici-
pants were abroad. Characteristics of the total study population
and the household subcohort are displayed in Supplementary
Table 1.

Child Exposure

Any exposure to children younger than 5 years living outside
of the household was reported in 51% (502/1006) of partici-
pants. Patients with influenza infection most often reported
having contact with children (60%, 33/57), while those without
any respiratory infection reported the least contact with young
children (43%, 174/409). Frequent child exposure (weekly) was
most often seen in RSV-positive patients (31%, 11/35) and was
again lowest in those without ARTT (15%, 61/409; Table 1).

Child Exposure and ARTI

Child exposure was an independent risk factor for all-cause
ARTI in multivariable regression analysis adjusted for age,
frailty score, and comorbidity, which showed an adjusted odds

ratio (aOR) of 1.58 (95% confidence interval [CI], 1.21-2.08;
P = .001). A dose-dependent effect towards a higher risk
was observed in those with more frequent contact (Table 2).
Exposure to young children did not significantly affect the risk
for RSV or influenza infection. The average attributable frac-
tion adjusted for confounding and other exposure variables in-
dicated that child exposure explained 10% (95% CI, 5%-15%)
of all ARTI (Table 3). None of the other variables included in
the model were statistically significant based on the confidence
intervals.

Other Exposure

None of the exposure variables other than child contact were
significant for ARTI. For RSV-ARTI the risk was significantly
higher in those with a partner that was infected with RSV (aOR,
4.81; 95% CI, 1.18-19.6; Table 2). The secondary attack rate for
RSV was also significantly higher compared to the population
risk (21.3% vs 3.6%; Table 4). A similar trend was seen for influ-
enza (18.8% vs 5.9%, P =.18).

Table 3. Average Attributable Fractions Explaining ARTI Occurrence

Variables RR Prevalence Among ARTI, % PAR, %° Average Attributable Fraction, % (95% Cl) °
Child exposure, yes/no 1.24 55 10.5 10.0 (5-15)

Employed 1.00 13 0 0(-3t02)

Living with a partner 1.05 65 2.8 0.5 (-7 to 8)

Number of contacts® 0.97 76 -2.2 -3.7(-141t07)

Age >75y 0.90 53 -5.7 -4.5(-11to0 2)

Comorbidity 1.03 70 2.3 5.4 (-3 10 13)

Frail 0.95 15 -0.7 -0.6 (-3t0 2)

Female sex 1.03 54 1.4 1.6 (-5t0 8)

High educational level 1.06 42 2.3 2.1(-3t07)

Abbreviations: ARTI, acute respiratory tract infection; Cl, confidence interval; PAR, population attributable risk; RR, relative risk.

®Calculated as: P, (RR — 1)/ 1 + P_ (RR - 1) in which P_ is the prevalence of exposure among cases. The PAR is based on a crude relative risk and is therefore not corrected for correlations

or confounding.

®Calculated with Averisk package, all variables in the table were included in the model to correct for confounding and correlations.

“Dichotomized as >2 contacts per day from number of daily contacts.
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Table 4. Attack Rates of ARTI

Population Cases Denominator® Attack Rate, % 95% ClI
ARTI, at least 1
Total study population 597 1006 59.3 56.3-62.3
In those living alone 198 338 58.6 53.3-63.7
In those living with partner® 189 316 59.8 54.3-65.1
Secondary cases, SAR 40 155 25.8 19.6-33.2
RSV-ARTI
Total study population 85) 968 3.6 2.6-5.0
In those living alone 6 322 1.9 .9-4.0
In those living with partner® 18 292 6.2 3.9-95
Secondary cases, SAR 3 14 21.4 76-476
Influenza-ARTI
Total study population 57 967 5.9 4.6-76
In those living alone 18 322 5.6 3.6-8.7
In those living with partner® 21 288 73 4.8-10.9
Secondary cases, SAR 3 16° 18.8 75-43.0

Abbreviations: ARTI, acute respiratory tract infection; Cl, confidence interval; SAR, secondary attack rate, the proportion of secondary cases occurring while the index case still experienced
symptoms or within 7 days after the primary case is recovered, divided by the total number of exposed household contacts.

“Denominators for specific ARTI vary because of excluded missing visits.
®Participants from the household cohort are used for these estimations.

“Two patients had onset of influenza on the same date and were considered a coprimary case therefore 16/18 index cases exposed their partner to influenza.

DISCUSSION

We investigated how contact with young children living outside
of the household affected the risk of ARTT in older adults living
in the community. We showed that contact with young children
increased the risk of all-cause ARTI in a dose-dependent
manner and that child exposure explained 10% of all ARTT in
the community-dwelling older adult population.

No studies to date have determined the direct transmission
dynamics between young children and older adults living out-
side of the child’s household. The role of young children in adult
RTT has been pointed out for community-acquired pneumonia
in adults and RSV in patients with chronic obstructive pulmo-
nary disease [8, 26-28]. In another study, transmission of res-
piratory disease and carriage of Streptococcus pneumoniae was
highest when interpersonal contact was physical and extended
[29]. Additionally, they showed that contact from and with
children aged <10 years involved proportionally more physical
contact than contacts between older children and adults [29].
Importantly, this effect was not observed for short (less than
5 minutes), casual contacts. We hypothesize that transmission
is likely to occur when grandparents babysit their grandchil-
dren because contact is both extended and will involve phys-
ical contact. Patients with RSV infection in our study reported
the highest proportion of frequent child exposure. Although we
suspect an association between child exposure and RSV infec-
tion, we could not confirm this in our study because it was un-
derpowered to show virus-specific associations.

Another clue towards the pivotal role of children in the
spread of respiratory disease in the population comes from
the experience with mass vaccination of school-aged children

for influenza [9, 30-33]. The Japanese program that spanned
over 3 decades resulted in a significant decrease of excess mor-
tality from pneumonia, influenza, and all-cause mortality in
all age groups [9]. More recent experiences from introduction
of pediatric influenza vaccination in the United Kingdom in-
dicated similar population benefits while also being cost-effi-
cient [30-32]. They concluded that the most efficient way of
reducing overall influenza-attributable morbidity and mortality
appears to be to target the key spreaders, that is the children
[30]. The best evidence comes from a randomized trial in which
children aged 36 months to 15 years in Hutterite colonies in
North America were cluster-randomized to receive either in-
fluenza immunization or hepatitis A vaccination [33]. A signif-
icant protective effect of influenza vaccination was observed for
all community members in the intervention group [33].

The major strength of our study is the prospective fol-
low-up in a large cohort of community-dwelling older adults.
Participants were recruited before onset of ARTI in contrast
to studies that use a case-ascertained design in which parti-
cipants are only recruited upon medical attendance. Cases in
these studies are likely to have been biased towards individuals
with more severe symptoms that required a doctor’s visit. More
severe disease may affect the generalizability of risk factor anal-
ysis. Additionally, by calculating the average attributable frac-
tion we were not only able to determine the effect size of child
exposure on the individual level, but also showed how much
of the ARTI risk could be attributed to this risk factor. Lastly,
coparticipation of 316 older adult life partners in 158 house-
holds provided a unique opportunity to analyze infection rates
in small households with only older adults.
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There are also limitations to our study. First, exposure was
assessed at baseline and was not verified at the moment of acute
infection. While we quantified the average frequency of contact
with young children, we did not prospectively log these con-
tacts nor did we specify them for duration and setting. Also,
the average contacts per day were based on 1 previous day and
could therefore be imprecise. The next steps in understanding
the role of infants as a source of infection in older adults are
transmission studies performed upon contact at the homes of
older adults. Second, we assume that the underlying mech-
anism of the association is based on viral transmission from
children to older adults. Because not all RTIs have a viral eti-
ology [34], we may have underestimated the effect size. We
could only differentiate for RSV and influenza but were under-
powered to robustly study these 2 specific viral pathogens. We
expect transmission of RSV and influenza from young infants
to older adults because these pathogens are prevalent in child-
hood. Third, our results may not be generalizable to those that
live in nursing homes because we studied community-dwelling
older adults and contact patterns might differ. Last, a large part
of disease occurrence was not explained, warranting further re-
search into the risk of infection from of contact with other age
groups and other risk factors.

These findings are important for planning preventive strat-
egies in the elderly population. Restricting contact with young
children may be used to decrease the burden of RTI in the eld-
erly population. While application of this restrictive measure
might be feasible in times of epidemics or in very frail patients,
there are obvious social and economic issues involved with sus-
taining these measures on a regular basis. Pediatric vaccina-
tion for respiratory pathogens may indirectly diminish the RTI
burden in older adults, as discussed for influenza. Regional var-
iance in household compositions (eg, children and older adults
living together) can affect effectivity and feasibility of preventive
measures [21]. Pediatric vaccination may be more beneficial in
regions where children and elderly people more often share
households. These types of shared households will conversely
make social distancing strategies more difficult to achieve. A
thorough understanding of social dynamics and regional differ-
ences is therefore crucial to tailor protective strategies.

CONCLUSION

We show that the risk of ARTI in older adults living in the com-
munity is increased because of contact with young children that
do not live in the same household. More frequent contact was
associated with a higher risk of ARTI and 10% of all ARTT could
be attributed to contact with young children.

Supplementary Data

Supplementary materials are available at The Journal of Infectious
Diseases online. Consisting of data provided by the authors to
benefit the reader, the posted materials are not copyedited and

are the sole responsibility of the authors, so questions or com-
ments should be addressed to the corresponding author.

Notes

Study group members. RESCEU investigators: Koos Korsten
(University Medical Centre Utrecht); Niels Adriaenssens,
Samuel Coenen (University of Antwerp); Christopher Butler
(University of Oxford); Jean-Yves Pircon (GlaxoSmithKline);
Theo Verheij; Louis Bont, Joanne Wildenbeest (University
Medical Centre Utrecht); Harish Nair, Harry Campbell
(University of Edinburgh); Philippe Beutels (University of
Antwerp); Peter Openshaw (Imperial College London); Andrew
Pollard (University of Oxford); Eva Molero (Team-It Research);
Adam Meijer (National Institute for Public Health and the
Environment); Thea K Fischer (Statens Serum Institut); Maarten
van den Berge (Academisch Ziekenhuis Groningen); Carlo
Giaquinto (Fondazione PENTA for the Treatment and Care of
Children with HIV-ONLUS); Michael Abram (AstraZeneca);
Jeroen Aerssens (Janssen); Kena Swanson (Pfizer); Olivier
Gruselle, Amanda Leach, Sonia Stoszek (GlaxoSmithKline);
Clarisse Demont, Scott Gallichan, Vincent Pavot, Charlotte
Vernhes (Sanofi Pasteur); Veena Kumar (Novavax).

Acknowledgments. We gratefully acknowledge the sup-
port of volunteers who participated in this study and all the
general practitioners for their cooperation in the recruitment
of participants from their offices. We thank the staff who was
responsible for local patient recruitment and follow-up in
Antwerp (Tita De Winter, Caroline Verschueren, Tine Maes,
Ingrid Develter, Lizzy Winnepenninckx, and Lisbeth Minnen),
Oxford (Behnaz Ravanfar, Heather Rutter, Julie Allen, Karen
Madronal, Irene Noel, Bernadette Mundy, Belinda I'Anson,
Samantha Squires, and Pippa Whitbread with the support with
of the NIHR Clinical Research Network: Thames Valley and
South Midlands research nurse team), and Utrecht (Brigitte
Buiteman, Loes Nibbelke, Lieke Kam, Marin Bont, and Victor
Kroon). We thank the staff of the Laboratory of Medical
Microbiology of the University of Antwerp (Stalin Solomon
Raj) and Oxford (Elisabeth Clutterbuck, Joseph McGinley, and
Gu-Lung Lin) for sample processing and storage; epidemi-
ologists Katrien Oude Rengerink and Marie Billard for their
contributions in the statistical analysis; Cepheid for uncondi-
tionally providing us with the point-of-care test used in this
study; Myra Widjojoatmodjo (Janssen, Leiden) for her contri-
bution to overall setup of the project at the project initiation;
Linong Zhang and Charlotte Vernhes (Sanofi Pasteur R&D,
Cambridge, MA) for their leadership on the RESCEU WP5
SP activities; and Héléne Bisceglia, Sandrine Montano, and
Thibault Perret (Sanofi Pasteur R&D, Marcy I'Etoile, France)
for the hands-on work in the laboratories.

Disclaimer. This manuscript reflects only the author’s view.
The European Commission is not responsible for any use that
may be made of the information it contains.

S84 « JID 2022:226 (Suppl 1) « Korsten et al

€20z Aenuep gz uo Jasn Aseiqi Ausieaiun yoaan Aq LEYZ919/6/.S/1 uawalddng/9zz/a101e/pil/wod dno-ojwapese//:sdiy woly papeojumod



Financial support. RESCEU has received funding from the
Innovative Medicines Initiative 2 Joint Undertaking under
grant agreement No 116019. This Joint Undertaking receives
support from the European Union’s Horizon 2020 research and
innovation programme and EFPIA.

Potential conflicts of interest. C. B. reports personal fees
from Roche, and grants and personal fees from Jannsen
Pharmaceuticals. L. B. has regular interaction with pharmaceu-
tical and other industrial partners and is founding chairman of
the ReSVINET Foundation; he has not received personal fees
or other personal benefits. His institution has received major
funding (>€100 000 per industrial partner) for investigator initi-
ated studies from AbbVie, MedImmune, Janssen, Bill and Melinda
Gates Foundation, Nutricia (Danone), and MeMed Diagnostics;
major cash or in kind funding as part of the public private part-
nership IMI-funded RESCEU project from GSK, Novavax,
Janssen, AstraZeneca, Pfizer, and Sanofi; major funding from
Julius Clinical for participating in the INFORM study sponsored
by MedImmune; minor funding for participation in trials by
Regeneron and Janssen from 2015 to 2017 (total annual estimate
less than €20 000); and minor funding for consultation and in-
vited lectures by AbbVie, MedImmune, Ablynx, Bavaria Nordic,
MabXience, Novavax, Pfizer, and Janssen (total annual estimate
less than €20 000). T. V. reports grants from Abbott, Becton
Dickinson, Bio-Merieux, and Janssen Pharmaceuticals outside the
submitted work. All other authors report no potential conflicts.
All authors have submitted the ICMJE Form for Disclosure of
Potential Conflicts of Interest. Conflicts that the editors consider
relevant to the content of the manuscript have been disclosed.

Supplement sponsorship. This article appears as part of the
supplement “Results from RESCEU study: Evidence for Policy,”
sponsored by RESCEU.

References

1. Vos T, Allen C, Arora M, et al. Global, regional, and national
incidence, prevalence, and years lived with disability for
310 diseases and injuries, 1990-2015: a systematic analysis
for the Global Burden of Disease Study 2015. Lancet 2016;
388:1545-602.

2. Boncristiani H, Criado M, Arruda E. Respiratory viruses.
In: Schaechter M, ed. Encyclopedia of microbiology. 3rd ed.
Boston: Elsevier/Academic Press, 2009:500-18.

3. Chen Y, Kirk MD. Incidence of acute respiratory infections
in Australia. Epidemiol Infect 2014; 142:1355-61.

4. GBD 2016 Lower Respiratory Infection Collaborators.
Estimates of the global, regional, and national morbidity, mor-
tality, and aetiologies of lower respiratory infections in 195 coun-
tries, 1990-2016: a systematic analysis for the Global Burden of
Disease Study 2016. Lancet Infect Dis 2018; 18:1191-210.

5. Munywoki PK, Koech DC, Agoti CN, et al. The source of
respiratory syncytial virus infection in infants: a household
cohort study in rural Kenya. J Infect Dis 2014; 209:1685-92.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

. Hall CB, Geiman JM, Biggar R, Kotok DI, Hogan PM,

Douglas GR Jr. Respiratory syncytial virus infections within
families. N Engl ] Med 1976; 294:414-9.

. Heikkinen T, Valkonen H, Waris M, Ruuskanen O.

Transmission of respiratory syncytial virus infection within
families. Open Forum Infect Dis 2015; 2:0full8.

. Rodrigo C, Bewick T, Sheppard C, et al. Pneumococcal

serotypes in adult non-invasive and invasive pneumonia
in relation to child contact and child vaccination status.
Thorax 2014; 69:168-73.

. Reichert TA, Sugaya N, Fedson DS, Glezen WP, Simonsen L,

Tashiro M. The Japanese experience with vaccinating school-
children against influenza. N Engl ] Med 2001; 344:889-96.
Chen Y, Williams E, Kirk M. Risk factors for acute respi-
ratory infection in the Australian community. PLoS One
2014; 9:e101440.

Lau LL, Nishiura H, Kelly H, Ip DK, Leung GM, Cowling
BJ. Household transmission of 2009 pandemic influ-
enza A (HINI): a systematic review and meta-analysis.
Epidemiology 2012; 23:531-42.

Agoti CN, Phan MVT, Munywoki PK, et al. Genomic anal-
ysis of respiratory syncytial virus infections in households
and utility in inferring who infects the infant. Sci Rep 2019;
9:10076.

Nukiwa-Souma N, Burmaa A, Kamigaki T, et al. Influenza
transmission in a community during a seasonal influenza
A(H3N2) outbreak (2010-2011) in Mongolia: a community-
based prospective cohort study. PLoS One 2012; 7:e33046.
Utsumi M, Makimoto K, Quroshi N, Ashida N. Types of in-
fectious outbreaks and their impact in elderly care facilities:
a review of the literature. Age Ageing 2010; 39:299-305.
Falsey AR, Walsh EE, Betts RE Serologic evidence of respi-
ratory syncytial virus infection in nursing home patients. J
Infect Dis 1990; 162:568-9.

Chang YM, Li WC, Huang CT, et al. Use of oseltamivir
during an outbreak of influenza A in a long-term care fa-
cility in Taiwan. ] Hosp Infect 2008; 68:83-7.

Bush KA, McAnulty J, McPhie K, et al; Southern New South
Wales Public Health Unit. Antiviral prophylaxis in the man-
agement of an influenza outbreak in an aged care facility.
Commun Dis Intell Q Rep 2004; 28:396-400.

Mitchell R, Huynh V, Pak J, Thompson S, Noseworthy AL.
Influenza outbreak in an Ontario long-term care home--
January 2005. Can Commun Dis Rep 2006; 32:257-62.

Lee C, Loeb M, Phillips A, et al. Zanamivir use during trans-
mission of amantadine-resistant influenza A in a nursing
home. Infect Control Hosp Epidemiol 2000; 21:700-4.
Meijer A, Overduin P, Hommel D, van Rijnsoever-Greven
Y, Haenen A, Veldman-Ariesen MJ. Outbreak of respiratory
syncytial virus infections in a nursing home and possible
sources of introduction: the Netherlands, winter 2012/2013.
J Am Geriatr Soc 2013; 61:2230-1.

Child Exposure and ARTT in Older Adults « JID 2022:226 (Suppl 1) « S85

€20z Aenuep gz uo Jasn Aseiqi Ausieaiun yoaan Aq LEYZ919/6/.S/1 uawalddng/9zz/a101e/pil/wod dno-ojwapese//:sdiy woly papeojumod



21.

22.

23.

24.

25.

26.

27.

United Nations, Department of Economic and Social
Affairs, Population Division. Household size and composi-
tion around the world 2017 - data booklet. 2017.

Korsten K, Adriaenssens N, Coenen S, et al. Burden of res-
piratory syncytial virus infection in community-dwelling
older adults in Europe (RESCEU): an international pro-
spective cohort study. Eur Respir ] 2021; 57:2002688.
Cepheid. Xpert Xpress Flu/RSV. http://www.cepheid.com/
en/cepheid-solutions/clinical-ivd-tests/critical-infectious-
diseases/xpert-xpress-flu-rsv. Accessed 31 July 2019.
Ferguson ], Alvarez-Iglesias A, Newell ], Hinde J, O'Donnell
M. Estimating average attributable fractions with confi-
dence intervals for cohort and case-control studies. Stat
Methods Med Res 2018; 27:1141-52.

Peters LL, Boter H, Burgerhof JG, Slaets JP, Buskens E.
Construct validity of the Groningen Frailty Indicator estab-
lished in a large sample of home-dwelling elderly persons:
Evidence of stability across age and gender. Exp Gerontol
2015; 69:129-41.

Almirall ], Bolibar I, Serra-Prat M, et al; Community-
Acquired Pneumonia in Catalan Countries (PACAP)
Study Group. New evidence of risk factors for community-
acquired pneumonia: a population-based study. Eur Respir
] 2008; 31:1274-84.

Teepe ], Grigoryan L, Verheij TJ. Determinants of
community-acquired pneumonia in children and young
adults in primary care. Eur Respir J 2010; 35:1113-7.

28.

29.

30.

31.

32.

33.

34.

Mehta J, Walsh EE, Mahadevia PJ, Falsey AR. Risk factors for
respiratory syncytial virus illness among patients with chronic
obstructive pulmonary disease. COPD 2013; 10:293-9.

le Polain de Waroux O, Flasche S, Kucharski A]J, et al.
Identifying human encounters that shape the transmission
of Streptococcus pneumoniae and other acute respiratory in-
fections. Epidemics 2018; 25:72-9.

Baguelin M, Flasche S, Camacho A, Demiris N, Miller E,
Edmunds WJ. Assessing optimal target populations for in-
fluenza vaccination programmes: an evidence synthesis and
modelling study. PLoS Med 2013; 10:e1001527.

Baguelin M, Camacho A, Flasche S, Edmunds WIJ.
Extending the elderly- and risk-group programme of vac-
cination against seasonal influenza in England and Wales: a
cost-effectiveness study. BMC Med 2015; 13:236.

Hodgson D, Baguelin M, van Leeuwen E, et al. Effect of mass
paediatric influenza vaccination on existing influenza vac-
cination programmes in England and Wales: a modelling
and cost-effectiveness analysis. Lancet Public Health 2017;
2:€74-81.

Loeb M, Russell ML, Moss L, et al. Effect of influenza vacci-
nation of children on infection rates in Hutterite communi-
ties: a randomized trial. JAMA 2010; 303:943-50.

Ieven M, Coenen S, Loens K, et al; GRACE Consortium.
Aetiology of lower respiratory tract infection in adults in
primary care: a prospective study in 11 European countries.
Clin Microbiol Infect 2018; 24:1158-63.

S86 « JID 2022:226 (Suppl 1) « Korsten et al

€20z Aenuep gz uo Jasn Aseiqi Ausieaiun yoaan Aq LEYZ919/6/.S/1 uawalddng/9zz/a101e/pil/wod dno-ojwapese//:sdiy woly papeojumod



