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Background. There is no immunization campaign that currently exist for respiratory syncytial virus (RSV). Seroprevalence 
studies are critical for assessing epidemiological dynamics before and during an immunization program. A systematic literature 
review was conducted to summarize the evidence from seroprevalence studies on RSV.

Methods. A systematic search of age-dependent RSV seroprevalence was conducted using the PubMed database and EMBASE. 
Age-dependent force of infections (FoI) and the decay rate of immunity were estimated. A mixture finite model was used, estimating 
the age-dependent disease state and the antibody concentrations in susceptible and infected or recovered populations.

Results. Twenty-one studies were identified from 15 countries, with studies using enzyme-linked immunosorbent assay being 
the most represented. Using a catalytic model, the age-dependent force of infection was estimated to be the lowest in infants aged 6 
months to 1 year and increased in older age groups. The proportion ever-infected/recovered was estimated to be above 90% by 
3 years of age.

Conclusions. The number of seroprevalence studies covering a broad range of ages are limited. The age-dependent FoI 
indicated that the risk of infection was greatest among those aged >5 years. Additional data using valid assays are required to 
describe the transmission dynamics of RSV infection.
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Respiratory syncytial virus (RSV) is a single-stranded ribonu
cleic acid virus belonging to the family Pneumoviridae [1]. 
Manifestations of RSV infection range from mild upper respi
ratory symptoms to severe lower respiratory infections such as 
bronchiolitis and pneumonia, which can lead to death in high- 
risk populations such as infants or older individuals [2]. 
Because approved vaccines are lacking for any age group, the 
virus causes seasonal epidemics or local outbreaks, and it has 
a substantial public health impact globally [3, 4].

Seroprevalence studies are critical for assessing the epidemi
ological situation at the population level before and during the 
implementation of an immunization program [5, 6]. By sam
pling serum specimens randomly and cross-sectionally, sero
prevalence data allow us to infer age-dependent seropositivity 
to specific antigens, which is representative of the infection 

status. Parameters governing transmission dynamics can also 
be estimated using data from seroprevalence studies, including 
the force of infection ([FoI] the rate at which susceptible indi
viduals are infected), the incidence rate, and the basic repro
duction number [7–9].

However, there are few national initiatives monitoring the 
seroprevalence of RSV. For example, among 29 European 
Union countries, only the Netherlands has implemented a 
population seroprevalence study for RSV, 23 countries have 
reported that they have neither implemented nor plan to im
plement such a study [10]. One potential technical difficulty 
with such studies is that serological markers determining sus
ceptibility (or ever infected/recovered) to RSV infection have 
not been fully elucidated [11, 12]. Furthermore, the role of 
humoral immunity, such as RSV-specific immunoglobulin 
(Ig)G or neutralizing antibodies, has not been well estab
lished in adults, whereas the respiratory mucosal IgA level 
seems to reflect the history of infection in infants [13]. 
Another challenge is that RSV may infect several times dur
ing the lifetime of an individual, complicating epidemiologi
cal interpretation of seroprevalence data [14, 15]. Despite 
these issues, reviewing the current knowledge on the age- 
dependent serostatus of RSV would be significant in provid
ing a deeper understanding of the epidemiology of RSV, and 
this may lead to future national or global scale surveys to un
derstand the burden of RSV infection.
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In this study, a systematic literature review was conducted to 
summarize the available evidence from seroprevalence studies 
on RSV at the population level. Using an age-dependent math
ematical model (Bayesian estimation method) of reinfection, 
the age-dependent FoI and the decay rate of immunity in 
RSV infection were estimated, based on the identified seropre
valence data using a range of different assays: enzyme-linked 
immunosorbent assay (ELISA), neutralization, or complement 
fixation (CF). Motivated by recent work on the serological pro
file in a broad range of populations of anti-pre-F RSV protein, 
which is now considered as responsible for the majority of neu
tralizing antibodies against RSV [16, 17], a mixture finite model 
was also used, estimating the age-dependent disease state, as 
well as antibody concentration levels, in susceptible and infect
ed or recovered populations.

METHODS

Systematic Literature Review

Search Strategy
This systematic review was conducted in accordance with the 
PRISMA statement [18]. We conducted searches of the PubMed 
database and EMBASE on May 2, 2022, using the search string 
“respiratory syncytial virus AND (antibody OR sero*)” in 
“Title/Abstract”. After submission of the first draft of the manu
script, additional relevant studies were searched using the same 
searching strategy from May 3, 2022 to March 6, 2023.

Study Selection
All titles and abstracts identified by the search strategy were in
dependently screened by 2 authors (KN and HN). Studies on 
specific subgroups (eg, individuals infected with human immu
nodeficiency virus, patients with chronic obstructive pulmo
nary disease, healthcare workers, military workers) reporting 
the serostatus in symptomatic cases or maternal-cord pairs 
were excluded. Studies following specific cohort groups (eg, 
birth cohort) were also excluded. The same criteria were used 
for full-text eligibility. As an outcome, age-dependent seropre
valence data (ie, reports on the number of positive tests among 
samples) were sought, and such reports were collected manual
ly and summarized descriptively.

Mathematical Model

Estimation of the Force of Infection and the Rate of Decay in Each 
Assay
To estimate the age-dependent FoI and decay rate of seroposi
tivity, we analyzed each set of seroprevalence data indepen
dently. Any studies reporting the number of positive tests 
among the samples for 2 or more age-groups (including ages 
<5 years) were included as a subject. The so-called “catalytic 
model” was used to capture the age-dependent infection dy
namics of RSV, and considering the importance of maternal 
immunity during infancy, an MSIS (Maternal - Susceptible - 

Infected/Recovered - Susceptible) model was selected for our 
analysis [15, 19]. The MSIS model assumes that any individual 
can become seropositive either due to maternal antibody or 
natural infection, and the movement between states are gov
erned by transition rates. The FoI, that is, hazard of seroconver
sion due to infection, was assumed to be age dependent. We 
modeled FoIs as piecewise constant, that is, FoI takes constant 
values λ1, λ2, and λ3 in the following ages, that is, 0.5–1 year, 
1–5 years, and 5 years and over, respectively. The decay rate 
of seropositivity, ω, was assumed to be a constant across all 
ages. A conventional qualitative approximation of maternal 
immunity was used, that is, all individuals aged <0.5 years 
are immune due to maternal antibodies, and they become sus
ceptible once they reach 6 months of age [8]. We denote the age 
at which maternal antibodies are lost by am, and the expressions 
of seroprevalence in each age category, p(a), are as follows:

p(a) =
λ1

λ1 + ω
{1 − exp(−(a − am)(λ1 + ω))} when a < a0

p(a) =
λ1

λ1 + ω
{1 − exp (−(a0 − am)(λ1 + ω))} −

λ2

λ2 + ω

􏼔 􏼕

· exp(−(a − a0)(λ2 + ω)) +
λ2

λ2 + ω
when a0 ≤ a < a1

p(a) =
λ1

λ1 + ω
{1 − exp (−(a0 − am)(λ1 + ω))} −

λ2

λ2 + ω

􏼔 􏼕􏼚

· exp (−(a1 − a0)(λ2 + ω)) +
ω

λ3 + ω
−

ω
λ2 + ω

􏼛

· exp(−(a − a1)(λ3 + ω)) +
λ3

λ3 + ω
when a ≥ a1,

(1) 

where am, a0, and a1 are 6 months, 1 year, and 5 years, respec
tively. The observed age-dependent number of seropositive re
sults was assumed to follow a binomial distribution. Supposing 
that there were nia seropositive and mia seronegative individu
als observed in each age a from the seroprevalence study i, the 
likelihood function is proportional to the following:

L(θ|D) = L(λi1, λi2, λi3, ω|Di) =
􏽙

a
P(a)nia (1 − P(a))mia , (2) 

where λi1, λi2, λi3, and Di are the FoI for each age band and 
data from seroprevalence study i, respectively. The rate of de
cay, ω, was assumed to be identical among studies that share 
the same assay method.

Estimation of the Age-Dependent Disease Status for Respiratory 
Syncytial Virus Infection
To estimate the age-dependent proportion of ever-infected/re
covered individuals for RSV infection, data on the anti-pre-F 
protein antibody concentration from Andeweg et al [16] and 
Berbers et al [17] were analyzed. The term “ever-infected/re
covered for RSV infection” is specifically used here, because 
this immunological marker is considered responsible for the 
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majority of neutralizing antibodies against RSV and therefore 
reflects the recovered status from RSV more accurately than 
other serological assays [20]. The finite mixture model was 
used to jointly quantify the age-dependent disease status and 
the anti-pre-F protein antibody concentration in the suscep
tible and ever-infected groups [21, 22]. For children aged 
<5 years, the mixture model was formulated using a hierar
chical model that involves a latent variable indicating the 
unknown true disease status, that is, susceptible or ever- 
infected/recovered. Using the antibody concentration in 
each individual child aged <5 years [16], the likelihood of 
the antibody concentration (log scale) in each subject i, Zi, 
and the latent classification of disease status, Yi, are present
ed as follows:

Zi ∼ N(Yiμ1 + (1 − Yi)μ2, Yiσ2
1 + (1 − Yi)σ2

2) (3) 

Yi = 1 Pi(a),
0 1 − Pi(a).

􏼚

, (4) 

where μ1, μ2, σ2
1, σ2

2 are the means and variances for the sus
ceptible group and the ever-infected/recovered group, re
spectively. Pi(a) is each individual’s probability of being 
ever-infected/recovered as a function of his/her age. For 
the population aged >5 years for which individual antibody 
data were not available, we used the sample mean values for 
prespecified age groups [17]; the likelihood of the sample 
mean of the antibody concentration in each age category a, 
Xa, is presented as follows:

Xa ∼ N( p(a)μ1 + (1 − p(a))μ2, σ2
a), (5) 

where σ2
a is the variance for each age category. Sensitivity analysis 

was conducted to test an alternative catalytic model that incorpo
rated a boosting effect due to cellular immunity, which has been 
suggested by recent studies [23–25] (see Supplementary Data for 
the model and the analytical solutions).

Statistical Analysis

Bayesian estimation was applied throughout the following 
analyses [9]. For selection of the priors in the first part, we re
ferred to 2 previous reports: using the best fitted MSIS model, 
Nyiro et al [19] estimated the FoI for 0- to 1-year-olds and for 
1- to 12-year-olds as 0.78 (95% confidence interval [CI], 
.65–.97) and 1.69 (95% CI, 1.27–2.04) per year, respectively, and 
Nakajo and Nishiura [15] estimated the FoI for primary and sec
ondary infection as 0.12 per month (95% CI, .07–.18) and 0.05 per 
month (95% CI, 0.04–0.06), respectively. Consequently, a gam
ma prior distribution with a mean of 0.8 per year and a stan
dard deviation (SD) of 0.1 (shape and rate parameters: 64 
and 80), and a gamma prior distribution with a mean of 1.7 
per year and an SD of 0.2 (shape and rate parameters: 64 and 
40), were chosen to estimate the FoI for those aged 0.5 to 
1 year and 1 to 5 years, respectively. The prior distribution 

for those >5 years was set the same as that for children aged 
1 to 5 years. A uniform distribution was also assessed as a non
informative prior distribution of FoI (Supplementary Data). 
For the rate of decay, a uniform distribution from 0 to 5 decay 
per year was chosen, given that there was little information on 
this particular parameter.

For the estimation of age-dependent disease status using a 
mixture model, the results of the posterior distribution for the 
FoI and the rate of decay in the first part were fully utilized. 
For the priors for the distribution of the 3 variances in the model, 
the half-Student-t-distribution (ν=4, μ = 0, σ = 10) was specifi
cally selected. Utilizing estimates with an age-independent cata
lytic model, a gamma distribution with a mean of 0.8 per year 
and an SD of 0.1 was chosen as the prior for the FoI for those 
aged 0.5 to 1 year. For those aged 1 to 5 years and >5 years, a 
gamma distribution with a mean of 1.5 per year and an SD of 
0.2 was adopted. For the rate of decay, a gamma distribution 
with a mean of 0.1 and an SD of 0.02 was specifically chosen.

The Bayesian inference was implemented in Stan Markov 
and Monte Carlo with the No-U-Turn sampler algorithm being 
used to estimate model parameters. The GR statistic (R-hat) 
was used to judge Markov chain Monte Carlo convergence 
with a threshold of <1.1. For model selection, widely applicable 
information criterion (WAIC) and leave-one-out (LOO) cross- 
validation using Pareto-smoothed importance sampling were 
used [26]. All analyses were conducted using R version 4.0.3 
[27]. This study used publicly available data, and thus ethical 
approval was not required.

RESULTS

Selected Studies

The flow chart of the literature search is shown in Figure 1. We 
identified 22 seroprevalence studies [16, 19, 28–47]. One study 
was excluded because age-specific data were not available [33]. 
The remaining 21 studies reporting age-dependent seropreva
lence from 15 countries are summarized in Table 1.

Seroprevalence

The patterns of age-dependent seroprevalence were similar re
gardless of the methodology, with the exception of CF. The ob
served age-dependent seroprevalence for each assay is shown 
for studies with digitalized data of 2 or more age groups includ
ing those aged <5 years (Figure 2).

For ELISA, 7 studies were identified from China, India, 
Kenya, Brazil, Thailand, Germany, and Ecuador (with 2 studies 
using the same data [28, 32] and 1 study using data from 2 
countries [31]). Seropositivity of 100% was observed at 0 
months [19, 31, 32]. Seropositivity was lowest approximately 
6 to 12 months [19, 30–32, 46] then increased, reaching almost 
100% approximately 3 years [19, 46] (Figure 2A). Among 
adults and older individuals, seropositivity was almost 100% 

1402 • JID 2023:228 (15 November) • Nakajo and Nishiura

http://academic.oup.com/jid/article-lookup/doi/10.1093/infdis/jiad147#supplementary-data
http://academic.oup.com/jid/article-lookup/doi/10.1093/infdis/jiad147#supplementary-data


[29, 32]. For ELISA of F protein and N protein, 2 studies 
(United States and Germany) [34, 43] and 1 study [39] were 
identified, respectively. The patterns of seropositivity for both 
assays were similar to those for ELISA, except that for F protein 
a decrease was observed in those aged 80 years and over [43] 
(Figure 2B and C).

Two studies from Japan [35, 44], 2 studies from Italy [38, 
45], and 1 from China [47] were identified as using a neutral
ization assay; 3 studies on children or adolescents [35, 38, 44] 
and 1 on adults and older individuals [45]. One study targeting 
an adult group did not provide detailed information on age 
[47]. Seropositivity was high at birth (50%–89%). Once reach
ing its nadir at approximately 4 months to 1 year, it gradually 
increased with age to >80% in the oldest age category in all 3 
studies investigating children/adolescents (Supplementary 
Figure 2A). Among adults and the older population, seropre
valence was highest at 93% in the youngest age group (ie, 20 to 
60 years) and decreased with age to 36% in the >80 years 
group [45].

A more recent study in the Netherlands [16] examined age- 
dependent seroprevalence using a multiplex immunoassay for 
pre-F protein. In that study, “previously infected” was defined 
using IgA and IgG cutoffs among children aged <5 years. The 
proportion increased and reached 100% at approximately 20 

months of age. As for indirect immunofluorescence assays, a 
single study from Italy was identified, clarifying the seropreva
lence among adults including the older generation [45]. 
Seropositivity among adults was estimated to be >80%.

Five studies using a CF assay were performed in the 1960s 
−1970s [36, 37, 40–42]. Seroprevalence varied depending on 
the cutoffs that were independently determined. The propor
tion of seropositivity was highest in early infancy with a prev
alence of approximately 40%–50% (Supplementary Figure 2B).

The Force of Infection and the Rate of Decay

Our catalytic model allowed for estimation of the FoI and the 
rate of antibody decay by fitting to digitally available data 
from 10 studies, which involved at least 2 age groups (3 for 
ELISA, 1 for ELISA of F protein, 1 for ELISA of N protein, 1 
for a neutralization assay, and 4 for CF). The FoI values across 
the 3 studies utilizing ELISA were 0.38 per year (95% credible 
interval [CrI], 0.30–0.46) to 1.17 per year (95% CrI, 1.01– 
1.36), 1.02 per year (95% CrI, 0.85–1.21) to 1.94 per year 
(95% CrI, 1.59–2.32), and 1.38 per year (95% CrI, 1.06–1.73) 
to 1.74 per year (95% CrI, 1.37–2.18) for those aged 0.5 to 1 
year, 1 to 5 years, and 5 years and over, respectively (Table 2
and Figure 3). The rate of decay was estimated to be 0.07 per 
year (95% CrI, 0.05–0.10). The predicted age-dependent 

Figure 1. Flow diagram of the study selection.
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seropositivity captured the observed pattern accurately 
(Figure 2A). The estimated FoI for ELISA-F protein and 
ELISA-N protein were similar, whereas the rates of decay 
were 0.09 per year (95% CrI, 0.06–0.12) and 0.01 per year 
(95% CrI, 0.00–0.02), respectively (Table 2 and Figure 2B 
and C). The results of the neutralization assay and CF are 

shown in the Supplementary Material (Supplementary Table 1
and Figure 2A and B).

Age-Dependent Risk of Infection

Using the finite mixture model fitted to the sampled anti-pre-F 
protein antibody concentration, the posterior means of the FoI 

Table 1. Summary of the Studies Included in the Systematic Review

Authors (Year Published) Country Year Sampled Age Sample Size Assay Antigen

Amaku (2009); Cox (1998) Brazil 1990–1991 0 to 40 years 549 ELISA IgG Viral components

Andeweg (2021) Netherlands 2006–2007 and 2016–2017 0 to < 5 years 682 MIA IgG and IgA for Pre-F,  
Post-F and N

Arankalle (2019) India 2016–2018 0 to 85 years 695 ELISA IgG and IgM Viral components

Bhattarakosol (2003) Thailand Not specified 0 to 5 years 119 ELISA IgG Viral components

Brüssow (1991) Equador, Germany Not specified 0 to 5 years 1397 (E); 340 (G) ELISA IgG and IgM Viral components

Dunn (2013) US 1989–2001 0 to >5 years 282 ELISA IgG F protein

Ebihara (2004) Japan 2001–2002 0 to 5 years 100 Neutralization Whole virus

Golubjatnikov (1975) Mexico 1968 0 to 18 years 642 CF Whole virus

Jennings (1972) Jamaica Not specified 0 to >40 years 558 CF Whole virus

Leogrande (1992) Italy 1989–1990 0 to 15 years 2514 Neutralization Whole virus

Liu (2022) China 2017–2018 Adult 720 MNA Whole virus

Lu (2011) China 2008 0 to >60 years 1156 ELISA IgG N protein

Madhavan (1974) India 1973 0 to >40 years 316 CF Whole virus

Moss (1963) UK 1961–1962 0 to >15 years 149 CF Whole virus

Njoku-Obi (1966) Nigeria 1962–64 0 to >45 years 309 CF Whole virus

Nyiro (2017) Kenya 2007–2010 0 to <12 years 960 ELISA IgG Viral components

Sastre (2012) Germany Not specified 0 to 89 years 1811 ELISA IgG F protein

Suto (1965) Japan 1963–1964 0 to 18 years 514 Neutralization Whole virus

Terrosi (2009) Italy 2008 20 to over 80 years 197 IFA and MNA Whole virus

Zhang (2008) China Not specified 0 to 6 years 324 ELISA IgG Viral components

Abbreviations: CF, complement fixation; ELISA, enzyme-linked immunosorbent assay; IFA, indirect immunofluorescence assay; Ig, immunoglobulin; MIA, multiplex immunoassay; MNA, 
microneutralization assay; UK, United Kingdom; US, United States.

Figure 2. Age-specific seroprevalence of respiratory syncytial virus as determined by (A) enzyme-linked immunosorbent assay (ELISA), (B) ELISA for F protein, and (C) ELISA 
for N protein, respectively (≥ 0.5 year). Points and whiskers represent the observed proportions with their confidence intervals. The lines represent predictive seroprevalence 
curves with 95% credible intervals sampled from the fitted model.
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were estimated to be 0.60 per year (95% CrI, 0.47–0.74), 1.36 
per year (95% CrI, 1.12–1.62), and 1.56 per year (95% CrI, 
1.20–1.97) for those aged 0.5 to 1 year, 1 to 5 years, and 5 years 
and over, respectively. The rate of decay was estimated to be 
0.08 per year (95% CrI, 0.05–0.11). Other estimates, including 
the mean antibody concentration in each disease group, are 
listed in Table 3. The estimated age-dependent ever-infected/ 
recovered proportions are shown in Figure 4A. The proportion 
of ever-infected/recovered was almost 80% by the age of 2 and 
had plateaued by the age of 7. The predicted antibody concen
tration for each subject (aged < 5 years) and the predicted 
mean of each age group (aged > 5 years) were plotted against 
the observed values (Figure 4B and C). Overall, the model cap
tured the observed pattern accurately. The model that consid
ers the boosting effect provided greater predictability than the 
SIS model in terms of both WAIC and LOO cross-validation 
(Table 3).

DISCUSSION

We conducted a systematic literature review of studies on the 
age-dependent seroprevalence of RSV infection. Twenty-one 
studies were identified from 15 countries, with the number of 
studies using ELISA being the largest (7), followed by studies 

using CF or neutralization (5). Except for CF, most studies 
showed similar patterns of seropositivity: seroprevalence was 
lowest in those aged <0.5 to 1 year, increased in early child
hood, reaching a plateau in older children and adults. 
Assuming an SIS model, the age-dependent FoI values were 
lowest in those aged 0.5 to 1 year and increased with age during 
early childhood, that is, aged 1 to 5 years and >5 years. We also 
estimated the age-dependent disease status using a finite mix
ture model. The proportion of ever-infected/recovered individ
uals was estimated to plateau at the age of 7.

To capture seroprevalence status at the population level, 
data on a broad range of age categories are needed. For age- 
dependent data in which the number of positive tests among se
rum samples from 2 or more age groups (including aged 
<5 years) are available, the largest number of studies (n = 4) 
used CF; however, all were published in the 1960s–1970s, and 
this method is now considered to be less sensitive than 
ELISA [48]. In addition, a broad range of childhood ages 
were covered by a single study using various methods, that is, 
ELISA-F, ELISA-N, and neutralization assays. Although neu
tralization is considered to be the gold standard to measure se
roprotective status [20], there were no studies sampling 
seroprevalence in both children and adults. These findings 
highlight that more data based on valid assays are needed to 

Table 2. Estimated Parameters From the Catalytic Model (Median and 95% Credible Interval)

Assay Study FoI (/Year) (Aged 0.5 to 1 Years) FoI (/Year) (Aged 1 to 5 Years) FoI (/Year) (Aged 5 Years and More) Decay (/Year)

ELISA Arankalle 0.38 (0.30–0.46) 1.02 (0.85–1.21) 1.38 (1.06–1.73) 0.07 (0.05–0.10)

Nyiro 1.17 (1.01–1.36) 1.63 (1.34–1.94) 1.74 (1.37–2.18)

Zhang 0.87 (0.67–1.09) 1.94 (1.59–2.32) 1.60 (1.23–2.01)

ELISA F Sastre 0.80 (0.61–1.02) 1.58 (1.22–1.98) 1.64 (1.27–2.05) 0.09 (0.06–0.12)

ELISA N Lu 0.82 (0.63–1.02) 1.56 (1.24–1.91) 1.67 (1.30–2.09) 0.01 (0.00–0.02)

Abbreviation: ELISA, enzyme-linked immunosorbent assay; FoI, force of infections.

Figure 3. Posterior distribution of force of infections for the age groups: (A) 0.5 to 1 year, (B) 1 to 5 years, and (C) 5 years and over. The posterior means are represented by 
vertical dashed lines.
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fully describe the population-level transmission dynamics of 
RSV infection.

The age-dependent FoI was estimated using the dataset from 
the Netherlands and indicated that the risk of infection was ele
vated during postinfancy and became even greater among those 
aged >5 years. Recent studies using serological data during the 
coronavirus disease 2019 pandemic suggest that asymptomatic 
infections could commonly occur in adults to maintain antibody 

levels [24,25], and our results using the catalytic model may sup
port this hypothesis. Our model suggested that most of popula
tion would have been infected by the age of 3 years old 
(Figure 4A), and the higher FoI in older children would be re
quired to transit a remaining (small) fraction of susceptibles to 
a state of infected. Age-dependent rates of contact that are asso
ciated with increasing contact behavior as a function of age may 
also contribute to higher FoI in older children. The decay rate 
was estimated to be 0.08 per year, corresponding to approxi
mately 9 years as half-life. In a birth cohort that was followed 
up for 3 years, decay rate, measured by neutralization antibody 
titer, was reported as 0.33 per month (ie, 2 months as half-life) 
[49]. Our cohort included broader aged groups than the previous 
study, suggesting that a decay rate in aged group would be slow
er, although it must be noted that we used pre-F antibody levels 
to quantify the decay rate. We investigated the correlation be
tween FoIs and decay rate and found no apparent correlations 
between the parameters (Supplementary Figure 3).

It must be emphasized that the transmission dynamics of 
RSV have not been fully clarified. For example, the basic repro
duction number R0 has not been estimated (except for one 
poorly defined R0), and, thus, we have yet to understand the re
quired vaccination coverage of the forthcoming immunization 
rollout. Considering the age dependency of FoIs that was 
suggested in our research, the impact of vaccination on the dy
namic nature of RSV transmission at the population level re
quires further investigation, including the optimal age of 
vaccination and/or effective vaccination strategies (eg, target
ing mothers). Transmission dynamics among adults and the 
older generation remain to be systematically investigated.

By considering single epidemiological factors, specific 
knowledge gaps are highlighted. We predominantly tracked se
roepidemiological studies among infants, potentially excluding 

Table 3. Estimated Parameters From the Mixture Model (Median and 
95% Credible Interval)

Model
SIS Model (No. of 
Parameters = 9)

SIW Model (No. of 
Parameters = 10)

Mean of IgG concentration 
against prefusion F for 
susceptible (log(AU/mL))

1.61 (1.40–1.82) 1.61 (1.40–1.82)

Mean of IgG concentration 
against prefusion F for 
infected (log(AU/mL))

5.58 (5.41–5.75) 5.60 (5.43–5.79)

Variance for susceptible for 
aged 0.5 to 5 years

1.99 (1.86–2.14) 1.99 (1.86–2.13)

Variance for infected for 
aged 0.5 to 5 years

1.16 (1.05–1.27) 1.16 (1.06–1.27)

Variance for aged >5 years 0.88 (0.56–1.35) 0.70 (0.42–1.09)

FoI for aged 0.5 to 1 years 
(/year)

0.60 (0.47–0.74) 0.59 (0.47–0.73)

FoI for aged 1 to 5 years 
(/year)

1.36 (1.12–1.62) 1.28 (1.05–1.54)

FoI for aged 5 years and 
more (/year)

1.56 (1.20–1.97) 1.50 (1.14–1.89)

Decay (/year) 0.08 (0.05–0.11) 0.10 (0.06–0.14)

boosting NA 6.60 (2.68–12.68)

WAIC 5787.4 (SE = 192.7) 5736.5 (SE = 190.7)

LOO 5789.8 (SE = 193.1) 5737.8 (SE = 190.9)

Abbreviations: AU, arbitrary units; FoI, force of infection; Ig, immunoglobulin; LOO, 
leave-one-out cross validation; NA, not applicable; SE, standard error; WAIC, widely 
applicable information criterion.

Figure 4. Age-dependent disease status for respiratory syncytial virus infection. (A) Predicted age-dependent proportion of ever-infected/recovered individuals, sampled 
from the fitted mixture model. The shaded area is the 95% credible interval. (B) Scatterplots of the observed serum immunoglobulin G (IgG) concentrations against prefusion F 
and the predicted concentrations for those aged <5 years. (C) Observed sampled means of the IgG concentrations against prefusion F and the predicted means for those aged 
>5 years. The dark and light shaded areas represent the 50% and 95% credible intervals (B and C), respectively.
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studies on other age groups. Furthermore, studies using recent
ly emerged novel assay methods, such as pre-F antibody-based 
assays, are scarce and therefore poorly represented. Future 
studies that address these 2 points are needed. In addition to 
age-dependent FoI estimation, the mechanisms of transmission 
that govern age dependence among children have remained 
largely unknown. We should explore the site and opportunity 
for transmission (eg, the importance of household transmis
sion, and the age at which the risk of transmission at school in
creases) and also the age and characteristics of the primary 
source case. Such social heterogeneities in transmission should 
be explored in future seroepidemiological studies, stratifying 
seroprevalence by social structures.

The limitations of this study were as follows: first, the catalytic 
model used may be an oversimplification of the real-life situa
tion. Not only the estimated FoI and rate of decay, but also the 
epidemiological determinants of those estimates need to be fur
ther explored. Second, other undocumented aspects of transmis
sion, including the seasonality of transmission, were ignored. 
Third, we examined 2 different types of prior distributions for 
estimating the age-dependent FoI. Although the variance of 
the posterior distribution with noninformative prior was only 
slightly greater than that of the informative prior, the validity 
of our catalytic-type mixture model should be subject to further 
validation using additional empirical data in the future.

CONCLUSIONS

In conclusion, a systematic literature review was conducted to 
summarize the evidence from seroprevalence studies on RSV 
and found that the number of studies covering a broad range 
of ages was very limited. Age-dependent FoI values were esti
mated, with the lowest FoI being identified in those aged 0.5 
to 1 year, with increased values among older age groups, per
haps reflecting the increased contact rate. To understand the 
transmission dynamics, further epidemiological studies using 
valid assays including the pre-F antibody over a broader range 
of age groups are required.
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