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ABSTRACT

Background: We previously reviewed methods for estimating the timing of respiratory syncytial virus (RSV) epidemics. This
study examines the impact of various estimation methods on determining the start, end, duration, and capture rate of RSV
epidemics.

Methods: We applied eight estimation methods to RSV surveillance data from the Global Epidemiology of RSV (GERi) study,
covering Chile, New Zealand, Singapore, South Africa, Spain, and the United States: 3% and 10% positivity rate, moving epidemic
method (MEM), mean positivity, 1.2% total detections, mean and 60% mean number, and 75% average annual percentage (AAP).
We compared the median start, end, duration, and capture rate of RSV epidemics obtained from these methods.

Results: Within countries, the median duration of RSV epidemics varied by over 10 weeks, and the median capture rates ranged
from > 95 to < 60%, depending on the estimation method. Generally, the 3% positivity rate method identified the longest RSV
epidemics (earliest median start and latest end, and highest capture rate). The 10% positivity rate, MEM, and 75% A AP methods
indicated the shortest RSV epidemics with the lowest capture rate. The remaining four methods produced intermediate results.
Conclusions: These findings underscore the importance of selecting estimation methods suited to the surveillance system and
the intended use, whether for outbreak alert, planning, or targeted interventions.
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1 | Introduction

Respiratory syncytial virus (RSV) is a common cause of acute
respiratory infections and is responsible for a substantial bur-
den of disease especially among young children and the elderly
[1]. Most children (60-70%) are infected with RSV within their
first year of life; while most infections cause mild respiratory
symptoms, 2-3% of these result in hospitalization [2]. Risk fac-
tors for RSV-associated hospitalization include prematurity and
a history of wheezing [3]. However, the majority of children re-
quiring hospitalization have no underlying medical conditions
[4]. Though case-fatality rates are low in high-income countries,
higher rates have been reported in low- and middle-income
countries [4].

In temperate climates, RSV activity is often seasonal, typically
peaking in autumn or winter months [5, 6]. Near the equator,
RSV activity can be less consistent, with some countries expe-
riencing prolonged or year-round transmission [6, 7]. Overall,
RSV activity appears to follow a latitudinal gradient, with ear-
lier onset in lower latitudes [5]. However, unexplained variations
in the timing of RSV activity remain. For example, biennial RSV
activity with smaller late epidemics alternating with larger ear-
lier epidemics has been observed in several European countries
[7,8].

Understanding the timing of (sub)national RSV epidemics is
increasingly important with the expanded availability of ef-
fective prevention and control measures. By November 2024,
two monoclonal antibodies (mAbs), Palivizumab (Synagis) and
Nirsevimab (Beyfortus) [9, 10], and two vaccines, RSVPreF3
(Arexvy) and RSVpreF (Abrysvo), are available as preventive
measures against RSV. Both mAbs are most effective when ad-
ministered before the onset of RSV epidemic [11]. The vaccines
are authorized for individuals aged 60years and older to protect
against severe lower respiratory tract infections (LRTIs) [12, 13].
Furthermore, Abrysvo has been approved by the European
Medicines Agency (EMA) for use in pregnant women between
32 and 36weeks of gestation to protect newborns through 6
months from RSV-associated LRTIs.

In our previous systematic review, we identified eight estimation
methods that are commonly used to determine the start, end,
and duration of RSV epidemics [14]. These methods varied in
their data requirements (i.e., whether the number of respiratory
specimens tested is needed for the denominator), real-time ap-
plicability, and purpose, whether for outbreak alert, planning, or
research. In addition to highlighting the broad heterogeneity of
assessment methods and their various applications, some stud-
ies in the review pointed out that seasonality estimates can vary
substantially when different methods are used [15-18]. This is
concerning as the implementation of prevention measures (e.g.,
the administration of anti-RSV antibodies and vaccines) de-
pends on accurate seasonality estimates to achieve maximum
effectiveness. Here, we build on our previous work and use
surveillance data from six countries participating in the Global
Epidemiology of RSV (GERIi) study to assess the impact of eight
estimation methods on the determination of the start and end of
RSV epidemics.

2 | Methods
2.1 | The Global Epidemiology of RSV Study

The GERIi study was launched in 2019 with the aim of improv-
ing the understanding of the global epidemiology and timing of
RSV epidemics by analyzing surveillance data from countries
worldwide [6, 19]. The database of the GERi study consists of
surveillance data provided by 16 countries in the Northern and
Southern hemispheres and the inter-tropical belt collected be-
tween 2005 and 2019, which includes weekly RSV case counts,
number of respiratory samples tested and key surveillance de-
tails (e.g., level of care—community or hospitalized, type of
surveillance—sentinel or non-sentinel, case definitions, and
laboratory methods) [6, 19]. Throughout this article, we used the
term “season” (or “pre-defined season”) as the period from week
27 to week 26 of the following calendar year for countries in the
Northern Hemisphere (Spain and the United States), whereas for
countries in the tropics and the Southern Hemisphere, a “sea-
son” corresponded to a calendar year and ran from week 1 to
week 52 (for “seasons” including a 53rd week, weeks were ad-
justed backwards, omitting 1 week with no cases).

The RSV surveillance data from Chile, New Zealand, Singapore,
South Africa, Spain, and the United States were used in this
analysis. For the data from the United States, analyses were con-
ducted separately for each of the 10 US Department of Health
and Human Services (HHS) regions (Figure S1) [20], since pre-
vious investigations have shown that RSV seasonality differs
between regions [21]. These six countries were selected for their
geographic representativeness, the diversity in the timing of
their RSV epidemics, and the quantity and quality of the avail-
able data. Specifically, we included in the analyses only the
countries in the GERi database in which > 250 RSV cases were
reported in >5 seasons (once this requirement was met, if for
a country there were seasons with < 250 reported RSV cases,
these were excluded from the analysis). Additionally, data on
the denominator (i.e., tested specimens) was necessary for in-
clusion, as it was essential for comparing some of the methods
we aimed to evaluate. Information on the surveillance system
from which the data for each country in this analysis originated
can be found in a previous publication from the GERi study [19].
Initially, no further inclusion or exclusion criteria were set, par-
ticularly concerning the typical pattern of RSV circulation (e.g.,
epidemic or year-round) in the country. Of note, data for New
Zealand, Singapore, and South Africa originated entirely from
primary care-based syndromic sentinel surveillance, while for
Chile, Spain, and the United States, the totality or part of cases
were from hospital-based RSV surveillance.

2.2 | Application of Methods

We applied eight quantitative methods identified in our previ-
ous review [14]. These methods were selected based on their
frequency of application in studies and they fall under six of
the eight categories identified in our review. We did not se-
lect any method from category IV “Number of detections
threshold” because, despite its potential for real-time use, it is
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elementary and not well generalizable due to its highly arbi-
trary threshold selection. We also did not apply the “Change
point analysis” (category V) as it typically aims to identify a
limited number of changes in the long-term trend of incidence
or mortality rates. Therefore, we considered it less suitable for
studying respiratory virus epidemics although it is commonly
used in the field of non-communicable diseases, such as can-
cer [22].

The eight methods are summarized in Table 1, including data
requirements (numerator only or including denominator), the
timing of their potential use (retrospective only or also real-
time), and a brief description of how the epidemic was defined
within each season. In Spain, surveillance data was avail-
able for most seasons only from week 40 to week 20 of the
following year; for the calculations, we assumed that no RSV
cases occurred during the weeks not covered by surveillance
(consequently, the RSV positivity rate was assumed to be 0%
during those weeks). The moving epidemic method (MEM)
was applied remotely via memapp (http://memapp.iecscyl.
com:8080/) following the instructions in the technical man-
ual [23]. In terms of setting, one epidemic wave per season was
searched, separately for each country, using cross-validation
and model (non-manual) optimization. The weekly positivity
rate (instead of detections count) was inputted for calculations
without any prior transformation. Each method was applied

for each season in all the countries included in our study to
determine the start and end week, duration of the RSV ep-
idemics, and the corresponding capture rate (defined as the
proportion of RSV cases reported between the epidemic's start
and end weeks relative to the total number of cases reported
during the entire season). Median values across seasons were
calculated for each parameter, along with ranges to facilitate
comparisons.

3 | Results

We analyzed surveillance data comprising 441,490 RSV cases,
with 79.0% originating from the United States. Across the six
countries, the overall positivity rate ranged from 7.1% in the
HHS region 2 (New York) in the United States to 16.2% in Chile
(Table 2). In Spain (Figure S2) and the United States (Figure S3),
the total number of RSV cases detected per a season tended to
increase over time.

Figure 1 shows the time series of RSV positivity rate (3-week
moving average) for Chile, New Zealand, Singapore, South
Africa, and Spain, and Figure 2 illustrates the trend for the
United States by HHS region. In Chile, Spain, and most US re-
gions, a single distinct epidemic peak was evident, followed by
periods of minimal or no activity. New Zealand's data shows

TABLE1 | Estimation methods that were compared, categorized by data requirement and timing.

Description of the method Data requirement Timing Category?
1 Epidemic threshold set at 3% of Denominator Real-time (potential) I: % positivity threshold
specimen testing positive for RSV
2 Epidemic threshold set at 10% of
specimen testing positive for RSV
3 Epidemic located using a II: Moving epidemic method (MEM)
specific algorithm and historical
data (see text for details)
4 Epidemic threshold set at the Retrospective IIT: Mean positivity threshold
mean percentage of specimen
testing positive for RSV in
the season® under study
5 Epidemic threshold set at Numerator Retrospective VI: % of detections threshold

1.2% of total RSV cases in
the season under study

6 Epidemic threshold set at
60% of the average weekly
number of RSV cases in
the season under study

7 Epidemic threshold set at the
average weekly number of RSV
cases in the season under study

8 Shortest stretch of consecutive
weeks accounting for at least
75% of all RSV cases in a season

VII: Mean detections threshold

VIII: Average annual percentage (AAP)

aThe category number corresponds to that in Staadegaard et al. 2024 [Staadegaard 2024]. As detailed in the text (Methods), seasonality methods falling in categories
IV (“Number of detections threshold”) and V (“Change point analysis”) were not considered in the present analysis.

YAs detailed in the text (Methods), the term “season” refers to the period from week 27 to week 26 of the following calendar year for countries in the Northern
Hemisphere, or to the calendar year (weeks 1 to 52) for countries in the tropics and the Southern Hemisphere.
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http://memapp.iecscyl.com:8080/
http://memapp.iecscyl.com:8080/

TABLE 2 | Countries and seasons included in the analysis, number of RSV detections and processed respiratory specimens (total included and
range by season), and % positivity rate (overall and range by season).

RSV detections, Specimens, N Positivity rate, %
Country Seasons N (total, range) (total, range) (overall, range)
Chile N=7 36,835 228,015 16.0%
(2012-2018) (4727-6513) (31,039-33,516) (14.2-20.2%)
New Zealand N=7 2451 29,866 13.4%
(2012-2018) (422-715) (1962-5592) (11.3-22-4%)
Singapore N=8 14,374 151,158 9.5%
(2011-2018) (1574-2250) (16,730-22,122) (8.2-10.7%)
South Africa N=10 6690 51,745 12.9%
(2009-2018) (280-1116) (3332-8071) (6.2-16.8%)
Spain N=13 30,688 214,713 14.3%
(2006/2007-2018/2019) (755-4339) (3647-37,715) (11.4-20.9%)
United States
HHS region 1 (Boston) N=10 13,333 177,249 7.5%
(2009/2010-2018-2019) (359-3054) (3041-40,932) (5.7-16.2%)
HHS region 2 (New York) N=10 32,464 455,114 7.1%
(2009/2010-2018-2019) (1394-5211) (14,086-94,139) (5.5-10.1%)
HHS region 3 (Philadelphia) N=12 25,477 330,395 7.7%
(2007/2008-2018-2019) (611-4208) (6348-57,287) (5.8-11.3%)
HHS region 4 (Atlanta) N=10 29,623 413,969 7.2%
(2009/2010-2018-2019) (794-5193) (10,353-86,300) (6.0-10.4%)
HHS region 5 (Chicago) N=14 77,036 1,038,458 7.4%
(2005/2006-2018-2019) (250-14,018) (1800-207,811) (5.5-14.9%)
HHS region 6 (Dallas) N=10 55,412 609,370 9.1%
(2009/2010-2018-2019) (529-12,234) (10,304-130,976) (5.1-10.9%)
HHS region 7 (Kansas City) N=7 13,509 176,353 7.7%
(2012/2013-2018-2019) (967-3174) (9538-34,673) (5.9-10.1%)
HHS region 8 (Denver) N=11 36,192 399,016 9.1%
(2008/2009-2018-2019) (331-5781) (6576-60,757) (4.3-15.5%)
HHS region 9 (San Francisco) N=9 41,895 564,107 7.4%
(2010/2011-2018-2019) (486-11,027) (11,455-130,272) (3.0-9.8%)
HHS region 10 (Seattle) N=10 23,953 302,755 7.9%
(2009/2010-2018-2019) (322-5531) (6401-78,365) (5.0-10.1%)

more variability. In South Africa, periods of increased RSV
activity were interspersed with intervals of low or no activity,
though this pattern was less stable than in Chile and Spain. In
Singapore, RSV activity was observed nearly year-round, with
higher RSV cases bridging consecutive years—a pattern often
observed in tropical regions. Given Singapore's near-continuous
RSV activity, questions regarding the start, end, and duration
of epidemic periods are less relevant; hence, Singapore was ex-
cluded from subsequent analyses.

3.1 | Comparison of Seasonality Methods
The median start and end weeks, duration, and capture rate

(with range) obtained by each estimation method are summa-
rized in Table 3 (Chile, New Zealand, South Africa, and Spain)

and Table 4 (10 US HHS regions). The 3% positivity method con-
sistently marked the earliest start and latest end week, resulting
in the longest RSV epidemic duration and the highest capture
rate among the methods. Specifically, RSV epidemic durations
using the 3% positivity method reached a median of 21 weeks
(approximately 5months) or longer across all countries and US
regions, with maximum durations of 35weeks (approximately
8.5months) in South Africa and 32 weeks (~8 months) in Spain.
The median capture rate ranged from 93.3% in US HHS region
9 to over 98% in New Zealand, South Africa, and Spain. On the
other hand, AAP and MEM generally produced the shortest du-
ration of RSV epidemics, whereas in the United States, the 10%
positivity method typically produced the shortest epidemics.
When comparing methods, the median difference in epidemic
durations was as high as 22weeks (approximately 5.5months)
in Spain.
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FIGURE1 | Seasonality of RSV by country: 3-week moving average positivity rate in Chile, New Zealand, Singapore, South Africa, and Spain.

Most estimation methods produced a median capture rate
above 80%, though the 10% positivity method fell below this
threshold in 8 of the 10 US HHS regions, as did the MEM in
New Zealand, South Africa, and 6 of the 10 US HHS regions.
The 75% AAP method consistently yielded a median capture
rate of just over 75% (ranging from 75.6 to 76.8%) due to its
design (Tables 3 and 4). The lowest capture rates were ob-
served in the US HHS regions using the 10% positivity method
(56.8% in region 1, 65.4% in region 2, 66.1% in region 4, and
68.1% in region 9), and for the MEM in South Africa (59.7%).
These three estimation methods typically marked the latest
start, earliest end, and shortest RSV epidemic duration across
all countries, with few exceptions. Among the other meth-
ods, differences in the median values of the four parameters
were generally moderate. However, the mean number method
tended to produce shorter RSV epidemics with lower capture
rates (and thus, later start and earlier end weeks) compared to
the 60% mean number method, mean positivity, and 1.2% total
detections methods (Tables 3 and 4).

4 | Discussion

In this study, we applied various estimation methods to RSV
surveillance data from Chile, New Zealand, Singapore, South
Africa, Spain, and the United States (over 441,0000 RSV cases
overall) to evaluate how each method determined the start,

end, duration, and capture rate of RSV epidemics. Our analy-
sis revealed how the choice of method impacts the definitions of
RSV transmission patterns. The 3% positivity method, for exam-
ple, consistently identified an earlier start and longer duration
of RSV epidemics compared to other methods. This ensured a
higher capture rate but potentially triggered premature alerts
and public health responses when RSV circulation was still low.
Conversely, other real-time methods such as the 10% positivity
and MEM, as well as a retrospective method like AAP, typically
delayed epidemic declarations, which could reduce the window
for interventions.

Most estimations of the RSV epidemics we presented achieved
capture rates above 80%, with some methods (such as mean pos-
itivity, 1.2% total detections, 60% mean number or mean number
thresholds) yielding similar results. However, large differences
were observed when comparing seasonality estimates in a coun-
try. For example, the MEM in South Africa resulted in a very
low median capture rate of 59.7%: this is due to RSV circulat-
ing year-round at modest levels in South Africa, with epidemic
peaks that, in some seasons (e.g., 2012 in our series), stand out
only slightly above the baseline level, or occasionally with the
epidemic bridging consecutive years. Thus, while reflecting the
unique seasonality of RSV circulation in the country, the re-
sults of the MEM for South Africa underscore the importance
of carefully selecting methods based on specific public health
objectives and context.
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FIGURE2 | Seasonality of RSV by country: 3-week moving average positivity rate in the United States by HHS region.

Although the 3% positivity method is useful for prospective
monitoring, it could lead to premature or prolonged (and there-
fore, inefficient) use of healthcare resources during periods of
low RSV impact. Thus, in settings prioritizing efficient resource
allocation, an estimation method with shorter duration and high
capture rate may be more suitable, as reflected in our study find-
ings. A key aspect to note is that the epidemic duration defined
by the 3% positivity rate method (as well as other estimation
methods, but limited to South Africa and New Zealand) exceeds
the 5-month protective time window of Nirsevimab. This has
critical and possible underappreciated implications for the orga-
nization of passive immunization programs, especially in those
countries where administration is implemented in a seasonal
rather than year-round manner. Interestingly, the 10% positivity
method achieved a very low capture rate in most US HHS re-
gions due to its later start and earlier end of epidemics, a pattern
less pronounced in other countries (except New Zealand, to a
lesser extent). This discrepancy may reflect the lower RSV posi-
tivity rate in the United States, where applying a high threshold
like 10% could delay epidemic detection, resulting in a shorter
perceived duration of epidemics. Such differences may stem
from regional RSV circulation patterns or variations of surveil-
lance systems, case definitions, and testing strategies (e.g., lower
positivity rates from PCR versus antigen-based testing [16]). In
general, it is crucial to consider that the performance of any
method based on the positivity rate may be heavily impacted by
the structure and characteristics of the surveillance system, e.g.

whether it is primary care- or hospital-based (or a mix of both),
its reliance on voluntary reporting from both inpatient and out-
patient settings (with less stringent criteria for sampling), the
prioritization of viruses with a higher population burden (e.g.,
influenza or SARS-CoV-2), and whether it primarily targets vul-
nerable populations such as the elderly and children. Moreover,
recommending the use of a fixed percent threshold across differ-
ent settings might be problematic due to other factors that affect
sensitivity and specificity, such as differences in age distribution
and health seeking behaviors.

Among the estimation methods we applied, the MEM was the
only one, aside from those based on positivity rate, that can
be used as a real-time (i.e., on a week-by-week basis) monitor-
ing tool. However, it requires baseline data from several past
seasons before it can be implemented. Retrospective methods
(mean positivity rate, 1.2% total detections, mean number, 60%
mean number, and 75% AAP), although generally not suitable
for real-time monitoring, are useful for descriptive and research
purposes, such as cross-country comparisons and trend analy-
ses. With the exception of the 75% AAP method, these methods
provided fairly comparable results.

A key limitation of our study is the small and somewhat ho-
mogenous sample of countries—five high-income with “very
high” human development index and one upper-middle-income
country with “high” human development index [24, 25], which
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limits the geographical and epidemiological diversity in our
dataset. The countries included in this study are generally well-
resourced for data collection; hence our findings may not fully
reflect the patterns of RSV epidemics in lower-resource settings.
The demographic profile also showed a wide variation: the pro-
portion of children aged 14years and younger ranged from 14.3%
in Singapore to 28.6% in South Africa, and that of the elderly aged
65years and older ranged from 8.5% in South Africa to 19.2% in
Spain [26]. Additionally, as mentioned in the methods, the surveil-
lance systems of the countries included in this analysis differ in
terms of in key features such as whether they are primary care-
or hospital-based, sentinel or non-sentinel, the type of syndromic
definition in use, and testing strategies. These differences (and
others that might be more subtle and difficult to describe and
quantify) may have introduced variability in the data that could
affect the comparability of results, and whose impact is difficult
to assess precisely. We relied on retrospective data from estab-
lished surveillance systems which may not fully reflect real-time
challenges in public health decision-making. The performance of
methods based on positivity rate may have changed compared to
the period covered by our investigation due to the emergence of
SARS-CoV-2, a new, highly incident virus. This virus could poten-
tially alter the expected positivity rate for other viruses that cause
similar clinical symptoms. Lastly, we applied only some methods
using a predefined set of rules, which, while widely used, do not
capture all variations in estimation practices, such as the use of
moving averages or minimum number of weeks for a threshold.
Nevertheless, the selected methods are widely used in the lit-
erature [14], ensuring their relevance to current public health
practices. In conclusion, we need to acknowledge that we have de-
liberately refrained from ranking the different estimation methods
and recommending one over another, while aiming to highlight
the strengths and intrinsic limitations of each of them. Rather, we
emphasize that the choice of the method to be used for the estima-
tion of the start, end, duration, and capture rate of RSV epidemics
within pre-defined seasons should be guided by the characteris-
tics and performance of the surveillance system and the specific
objectives of the monitoring effort. This guidance is relevant for
both real-time monitoring of epidemics, where the timing of an
epidemic declaration has major implications for resource alloca-
tion and public health interventions. Future research in the field
may assess the applicability of seasonality estimation methods in
settings with less structured surveillance, further exploring how
these methods align with clinical outcomes; comparative evalua-
tions of their operational performance in real-time scenarios, es-
pecially in the context of vaccine or mAb deployment, could help
refine guidance for public health decision-making.
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