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Abstract 

Introduction 
Previous studies reported inconsistent findings regarding the association between respiratory 
syncytial virus (RSV) subtype distribution and timing of RSV seasonal epidemics. We aimed to model 
the association between RSV subtype distribution and RSV seasonal characteristics using data 
collected globally. 
 
Methods 
We compiled published data through conducting a systematic literature review, plus unpublished data 
shared by the Respiratory Virus Global Epidemiology Network (RSV GEN) and the Global 
Epidemiology of RSV in Community and Hospitalised Care (GERi) project. RSV seasonal 
characteristics were defined for each study-year based on the annual cumulative proportion (ACP), 
with ACP of 10% and 90% being defined as onset and offset, respectively. Linear regression models 
with study-level clustered standard errors were conducted to understand the association of RSV 
subtype distribution with RSV season onset and offset separately, while accounting for meteorological 
factors as covariates. 
 
Results 
We included a total of 36 studies from 20 countries, which provided data for 178 study-years. Overall, 
year-on-year variations in RSV season onset, offset, and duration were generally comparable among 
tropical, sub-tropical, and temperate regions; for over half of the study-years, variations in RSV 
season onset, offset, and duration were within two weeks of the siteôs median value. Regression 
analysis by latitude groups showed that RSV subtype distribution was significantly associated with 
RSV season offset in the tropics and temperate. For every 10% increase in RSV-A proportion, RSV 
season offset was delayed by 4 days in the tropics and advanced by 1 day in the temperate; no 
significant association was observed in subtropical regions. In addition to RSV subtype distribution, 
various meteorological factors such as temperature and wind speed could help explain variations in 
RSV season offset. However, RSV subtype distribution and meteorological factors only jointly 
explained 3-4% of variations in RSV season onset and offset. 
 
Conclusion 
Globally, when accounting for meteorological factors, RSV subtype distribution in an RSV season had 
a limited effect on the RSV seasonal characteristics. Overall, our model could only explain a small 
proportion of the year-on-year variations of RSV seasonality. The role of population susceptibility, 
mobility, and viral interference should be examined in future studies.  
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1. Introduction 

Respiratory syncytial virus (RSV) is a leading cause of acute lower respiratory infections (ALRI) 
among young children and the elderly, resulting in considerable burdens on healthcare [1-3]. Globally 
in 2019, a total of 33 million RSV-associated ALRI episodes occurred among children under 5 years 
old, resulting in 3.6 million hospital admissions and about 101,000 deaths [3]. To date, there is no 
specific treatment or generally available immunoprophylaxis for RSV infection [4]. As various RSV 
prophylactic products under development are expected to have relatively short time windows for 
protection (i.e., three to five months), the implementation of RSV immunisation programmes requires 
a clear understanding of RSV seasonality for optimal effectiveness [5-7]. 
 
A previous systematic analysis of RSV seasonality at the global level showed that RSV has clear 
seasonal epidemics in both temperate and tropical regions; RSV season usually starts in late-summer 
months in the tropics of each hemisphere and starts in late autumn and early winter in most temperate 
regions [8]. Although RSV seasonality is found to be highly correlated with geographic location (such 
as latitude and longitude) [8] as well as meteorological factors (such as temperature and humidity) [9, 
10], variations in local year-on-year RSV seasonality remain largely unexplained. A study conducted 
in Beijing, China reported that the dominant RSV subtype (i.e., subtype A or B) might explain the year-
on-year variations in RSV season onset and duration; the authors noted that RSV seasons occurred 
3ï5 weeks earlier and lasted 6 weeks longer in RSV subgroup A-dominant years than in RSV 
subgroup B-dominant years [11]. If generalisable, this would have important implications for RSV 
prevention and surveillance ð knowing the predominant RSV subtype could help explain and, 
furthermore, predict the year-on-year changes in RSV seasonality; surveillance systems around the 
world would need to monitor and report RSV-A and RSV-B data, which is not a routine practice at 
present. In addition, it is also relevant to the implementation of RSV prophylactic products that might 
have varied efficacy by RSV subtype [12]. However, despite using the same methodology, a 
subsequent study reporting data from four temperate countries did not observe any associations 
between the predominant RSV subtype and RSV seasonality [13]. Whatôs more, the research group 
also found that most RSV seasons were mixed and subtype dominance was rare [14]. The 
inconsistent findings above lead to a series of questions such as whether the reported association 
between predominant RSV subtype and RSV seasonality in Beijing was a coincidence, whether the 
reported association only exists for certain geographic locations, and whether any meteorological 
factors (not being accounted for in either of the two studies) could help explain the year-on-year 
variations. Moreover, it is not yet known whether the association between predominant RSV subtype 
and RSV seasonality holds for the tropics and subtropics where seasonal RSV activity was clear. 
 
Here, using a compiled RSV seasonality dataset from 36 sites from 20 countries, we aim to 
systematically analyse the effect of subtype predominance on RSV seasonal characteristics, including 
RSV season onset, offset, and duration, while accounting for other factors that could help explain the 
variations in RSV seasonal characteristics. 
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2. Methods 

2.1. Systematic literature review 

2.1.1. Search and screening 

A systematic literature review was conducted using the electronic databases of MEDLINE (Ovid), 
EMBASE (Ovid), and Web of Science. Publication time was limited from 1st January 2000 to 26th 
February 2022, with no language restrictions. The search strategy included a combination of the 
following search terms: (ñbronchiolitisò OR ñrespiratory syncytialò) AND (ñseason*ò OR ñtemporalò OR 
ñperiodic*ò OR ñsurveillanceò). The full search strategy is presented in the appendix (Text S1). Two 
investigators (SD and LG) independently performed the literature search and screening. 
Disagreements were resolved through discussion or arbitrated by YL. The included studies had to 
meet the pre-determined criteria as follows:  

ѻ  Reporting aggregated year-round RSV-positive cases at least by month or by week; AND 

ѻ  Reporting at least 20 RSV-positive cases with subtype information per season/year; AND 

ѻ  Reporting RSV seasonality data at the national level, regardless of availability of subtype 

information, or reporting RSV seasonality data at any administrative levels, with available data on 
RSV subtype (at least five RSV cases per season with subtype information); AND 

ѻ  The reported data above being available for at least three years before the onset of the COVID-19 

pandemic (which had impacted RSV seasonality), consecutive or non-consecutive; AND 

ѻ  Not focusing on those with special medical conditions or only reporting nosocomial infections.  

 
This systematic literature review was registered in PROSPERO (CRD42022313722) and reported in 
accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 
guidelines (appendix). 

2.1.2. Data extraction 

Data were extracted independently by two investigators (SD and LG) using pre-designed collection 
forms, with discrepancies resolved by consensus or adjudicated by YL. We collected information 
related to study characteristics (location, period, subject age, case definition, clinical specimen, 
testing and subtyping methods, subtype information, sample size) and RSV activity (monthly or 
weekly number of RSV-positive cases) from all included studies. 

2.2. Unpublished RSV data 

In addition to the published literature, we collected unpublished RSV activity data from datasets 
shared by the Respiratory Virus Global Epidemiology Network (RSV GEN) [8] and the Global 
Epidemiology of RSV in Community and Hospitalised Care (GERi) project [14]. Each of the 
participating research groups was asked to complete a tailored data collection spreadsheet, which 
collected weekly aggregated RSV activity data, RSV subtype data (where available), and study-level 
characteristics as mentioned in section 2.1.2. The completed data collection spreadsheet was cross-
checked by SD and YL for completeness and consistency before being included in the analysis. 
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2.3. External RSV subtype data from GISAID 

For those national studies that did not provide RSV subtype information, we extracted RSV subtype 
data from the GISAID EpiRSV database [15-17] and aggregated the number of each RSV subtype by 
season and country.  

2.4. Meteorological data 

For each study site, we extracted the coordinates of the siteôs centroid from Google Maps and 
identified the nearest weather station with available meteorological data. We then extracted the daily 
average meteorological data from the Global Surface Summary of the Day dataset provided by the 
US National Centers for Environmental Information (NCEI), via the R package ñGSODRò [18]. 

2.5. Quality assessment 

Two authors (SD and LG) assessed the quality of all included studies using a brief rating scale which 
incorporated three questions regarding representativeness of subjects, stability of testing methods 
and practice, and timeliness of positive case reports (detailed in the Table S1-2). According to the 
rating criteria we described, each question was rated on a scale of ñ1-3ò points for the included studies, 
indicating quality from poor to good. 

2.6. Data analysis 

2.6.1. Defining RSV season 

Same as our previously published analysis on the impact of the 2009 influenza pandemic on RSV 
seasonality [19], the RSV epidemic season was defined by calculating the annual cumulative 
proportion (ACP) of RSV-positive cases (determined by multiple diagnostic tests except serology) 
retrospectively for each season per study site. In brief, the onset of RSV season is defined as the 
month/week when the ACP reaches 10% (i.e., the time when 10% of the annual RSV cases have 
occurred); the offset of RSV season was defined as when the ACP reaches 90% (i.e., the time when 
90% of the annual RSV cases have occurred); the duration of RSV season was defined as the time 
difference between onset and offset, capturing 80% of the annual RSV cases. For defining RSV 
season onset and offset, our calculation allowed non-integer estimates by applying linear interpolation 
of ACP (e.g., the onset of RSV season could be week 4.5 or month 1.2). We conducted sensitivity 
analyses that used different ACP cut-offs for onset and offset as described below in sensitivity 
analyses. 

2.6.2. Defining year-on-year variation 

Our primary outcomes of interest, determined a priori, were the year-on-year variations in RSV season 
onset, offset, and duration for each study site. To ensure that the year-on-year variations from different 
study sites were comparable, we first obtained the median RSV season onset, offset, and duration as 
the reference for each site and then calculated the differences in RSV season onset, offset, and 
duration between each of the study-years and the reference. As a result, the year-on-year variations 
in onset, offset, and duration for each site can be interpreted as the variation compared with the 
median value from that site, with positive values indicating later-than-usual onset or offset, or longer-
than-usual duration. 
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A similar median-based approach was used for year-on-year variations in meteorological factors. For 
each study site, we estimated how different meteorological factors varied across different study-years 
for the same days of the year; here, the same days under comparison are defined as the past one to 
three days before the siteôs median RSV season onset or the past one to three days before the siteôs 
median RSV season offset. In this way, we would be able to assess the role of varying meteorological 
factors in the variations in RSV seasonal characteristics. For example, we could assess whether 
colder-than-usual weather would be associated with an earlier-than-usual or later-than-usual RSV 
season onset.  

2.6.3. Main analysis 

As our analysis focused on determinants of year-on-year variations, only studies contributing five or 
more seasons were included in the main analysis (we lifted this restriction in one of our sensitivity 
analyses). As large variations in RSV seasonality and its determinants across latitudes were 
anticipated, we classified study sites into tropical region (defined as latitude between ï23.5 and 23.5 
degrees), sub-tropical region (latitudes between 23.5 and 35 degrees or between ï35 and ï23.5 
degrees), and temperate region (latitude above 35 degrees or below ï35 degrees), based on the 
latitude of the centroid, and conducted analyses for each of the regions separately.  
 
We modelled the year-on-year variations in RSV season onset and offset as two separate outcomes 
(we did not model RSV season duration, as it was determined by onset and offset) using linear 
regression models with clustered standard errors to account for the potential clustering of individual 
site estimates. Our main factor of interest, RSV subtype predominance, was included as a continuous 
variable in the model, quantifying the proportion of RSV-A subtype in each season per site. To test 
whether meteorological factors play a role in year-on-year variations in RSV season, we considered 
bivariate models with RSV-A proportion and one of four meteorological factors (temperature, relative 
humidity, dew point, and wind speed) as covariates. We also conducted trivariate models (which 
included two of the four meteorological factors, in addition to the RSV subtype predominance, as 
covariates) to check the robustness of our main (bivariate) models. 

2.6.4. Sensitivity analysis 

Multiple sensitivity analyses were performed by changing one condition in the main analysis at a time. 
First, we used different RSV season definitions, including a wider epidemic threshold (ACPs of 5% 
and 95% for onset and offset, respectively) and a narrower threshold (ACPs of 15% and 85% for 
onset and offset, respectively). Second, we excluded studies that relied on external data sources for 
RSV subtype information (i.e., from GISAID). Third, we excluded studies with an average number of 
RSV subtypes of fewer than 50 per season. Fourth, we included all studies without limiting the length 
of the study-years. Fifth, we replaced the variable of RSV-A proportion with its relative measure, which 
is the year-on-year variations in RSV-A proportion compared with the siteôs median RSV-A proportion. 
Sixth, we excluded studies with a score of "1" point for any questions in the quality assessment (i.e., 
studies with lower quality but deemed unlikely to affect RSV seasonal results). Seventh, we conducted 
linear regression models within each of the individual studies similar to the main analysis (except that 
no clustered standard errors were used) as the first step; and then we conducted random effects 
meta-analysis to pool each of the model coefficients across studies. In addition, for studies that 
assessed the association between RSV seasonal characteristics and subtype distribution, we 
reanalysed the study data using our own definition and methodology and compared the results. 
 
Data were analysed and visualized with R software (version 4.1.2). 



101034339 ïPROMISE ï D1.2  

 

 

 

© Copyright 2022 PROMISE Consortium 11 

 

 
 

2.7. Role of the funding source 

This research was supported by the PROMISE project, which was funded by the Innovative Medicines 
Initiative. The funder had no role in the study design, data collection, data analysis, data interpretation, 
or preparation of the manuscript. 
  



101034339 ïPROMISE ï D1.2  

 

 

 

© Copyright 2022 PROMISE Consortium 12 

 

 
 

3. Results 

After removing duplicates, a total of 4034 records were screened, of which 33 met the inclusion criteria 
(Figure 1). After adding 3 records from the unpublished datasets shared by collaborators, the analysis 
included a total of 36 studies from 20 countries, which provided data for 178 study-years (Figure 2). 
Among them, 16 studies contributed 5 or more seasons, of which 9 were from temperate regions, 3 
were from tropical regions, and 4 were from subtropical regions. Detailed RSV seasonal 
characteristics and subtype distribution for each season in each site are presented in the appendix 
(Figure S1).  

3.1. Subtype distribution and seasonality 

Year-on-year variations in RSV season onset, offset, and duration were generally comparable among 
tropical, sub-tropical, and temperate regions (Figure 3A); the overall variations in RSV season onset, 
offset and, duration ranged from -72 to 62 days, -131 to 111 days and -151 to 99 days, respectively, 
with negative values indicating earlier RSV season onset or offset or shorter duration; for over half of 
the study-years, variations in RSV season onset, offset, and duration were within two weeks of the 
siteôs median value. Results from Pearsonôs correlation analysis showed that the proportion of RSV-
A was not significantly correlated with year-on-year variations in RSV season onset, offset, or duration 
for any latitude groups, either in studies that contributed five or more seasons or in all studies (Figure 
3B-D).  
 
Overall, our main bivariate models that accounted for RSV-A proportion and one of the meteorological 
factors could explain a median of 3% (interquartile range (IQR): 1-9%) of the variations in RSV season 
onset and offset. RSV-A proportion was found to be significantly associated with the year-on-year 
variations of RSV season offset in the tropics and temperate. For every 10% increase in RSV-A 
proportion, RSV season offset was delayed by 4 days in the tropics and advanced by 1 day in the 
temperate; no significant association of RSV-A proportion with any variations in RSV seasonal 
characteristics was observed in subtropical regions (Figure 4). Consistent results were observed in 
trivariate analyses (Figure S2), which explained a median of 4% (IQR: 3-17%) of the variations in 
RSV season onset and offset. 
 
The results of sensitivity analyses, including the exclusion of studies that did not provide RSV subtype 
information (i.e., those relying on subtype data from GISAID) (Figure S4), conversion of RSV-A 
proportion to its relative measures (Figure S7), and exclusion of studies with lower quality (Figure S8), 
were generally consistent with the main results. However, there were several exceptions. When we 
used different RSV season definitions, in addition to the findings consistent with the main, increasing 
RSV-A proportion was also associated with earlier RSV season onset in the subtropics (Figure S3); 
after excluding studies with an average number of RSV subtypes fewer than 50 per season, the 
increase of RSV-A proportion became associated with the early onset and offset of RSV season in 
the tropics (Figure S5);  no statistically significant association existed after studies with three and four 
seasons were added (Figure S6); in the meta-analysis of individual study-level coefficients, RSV-A 
proportion was no longer associated with RSV season offset in the tropics, while increasing RSV-A 
proportion was associated with earlier RSV season offset in the subtropics (Figure S9). Using our 
definition and methodology, we reanalysed studies that reported the association between subtype 
distribution with RSV seasonal characteristics, which yielded results consistent in direction with the 
original findings (Table S3). 
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3.2. Meteorological factors and seasonality 

Based on the main bivariate model, in the tropics, temperature was significantly associated with RSV 
season offset variation, with each 1°C increase in temperature delaying RSV season offset by 9 days 
(95% confidence interval (CI): 3-15). In the subtropics, high wind speed was significantly correlated 
with the delay in RSV season offset, with wind speed increasing by 1 m/s and RSV season offset 
delaying by 7 days (95% CI: 3-11). No meteorological factors included in the analysis could explain 
the variations in RSV seasonality in temperate regions (Figure 4). In the trivariate analysis, in addition 
to the findings consistent with above, high relative humidity was associated with earlier RSV season 
offset in the tropics (Figure S2). 
 
In sensitivity analyses excluding studies without RSV subtype information (Figure S4) or excluding 
studies with lower quality (Figure S8), increased temperature in the tropics was associated with 
delayed RSV season offset, as was wind speed in the subtropics, which were in line with the main 
results. Except for these, when we used the wider epidemic threshold (i.e., 5-95%), the increase of 
dew point in the tropics was associated with the advance of RSV season onset; in temperate regions, 
increased dew point and relative humidity were associated with earlier RSV season offset (Figure 
S3A). When the narrower epidemic threshold (i.e., 15-85%) was used, RSV season offset was 
delayed in the tropics as dew point increased (Figure S3B). When we excluded studies with fewer 
than 50 RSV subtypes per season, in the tropics, RSV season started earlier and ended later with 
increasing temperature, RSV season onset was delayed with increasing wind speed, and RSV season 
offset was advanced with increasing dew point; increased wind speed in the subtropics was 
associated with delayed RSV season offset; as temperature increased, RSV season started earlier in 
temperate regions (Figure S5). When restrictions to the number of RSV study-years were removed, 
the increase in dew point in the tropics was associated with the late onset of RSV season (Figure S6). 
When the variable of RSV-A proportion was replaced with its relative measure, in the tropics, the 
increase of relative humidity and temperature were associated with the advance and delay of RSV 
season offset, respectively; increased wind speed in subtropical regions was associated with delayed 
RSV season offset (Figure S7). Results from the meta-analysis of individual study-level coefficients 
showed that RSV season ended later with increasing temperature in the tropics, and started earlier 
in the subtropics with increasing wind speed (Figure S9).  
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4. Discussion 

To our knowledge, this is the first global-level study to analyse the relationship between RSV subtype 
distribution and RSV seasonality. We found that RSV-A proportion was associated with the year-on-
year variations of RSV seasonality in tropical and temperate regions (while in subtropical regions, 
RSV-A proportion did not significantly contribute to temporal variations in RSV seasonal 
characteristics), taking into account the effects of meteorological factors including temperature, 
relative humidity, dew point and wind speed. For every 10% increase in RSV-A proportion, RSV 
season offset was delayed by 4 days in the tropics; and in temperate regions, RSV season offset was 
advanced by about 1 day. Although RSV subtype distribution had different effects on the year-on-
year variations of RSV seasonality in the tropics and temperate, overall, the effects were limited. Even 
when meteorological factors were further considered, the overall model explained only a small 
proportion of the variations. 
 
Our main results in temperate regions differed from previous local-level findings reporting the 
association between subtype distribution with RSV seasonal characteristics [11, 13, 20, 21], but such 
inconsistencies were not a result of different methodologies or definitions since a similar local-level 
finding for each of the previous studies was obtained after re-analysing the study data using our 
methodology and definition. The inconsistencies were largely owing to the fact that RSV subtype 
distribution as one single factor could only explain a very small proportion of year-on-year variations 
in RSV seasonal characteristics.  
 
Multiple studies have demonstrated the association between meteorological factors and RSV 
seasonality. Our previous global-level analyses have revealed that meteorological factors can largely 
explain seasonal variations among areas with different latitudes and longitudes [8, 22]; however, the 
role of meteorological factors in explaining year-on-year variations for the same site across the globe 
was understudied. This study showed that meteorological factors, such as temperature and wind 
speed, could also help to explain the year-on-year variations, but to a lesser extent, which was 
consistent with several previous local-level studies [9, 23, 24]. However, the observed association 
regarding meteorological factors was not consistent across different latitude groups, likely a result of 
different climatic characteristics.  
 
The strengths of our study include the inclusion of data from multiple countries around the world to 
systematically analyse the potential influencing factors of year-on-year variations in RSV seasonality, 
application of a uniform definition of RSV seasonality using the ACP method, which allowed us to 
compare associations between RSV subtype distribution and seasonal characteristics across 
latitudes and with different types of data, and the use of multivariate regression models that accounted 
for meteorological factors as important potential confounders.  
 
However, our study does inevitably have some limitations. First, over half (56%; 20/36) of eligible 
studies reported fewer than five seasons. As we focused on the year-on-year variations, it was 
important to include a fairly sufficient number of study-years for robust results; therefore, we did not 
include these studies in the main analysis, resulting in a limited number of studies, particularly in 
tropical and subtropical regions, where only three and four studies were included, respectively. 
Second, most of the data used in the main analysis were monthly aggregated (11/16), which limited 
the time-resolution of our analysis compared with weekly data. Third, there were substantial 
heterogeneities among the included studies, such as the age of subjects, methods of RSV detection, 
frequency of RSV reporting, and criteria for RSV testing, which were challenging to account for all. 
Nevertheless, we do not consider this heterogeneity to have a major impact on our main findings, 
since our comparisons in the siteôs RSV seasonal characteristics were first conducted within each 
individual study, with year-on-year variations in the seasonal characteristics of each site quantified as 
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differences from the siteôs median. Fourth, in addition to subtype distribution, we only considered 
meteorological factors in our models. Other factors, such as population susceptibility [25], mobility 
(e.g., influenced by non-pharmacological interventions including school closure) [26], and viral 
interference [19], may help to explain the year-on-year variations in RSV seasonality. Moreover, 
heteorogeneity in local spread within a region could also explain some of the variations; demographic 
characteristics such as population density were previously reported to contribute to the varied onset 
timings of RSV epidemics [27]. Fifth, our existing definition and methodology can be used only to 
retrospectively investigate the association of different factors with RSV seasonality, and future studies 
should consider developing forecasting models for RSV season onset and offset, which would have 
important implications for RSV immunisation schedules and health-care resources planning. Finally, 
our analysis did not include post-COVID-19 period that was reported to be associated with irregular 
RSV epidemics in various countries [28]. It is important to understand the role of SARS-CoV-2 virus 
circulation and the potential changes in population behaviours following the COVID-19 pandemic in 
shaping RSV seasonality in the coming few years.  
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5. Conclusion and next steps 

In summary, RSV subtype distribution in an RSV season has a limited effect on RSV seasonal 
characteristics while meteorological factors could also help explain the observed year-on-year 
variations. However, the association above varies greatly by latitude and could only explain a small 
proportion of the year-on-year variations of RSV seasonality. Overall, existing evidence suggests that 
RSV seasonality by subtypes has limited implications for RSV prevention and surveillance. The role 
of population susceptibility, mobility, and viral interference should be examined in future studies. 
Meanwhile, we highlight the lack of multiple-year high-quality data on RSV seasonality, which would 
be important for understanding RSV transmission and guiding RSV treatment, prevention, and 
control. 
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Figures 

 
Figure 1. PRISMA flow diagram of systematic literature search 
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Figure 2. World map showing study sites included 
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Figure 3. RSV-A proportion and year-on-year variations of RSV seasonality 
(A) Year-on-year variations in RSV season onset, offset, and duration. The median of differences was zero, as the annual RSV seasonal 
characteristics of each site were compared with the site's median. 
(B-D) RSV-A proportion and year-on-year variations in RSV season onset, offset, and duration. Red indicated studies contributing five or more 
seasons, and grey indicated all included studies. Lines indicated fitted regression lines, and shaded sections indicated 95% confidence intervals. 
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Figure 4. Bivariate linear regression model for year-on-year variations of RSV season onset and offset in tropical, sub-tropical, and 
temperate regions
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ANNEXES 

Text S1. Search strategy 

MEDLINE (Ovid) 
1. bronchiolitis.mp. or exp Bronchiolitis/ or exp Bronchiolitis, Viral/ 
2. exp Respiratory Syncytial Viruses/ or exp Respiratory Syncytial Virus Infections/ or exp Respiratory 
Syncytial Virus, Human/ or respiratory syncytial.mp. 
3. 1 or 2 
4. exp Seasons/ or season*.mp. 
5. exp Spatio-Temporal Analysis/ or temporal.mp. 
6. periodic*.mp. or exp Periodicity/ 
7. surveillance.ti,ab. or exp Population Surveillance/ 
8. 4 or 5 or 6 or 7 
9. ep.fs. 
10. 3 and 8 and 9 
11. limit 10 to yr="2001 - 2022" 
1945 records retrieved on 26th February 2022. 
 
EMBASE (Ovid) 
1. bronchiolitis.mp. or exp bronchiolitis/ or exp viral bronchiolitis/ 
2. exp Respiratory syncytial pneumovirus/ or exp respiratory syncytial virus infection/ or respiratory 
syncytial.mp. or exp Human respiratory syncytial virus/ 
3. 1 or 2 
4. exp season/ or season*.mp. or exp seasonal variation/ 
5. exp spatiotemporal analysis/ or temporal.mp. 
6. periodic*.mp. or exp periodicity/ 
7. surveillance.mp. 
8. 4 or 5 or 6 or 7 
9. ep.fs. 
10. 3 and 8 and 9 
11. limit 10 to yr="2001 - 2022" 
1338 records retrieved on 26th February 2022. 
 
Web of Science 
1. TS=(bronchiolitis) 
2. TS=("respiratory syncytial") 
3. #1 OR #2 
4. TS=(season*) 
5. TS=(temporal) 
6. TS=(periodic*) 
7. TS=(surveillance) 
8. #4 OR #5 OR #6 OR #7 
9. #3 AND #8 
10. (#9) AND PY=(2001-2022) 
3250 records retrieved on 26th February 2022.  
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Table S1. Quality assessment 

Q1. Were subjects included representative of the population in the study site? 

Very representative=3 Subjects were all ages, without underlying 
medical conditions. 

Good representativeness=2 Subjects were not all ages, without 
underlying medical conditions. 

Likely to be representative=1 Subjects were from very narrow age bands 
(e.g., neonatal), without underlying medical 
conditions. 

Unlikely to be representative=0 
(Should be excluded) 

Subjects with underlying medical 
conditions. 

Q2. Were test methods and practice stable throughout the study period? 

Very stable=3 One or two test methods with stable test 
practice throughout the study period. 

Stable=2 >2 test methods with stable test practice 
throughout the study period. 

Not stable, but changes were unlikely to 
affect seasonality results=1 

>2 test methods with changes of test 
practice but should not affect seasonality 
results. 

Not stable. Changes were likely to affect 
seasonality results=0 
(Should be excluded) 

Changes in test methods or practice could 
affect seasonality results (related to known 
seasonality). 

Q3. Were dates of positive test results reported in a manner that was timely with respect 
to the specimen collection date? 

Very timely=3 Timings of positive tests were reported as 
the date of specimen collection (often found 
in prospective studies). 

Timely=2 Timings of positive tests were taken from 
related diagnosis (often found in hospital 
databases). 

Fair=1 Timings of positive tests were reported as 
the date when specimens were received in 
labs (can be found in laboratory databases). 

Not timely=0 
(Should be excluded) 

Timings of positive tests could be 
significantly inaccurate and could affect 
seasonality results. 
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Table S2. Quality assessment score 

Study Representativeness Test 
Practice 

Timely 
Reporting 

Inclusion 
Status 

Ang, 2020 (Singapore) 2 2 2 Yes 

Balmaks, 2014 (Latvia) 1 3 2 Yes 

Bouzas, 2016 (Brazil) 1 3 3 Yes 

Calderon, 2017 (Spain) 2 3 2 Yes 

Chittaganpitch, 2018 
(Thailand) 

3 3 2 Yes 

Cui, 2016 (China) 3 3 2 Yes 

Cui, 2013 (China) 2 1 2 Yes 

Dong, 2015 (China) 2 3 2 Yes 

Fall, 2016 (Senegal) 3 3 2 Yes 

Feng, 2014 (China) 3 2 3 Yes 

Gaymard, 2018 (France) 3 3 1 Yes 

Gimferrer, 2019 (Spain) 3 1 2 Yes 

Hirsh, 2014 (Israel) 3 2 2 Yes 

Horton, 2017 (Jordan) 3 3 2 Yes 

Hu, 2017 (China) 2 3 2 Yes 

Hwang, 2016 (South 
Korea) 

3 3 2 Yes 

Kang, 2013 (South 
Korea) 

2 3 2 Yes 

Kanou, 2018 (Japan) 3 1 2 Yes 

Kondo, 2001 (Japan) 1 1 2 Yes 

Lee, 2020 (South Korea) 2 3 2 Yes 

Lim, 2022 (South Korea) 3 3 3 Yes 

Liu, 2014 (China) 2 3 2 Yes 

Moura, 2013 (Brazil) 2 3 2 Yes 

Razanajatovo 
Rahombanjanahary, 
2020 (Madagascar) 

2 3 2 Yes 

Reiche, 2009 (Germany) 3 3 2 Yes 

Saikusa, 2005 (Japan) 2 3 2 Yes 

Saravanos, 2021 
(Australia) 

2 3 2 Yes 

Shobugawa, 2009 
(Japan) 

2 3 2 Yes 

Song, 2017 (China) 3 3 2 Yes 

Vos, 2019 (Netherlands) 3 1 1 Yes 

Yoshihara, 2016 
(Vietnam) 

2 3 2 Yes 

Yu, 2019 (China) 2 3 2 Yes 

Zlateva, 2007 (Belgium)  3 1 2 Yes 

Baibus, unpublished 
(Russia) 

3 3 2 Yes 
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Cohen, unpublished 
(South Africa) 

3 3 2 Yes 

Pooworawan, 
unpublished (Thailand) 

2 3 3 Yes 
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Table S3. Re-analysis results compared with original results 

Study Outcomes Main findings Findings from re-
analysis of the study 
data 

Yu et al Onset RSV seasons occurred 
3ς5 weeks earlier in 
RSV subgroup Aς
dominant years than 
in RSV subgroup Bς
dominant years. 

For every 10% 
increase in RSV-A 
proportion, RSV 
onset was 52 days 
earlier (95% CI: -93 to 
-11). 

Duration w{± ǎŜŀǎƻƴǎ ƭŀǎǘŜŘ Ғс 
weeks longer in RSV 
subgroup Aςdominant 
years than in RSV 
subgroup Bςdominant 
years. 

For every 10% 
increase in RSV-A 
proportion, RSV 
duration was 
extended by 35 days 
(95% CI: 2 to 68). 

Reiche et al Onset There is no correlation 
between the 
distribution of RSV 
group A and the 
appearance of an early 
or late epidemic 
season. 

For every 10% 
increase in RSV-A 
proportion, RSV 
onset was delayed by 
50 days (95% CI: -57 
to 157). 

Vos et al Onset No coincidence 
between RSV-type 
dominancy and the 
amplitude-like pattern 
timing in start of the 
RSV epidemic period 
was observed. 

For every 10% 
increase in RSV-A 
proportion, RSV 
onset was 40 days 
earlier (95% CI: -77 to 
-3). 
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Figure S1. RSV seasonal characteristics and subtype distribution for each 
season in each site 

Ang, 2020 (Singapore) 

 
 
Dashed lines indicated onset and offset of the RSV season (i.e., the date ACP reached 10% and 
90%, respectively). The pie chart showed distribution of RSV subtypes in that season.  
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Balmaks, 2014 (Latvia) 

 
 
Dashed lines indicated onset and offset of the RSV season (i.e., the date ACP reached 10% and 
90%, respectively). The pie chart showed distribution of RSV subtypes in that season. 
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Bouzas, 2016 (Brazil) 

 
 
Dashed lines indicated onset and offset of the RSV season (i.e., the date ACP reached 10% and 
90%, respectively). The pie chart showed distribution of RSV subtypes in that season. 
  



101034339 ïPROMISE ï D1.2  

 

 

 

© Copyright 2022 PROMISE Consortium 31 

 

 
 

Calderon, 2017 (Spain) 

 
 
Dashed lines indicated onset and offset of the RSV season (i.e., the date ACP reached 10% and 
90%, respectively). The pie chart showed distribution of RSV subtypes in that season. 
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Chittaganpitch, 2018 (Thailand) 

 
 
Dashed lines indicated onset and offset of the RSV season (i.e., the date ACP reached 10% and 
90%, respectively). The pie chart showed distribution of RSV subtypes in that season. 
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Cui, 2016 (China) 

 
 
Dashed lines indicated onset and offset of the RSV season (i.e., the date ACP reached 10% and 
90%, respectively). The pie chart showed distribution of RSV subtypes in that season. 
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Cui, 2013 (China) 

 
 
Dashed lines indicated onset and offset of the RSV season (i.e., the date ACP reached 10% and 
90%, respectively). The pie chart showed distribution of RSV subtypes in that season. 
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Dong, 2015 (China) 

 
 
Dashed lines indicated onset and offset of the RSV season (i.e., the date ACP reached 10% and 
90%, respectively). The pie chart showed distribution of RSV subtypes in that season. 
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Fall, 2016 (Senegal) 

 
 
Dashed lines indicated onset and offset of the RSV season (i.e., the date ACP reached 10% and 
90%, respectively). The pie chart showed distribution of RSV subtypes in that season. 
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Feng, 2014 (China) 

 
 
Dashed lines indicated onset and offset of the RSV season (i.e., the date ACP reached 10% and 
90%, respectively). The pie chart showed distribution of RSV subtypes in that season. 
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Gaymard, 2018 (France) 

 
 
Dashed lines indicated onset and offset of the RSV season (i.e., the date ACP reached 10% and 
90%, respectively). The pie chart showed distribution of RSV subtypes in that season. 
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Gimferrer, 2019 (Spain) 

 
 
Dashed lines indicated onset and offset of the RSV season (i.e., the date ACP reached 10% and 
90%, respectively). The pie chart showed distribution of RSV subtypes in that season. 
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Hirsh, 2014 (Israel) 

 
 
Dashed lines indicated onset and offset of the RSV season (i.e., the date ACP reached 10% and 
90%, respectively). The pie chart showed distribution of RSV subtypes in that season. 
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Horton, 2017 (Jordan) 

 
 
Dashed lines indicated onset and offset of the RSV season (i.e., the date ACP reached 10% and 
90%, respectively). The pie chart showed distribution of RSV subtypes in that season. 
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Hu, 2017 (China) 

 
 
Dashed lines indicated onset and offset of the RSV season (i.e., the date ACP reached 10% and 
90%, respectively). The pie chart showed distribution of RSV subtypes in that season. 
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Hwang, 2016 (South Korea) 

 
 
Dashed lines indicated onset and offset of the RSV season (i.e., the date ACP reached 10% and 
90%, respectively). The pie chart showed distribution of RSV subtypes in that season. 
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Kang, 2013 (South Korea) 

  
 
Dashed lines indicated onset and offset of the RSV season (i.e., the date ACP reached 10% and 
90%, respectively). The pie chart showed distribution of RSV subtypes in that season. 
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Kanou, 2018 (Japan) 

 
 
Dashed lines indicated onset and offset of the RSV season (i.e., the date ACP reached 10% and 
90%, respectively). The pie chart showed distribution of RSV subtypes in that season. 
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Kondo, 2001 (Japan) 

 
 
Dashed lines indicated onset and offset of the RSV season (i.e., the date ACP reached 10% and 
90%, respectively). The pie chart showed distribution of RSV subtypes in that season. 
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Lee, 2020 (South Korea) 

 
 
Dashed lines indicated onset and offset of the RSV season (i.e., the date ACP reached 10% and 
90%, respectively). The pie chart showed distribution of RSV subtypes in that season. 
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Lim, 2022 (South Korea) 

 
 
Dashed lines indicated onset and offset of the RSV season (i.e., the date ACP reached 10% and 
90%, respectively). The pie chart showed distribution of RSV subtypes in that season. 
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Liu, 2014 (China) 

 
 
Dashed lines indicated onset and offset of the RSV season (i.e., the date ACP reached 10% and 
90%, respectively). The pie chart showed distribution of RSV subtypes in that season. 
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Moura, 2013 (Brazil) 

 
 
Dashed lines indicated onset and offset of the RSV season (i.e., the date ACP reached 10% and 
90%, respectively). The pie chart showed distribution of RSV subtypes in that season. 
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Razanajatovo Rahombanjanahary, 2020 (Madagascar) 

 
 
Dashed lines indicated onset and offset of the RSV season (i.e., the date ACP reached 10% and 
90%, respectively). The pie chart showed distribution of RSV subtypes in that season. 
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Reiche, 2009 (Germany) 

 
 
Dashed lines indicated onset and offset of the RSV season (i.e., the date ACP reached 10% and 
90%, respectively). The pie chart showed distribution of RSV subtypes in that season. 
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Saikusa, 2005 (Japan) 

 
 
Dashed lines indicated onset and offset of the RSV season (i.e., the date ACP reached 10% and 
90%, respectively). The pie chart showed distribution of RSV subtypes in that season. 
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Saravanos, 2021 (Australia) 

 
 
Dashed lines indicated onset and offset of the RSV season (i.e., the date ACP reached 10% and 
90%, respectively). The pie chart showed distribution of RSV subtypes in that season. 
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Shobugawa, 2009 (Japan) 

 
 
Dashed lines indicated onset and offset of the RSV season (i.e., the date ACP reached 10% and 
90%, respectively). The pie chart showed distribution of RSV subtypes in that season. 
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Song, 2017 (China) 

 
 
Dashed lines indicated onset and offset of the RSV season (i.e., the date ACP reached 10% and 
90%, respectively). The pie chart showed distribution of RSV subtypes in that season. 
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Vos, 2019 (Netherlands) 

 
 
Dashed lines indicated onset and offset of the RSV season (i.e., the date ACP reached 10% and 
90%, respectively). The pie chart showed distribution of RSV subtypes in that season. 
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Yoshihara, 2016 (Vietnam) 

 
 
Dashed lines indicated onset and offset of the RSV season (i.e., the date ACP reached 10% and 
90%, respectively). The pie chart showed distribution of RSV subtypes in that season. 
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Yu, 2019 (China) 

 
 
Dashed lines indicated onset and offset of the RSV season (i.e., the date ACP reached 10% and 
90%, respectively). The pie chart showed distribution of RSV subtypes in that season. 
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Zlateva, 2007 (Belgium) 

 
 
Dashed lines indicated onset and offset of the RSV season (i.e., the date ACP reached 10% and 
90%, respectively). The pie chart showed distribution of RSV subtypes in that season. 
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Baibus, unpublished (Russia) 

 
 
Dashed lines indicated onset and offset of the RSV season (i.e., the date ACP reached 10% and 
90%, respectively). The pie chart showed distribution of RSV subtypes in that season. 
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Cohen, unpublished (South Africa) 

 
 
Dashed lines indicated onset and offset of the RSV season (i.e., the date ACP reached 10% and 
90%, respectively). The pie chart showed distribution of RSV subtypes in that season. 
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Pooworawan, unpublished (Thailand) 

 
 
Dashed lines indicated onset and offset of the RSV season (i.e., the date ACP reached 10% and 
90%, respectively). The pie chart showed distribution of RSV subtypes in that season. 
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Figure S2. Trivariate analysis 
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Figure S3. Sensitivity analysis by using different RSV season definitions 

 
(A) Using a wider epidemic threshold (ACPs of 5% and 95% for RSV season onset and offset) 
(B) Using a narrower epidemic threshold (ACPs of 15% and 85% for RSV season onset and offset) 
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Figure S4. Sensitivity analysis by excluding studies that relied on external data sources for RSV 
subtype information 
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Figure S5. Sensitivity analysis by excluding studies with an average number of RSV subtypes of fewer 
than 50 per season 

 
  












