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Abstract
Background. Respiratory syncytial virus (RSV)-related acute lower respiratory infection (ALRI) is an
important cause of mortality in infants and young children. However, little is known about the risk
period of RSV-related mortality following presentation to health services with an RSV illness.
Methods. Using the Scottish national mortality database, we identified respiratory/circulatory
deaths of young children under five years during 2009–2016 whose medical history and laboratoryconfirmed RSV infections were obtained by linking the mortality database to the national
surveillance dataset and the Scottish Morbidity Record (SMR). We used a self-controlled case-series
(SCCS) design to evaluate the relative incidence of respiratory/circulatory mortality in the first year
following an RSV episode. We defined the “risk interval” as the first year after the RSV episode and
the “control interval” as the period before and after the risk interval until five years after birth. Ageadjusted incidence ratio (IR) and attributable fraction (AF) were generated using the R package
“SCCS”.
Results. We included 162 respiratory/circulatory deaths, of which 36 had a history of laboratoryconfirmed RSV infection. We found that the risk of mortality decreased with time after the RSV
episode and that the risk was statistically significant for the subsequent month. More than 90% of
respiratory/circulatory deaths occurring within 1 week of RSV episode were attributable to RSV (AF:
93.9%, 95% confidence interval, CI: 77.6–98.4). About 80% of the respiratory/circulatory deaths
occurring 1 week–1 month after RSV illness were attributable to RSV (AF: 80.3%, 95% CI: 28.5–94.6).
Conclusion. We found an increased risk of mortality in the first month following an RSV illness
episode leading to healthcare attendance. This provides a practical “cut-off” time window for
community-based surveillance studies estimating RSV-related mortality. Further studies are
warranted to assess the risk of mortality beyond the first month after RSV illness episode.
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Introduction
Respiratory syncytial virus (RSV) is the predominant cause of acute lower respiratory infection (ALRI)
in young children [1, 2]. It was estimated that globally in 2015, 33.1 million episodes of RSV-ALRI
resulted in about 3.2 million hospital admissions and 59600 in-hospital deaths in children under five
years of age [3]. RSV-related mortality is most commonly found in the first year of life. A global
retrospective case series study showed that the median age for RSV-related deaths was 4–5 months
in lower and middle income countries and 7 months in high income countries [4].
However, little is known about the risk period of RSV-related mortality following an RSV illness that
leads to healthcare attendance and, in particular, the post-RSV-illness time window during which any
mortality could be attributable to RSV. Understanding this risk period can not only help understand
the dynamics in the fatality of RSV and its interplay with subsequent bacterial infection [5-7], but
also provide a novel approach to assess the burden of RSV-attributable mortality—based on the
relative incidence of mortality given different time intervals after an RSV illness.
In the present study, we sought to estimate the risk period for respiratory/circulatory mortality after
an RSV illness episode in young children.
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Methods
Data sources
We obtained death records for young children under five years of age during 2009–2016 from the
Scottish national mortality database. This database contains ICD-10 coded causes of deaths and
sociodemographic details. Only deaths of respiratory/circulatory causes (i.e. ICD-10 codes I00–99
and J00–99) were selected as these deaths were deemed more relevant to this study. For
laboratory-confirmed RSV infections, we used the Electronic Communication of Surveillance in
Scotland (ECOSS) dataset. This database contains laboratory-confirmed test results of respiratory
specimens from patients seeking medical attention for respiratory symptoms in primary and
secondary care settings. Decisions on collecting respiratory specimens from patients for testing were
made by their clinicians. Records from the mortality dataset and ECOSS dataset were linked using a
unique identifier as described elsewhere [8]. We also included the Scottish Morbidity Record (SMR)
that contained patient care data (SMR01) and maternity data (SMR02); this dataset was linked to the
mortality dataset using the same unique identifier [9].

Study design
We conducted a self-controlled case series design to assess the relative incidence of mortality in
different risk intervals following an RSV illness compared to the control interval. We defined the risk
interval as the first year after an RSV illness, consisting of five predefined narrower intervals: <1
week, 1 week–<1 month, 1–<3 months, 3–<6 months, and 6–<12 months. We defined the control
interval as the period before and after the risk interval until five years after birth, regardless of the
actual date of deaths (i.e. nominal end of observation), in order to resolve the event (i.e., mortality)
and observation period dependence [10, 11]. A schematic figure of the study design can be found in
Figure S1. By the definition of the control interval above, we assumed that a death that occurred
more than one year after an RSV illness episode was not attributable to that RSV episode.
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Statistical analysis
We used the R package “SCCS” to calculate the incidence ratio (IR) of each risk interval against the
control interval. We further calculated the attributable fraction (AF) for each risk interval based on
its corresponding IR by
(𝐼𝑅 − 1)/𝐼𝑅.
The AF of a given risk interval can be interpreted as the proportion of mortality attributable to RSV if
the time difference between RSV and mortality lies within the interval. The adoption of the SCCS
design means that all time-invariant confounding (e.g. pre-existing morbidities, gestational age, birth
weight, etc.) should be eliminated [10]. We further adjusted for age (as a time variant factor) in our
analysis since the risk for mortality reduced with increasing age. As the control intervals were
multiplies of one complete year, we did not adjust for RSV seasonality in our analysis. As death is a
special event in the SCCS design in the context that no RSV episodes can occur after deaths, we
accounted for the event-dependence of the exposure in our analysis by using the R function
“eventdepenexp” which was based on a counterfactual history method [12, 13]. A summary of
adjustments applied to the analysis are attached in the Supplementary Appendix (p3).
Compared to a cohort design, SCCS is considered statistically more efficient [14]. Prior to the
analysis, we conducted a sample size calculation based on a relative incidence of 2.5, a risk interval
of 360 days, a 5-year follow-up and age-adjustment, with 80% power at the significant level of 5%.
The results of the calculation showed that 162 deaths were needed, including 33 deaths with history
of RSV illness. The R codes used for the sample size calculation can be found in the Supplementary
Appendix (p3).
In addition to the aforementioned main analysis, we conducted several ad-hoc sensitivity analyses:
(1) including a shorter risk interval of <6 months rather than 1 year; (2) including a longer risk
interval of <2 years rather than 1 year; (3) combining the risk intervals “1–<3 months” and “3–<6
months” given the relatively fewer deaths in the two intervals. We also conducted several ad-hoc
7

sub-group analyses (while combined the intervals “<1 week” and “1 week–<1 month”): (1) including
all children; (2) only including preterm children defined by <37 of gestational weeks and children
with pre-existing comorbidities; (3) only including term and otherwise healthy children; (4) only
including children with Apgar score of more than 7 at five minutes.
Furthermore, based on the AF derived from our main analysis, we estimated the RSV-attributable
mortality in infants under 1 year old and children aged 1–5 years old, separately, by the formula
below:
∑ 𝐴𝐹 × 𝐷𝑒𝑎𝑡ℎ ,
where i denotes each risk interval where confidence interval of IR is above 1 (Method A). For
comparison, we applied two other common approaches for estimating RSV-attributable mortality
using the same data source, including a direct method that counted RSV-ICD-10-coded deaths
(Method B) and an ecological design based on the coefficient of a linear regression of weekly counts
of RSV cases and respiratory/circulatory deaths (Method C). Details of Methods B and C can be
found in the Supplementary Appendix (p3).
All statistical analyses were conducted using the R software (version 3.6.1).
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Results
We included 162 respiratory/circulatory deaths in children under five years of age during 2009–
2016, of which 36 had history of RSV illnesses. The characteristics of deaths with and without history
of RSV illness are presented in Table 1. In general, the characteristics of deaths with and without
history of RSV illness were comparable except for the age at death: deaths with history of RSV illness
were older than those without history of RSV illness (p=0.007). A higher proportion of deaths with an
RSV history were preterm compared to deaths without an RSV history (47% vs 30%, p=0.1).
From the main analysis using pre-specified risk intervals, we found that the risk of mortality
decreased with time after RSV illness and that the 95% confidence interval of the incidence ratio of
mortality was above 1 for the first month after RSV illness (Figure 1). More than 90% of deaths
occurring within 1 week of RSV illness were attributable to RSV (AF: 93.9%, 95% CI: 77.6–98.4).
About 80% of deaths occurring 1 week–<1 month after RSV illness were attributable to RSV (AF:
80.3%, 95% CI: 28.5–94.6). Similar findings were found in ad-hoc sensitivity analyses using different
control intervals (6 months and 2 years) and combining intervals “1–<3 months” and “3–<6 months”
(Figure S2). Results from subgroup analysis including preterm children and children with pre-existing
comorbidities demonstrated higher AF compared with the main analysis, though the confidence
intervals overlapped (Figure S3). Compared to deaths that occurred beyond 1 month following RSV
illnesses, more deaths that occurred within 1 month following RSV illnesses were during the RSV
season, although this was not statistically significant (62% vs 26%, p = 0.08; more results in Table S1
and Figure S4).
Based on the AF as presented above (Method A), we estimated the annual RSV-attributable
mortality in children under five years in Scotland to be 0.49/100 000, which was in between the
estimate using RSV-coded deaths (Method B, 0.17/100 000) and that using the ecological association
between RSV and respiratory/circulatory deaths (Method C, 0.80/100 000) (Table S2).
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Discussion
To the best of our knowledge, this is the first study that estimates the risk period of mortality
following an RSV illness. Using the SCCS design, we found an increased risk of mortality in the first
month following an RSV illness. More than 80% of deaths that occurred within the first month after
RSV illnesses were attributable to RSV. Based on the attributable fraction results derived from our
SCCS design, we presented a novel method to estimate RSV-attributable mortality.
Ideally, the risk period of RSV-attributable mortality following an RSV illness should be determined
using data on deaths ascertained to be caused by RSV. However, there are several challenges in
ascertaining RSV-specific cause of death in the context that the pathway from RSV illness to death
remains unclear and RSV can cause deaths directly and indirectly. Currently, the gold standard for
the RSV cause-of-death ascertainment is autopsy or minimally invasive tissue sampling (MITS) for
molecular and histopathological evaluation of the lung tissue. In the absence of autopsy and MITS,
post-mortem nasopharyngeal or nasal samples can be collected for viral testing [15]. However, there
are many innate challenges in such investigations and even post-mortem testing for RSV only
captures the deaths caused directly by RSV [15]. In reality, RSV might cause deaths indirectly, for
example, by predisposing children to secondary bacterial infections that later turn out to be the
direct cause of deaths [5-7] and at a time when RSV is not detectable on post-mortem testing. This is
supported by the evidence that the time lag between the initial RSV infection and the subsequent
bacterial infection can be a few weeks [5, 7] and the evidence that RSV often remains detectable in
the upper respiratory tract for as short as one week (median: 1 week; range: 1–3 weeks) in children
with respiratory symptoms [16]. In the present study, we circumvented the requirement for data on
RSV-specific cause of deaths by deducting baseline mortality from the mortality during the risk
interval (i.e. the first year following an RSV illness) using the SCCS design. By further dividing the risk
interval into predefined narrower intervals, we found that the first month after RSV illness was the
time window for RSV-attributable mortality. Our results were consistent with the results from a
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prospective study by Thorburn et al which included children in PICU with community-acquired RSV
bronchiolitis (confirmed on admission) and tested, prospectively, their throat samples twice a week
[17]. Among the 12 deaths in Thorburn’s study, five of them were still RSV-positive when they died
and the lags between RSV detection and deaths ranged 1–26 days; the rest 7 deaths became RSVnegative and the lags between RSV detection and deaths ranged 6–31 days.
Our results from subgroup analysis suggested that preterm children and children with comorbidities
might have longer risk period (up to three months) of mortality following RSV infections, although
we did not have sufficient power to further explore regarding this finding. Interestingly, this finding
is consistent with a recently published RSV-mortality study in Canada reporting that RSV-related
deaths with risk factors were more likely to have longer duration of admission than those without
risk factors (median days of duration: 27 vs 13). There are several possible reasons for this finding.
First, children with no risk factors generally present to the hospital and get tested for RSV later than
those with risk factors. Second, we cannot rule out the possibility that RSV-related disease in
children with no risk factors progress more rapidly although there is a lack of relevant direct
evidence supporting this. Third, a study on influenza virus and invasive pneumococcal pneumonia
showed that influenza had a higher impact on the incidence of invasive pneumococcal pneumonia
among adults with low levels of comorbidities [18]. This gives rise to a speculation that RSV might be
associated with a higher risk of secondary bacterial infections among children with no risk factors
and the bacterial infections expedite the progression of the disease.
Using the AF derived from the SCCS analysis, we reported that the annual RSV-mortality rate in
children under five in Scotland was 0.49/100 000. There are several advantages of this novel method
compared to the direct method based on RSV-ICD-coded deaths and the ecological method.
Compared to the direct method, this novel method can capture deaths not directly caused by RSV.
Compared to the ecological method, this method is based on individual-patient-level data. The
strengths of our study include the capacity to link between laboratory-confirmed RSV illnesses and
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mortality and morbidity datasets by the patient unique identifier. Due to the SCCS design, we did not
need to identify a control group for our study and all the time-invariant factors were eliminated.
Based on the AF that was derived from our study, we proposed a novel approach for estimating RSVattributable deaths if the time lags between RSV illness and mortality in individuals were known.
However, our study is not without its limitations. First, although our main analysis was well powered
and the SCCS design was relatively more sufficient, there were only 162 respiratory/circulatory
deaths in Scotland during our study period, with 36 of them having history of RSV illnesses. This
limited the ability to assess the risk period in finer risk intervals, e.g. 1m–<2m and 2m–<3m after RSV
illness and limited the power of our subgroup analyses. Future studies with more deaths linkable to
the laboratory-confirmed RSV records are warranted to assess finer risk intervals using similar study
design. Second, the information on comorbidities in our study was based solely on clinical data and
might not capture all the comorbidities of our study cases. Our estimated prevalence of
comorbidities was lower than that reported from a large-scale case series study (25% vs 70%)[4]. The
underestimate of prevalence of comorbidities could introduce misclassification bias in our
comorbidity sub-group analysis. Third, the timing of RSV illness was recorded as the date of sampling
in the database rather than the date of respiratory symptoms. The time lag between the onset of
symptoms and the date of sampling should be taken into account when interpreting the results.
In conclusion, we found an increased risk of respiratory/circulatory mortality in the first month after
an RSV illness. This provides a practical “cut-off” time window for community-based surveillance
studies estimating RSV-related mortality [19]. Based on the attributable fraction, this study provides
a novel approach to assess the burden of RSV-attributable mortality in the absence of a vaccine
probe approach [20].
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