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ABSTRACT

Introduction: Respiratory syncytial virus (RSV) and influenza virus are important respiratory viruses. Although RSV vaccines
have been developed and recommended for patients aged > 60, there is limited data on the clinical impact among the non-elderly
population. It is also important to know the patient subgroups that are at risk of complications from RSV infections.

Methods: We conducted a territory-wide retrospective study on adults hospitalized for RSV or influenza virus infection between
1/1/2016 and 6/30/2023 in Hong Kong. The in-patient mortality, severe respiratory failure (SRF), secondary bacterial pneumo-
nia, and acute kidney injury (AKI) were compared. Subgroup analyses were performed in different age groups. The risk factors
for mortality and serious respiratory outcomes were assessed.

Results: A total of 41,206 and 3565 patients were hospitalized for influenza and RSV infections. Patients with RSV infection
showed a significantly higher risk of in-patient mortality, SRF, secondary bacterial pneumonia, and AKI compared with those
with influenza (p <0.001, for all), and the results were consistent for patients aged > 60, < 60, and 50-59. End-stage kidney dis-
ease requiring real replacement therapy was an independent risk factor for in-patient mortality and serious respiratory outcomes
in RSV infection across different age groups (p <0.001, for all).

Conclusions: Adults hospitalized for RSV infection were associated with a significantly increased risk of in-patient mortality
and adverse respiratory and kidney outcomes than those with influenza. The findings are consistent across various age groups,
and the results call for an update on RSV vaccination recommendations in adults, especially for vulnerable subgroups.

1 | Introduction in-hospital complications are common among adult patients
hospitalized with RSV infections [5] with underlying comorbid-
Respiratory syncytial virus (RSV) is the third most common re- ities being the risk factors [6]. Earlier reports in Hong Kong sug-

spiratory virus causing hospitalization [1-3]. In adults, RSV can gested that RSV can cause severe respiratory complications in
cause a spectrum of lower respiratory tract disease [4]. Severe older adults, with prolonged hospitalization, and high mortality
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similar to seasonal influenza [7]. Despite evidence suggesting
RSV may result in more adverse outcomes than influenza, most
of the studies had a rather short coverage period, and those with
longer coverage periods were limited by their relatively small
sample size [8-11]. To complicate the matter further, the emer-
gence of COVID-19 may have also altered the usual distribution
and outcomes of seasonal respiratory viruses [12-15].

The mainstay of treatment for RSV infection is supportive ther-
apy [16, 17]. Effective vaccination remains the most important
means to prevent severe complications. In Hong Kong, the in-
fluenza vaccine was recommended by the Centre for Health
Protection in persons aged > 50 [18]. Similar vaccination rec-
ommendations for influenza vaccination among the nonel-
derly population are also adopted in other countries such as
South Korea [19], the United States [20], Australia [21], Austria,
Poland, and Malta [22]. One should appreciate that vaccination
for seasonal influenza and COVID-19 has been widely pro-
mulgated in recent years, but vaccination for RSV is relatively
uncommon. Although RSV vaccines have demonstrated accept-
able safety and efficacy in adults aged > 60years [23, 24], the
vaccination uptake rates remain low, and many countries do not
have clear vaccine recommendations [6]. Whether it shall be of-
fered to patients aged < 60, in particular those with comorbid-
ities, is yet to be determined. There are also financial concerns
from a population-based vaccination program for a newly de-
veloped vaccine. Hence, it is crucial to identify at-risk patients
who will develop serious complications when hospitalized for
RSV infections, thereby maximizing the cost-effectiveness of
the vaccines. Based on these backgrounds, this territory-wide
study set forth to compare the mortality, respiratory, and kidney
outcomes of patients hospitalized for RSV and seasonal influ-
enza among patients from different age groups, including those
not yet recommended for RSV vaccination. This study aimed to
compare in-hospital mortality, severe respiratory failure (SRF),
secondary bacterial pnuemoniand renal outcomes between RSV
and influenza in hospitalized adults, using a territory-wide ret-
rospective cohort in Hong Kong. The study also assessed the
risk factors for adverse clinical outcomes in patients hospital-
ized for RSV infection. Although the current guidelines only
recommend RSV vaccines in patients aged > 60, we also aimed
to explore patient groups aged < 60 who are prone to serious
complications of RSV infection. Such data will provide evidence
to extend RSV vaccination to at-risk patients who are not yet rec-
ommended to receive RSV vaccines.

2 | Methods
2.1 | Study Design and Participants

This was a territory-wide retrospective study to compare first
mortality and serious in-hospital outcomes in adult patients
hospitalized for RSV and seasonal influenza infections. We
then examined the risk factors for mortality and serious clin-
ical outcomes in adult patients hospitalized for RSV infection
in the second session. Adult patients who were admitted to
public hospitals in Hong Kong for RSV infection and seasonal
influenza between January 1, 2016, and June 30, 2023, were in-
cluded. Patients were identified from the Clinical Data Analysis
and Reporting System (CDARS) of Hospital Authority (HA)

by the International Classification of Diseases, Ninth Revision
code of 487.8 for seasonal influenza and 079.6 for RSV infec-
tions. CDARS is an electronic health record database managed
by the HA, which is a public healthcare service provider that has
covered > 90% of the Hong Kong population since 1993 [25-27].
The patients included have laboratory-confirmed influenza or
RSV infections by multiplex polymerase chain reaction (PCR) in
respiratory specimens.

2.2 | Outcome Measurements

The first main exposure of interest was RSV and seasonal in-
fluenza. The main outcomes of interest were (1) death during
hospitalization, (2) SRF requiring invasive or noninvasive me-
chanical ventilation (SRF), (3) secondary bacterial pneumonia,
and (4) acute kidney injury (AKI). AKI was defined according
to the RIFLE criteria [28]. Secondary bacterial pneumonia was
defined as the compatible radiological changes on the chest ra-
diograph with supporting laboratory parameters (leukocytosis,
neutrophilia) that necessitate systemic antibiotic treatment.
We first compared the incidence rates of the above outcomes
between patients hospitalized for seasonal influenza and RSV
infections.

Next, we explored the risk factors of developing the above out-
comes among patients with RSV infections.

2.3 | Predictive Covariates

The following covariates were assessed as potential risk factors
associated with the outcomes: age and Charlson comorbidity
index (CCI) as continuous variables; sex; history of malignancy;
and underlying DM, chronic airway diseases (asthma, COPD,
bronchiectasis), cardiovascular/cerebrovascular diseases (isch-
emic heart disease, peripheral vascular disease, ischemic stroke),
underlying kidney diseases as categorical variables. For under-
lying kidney diseases, patients were further subclassified into
end-stage kidney disease (ESKD) requiring renal replacement
therapy (RRT) (i.e., patients on dialysis or kidney transplanta-
tion), patients on dialysis, patients on peritoneal dialysis (PD),
patients on hemodialysis (HD), kidney transplant recipients
(KTR), and chronic kidney disease (CKD) (defined as estimated
glomerular filtration rate [eGFR] < 60 mL/min/1.73m?) [29].

2.4 | Statistical Analysis

Descriptive tables were created to present the incidence rates of
severe in-hospital outcomes stratified by seasonal influenza and
RSV infections, with demographic and clinical data described
in actual frequency or mean +standard deviation (SD), or me-
dian (interquartile range [IQR]) where appropriate. Baseline
demographic and clinical data were compared between the pa-
tients with seasonal influenza and RSV by independent ¢-test or
Mann-Whitney U test where appropriate. To assess the risks of
severe RSV infections in patients whose age do not fall into the
recommendations for RSV vaccination, we performed subgroup
analyses for patients aged > 60 or < 60 as well as those aged
50-59. The patients were stratified into these three age groups
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as they have different recommendations for RSV vaccines. US
CDC recommended patients aged > 60 to receive RSV vaccina-
tion. The latest recommendation also suggests RSV vaccination
to be administered in those aged < 60 but with risks of severe
infection. Adjuvanted subunit vaccine is to be used in persons
50-59years old, and the bivalent vaccine has been approved
for persons 18-59years of age. As such, we stratified the cases
into these three groups, which reflect the different subgroups
recommended for different RSV vaccines. In order to assess
the severity of disease among different age groups with differ-
ent vaccine recommendations, subgroup analyses were done in
these subgroups.

To ensure a more robust comparison on patient outcomes, we
also performed propensity score matching (PSM) to match for
age, sex, ethnic group, history of malignancy, presence of DM,
chronic airway diseases, cardiovascular/cerebrovascular dis-
eases, ESKD requiring RRT, and CCI, which are the potential
confounding factors for disease severity, with 1:1 matching and
caliper of 0.2 times SD of the logit of propensity score.

To compare the risk of mortality and serious in-hospital com-
plications between patients hospitalized with seasonal in-
fluenza and RSV infections, we first performed univariate
logistic regression analyses followed by multivariable analy-
sis. The risk factors for adverse clinical outcomes in patients
hospitalized for RSV infection were assessed first by univar-
iate and then multivariable analyses. The covariates adjusted
in the multivariable analyses included age, sex, CCI, presence
of diabetes mellitus (DM), chronic airway diseases, cardio-
vascular/cerebrovascular diseases, and previous vaccination
against influenza and pneumococcal polysaccharide and con-
jugated vaccine.

Data analyses were performed using R version 4.0.3 software (R
Core Team, Vienna, Austria). For all statistical analyses, statisti-
cal significance was assessed at a p level of <0.05. STROBE and
RECORD reporting guidelines were followed in the generation
of this report.

2.5 | Ethical Considerations

The study was approved by the Institutional Review Board (IRB)
of the University of Hong Kong and HA Hong Kong West Cluster
(UW 24-137). Patient informed consent was waived in this ret-
rospective study by the IRB as it is a retrospective study with-
out active patient recruitment, whereas the data were already
deidentified. The study was conducted in compliance with the
Declaration of Helsinki.

3 | Results
3.1 | Patients’ Characteristics

A total of 41,206 and 3565 adult patients were hospitalized for
seasonal influenza and RSV infections in public hospitals in
Hong Kong during the period of January 1, 2016, to June 30,
2023 (Table 1 and Figure S1). Patients with RSV infections were
older, had a higher proportion of males and other comorbidities

than those with seasonal influenza (Table 1). Among the pa-
tients hospitalized for influenza, 41,046 received oseltamivir,
nine received baloxavir, 51 received peramivir, 100 received
zanamivir, and one received rimantadine.

3.2 | Severe In-Hospital Outcomes Among
Influenza and RSV Patients

3.2.1 | Whole Cohort

Adults who were hospitalized for RSV infection had signifi-
cantly higher rates of mortality (10.1% vs. 5.5%, p <0.001), SRF
(22.7% vs. 13.3%, p<0.001), secondary bacterial pneumonia
(61.5% vs. 39.5%, p<0.001), and AKI (16.0% vs. 12.6%, p <0.001)
compared with seasonal influenza.

Multivariable analyses demonstrated that RSV infection re-
mained to show a higher risk of death during hospitalization
(adjusted odds ratio [aOR] 1.52; 95% CI=1.13-2.05, p <0.001),
SRF (aOR 1.66; 95% CI=1.43-1.92, p <0.001), secondary bac-
terial pneumonia (aOR 1.81; 95% CI=1.61-2.04, p<0.001),
and AKI (aOR 1.27; 95% CI=1.11-1.44, p<0.001) than sea-
sonal influenza (Figure 1 and Table S1). The results remain
consistent in analyses using the 1:1 PSM cohort (Figure 2 and
Table S2).

The above suggested that patients hospitalized for RSV in-
fection have increased risks for various severe in-hospital
outcomes when compared with patients hospitalized for
influenza.

3.3 | Severe In-Hospital Outcomes Among
Vaccinated and Unvaccinated Influenza Patients, as
well as RSV Patients

Among patients hospitalized for influenza infection, those who
received influenza vaccines had significantly lower rates of mor-
tality (3.7% vs. 6.2%, p <0.001), SRF (12.0% vs. 16.4%, p <0.001),
and secondary bacterial pneumonia (37.9% vs. 43.1%, p <0.001),
but not for AKI (16.1% vs. 11.0% p <0.001) compared with the
unvaccinated counterparts.

Multivariable analyses demonstrated that patients who received
influenza vaccines remained to show a lower risk of death
during hospitalization (aOR 0.41; 95% CI=0.37-0.45, p <0.001),
SRF (aOR 0.85; 95% CI=0.79-0.90, p<0.001), and secondary
bacterial pneumonia (aOR 0.71; 95% CI=0.68-0.75, p<0.001)
than those who were unvaccinated, but not for AKI (aOR 0.97,
95% CI1=0.91-1.04, p=0.36).

The incidence and risks of death during hospitalization, SRF,
and secondary bacterial pneumonia were significantly higher
among RSV patients when compared with unvaccinated in-
fluenza patients. The aOR in multivariable analyses was 1.21
(95% CI=1.07-1.37, p=0.002) for death during hospitaliza-
tion, 1.45 (95% CI=1.33-1.59, p<0.001) for SRF, and 1.76 (95%
CI=1.63-1.90, p<0.001) for secondary bacterial pneumonia,
when patients with RSV were compared with unvaccinated in-
fluenza patients.
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*p<0.01

Group

M rsv
I Seasonal inuenza

Percentage of patients with severe in-hospital outcomes (%)

Death during hospitalization  Severe respiratory failure Secondary bacterial pneumonia AKI
Outcome

FIGURE1 | Severe in-hospital outcomes among influenza and RSV
patients in the whole cohort.

| — * p<0.01

*p<0.001

Group

M rsv

[ seasonalInfluenza

Percentage of patients with severe in-hospital outcomes (%)

Death during hospitalization  Severe respiratory failure Secondary bacterial pneumonia AKI
Outcome

FIGURE 2 | Severe in-hospital outcomes among influenza and RSV
patients in a propensity score matched cohort.

The above suggested that patients hospitalized for RSV infection
have increased risks for various severe in-hospital outcomes when
compared with patients hospitalized for influenza, regardless
of the influenza vaccination status among influenza patients.

3.3.1 | Subgroup Analyses

The results in the subgroup analysis in the subgroups aged > 60,
< 60, and 50-59 were largely consistent with the results in the
full cohort. The results are illustrated in Tables S3-S8. Patients
hospitalized for RSV infection, regardless of age, had increased
risks for severe in-hospital outcomes when compared with pa-
tients hospitalized for influenza.

3.4 | Risk Factors for Severe In-Hospital Outcomes
Among RSV Patients

Among adults hospitalized for RSV infection, mortality
during hospitalization was increased in male (aOR 2.01;
95% CI=1.12-3.60, p=0.019), EKSD patients requiring RRT
(@OR 4.74; 95% CI1=2.96-7.59, p<0.001), PD (aOR 3.75; 95%
CI=2.03-6.83,p<0.001),and HD (aOR 3.94;95% CI =2.30-6.74,
p<0.001) (Table S9 and Figure 3).

Risk factor for death during hospitalization aOR [95%CI]

Male .—.—. 2.01[1.12, 3.60]
RRT-requiring ESKD —— 4.74 [2.96, 7.59]
PD —. 3.75[2.03, 6.83]
HD —— 3.94[2.30, 6.74]
History of malignancy i 1.40[0.85, 2.32]
Cardiovascular di 1.32[0.65, 2.70]

T T T T 1

0 2 4 6 8

Odds Ratio

FIGURE 3 | Risk factors for death during hospitalization among
RSV patients.

aOR [95%Cl]

Risk factor for severe respiratory failure

Male i 1.04[0.79, 1.37]
RRT-requiring ESKD l —— 3.18 [2.24, 4.52]
PD P o—— 2.29[1.46, 3.59]
HD | 3.86[246,552]
Chronic kidney disease »—l—c 1.07 [0.81, 1.41]
Cardiovascular diseases —.— 2.19[1.55, 3.10]
Airway diseases —a— 3.14 [2.30, 4.27]
CClI . 1.08 [0.95, 1.22]

Odds Ratio

FIGURE 4 | Risk factors for severe respiratory failure among RSV
patients.

ESKD requiring RRT (aOR 3.18; 95% CI1=2.24-4.52, p<0.001),
PD (aOR 2.29; 95% CI1=1.46-3.59, p<0.001), HD (aOR 3.86; 95%
CI=2.46-5.52, p<0.001), underlying cardiovascular disease
(@OR 2.19 95% CI=1.55-3.10, p<0.001), and airway diseases
(aOR 3.14; 95% CI=2.30-4.27, p<0.001) were independent risk
factors for SRF (Table S9 and Figure 4).

Elevated risks of secondary bacterial pneumonia were ob-
served in male (aOR 1.54; 95% CI=1.22-1.94, p<0.001),
older patients (aOR 1.02; 95% CI=1.01-1.03, p=0.006), pa-
tients on dialysis (aOR 1.94; 95% CI=1.35-2.80, p<0.001),
patients with underlying cardiovascular disease (aOR 1.40;
95% CI=1.05-1.85, p=0.02), and patients with airway dis-
eases (aOR 1.91; 95% CI=1.42-2.57, p<0.001) (Table S9 and
Figure 5). Patients with pre-existing CKD were predictive of
AKI development (aOR 1.58; 95% CI=1.37-1.81, p<0.001)
(Table S9).
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Risk factor for secondary bacterial pneumonia aOR [95%Cl]

Male S 1.54 [1.22, 1.94]
Older age n 1.02[1.01, 1.03]
Dialysis —— 1 1.94[1.35,2.80]
Cardiovascular diseases — 1.40[1.05, 1.85]
Airway diseases —_— 1.91[1.42, 2.57]

I T T T 1

1 1.5 2 25 3

Odds Ratio

FIGURE 5 | Risk factors for secondary bacterial pneumonia among
RSV patients.

3.4.1 | Subgroup Analyses

Consistent with the main analyses, subgroup analyses showed
that patients hospitalized for RSV infection and received differ-
ent forms of RRT were associated with increased risk of various
in-hospital outcomes across the different age groups (> 60, < 60,
and 50-59) (Table S10-S12).

4 | Discussion

Our study showed that adult patients hospitalized for RSV infec-
tion were associated with a significantly higher risk of mortality
as well as adverse in-hospital outcomes than those with seasonal
influenza. The findings were seen regardless of influenza vac-
cination status in influenza patients. The findings are also con-
sistently demonstrated in different age groups, including those
aged > 60, < 60, and 50-59, which represented the subgroups
that were recommended for different RSV vaccines.

Importantly, ESKD requiring RRT was a robust independent
risk factor for unfavorable clinical outcomes in RSV infection.
These results call for better strategies to prevent RSV infection,
especially vaccination, in vulnerable subjects, irrespective of
their age. Patients with cardiopulmonary diseases were also at
risk for adverse respiratory outcomes and should also be consid-
ered to have vaccination.

Evidence on adults hospitalized for RSV infections largely fo-
cuses on older individuals, and data that compare its clinical im-
pact against other respiratory viruses are relatively less available
[14, 30-32]. Our study was by far one of the largest cohorts that
compared the clinical outcomes of adults hospitalized for RSV
infection against seasonal influenza, in particular with data in
the nonelderly populations. We demonstrated that adults hospi-
talized for RSV infection were associated with a substantially
higher risk of in-hospital mortality compared with seasonal
influenza. The results remain robust after adjustment of im-
portant confounding factors and also by analysis with the PSM
cohort. Although our observation was in line with one recent
US study that included 305 RSV cases of adults aged > 60 [9],

the underlying mechanisms for such differences in outcomes
between RSV and seasonal influenza remain unclear. It is pos-
sible that the increased mortality in adults with RSV infection
is related to the higher rates of respiratory complications such
as SRF and secondary bacterial pneumonia as demonstrated.
RSV can lead to lower respiratory tract infections and bron-
chiolitis [33], which may lead to subsequent respiratory failure.
Secondary bacterial pneumonia can occur in over 70% of pa-
tients hospitalized for RSV infections, with Streptococcus pneu-
moniae being the most common organism involved [7, 34-37].
Elderly patients with RSV infection complicated by secondary
bacterial pneumonia were reported to have an increase in in-
hospital mortality [36]. Aside from the difference in virulence,
it also remains speculative whether the disparity in outcomes
may be related to the availability of specific antiviral in seasonal
influenza, whereas those with RSV infections only receive sup-
portive therapies. We also postulated that the more favorable
outcomes in seasonal influenza may be related to the higher
vaccine uptake rates than RSV as the RSV vaccine was only ap-
proved in Hong Kong in December 2023 [38]. Such a hypothesis
is also supported by one recent study that reported significantly
better outcomes of critically ill patients with COVID-19 infec-
tion than those with seasonal influenza infection, of which the
discrepancy may also be explained by the marked difference in
vaccination rates [39]. Our data also suggested that adults hos-
pitalized for RSV infection had an escalated risk of AKI. These
not only affect patient outcomes and well-being but also con-
fer a burden on healthcare resources. Importantly, our results
suggested that nonelderly hospitalized for RSV also showed a
significantly increased risk of severe in-hospital outcomes as el-
derly, especially in those with underlying comorbidities.

Regarding the risk factors for adverse outcomes among patients
with RSV infections, cardiopulmonary diseases were reported
in previous studies [40]. In patients with cardiopulmonary
diseases, some of the underlying diseases such as COPD or its
treatment (inhaled corticosteroid) were well reported to be risk
factors for pneumonia. Viral infections, such as RSV infections,
can also trigger exacerbation of underlying airway diseases or
heart failure. As such, cardiopulmonary disease patients could
have increased risks of SRF and secondary bacterial pneumonia
as reported in our study. On the other hand, the impact of CKD
and ESKD on mortality in RSV infection appeared to be less
consistent [41]. In our study, although other comorbidities were
also demonstrated to be risk factors for severe in-hospital out-
comes associated with RSV infections and CKD diseases, in par-
ticular ESKD requiring RRT, emerged as a strong independent
risk factor for severe adverse clinical outcomes among adults
hospitalized for RSV infection. In this context, both HD and
PD patients showed remarkably high risk for in-patient mortal-
ity and adverse respiratory outcomes in RSV infection. Indeed,
ESKD patients show multiple defects in innate and adaptive
immunity and thus are highly susceptible to infective complica-
tions [42-44] The findings from our study, in conjunction with
the results from other literature, suggested that CKD and ESKD
are as important as other medical comorbidities as risk factors
for adverse outcomes in RSV infections.

The results of our study have important clinical and public
health implications, especially on vaccination policies. Although
seasonal influenza vaccines have been widely included in
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immunization programs in different localities, the recently
approved RSV vaccines have received relatively less attention.
The current US CDC guidelines recommend RSV vaccines to
be given to adults aged > 60years, but other than that, high-
risk groups are often less well defined because of the paucity of
good clinical evidence. Apart from age, the presence of comor-
bidities is an important consideration when formulating vaccine
recommendations. Our present data provide strong evidence on
the clinical impact of RSV infection in adults and vulnerable
populations and thus call for a revisit on the vaccination recom-
mendations for RSV among adults, especially those with ESKD
requiring RRT and other subgroups with comorbidities. In the
latest recommendations, RSV vaccinations were also suggested
in patients aged below 60 but with risks of severe infection.
Adjuvanted subunit vaccine is to be used in persons 50-59years
old, and the bivalent vaccine has been approved for persons
18-59years of age. In our study, increased severe in-hospital
adverse outcomes were observed in patients below the age of
60 and between 59 and 60, especially those with underlying
comorbidities. In this context, it appeared that those with CKD
and other comorbidities should be the priority group to receive
RSV vaccines. Vaccination in ESKD patients can be a challeng-
ing issue as they have shown reduced immunogenicity and ef-
ficacy in other vaccines because of impaired immunity [44, 45].
Although RSV vaccines have generally shown good efficacy and
safety in older adults, future studies on the immunogenicity
and durability of RSV in ESKD patients are required to inform
the optimal vaccination strategies in these susceptible individ-
uals. Furthermore, cost-effectiveness analysis of RSV vaccines
in adult patients, particularly those with medical risk factors,
is warranted to guide upcoming immunization recommenda-
tions. Nonetheless, patients with CKD, especially ESKD, should
be recommended for RSV vaccination as in other patients with
other medical comorbidities, given the fact that they are at risk
of adverse outcomes upon RSV infections.

One point to note is that influenza uptake rate was low in this
cohort. For influenza vaccine, various psychological, contextual,
sociodemographic, and physical barriers have been postulated
[46]. Although RSV vaccines are now commercially available,
vaccine hesitance could be an issue. It is important to assess for
any barriers to RSV vaccines in the at-risk population, which
can allow policymakers to design a vaccination program, aim-
ing at an increase in RSV vaccine uptake rate.

In this study, we demonstrated how the burden of influenza and
RSV infections was affected by the emergence of the COVID-19
pandemic. It has been well reported that the number of patients
with influenza and RSV infections markedly decreased during
the COVID-19 pandemic [13, 15]. Such a phenomenon was also
demonstrated in our study. We also noted a resurgence of the
cases with influenza and RSV infections in the year 2023, when
the various public health policies such as lockdown and social
distancing were loosened or removed. During the COVID-19
pandemic, there were strict public health measures such as uni-
versal masking, social distancing, and lockdown. At the same
time, all patients diagnosed with COVID-19, regardless of se-
verity, needed to be hospitalized and isolated until repeated re-
spiratory tract specimens were tested to be repeatedly negative
for SARS-CoV-2. Some of these measures could offer protection
against respiratory viruses other than SARS-CoV-2, which can

partly account for the reduction of the burden of influenza and
RSV infections from 2020 to 2022, whereas the emergence of
SARS-CoV-2 itself could also contribute to this phenomenon.

Our study has several limitations. First, we have not analyzed
the granular details of secondary bacterial infections. Second,
data on disease severity scores (e.g., Sequential Organ Failure
Assessment [SOFA] Score or APACHE) were not available.
Nevertheless, our multivariable regression and PSM cohort
have adjusted for most medical comorbidities and disease se-
verity, and the results appeared to be consistent with our main
analysis. We have also performed sensitivity analyses to en-
sure our data is robust across different age groups. There was
a small amount of missing data in the ethnicity (<0.1%), and
those subjects with unknown ethnicity were grouped as “oth-
ers.” Furthermore, our data are derived from a territory-wide
electronic health record system that captures comprehensive
clinical information of all adults hospitalized for RSV or sea-
sonal influenza infection during the study period and is there-
fore a good representation of real-world data of this clinical
entity.

5 | Conclusions and Policy Implications

Adults hospitalized for RSV infection were associated with a
significantly increased risk of in-patient mortality and adverse
outcomes than those with seasonal influenza, and such findings
were consistent across different age groups. This calls for an up-
date on RSV vaccination recommendations in adults, especially
on the age criteria and considerations of comorbidities.

Given the availability of RSV vaccine as well as the recent ap-
proval of vaccine use among patients aged < 59years old, it is
important to consider RSV vaccination among patients who are
(1) aged > 60years and (2) aged < 60years who are at increased
risk for adverse outcomes. The risk factors for severe RSV infec-
tions demonstrated in this study provided insights on the target
patient subgroups for vaccination, especially among countries
and places with limited resources that do not allow vaccination
for the entire population.
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