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Abstract Among the 14 patients with respiratory syncytial virus pneumonia, the majority
(n Z 8, 57.1 %) were older than 65 years and had health care-associated pneumonia
(57.1 %). Over 70 % (n Z 10) of them exhibited bacterial co-infection, with a high proportion
(64.3 %) requiring mechanical ventilation. The hospital mortality rate was 50 %.
Copyright ª 2023, Taiwan Society of Microbiology. Published by Elsevier Taiwan LLC. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).
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Introduction

Infection caused by respiratory syncytial virus (RSV) pre-
sents a considerable challenge in terms of the paediatric
disease burden and public health concerns.1e4 However,
frail, elderly individuals, along with those who are immu-
nocompromised or have underlying cardiopulmonary dis-
eases, are also at the highest risk of developing severe and
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life-threatening illnesses due to RSV.5 The occurrence of
outbreaks in hospitals and health care facilities has brought
attention to the clinical consequences of RSV infection
within the adult population.6 In May 2023, the Food and
Drug Administration approved the first two vaccines,
RSVPreF3 (Arexvy, GSK) and RSVpreF (Abrysvo, Pfizer), for
the prevention of RSV lower respiratory tract disease for
use in adults aged �60 years.7 However, there remains a
paucity of research on RSV infections among hospitalized
older adults with pneumonia, especially among patients
aged 65 years or above.8,9

It has been reported that pneumonia can potentially
develop in up to 50 % of those requiring hospitalization.10

Nonetheless, the absence of routine RSV evaluation in
adult pneumonia may contribute to an underestimation of
the clinical impact of RSV in adults. The application of
BioFire� FilmArray� Pneumonia Panel (FAPP) using multi-
plex PCR methods has expanded the potential for rapid
detection of various pathogens, including RSV, in patients
with pneumonia. The FAPP was introduced into practice at
China Medical University Hospital (CMUH) on August 28th,
2021. The use of FAPP was indicated for hospitalized pa-
tients with severe pneumonia, defined as pneumonia with
septic shock requiring vasopressors or with acute respira-
tory failure requiring intubation and mechanical ventila-
tion, or fulfilling any three minor criteria proposed in the
Infectious Diseases Society of America/American Thoracic
Society Consensus Guidelines.11

The epidemiology of RSV infection has changed during
the coronavirus disease 2019 (COVID-19) pandemic, but the
factors and mechanisms driving these changes in epidemi-
ology are not fully understood.12 This study aimed to
investigate the clinical outcomes of pneumonia caused by
RSV in adult patients in Taiwan during the COVID-19
pandemic.
Case series

Between August 28th, 2021, and June 30th, 2023, 1,065
patients were suspected to have severe pneumonia and
underwent testing with the FAPP. Results from all patients
receiving FAPP tests were analysed (Supplementary Figure).
After excluding repeated tests in two patients and two
patients lacking definitive pneumonia on chest radiographs,
14 patients (1.3 %) with their respiratory samples (sputum
[n Z 6], endotracheal aspirate [n Z 7], or bronchoalveolar
lavage [n Z 1]) tested positive for RSV. The distribution of
RSV cases identified on a monthly basis obtained in this
study and the RSV detection trend derived from the respi-
ratory viral surveillance database of the Taiwan Centers for
Disease Control (Taiwan CDC) during the same study period
are illustrated in Fig. 1A. In Taiwan, a surge of RSV cases
was observed between October 2021 and February 2022.

The detailed clinical information of the 14 patients with
severe pneumonia is shown in Supplementary Table. Among
the 14 patients, seven (50 %) were male, eight (57.1 %) were
older than 65 years. Six (42.9 %) patients had community-
acquired pneumonia, four (28.6 %) had healthcare-
associated pneumonia, and four (28.6 %) had hospital-
acquired/ventilator-associated pneumonia (Table 1 and
Fig. 1B). Four patients developed nosocomial RSV
185
pneumonia, as defined by a positive laboratory-confirmed
RSV test in conjunction with a �48-h time frame between
hospital admission and the onset of respiratory symptoms.
The levels of inflammatory markers, including C-reactive
protein, procalcitonin, and monocyte distribution width,
were not obviously elevated. Four (28.6 %) of the 14 patients
tested positive for FAPP results only for RSV, while two
tested positive for other viruses (human rhinovirus/entero-
virus and/or parainfluenza virus) as well as bacteria.
Notably, over 70 % (n Z 10) of the 14 patients exhibited
bacterial co-infection, with a high proportion (64.3 %)
requiring mechanical ventilation. More than one-third
(n Z 5) of patients had acute respiratory distress syn-
drome (ARDS), but septic shock (n Z 2, 14.3 %) was un-
common. In addition to the other viral pathogens
concomitantly detected by the FAPP, the most common
bacteria detected were Pseudomonas aeruginosa (n Z 5),
followed by Acinetobacter calcoaceticus-baumannii complex
(n Z 3), Staphylococcus aureus (n Z 2), Klebsiella pneu-
moniae group (n Z 2), Enterobacter cloacae complex
(n Z 2), Serratia marcescens (n Z 1), and Streptococcus
pneumoniae (n Z 1). Furthermore, several antibiotic
resistance-related genes (mecA and genes encoding CTX-M
and K. pneumoniae carbapenemase) were also detected.
Overall, the hospital mortality rate was 50 %, and the median
hospital length of stay was 26 days (interquartile range
16.5e36.5 days). KaplaneMeier curves demonstrated that
bacterial co-infection was associated with early mortality
(Fig. 1C).
Discussion

In this study, we reported a case series of 14 patients with
severe RSV pneumonia who were tested positive with FAPP
during the COVID-19 pandemic. Although a substantial
number of patients required mechanical ventilation and
treatment in the intensive care unit (ICU), we observed
only slight increases in serum inflammatory markers. This
observation is consistent with the results of a cohort study
conducted in Korea.10 Together with the relatively low
occurrence of septic shock, we can infer that RSV pre-
dominantly triggers severe pulmonary inflammation rather
than a systemic inflammatory response, thereby acting as
the primary driver of disease progression. There were four
patients who acquired severe nosocomial RSV pneumonia,
and one (25 %) of them died. However, an investigation into
a possible nosocomial outbreak was not conducted, despite
these patients contracting RSV infections at different times
over several months. Aichinger et al. reported 56 nosoco-
mial RSV infection cases identified between November 2011
and January 2012.13 Of these cases, 36 were laboratory-
confirmed and outbreak-related. Among these cases, 23
(64 %) presented with pneumonia, and 11 (31 %) had died
while hospitalized.13

Lee et al. documented a 30-day mortality rate of 15 %
among patients with RSV-associated pneumonia.14 In a
separate study, Jeannnoël et al. reported a hospital mor-
tality rate of 25.9 %.8 In our patient cohort, the hospital
mortality rate was 50 %, representing a considerable in-
crease in comparison to the results of the previous
studies.5,14,15 Notably, our patients exhibited a considerable
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Figure 1. (A) Monthly distribution of respiratory syncytial virus (RSV) detected throughout the study period. Green bars indicate
the case numbers in this study. The red line indicates the trend of RSV infection surveillance by the Taiwan Centers for Disease
Control (Taiwan CDC). This figure was modified according to the database from the Taiwan CDC website (https://nidss.cdc.gov.tw/).
(B) Age distribution and timing of FilmArray� Pneumonia Panel testing among patients with detected RSV infections. (C) The impact
of bacterial coinfection on 30-day mortality among hospitalized patients with pneumonia who tested positive for RSV.
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prevalence of comorbidities, which have been well recog-
nized as a poor prognostic factor for RSV infection, coupled
with a high frequency of respiratory failure necessitating
mechanical ventilator support, along with a substantial
incidence of ARDS. Furthermore, it is essential to emphasize
that our RSV cases were identified using the FAPP. Currently,
this diagnostic method is primarily employed for patients
with more severe conditions, leading to an inevitable se-
lection bias and subsequently higher observed mortality
rates.

S. pneumoniae, S. aureus, and Haemophilus influenzae
have been found in up to 30 % of patients with RSV
186
infection, although the role of bacterial coinfection with
RSV has not been well studied.5 Recent studies have
indicated an increased occurrence of P. aeruginosa and
Enterobacterales coinfection among patients with RSV
infection.8,13,14 In our cohort, a substantial subset (5/14,
35.7 %) showed P. aeruginosa isolates and the identifica-
tion of antibiotic resistance genes (4/14, 25.6 %). These
results should be interpreted cautiously due to the limited
sample size. However, the development of antibiotic-
resistant bacterial coinfection following RSV infection re-
mains an aspect that needs continuous monitoring in the
future.

https://nidss.cdc.gov.tw/


Table 1 Baseline and demographic information of the 14
patients with pneumonia caused by respiratory syncytial
virus (RSV).

Characteristic No. (% or range)
of patients
(n Z 14)

Age, median (IQR) 66.1 (47.1e79)
Age �65 years (%) 8 (57.1 %)
Male/female (%) 7/7 (50 %/50 %)
BW, median (IQR) 65 (53.8e72.4)
BMI, median (IQR) 23.4 (21.0e25.0)
Charlson Comorbidity

Index, median (IQR)
6 (2.8e7.5)

Comorbidities
Chronic lung diseasesa 3 (21.4 %)
Cardiovascular disease 4 (28.6 %)
Diabetes 7 (50 %)
ESRD 4 (28.6 %)
Liver cirrhosis 2 (14.3 %)
Solid tumour 4 (28.6 %)
Haematologic malignancies 1 (7.1 %)

Pneumonia type
CAP 6 (42.8 %)
HCAP 4 (28.6 %)
HAP/VAP 4 (28.6 %)

Respiratory sample
tested by the FAPP
Sputum 6 (42.9 %)
Endotracheal aspirate 7 (50 %)
Bronchoalveolar lavage 1 (7.1 %)

Infection pattern
Single RSV infection 4 (28.6 %)
Bacterial coinfection 8 (57.1 %)
Multiple viral and
bacterial coinfection

2 (14.3 %)

Inflammatory markers
CRP (mg/dL) 5.4 (1.0e14.9)
PCT (ng/mL) 1.6 (0.4e19.5)
MDW (U) 25.4 (21.4e35.0)

SOFA score 8.5 (5e14)
Mechanical ventilation 9 (64.3 %)
ARDS 5 (35.7 %)
Septic shock 2 (14.3 %)
Hospital LOS 26 (16.5e36.5)
Hospital mortality 7 (50 %)

a Includes old pulmonary tuberculosis, chronic obstructive
pulmonary disease, asthma, and bronchiectasis.
ARDS, acute respiratory distress syndrome; BMI, body mass
index; BW, body weight; CAP, community-acquired pneumonia;
CRP, C-reactive protein; FAPP, FilmArray� Pneumonia Panel;
HCAP, healthcare-associated pneumonia; HAP, hospital-
acquired pneumonia; IQR, interquartile range; LOS, length of
stay; MDW, monocyte distribution width; PCT, procalcitonin;
SOFA, Sequential Organ Failure Assessment; VAP, ventilator-
associated pneumonia.
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While the burden of bacterial coinfection and its impact
on outcomes has been extensively described among pa-
tients with viral respiratory infections, only a limited
number of studies have investigated this aspect among in-
dividuals with RSV-related acute respiratory infection.
187
Jeannnoël et al. reported that bacterial coinfection resul-
ted in increased ICU hospitalization and longer lengths of
hospital stay.8 Godefroy et al. demonstrated that among
elderly patients (>65 years old) with RSV-related acute
respiratory infection, bacterial coinfection was associated
with higher mortality.15 In our study, out of the 10 patients
who experienced bacterial coinfection, an early and sig-
nificant hospital mortality rate of 60 % was observed.

While RSV exhibits two serotypes, serotypes A and B,
syndromic PCR and viral culture cannot distinguish between
them. Nonetheless, there is controversy regarding whether
serotype variability impacts the clinical course and out-
comes of RSV infection among children and infants.16,17 A
previous study did not reveal prognostic differences be-
tween the two serotypes in adults.9

The main limitation of this study is the possibility of
selection bias in the study population, wherein the severity
of pneumonia prompted the use of the FAPP for pathogen
identification, subsequently leading to RSV detection. This
situation could potentially result in an overestimation of
severe RSV cases.

In conclusion, the potential underestimation of the
disease burden related to RSV and the impact of bacterial
co-infection on prognosis should be noted, as these co-
infection could elevate the risk of mortality. Given the
increasing availability of diagnostic tools, clinicians should
diligently and systematically test for both RSV and bac-
terial co-infection in hospitalized adult patients with
acute respiratory infections, especially in populations
susceptible to life-threatening infections, such as frail and
elderly individuals and those with comorbidities. More-
over, greater attention should be directed towards the
incidence of co-infection involving multidrug-resistant
bacteria.
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