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Predictors of prolonged length of
stay in adult patients with
respiratory syncytial virus
infections — a multi-center
historical cohort study
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Objectives: Several studies have reported risk factors for severe disease and
mortality in hospitalized adults with RSV infections. There is limited information
available regarding the factors that affect the duration of a patient’'s hospital
length of stay (LOS).

Methods: This was a multicenter historical cohort study of adult patients
hospitalized for laboratory-confirmed RSV in Southeast Michigan between
January 2017 and December 2021. Hospitalized patients were identified using
the International Classification of Diseases, Tenth Revision 10 codes for RSV
infection. Mean LOS was computed; prolonged LOS was defined as greater than
the mean.

Results: We included 360 patients with a mean age (SD) of 69.9 +14.7 years,
63.6% (229) were female and 63.3% (228) of white race. The mean hospital LOS
was 7.1+ 54days. Factors associated with prolonged LOS in univariable analysis
were old age, body mass index (BMI), smoking status, Charlson Weighted Index of
Comorbidity (CWIC), home oxygen, abnormal chest x-ray (CXR), presence of sepsis,
use of oxygen, and antibiotics at the time of presentation. Predictors for prolonged
LOS on admission in multivariable analysis were age on admission (p<0.001),
smoking status (p =0.001), CWIC (p = 0.038) and abnormal CXR (p = 0.043).

Interpretation: Our study found that age on admission, smoking history, higher
CWIC and abnormal CXR on admission were significantly associated with
prolonged LOS among adult patients hospitalized with RSV infection. These
findings highlight the significance of promptly recognizing and implementing
early interventions to mitigate the duration of hospitalization for adult patients
suffering from RSV infection.
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Introduction

Respiratory Syncytial Virus (RSV) causes significant morbidity
and mortality, resulting in 60,000 to 160,000 hospitalizations and
6,000 to 10,000 fatalities annually among adults aged 65 years or older
(Centers for Disease Control and Prevention, n.d.). In recent years, it
has become increasingly recognized that RSV can trigger
exacerbations of chronic obstructive pulmonary disease (COPD),
asthma, and congestive heart failure (CHF) in older adults (Centers
for Disease Control and Prevention, n.d.; Ackerson et al., 2019;
Branche et al., 2022; Sah et al., 2023). Underlying medical conditions
may significantly influence the severity of RSV-related disease (Walsh
et al., 2013; Chatzis et al., 2018). Hospitalization of these high-risk
individuals causes a substantial economic impact on the healthcare
system, with an annual US cost to be estimated at around $1.2 billion
(Choi et al., 2022). The length of time a patient stays in a hospital is
called “length of stay” (LOS). This duration is an indirect indicator of
the patient’s sickness level and is directly related to the financial costs
of hospitalization. As there is a focus on providing high-value medical
care and improving healthcare quality, a hospital’s average length of
stay is considered a measure of the quality of healthcare delivery
(Englert et al., 2001).

Previous studies have reported the factors that can predict the
severity of RSV and the likelihood of complications among
hospitalized adult patients (Chatzis et al., 2018; Kieke et al., 2020;
Atamna et al., 2021; Hartnett et al., 2022; Njue et al., 2023). Similarly,
studies have identified the factors that indicate poor survival among
hospitalized adults infected with RSV (Lee et al., 2013). A recent
MMWR report showed that patients hospitalized adults aged
>60years with RSV were more likely to die compared to patients
hospitalized with influenza affecting their hospital LOS (Surie et al.,
2023). The incidence of complications, including pneumonia, bacterial
co-infections and the need for intensive care admission, had been
higher among patients hospitalized with RSV than in those with
influenza, which can prolong the hospital LOS (Lee et al., 2013;
Ackerson et al., 2019; Zhang et al., 2020; Atamna et al., 2021; Surie
etal., 2023). However, these predictors for severe RSV infections and
poor survival may not equate or be the same as the predictors for the
hospital LOS. There is a lack of literature assessing the predictors for
prolonged hospital LOS among patients hospitalized with
RSV infection.

Clinicians must be aware of RSV as a causative agent for severe
respiratory infection in older adults despite its lower incidence rates
compared to COVID-19 and influenza (Surie et al., 2023). Identifying
factors linked to prolonged hospitalization can help with risk
stratification for administering FDA-approved RSV vaccines (Papi
et al., 2023; Walsh et al., 2023). Therefore, this study aims to identify
risk factors associated with prolonged hospital LOS in adult patients
admitted with RSV infection.

Methods
Study setting and design
This historical cohort study was conducted at five community-

based teaching hospitals in Southeast Michigan. Adult patients
hospitalized with a laboratory-confirmed diagnosis of RSV between
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January 1, 2017, and December 31, 2021, were included. Cases with
RSV infections were identified using RSV-related International
Classification of Diseases, Tenth Revision (ICD-10) codes which
included RSV infection (B97.4), RSV pharyngitis (J02.8), RSV
(J20.5), RSV (J21.0), RSV
laryngotracheobronchitis (J40), RSV pneumonia (J12.1), RSV positive

bronchitis bronchiolitis
sputum culture (R84.5), viral upper respiratory infection (J06.9), viral
pneumonia (J12.9) and viral pharyngitis (J02.9). Then electronic
medical records of the patients identified with RSV were reviewed to
confirm the laboratory diagnosis of RSV infection. Laboratory testing
for RSV utilized a molecular method that involved polymerase chain
reaction on a nasal swab sample. The study was reviewed and approved
by the Ascension Institutional Review Board (approval number
~ RMIJ20210469).

Study subjects

The study subjects included adult patients ages 18 years and older
with confirmed RSV who were hospitalized from January 1, 2017,
until December 31, 2021. Patients younger than 18 years of age and
patients who tested positive but did not require hospitalization were
excluded from the study.

Data collection

The electronic medical records of the hospitalized patients were
reviewed for demographic characteristics, clinical characteristics
including the comorbidities counted in the Charlson Weighted Index
of Comorbidity (CWIC) (Charlson et al., 1987), smoking history, vital
signs at the time of presentation as well as within 24h of
hospitalization, laboratory data, radiological images, and length
of stay.

Definitions

“Prolonged LOS” was defined as a hospital stay greater than the
mean LOS for the study group. “Viral pneumonia” was defined as an
lower respiratory tract infection (LRTI) that had clinical features
suggestive of viral infection such as precedence by viral prodrome,
lymphopenia, bilateral ground glass opacities or infiltrates seen
radiologically that resolved spontaneously without requiring
antibiotics. “Fever” was defined as an axillary temperature of 37.5
degrees C or higher. An “abnormal chest x-ray” (CXR) was defined as
radiological evidence of new infiltrates or ground glass opacities
suggestive of infectious etiology. The presence of atelectasis,
pulmonary vascular congestion, and chronic lung changes were not
considered as abnormal resulting from infectious etiology. All
radiological images were reviewed and compared to previous images
if available for the accuracy of the data. The Quick Sequential Organ
Failure Assessment (GQSOFA) score (0-3) was calculated with the three
clinical parameters with one point allotted to each of these parameters:
systolic blood pressure <100 mm Hg, respiratory rate > 22 breaths/
2017).
Immunosuppressed status included HIV positivity; neutropenia with

min, and altered mental status (Freund et al,

absolute neutrophil counts less than 0.50K/mcL at the time of
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hospitalization; receipt of steroids (equivalent to at least 15mg of
prednisone per day for at least 14 days consecutively) at the time of
hospitalization; receipt of chemotherapy or radiotherapy or anti-
tumor necrosis factor-a therapy in the past 3 months; and history of
organ transplant.

Statistical analysis

Descriptive statistics were calculated to characterize the study
group. Continuous variables such as age were described as the mean
with standard deviation or median with range or interquartile range.
Categorical variables were described as frequency distributions. LOS
was categorized as below the mean LOS or at the mean or above.
Univariable analyses were done using Student’s t-test, analysis of
variance followed by multiple pairwise comparisons using the
Bonferroni correction of the p-value and the chi-squared test. For
non-normally distributed data, the Mann-Whitney U test and the
Kruskal-Wallis test were used. Multivariable analysis was done using
multiple logistic regression. All data were analyzed using SPSS v. 29.0
and a p-value of 0.05 or less was considered to indicate
statistical significance.

Results

A total of 360 adult patients with confirmed RSV infection were
included in the analysis, of which 229 (63.6%) were female and 228
(63.3%) were of white race. The mean age of the study group was
69.9+14.7years and 239 (66.4%) were 65years or older. Of these
patients, 298 (82.8%) were admitted from home and 48 (13.3%) were
residents of nursing homes. A history of smoking (former or current)
was present in 202 (56.1%) patients. The mean body mass index (BMI)
was 30.6+9.7kg/m’ and the mean Charlson score was 2.2+1.9.
Hypertension was the most common comorbidity (66.6%) followed
by chronic lung disease (57.4%), diabetes mellitus (30.9%) and CHF
(26.2%). The most common symptom was cough (86.9%), followed by
shortness of breath (80.1%), nasal congestion (27.5%) and fever
(25.4%). The mean hospital LOS was 7.1+ 5.4 days (Figure 1).

00 10.00

20.00
Length of Stay

30.00 40.00

FIGURE 1
Histogram of the length of stay.

Frontiers in Microbiology

10.3389/fmicb.2024.1385439

Prolonged LOS was noted in 126 (35.1%) patients. As seen in
Table 1, patients with a prolonged LOS were significantly older than
those with a LOS of <7 days (p <0.001). Patients with prolonged LOS
were more likely to have lower mean BMI values (p=0.008) and
higher mean CWIC scores (p=0.005). Patients with a history of
smoking (p=0.007), myocardial infarction (p=0.043), COPD
(p=0.006) and solid organ malignancy (p=0.013) were more likely to
have prolonged LOS than patients free from those conditions. Patients
who fulfilled the criteria of sepsis on presentation (p=0.032) were
more likely to have prolonged LOS. LOS was significantly prolonged
among patients who were on home oxygen for chronic lung disease or
those who required oxygen at the time of presentation compared to
those who did not. Patients with abnormal chest x-rays on presentation
and those who received antibiotics at the time of presentation
(p =0.006) were more likely to have prolonged LOS.

From multivariable logistic regression using a forward likelihood
ratio algorithm, the independent predictors for prolonged hospital
LOS were age at admission (OR=1.04, p <0.001), current or former
smoker (OR=2.22, p=0.001), CWIC score (OR=1.13, p=0.036) and
abnormal CXR (OR=1.62, p=0.043) (Table 2). Every one unit
increase in age and CWIC increased the risk for prolonged hospital
LOS by 4.0 and 13.2%, respectively. A history of current or former
smoking increased the risk 2.2 times and an abnormal CXR on
admission increased the risk 62%.

Discussion

Our study found that older age, history of smoking, a more
significant burden of comorbidities, and the presence of radiological
evidence of pneumonia at the time of presentation were independent
predictors for prolonged LOS in adult patients hospitalized because of
RSV infections. According to studies conducted in the last decades,
the mean LOS for adults with RSV infection is 4-21days (Lee et al.,
2013; Volling et al., 2014; Loubet et al., 2017; Yoon et al., 2020;
Hartnett et al., 2022; Walsh et al., 2022). The mean LOS in our study
was 7.1 + 5.4 days, which is relatively shorter than that of other studies
(Lee et al., 2013; Loubet et al., 2017; Yoon et al., 2020).

In our study, age on admission was an independent predictor for
prolonged LOS. Every one-unit increase in age increases the risk for
prolonged hospital LOS by 4.0%. It has been observed that patients
who were hospitalized for RSV infection were significantly older than
those who were outpatients. This underscores the significance of
detecting RSV early and treating it promptly, particularly in those at
higher risk due to age-related decline in immunity. Timely
intervention can help prevent hospitalization, reduce healthcare costs,
and, most importantly, save lives (Walsh et al., 2013). Higher median
hospital LOS has been reported among patients with comorbid lung
diseases, immunocompromised states, and older adults compared to
other adult patients (Walsh et al., 2022). Belongia et al. noted serious
outcomes in terms of hospitalizations and pneumonia more frequently
in patients >75years of age (Belongia et al., 2018). RSV infection was
associated with longer hospital stays (> 7days), pneumonia, ICU
admission, COPD exacerbation, and higher mortality within one year
of admission compared to influenza in hospitalized adults aged
60years or older (Ackerson et al., 2019). This may be a result of weaker
immune responses as aging has been linked to declining immune
competence (Goronzy et al., 2015). In May 2023, the Food and Drug
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TABLE 1 Univariable analysis of risk factors at admission associated with prolonged LOS in adult patients with RSV infections.

Characteristics

Total (n = 360)

< 7days (n =234)

> 7 days (n = 126)

10.3389/fmicb.2024.1385439

p value

Age in years (mean + SD) 69.9+14.7 67.9+15.9 73.8+11.4 <0.001
Sex 0.49

Male 131 (36.5) 88 (37.8) 43 (34.1)

Female 228 (63.5) 145 (62.2) 83 (65.9)
Race 0.85

White 227 (63.2) 146 (62.7) 81 (64.3)

Black 121 (33.7) 79 (33.9) 42 (33.3)

Others 11 (3.1) 8(3.4) 3(2.4)
BMI (mean +SD) 30.6+9.7 31.5+%10.2 28.9+8.3 0.01
Chronic Comorbid conditions
Myocardial infarction 24 (6.7) 11 (4.7) 13 (10.3) 0.04
Congestive heart failure 94 (26.2) 58 (24.9) 36 (28.6) 0.45
Asthma 60 (16.7) 48 (20.6) 12 (9.5) 0.007
Chronic obstructive pulmonary disease 145 (40.4) 82 (35.2) 63 (50.0) 0.006
Peripheral arterial disease 21(5.8) 13 (5.6) 8(6.3) 0.77
Connective tissue disease 13 (3.6) 10 (4.3) 3(2.4) 0.36
Diabetes mellitus without complications 60 (16.7) 41(17.6) 19 (15.1) 0.54
Diabetes mellitus with complications 51 (14.2) 32(13.7) 19 (15.1) 0.73
Dementia 31 (8.6) 18(7.7) 13 (10.3) 0.40
Cerebrovascular disease 39 (10.9) 20 (8.6) 19 (15.1) 0.06
Chronic kidney disease 67 (18.7) 44 (18.9) 23(18.3) 0.88
Human immunodeficiency virus 6(1.7) 3(1.3) 3(24) 0.44
Solid malignancy 54 (15) 27 (11.6) 27 (21.4) 0.013
Metastatic disease 10 (2.8) 4(1.7) 6(4.8) 0.09
CWIC (mean +SD) 2219 2.03+1.81 2.69+2.20 0.006
Immunosuppressed status 41 (11.4) 26 (11.2) 15 (11.9) 0.83
Hemodialysis 16 (4.5) 10 (4.3) 6(4.8) 0.84
Smoking 208 (57.9) 121 (51.9) 87 (69) 0.002
Patients on home oxygen 64 (17.8) 32(13.7) 32(25.4) 0.006
Systolic BP on admission <100 mm Hg 12 (3.3) 5(2.1) 7 (5.6) 0.09
RR on admission >22 breaths/min 165 (46) 102 (43.8) 63 (50.0) 0.26
Oxygen requirement at presentation 210 (58.5) 124 (53.2) 86 (68.3) 0.006
qSOFA 19 (5.3) 8(3.4) 11 (8.7) 0.03
Abnormal chest x-ray on admission 133 (37.5) 76 (33.2) 57 (45.3) 0.09

n, Number, SD, Standard deviation, BMI, Body mass index, CWIC, Charlson weighted index of comorbidity, BP, Blood pressure, RR, Respiratory rate, gSOFA, Quick sepsis related organ

failure assessment.

Administration approved two RSV vaccines for the prevention of
LRTI caused by RSV in individuals 60 years and older (Papi et al.,
2023; Walsh et al., 2023). In June 2023, the Centers for Disease Control
and Prevention recommended a single dose of RSV vaccine for adults
>60years old using shared clinical decision-making between patients
and clinicians (Melgar et al., 2023). These vaccines can potentially
change the landscape with possible reductions in the number of
hospitalizations for RSV infections.

The CWIC score is a validated method to predict mortality by
measuring comorbid conditions. It is widely used in research to
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account for the burden of multiple medical conditions (Charlson
et al., 1987). Our study found that patients with several medical
conditions were more likely to experience extended hospital stays,
as indicated by higher CWIC scores. Patients with myocardial
infarction, COPD, and solid malignancy were more likely to have
extended hospital stays. Epidemiological evidence suggests that
people with underlying chronic conditions are at increased risk
for severe disease, prolonged hospital stay and death from RSV
infection (Belongia et al., 2018; Yoon et al., 2020). A study on
Korean adults revealed that solid cancer and hematological
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TABLE 2 Multivariable analysis of risk factors at admission associated
with Prolonged LOS in adult patients with RSV infection.

Variable Odds Ratio (95% Cl) p value
Age at admission 1.04 (1.02-1.05) <0.001
Smoking 2.22(1.36-3.63) 0.001
CWIC score 1.13 (1.01-1.27) 0.036
Abnormal CXR 1.62 (1.02-2.57) 0.043

CI, Confidence interval, CWIC, Charlson weighted index of comorbidity, CXR, Chest x-ray.

malignancy were risk factors for RSV pneumonia and related to
poor outcomes of RSV infection (Yoon et al., 2020). Adults with
CHF had a higher rate of RSV-associated hospitalization than
those without CHF (Branche et al., 2022; Kujawski et al., 2022).
For adults ages 65 years and above, the rate of RSV hospitalization
is 3.5 times higher for those with CHF, while for adults below 65,
the RSV rate is 14.3 times higher for those with CHF (Kujawski
et al., 2022). RSV is known to be associated with acute
exacerbations of COPD (Seemungal et al., 2001; Zwaans et al.,
2014). During acute exacerbation of COPD patients requiring
RSV s
non-influenza respiratory viral infection (Mulpuru et al., 2022).
Persistent RSV detection in stable COPD patients has been shown
to cause airway inflammation as measured by sputum interleukin

hospitalization, reportedly the most common

(IL)-6, IL-8, and myeloperoxidase levels and a rapid decline in
lung functions, particularly forced expiratory volume in one
second (FEV1) (Seemungal et al., 2001). This chronic infective
state is thought to occur because of a reduction in the production
of interferons (f and A). This interferonopathy can trigger
cell senescence and autoimmune-mediated lung damage, leading
to poor pulmonary outcomes (Ruggeri and Caramori, 2019).
Patients hospitalized with RSV are at increased risk for requiring
oxygen support, non-invasive ventilation and ICU admission
compared to those hospitalized with COVID-19 or influenza
(Surie et al., 2023).

In our study, patients with a history of current or former smoking
were at increased risk of prolonged LOS. Because of the study’s
retrospective nature, it was hard to quantify the tobacco exposure.
Cigarette smoking is associated with an increased risk and severity of
viral respiratory infections such as RSV (Cohen et al., 1993). Smoking
triggers necrotic cell death rather than apoptotic cell death, which is
associated with increased viral replication (Groskreutz et al., 2009).
This was reflected by the findings of increased viral titers in airway
epithelial cells following exposure to cigarette smoke extract.
Apoptosis is a more efficient and less inflammatory way of clearing
virally infected cells from the airway compared to necrosis. Smoking
also increases the risk for asthma among young adults who had RSV
LRTIs in early life compared to those who did not have RSV-LRTIs
(Voraphani et al., 2014).

Our study found that people who had new CXR findings in
terms of infiltrates, consolidation, or ground glass opacities were
more likely to have prolonged hospital LOS. Earlier studies have
reported about 40-60% of hospitalized patients with RSV-related
illnesses have clinical evidence for pneumonia (Volling et al., 2014;
Yoon et al., 2020). Multiple studies have shown that RSV infections
are associated with a higher incidence of hospitalization risks,
pneumonia occurrences, and higher prescriptions for antibiotics
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than influenza infections (Lee et al., 2013; Ackerson et al., 2019;
Zhang et al.,, 2020; Atamna et al., 2021; Himaldinen et al., 2022;
Surie et al., 2023). RSV’s progression from the upper respiratory
tract to the lower airways initiates a series of events. It first targets
ciliated and alveolar epithelial type II cells, triggering the release
of cytokines and chemokines (Manti and Piedimonte, 2022). Tt
leads to an influx of inflammatory cells into the infected lung
tissue, followed by epithelial cell shedding. This process accelerates
the clearance of virus-infected cells from the airway mucosa and
contributes to acute obstruction of the distal airways, ultimately
leading to severe reactive airway disease (Liesman et al., 2014;
Manti and Piedimonte, 2022). Patients with RSV who require
mechanical ventilation are also at increased risk of complications,
including bronchospasm, lung atelectasis, and ventilator-associated
pneumonia (Santus et al., 2023).

The strength of our study includes large sample size,
multicenter study design, and data collection over 5years. The
data were collected and interpreted by a single person, eliminating
errors with multiple data collectors. The main limitation of our
study was that we collected data retrospectively. Despite this
limitation, we made every effort to ensure the accuracy and
reliability of our findings. Our study still provides valuable
insights and highlights the need for further research. Second, the
study included patients from the five hospitals in Southeast
Michigan, so the findings may not be generalizable. The study
only included hospitalized patients, so the findings cannot
be generalized to the whole population as most RSV patients do
not require hospitalization.

In conclusion, our study found that age on admission, positive
smoking history, higher CWIC score, and presence of abnormal
chest imaging suggestive of pneumonia on presentation were
significantly associated with prolonged hospital LOS among adult
patients with RSV infection. These findings highlight the
significance of promptly recognizing and implementing effective
interventions to mitigate the duration of hospitalization for adult
patients suffering from RSV infection. Swift action and early
measures can significantly impact the patient’s recovery process,
reducing the burden on healthcare systems and improving the
quality of care provided.
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