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Abstract 

COVID-19, influenza, and respiratory syncytial virus are leading causes of severe acute 

respiratory infection (SARI). As viral dynamics shift post-pandemic, comparing their clin-

ical profiles is essential for optimizing management and vaccination strategies. We con-

ducted a retrospective observational study of adults hospitalized with PCR-confirmed 

COVID-19, influenza, or RSV over three consecutive seasons (2021–2024). We compared 

clinical features, comorbidities and outcomes, including mortality, intubation rates and 

respiratory deterioration. Multivariable analyses were performed where virus was the in-

dependent variable and respiratory deterioration, intubation rate and mortality, Charlson 

Comorbidity Index, smoking status and pneumonia were co-variates. 263 patients were 

analyzed. Key findings revealed distinct clinical profiles: influenza patients were signifi-

cantly younger, while COVID-19 was the predominant cause of viral pneumonia. RSV 

patients presented with the most severe oxygenation deficit upon admission and experi-

enced the highest rate of respiratory deterioration (28%). Logistic regression analyses 

demonstrated that pneumonia [OR 2.81, 95% Confidence Interval (CI): 1.23–6.43, p = 0.01] 

and RSV (OR 2.8, 95% CI: 1.16–6.63, p = 0.02) were independently associated with respir-

atory deterioration. Similarly, pneumonia (OR 4.86, 95%CI: 1.62–17.36, p < 0.01] and RSV 

(OR 4.67, 95%CI: 1.5–14.34, p < 0.01) were independently associated with high risk of in-

tubation. Among patients hospitalized because of COVID-19, RSV and Influenza, pneu-

monia and RSV were linked with respiratory deterioration and increased risk of intuba-

tion but not with death. 
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1. Introduction 

Respiratory viral infections, including COVID-19 (SARS-CoV-2 virus), influenza, 

and infection with respiratory syncytial virus (RSV), are major causes of hospitalization 

in adults, especially older individuals and those with chronic diseases [1]. COVID-19 

emerged in 2019 and caused a pandemic, resulting in millions of hospitalizations and 

deaths across all age groups [2]. Influenza infection peaks annually in the autumn and 

winter months, resulting in increased hospitalizations and fatalities. During the first year 
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of the COVID-19 pandemic, the risk of death among hospitalized COVID-19 patients was 

substantially higher than that of patients hospitalized for seasonal influenza [3]. However, 

as the pandemic progressed, the risk of COVID-19–related mortality declined, and data 

from the most recent influenza season suggest that the numbers of hospitalizations and 

deaths due to influenza may have exceeded those of COVID-19 [4]. 

RSV has long been recognized as a common cause of respiratory infections. While it 

often causes mild, flu-like symptoms, RSV can also cause severe and even fatal respiratory 

disease [5]. Studies estimate that RSV infection accounts for 5–7% of respiratory infections 

among older or high-risk adult populations, with notable hospitalization and case-fatality 

rates [6]. Currently, there are no specific treatment options for RSV infection among 

adults, although vaccines are becoming available and therapeutic choices are under de-

velopment [7]. 

While COVID-19, influenza, and RSV disease may present with similar symptoms 

and all three can cause fatal respiratory disease, information on whether they differ in 

terms of outcomes for patients with severe acute respiratory infection (SARI) [8] is still 

limited. In this study, we aimed to compare the clinical features and outcomes of patients 

hospitalized in a single center because of severe respiratory infection with any of the three 

viruses: influenza, COVID-19, and RSV. We hypothesized that clinical features, mortality, 

intubation rate, and duration of hospital stay would not differ between patients with dif-

ferent viral diseases. 

2. Materials and Methods 

This is a retrospective, observational study on patients hospitalized for COVID-19, 

RSV, or influenza conducted in our department during three consecutive influenza sea-

sons (October–March, 2021–2024). The inclusion criteria were as follows: (1) age > 18 years 

old; (2) confirmed infection with any of the three viruses under investigation using path-

ogen-specific real-time reverse transcriptase polymerase chain reaction (RT-PCR) as-

says—Cepheid Xpert® Xpress SARS-CoV-2/Flu/RSV assay (Cepheid, Sunnyvale, CA, 

USA)—performed on nasal swab specimens at the time of admission; (3) hospital admis-

sion because of respiratory manifestations of the infection (pneumonia or acute exacerba-

tion of a chronic respiratory disease). The exclusion criteria were hospitalization for dis-

eases unrelated to the viral infection and concomitant infection by more than one virus. 

Eligible patients were identified from the digital hospital database with admission 

diagnoses. Patient data, including demographic characteristics, comorbidities, laboratory 

and imaging findings on admission, and outcomes, were extracted from their medical rec-

ords. All patients received standard treatment according to international and national 

guidelines. The primary outcome was hospital mortality. Secondary outcomes included 

progression of respiratory failure (defined as the need for treatment with higher oxygen 

concentration or application of high-flow nasal oxygen or non-invasive ventilation), intu-

bation, and duration of hospitalization. This study was approved by the Ethics Commi�ee 

of Evaggelismos Hospital (Protocol no 71/10-3-2023). Given the retrospective design of 

this study, informed consent was not required. 

Statistical Analyses 

Normally distributed continuous variables are presented as mean +/− standard devi-

ation (SD) and compared using one-way ANOVA with Tukey’s post hoc test. Not nor-

mally distributed continuous variables are presented as medians (interquartile range, 

IQR) and compared using the Kruskal–Wallis test corrected with Dunn’s multiple-com-

parison test. Categorical variables are presented as numbers (percentages) and compared 

using the chi-square test or Fisher’s exact test as appropriate. The GraphPad Prism 10.0.0 

software was used to perform statistical analysis. To investigate potential associations 
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between different viral infections and certain outcomes, we created three different models, 

where viral infection was the independent variable, and respiratory deterioration, intuba-

tion rate, and mortality were the dependent variables in each model. Age, sex, CCI (Charl-

son Comorbidity Index), smoking status, and diagnosis of pneumonia at admission were 

included as covariates. A G-squared log-likelihood test was used to evaluate the goodness 

of fit. Missing data were handled using a listwise case deletion approach. Collinearity was 

estimated using the variance inflation factor. Values greater than 2 were considered indi-

cators of collinearity. For every logistic regression analysis, the degrees of freedom for the 

intercept model (n − 1) and for the selected model (n − k − 1) were calculated. N represents 

the number of participants, and k represents the number of selected variables. The signif-

icance level (p-value) for the study was set to 0.05, and all tests were two-sided. 

3. Results 

3.1. Patients’ Clinical Features on Admission 

A total of 263 patients were included in the study. Among them, 137 were hospital-

ized due to respiratory complications of COVID-19 infection, 87 due to influenza, and 39 

due to RSV infection. Of the 87 patients hospitalized for complications due to influenza, 

77 had influenza type A, and the rest had type B. In Table 1, we present the clinical char-

acteristics of patients at the time of admission. Due to missing data, analyses of smoking 

status, body mass index (BMI), comorbidities (Charlson Comorbidity Index—CCI), and 

duration of symptoms were conducted for 241, 258, 253, and 238 patients, respectively. 

Patients with influenza were significantly younger and more likely to be smokers com-

pared to those in the other viral groups. COVID-19 patients presented mainly with pneu-

monia, while patients in the two other groups presented with acute exacerbation of 

asthma or COPD. COVID-19 patients were significantly more likely to present with pneu-

monia compared to RSV patients but significantly less likely to present with acute exacer-

bation of COPD compared to influenza patients. COVID-19 patients had a significantly 

higher risk of exhibiting bilateral radiographic findings compared to influenza and RSV 

patients. 

Table 1. Demographic characteristics and baseline features of patients hospitalized with COVID-19, 

RSV and influenza. 

 
COVID-19  

(Ν = 137) 

RSV 

(Ν = 39) 

Influenza 

(Ν = 87) 
p-Value 

Age, years 73 (65–80) 75 (65–79) 66 (58–74) *# <0.0001 

Male gender 91 (66%) 15 (38%) *⇞ 44 (51%) 0.0026 

Smoking status      

smoker 36 (26%) 15 (38%) 56 (64%) *# 0.007 

ex-smoker 53 (39%) 17 (44%) 16 (18%) NS 

non-smoker 34 (25%) 7 (18%) 7 (8%) NS 

Body Mass Index > 30 kg/m2 12 (9%) 6 (15%) 5 (6%) NS 

Charlson Comorbidity Index  3 (2–5) 3 (2–4) 4 (2–5) NS 

Pneumonia  93 (68%) 15 (38%) * 39 (45%) <0.0001 

Bilateral pneumonia 44 (32%) ⇞ 5 (13%) 10 (11%) <0.0001 

Acute Exacerbation of COPD 33 (24%) 16 (41%) 39 (45%) * 0.004 

Acute Exacerbation of Asthma 11 (8%) 8 (20%) 9 (10%) NS 

Duration of symptoms  3 (2–7) 4 (2–5) 3 (1–5) NS 

Quantitative data are presented as median (interquartile range) and qualitative data as number (%); 

RSV: Respiratory Syncytial Virus; COPD: Chronic Obstructive Lung Disease; *: p < 0.05 vs. COVID-

19; #: p < 0.05 vs. RSV; ⇞: p < 0.05 vs. influenza; NS: Not Statistically Significant 
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COVID-19 vaccination rates declined over time, from 31.9% in 2022–2023 to 2.4% in 

2024–2025 (Supplementary Table S1). None of the patients had been vaccinated for RSV, 

and information about flu vaccination was not found. 

In the subgroup of patients with pneumonia (Supplementary Table S2), influenza 

patients were significantly younger than RSV patients, more COVID-19 and RSV patients 

were males compared to influenza patients, and the CCI of patients with influenza was 

lower than the CCI of RSV patients. In the subgroup of patients with COPD exacerbation, 

the age of influenza patients was younger compared to RSV patients, and their CCI was 

significantly higher compared to the COVID-19 and RSV group (Supplementary Table 

S3). In the subgroup of patients with asthma exacerbation, no significant differences were 

found in terms of clinical features between groups (Supplementary Table S4). 

3.2. Laboratory Values 

The laboratory markers on admission that were statistically significant among the 

three viral groups were as follows: the PaO2/FiO2 ratio on admission of RSV patients was 

significantly lower compared to patients with influenza; the number of platelets in pa-

tients with influenza was lower compared to the other two groups; the value of SGOT in 

COVID-19 patients was significantly lower than in influenza patients; fibrinogen in 

COVID-19 patients was higher compared to patients with influenza; the urea levels in 

patients with influenza were lower than in COVID-19 patients; the CRP levels in RSV pa-

tients were lower compared to those in COVID-19 patients (Table 2). 

Table 2. Laboratory values and respiratory parameters on admission of patients with COVID-19, 

RSV and influenza. 

 
COVID-19  

(Ν = 137) 

RSV 

(Ν = 39) 

Influenza 

(Ν = 87) 
p-Value 

White blood cells, /μL 9010 (6915–12,335) 9350 (7480–12,710) 9700 (6610–12,570) NS 

Lymphocytes, /μL  1110 (740–1655)  1290 (810–1480) 1090 (660–1570) NS 

Platelets, ×1000/μL  238 (180–298) 250 (190–306) 214 (166–261) 0.034 

Hemoglobulin, g/dL  13 (11.35–14.10) 13 (11.50–15.00) 13.30 (12.40–14.30) NS 

SGOT, UL/L 26 (19–38) ⇞ 27 (20–42) 29 (22–46) 0.049 

SGPT UL/L  19 (12.50–30.50) 20 (17–34) 22 (16–35) NS 

Bilirubin, mg/dL  0.46 (0.46–0.73) 0.61 (0.39–0.88) 0.46 (0.33–0.69) NS 

D-dimers, mg/dL  0.95 (0.36–1.88) 0.67 (0.43–3.98) 0.95 (0.57–1.43) NS 

Fibrinogen, mg/dL  603 (496–772) ⇞ 560 (461–677) 509 (435–627) <0.001 

Urea, mg/dL  45 (33–66) 39 (28–49) 34 (28–47) * 0.001 

Creatinine, mg/dL  0.90 (0.70–1.30) 0.80 (0.70–1.00) 0.80 (0.70–1.10) NS 

CRP, mg/dL  9.10 (2.80–22.90) 4.30 (1.40–10.50) * 6.60 (3.40–17.60) 0.021 

PaO2/FiO2  261 (238–300) 241.5 (185–281.5) ⇞ 271 (238–308.5) 0.047 

Bacterial co-infection 12 (8.8%) ⇞ 1 (2.6%) 1 (1.1%) 0.03 

Data are presented as median (interquartile range); RSV: Respiratory Syncytial Virus; SGOT: Serum 

Glutamic-Oxaloacetic Transaminase:; SGPT: Serum Glutamic Pyruvic Transaminase; CRP: C-Reac-

tive Protein; * p < 0.05 vs. COVID-19;⇞: p < 0.05 vs. influenza; NS: Not Statistically Significant 

Regarding the laboratory results in the subgroup of patients with pneumonia, the 

white blood cell counts in COVID-19 patients were significantly lower compared to RSV 

patients, and the urea levels in COVID-19 patients were significantly higher compared to 

RSV patients (Supplementary Table S5). In the COPD subgroup, RSV patients had signif-

icantly lower PaO2/FiO2 compared to COVID-19 and influenza patients; the SGOT levels 

in COVID-19 patients were lower compared to influenza patients; bilirubin levels in RSV 

patients were higher than in COVID-19 patients; and fibrinogen levels in influenza 
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patients were significantly lower than in COVID-19 and RSV patients (Supplementary Ta-

ble S6). However, in the asthma subgroup, the CRP levels in patients with asthma exacer-

bation due to influenza were significantly higher compared to the COVID-19 and RSV 

groups (Supplementary Table S7). Documented secondary bacterial superinfections oc-

curred in 5.3% of the patients during hospitalization. The majority of these superinfections 

were observed in patients in the COVID-19 group (85.7%), whereas the remaining cases 

were evenly distributed between the influenza and RSV groups (Table 2). 

3.3. Outcomes 

During their hospitalization, a higher proportion of RSV patients presented respira-

tory deterioration compared to influenza patients. While the intubation rate tended to be 

higher in RSV patients compared to the other groups and mortality tended to be higher in 

COVID-19 and RSV compared to influenza, these differences were not statistically signif-

icant (Table 3). 

Table 3. Clinical outcomes (respiratory deterioration, intubation, mortality) among three infection 

groups. 

 
COVID-19  

(Ν = 137) 

RSV 

(Ν = 39) 

Influenza 

(Ν = 87) 
p-Value 

Respiratory deterioration 23% (0.164–0.303)  28% (0.165–0.438) ⇞ 13% (0.055–0.185) 0.049 

Length of hospitalization 8 (5.5–12.5) 7 (5–12) 8 (6–10) NS 

Intubation % (95% CI) 10% (0.619–0.164)  18% (0.092–0.334) 7% (0.032–0.142) NS 

Mortality 9% (0.051–0.147) 10% (0.041–0.236) 3% (0.012–0.097) NS 

Quantitative data are presented as median (interquartile range) and qualitative data as percentages 

(%) alongside their corresponding 95% confidence intervals in parentheses; RSV: Respiratory Syn-

cytial Virus; ⇞: p < 0.05 vs. influenza; NS: Not Statistically Significant 

Based on the initial findings identifying RSV infection as a potential risk factor for 

worse clinical outcomes, we developed multiple logistic regression models to investigate 

whether RSV infection was linked to a higher risk of respiratory deterioration, intubation, 

or mortality. We observed that RSV infection and a diagnosis of pneumonia at admission 

were independently associated with an increased risk of respiratory deterioration (Table 

4) and a higher intubation rate (Table 5). Regarding a potential link between RSV infection 

and mortality, we found that only 1/94 of non-smokers died, which prevented us from 

fi�ing a logistic regression model with the preselected covariates because of perfect sepa-

ration. For this reason, we performed the analysis again by removing smoking status from 

the final model. Although we observed that RSV infection increased the risk for death, 

this finding did not reach statistical significance in the final model (Table 6). 

Table 4. RSV infection is independently associated with higher risk of respiratory deterioration. 

Dependent Variable:  

Respiratory Deterioration 
Adjusted OR 95% CI p-Value 

Independent Variables    

Intercept 0.01 <0.01–0.14 <0.001 

Age (per year) 1.03 0.99–1.07 0.15 

Sex (Male) 1.01 0.48–2.16 0.98 

CCI > 2 0.58 0.18–1.96 0.37 

Smoker (ex or current) 1.67 0.65–4.63 0.31 

Pneumonia at admission 2.81 1.23–6.43 0.01 

RSV infection 2.8 1.16–6.64 0.02 
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A multiple logistic regression model was used to investigate the link between RSV infection and 

respiratory deterioration. Age, sex, CCI, smoking status and admission diagnosis were treated as 

co-variates. Degrees of freedom for the intercept-only model = 236 and for the selected model = 230, 

AU-ROC (CI) = 0.68 (0.59–0.78), p < 0.001. OR: Odds ratio, CI: Confidence intervals, CCI: Charlson’s 

comorbidity index, RSV: Respiratory syncytial virus, AU-ROC: Area under the receiver-operator 

characteristic curve; NS: Not Statistically Significant 

Table 5. RSV infection is independently associated with higher risk for intubation. 

Dependent Variable:  

Intubation Rate 
Adjusted OR 95% CI p-Value 

Independent Variables    

Intercept 0.03 <0.01–0.49 0.02 

Age (per year) 0.97 0.93–1.02 0.21 

Sex (Male) 1.1 0.39–3.25 0.86 

CCI > 2 4.41 0.77–38.05 0.12 

Smoker (ex or current) 2.28 0.59–11.67 0.27 

Pneumonia at admission 4.86 1.62–17.36 <0.01 

RSV infection 4.67 1.5–14.34 <0.01 

A multiple logistic regression model was used to investigate the link between RSV infection and 

intubation rate. Age, sex, CCI, smoking status and admission diagnosis were treated as co-variates. 

Degrees of freedom for the intercept-only model = 236 and for the selected model = 230, AU-ROC 

(CI) = 0.75 (0.64–0.87), p < 0.001. OR: Odds ratio, CI: Confidence intervals, CCI: Charlson’s comor-

bidity index, RSV: Respiratory syncytial virus, AU-ROC: Area under the receiver-operator charac-

teristic curve; NS: Not Statistically Significant 

Table 6. RSV infection is not independently associated with increased mortality. 

Dependent Variable:  

Mortality 
Adjusted OR 95% CI p-Value 

Independent Variables    

Intercept <0.01 <0.01–0.02 <0.01 

Age (per year) 1.06 0.99–1.15 0.12 

Sex (Male) 0.97 0.3–3.25 0.96 

CCI > 2 0.93 0.09–22.57 0.95 

Pneumonia at admission 2.99 0.84–14.26 0.12 

RSV infection 3.15 0.77–11.37 0.09 

A multiple logistic regression model was used to investigate the link between RSV infection and 

mortality. Age, sex, CCI and admission diagnosis were treated as co-variates. Degrees of freedom 

for the intercept-only model = 251 and for the selected model = 246, AU-ROC (CI) = 0.75 (0.59–0.9), 

p < 0.001. OR: Odds ratio, CI: Confidence intervals, CCI: Charlson’s comorbidity index, RSV: Res-

piratory syncytial virus, AU-ROC: Area under the receiver-operator characteristic curve; NS: Not 

Statistically Significant 

In the subgroup of patients with pneumonia, a significantly higher proportion of RSV 

and COVID-19 patients experienced respiratory deterioration during their hospitalization 

compared to influenza patients (Supplementary Table S8). Patients with pneumonia due 

to RSV presented higher, though not significantly different, intubation and mortality rates 

compared to COVID-19 and influenza patients (Supplementary Table S8). The outcomes 

of patients with COPD or asthma exacerbation (respiratory deterioration, length of hospi-

talization, intubation, and mortality) were similar across the three viral groups (Supple-

mentary Tables S9 and S10). However, patients with acute COPD exacerbation due to RSV 
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presented a higher rate of respiratory deterioration, intubation, and mortality, even 

though the difference was not significant (Supplementary Table S9). 

4. Discussion 

The present study aimed to identify and compare the characteristics and outcomes 

of patients hospitalized with respiratory complications of COVID-19, RSV disease, and 

influenza. Our main findings were as follows: (i) influenza patients were younger than 

patients with COVID-19 or RSV; (ii) RSV patients were predominantly of the female gen-

der, while COVID-19 and influenza patients were predominantly male; (iii) pneumonia 

was the most common presentation only in the COVID-19 group; (iv) RSV patients pre-

sented with more severe hypoxia on admission and were more likely to have respiratory 

deterioration compared to influenza patients, while these clinical features did not signifi-

cantly differ between COVID-19 and RSV patients; (v) multiple logistic regression anal-

yses showed that RSV disease and a diagnosis of pneumonia at admission were inde-

pendently associated with an increased risk of respiratory deterioration and a higher in-

tubation rate but not an increased risk for hospital death. 

No difference was observed regarding the primary outcome of this study; mortality 

was similar across the three viral groups, either when examined as a whole sample or 

when patients were evaluated according to different virus-induced respiratory complica-

tions (pneumonia, asthma, or COPD exacerbation). A recent cohort study across two res-

piratory seasons showed no difference in 30-day mortality during the 2023–2024 season, 

while the 30-day mortality rate of COVID-19 patients was higher compared to that of in-

fluenza patients during the 2022–2023 season [1]. A large cohort study of US veterans that 

tested all three viral groups concurrently found that COVID-19 was associated with 

higher mortality [9], and another study that compared older adults hospitalized with 

acute respiratory symptoms found that 30-day mortality was highest in RSV, followed by 

COVID-19, and lowest in influenza [10]. As for the intubation rate, although we did not 

observe statistically significant differences between the groups, it was high in RSV pa-

tients (18%), nearly double that of COVID-19 (10%), and more than double that of influ-

enza (7%). Recent multicenter US studies show that the proportion of hospitalized pa-

tients requiring invasive mechanical ventilation is approximately 14.1% for COVID-19, 

12.0% for RSV, and 10.3% for influenza [1]. Another study suggests that in older adults, 

RSV is less common but associated with more severe disease and a higher intubation rate 

than influenza [1,10,11]. The observed differences in intubation rate and mortality be-

tween studies may be explained by different patients’ characteristics, including age, 

comorbidities, socioeconomic status, access to health care, vaccination rates, or differences 

in available hospital resources between different periods and countries. 

As for the secondary outcomes, RSV disease and a diagnosis of pneumonia on ad-

mission were independently associated with an increased risk of respiratory deterioration 

and a higher intubation rate, but not an increased risk for hospital death. Our findings are 

in agreement with the results of two recent studies, which showed that RSV patients were 

more likely to receive supplemental oxygen therapy or HFNC during their hospitalization 

compared to COVID-19 and influenza patients [9,11]. These studies also showed that in 

hospitalized adults aged ≥60 years, RSV was associated with more severe disease than 

both COVID-19 and influenza, with 12.0% experiencing intubation or death [9,11]. Older 

studies using data from 2020 to 2022 have demonstrated that patients hospitalized with 

RSV were less likely to experience mechanical ventilation and death than were patients 

hospitalized with COVID-19 [12,13]. This disparity should most likely be a�ributed to the 

increased population, anti-SARS-CoV2 immunity from both vaccination and infection, 

and improvements in the standard of care for COVID-19. More interestingly, in the sub-

group of patients with pneumonia, both RSV and COVID-19 patients were significantly 
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more likely to experience respiratory deterioration (47% and 27%, respectively) compared 

to those with pneumonia due to influenza (8%). It is reasonable to assume that bilateral 

involvement could be on the causal pathophysiologic path to worse oxygenation and de-

terioration, since it suggests reduced baseline lung reserve (on admission). It is not sur-

prising, therefore, that a higher proportion of extensive parenchymal involvement (bilat-

eral infiltrates) in RSV and COVID-19 coincides with the most common respiratory dete-

rioration observed in the RSV group (47%) and in COVID-19 (27%) compared to that in 

influenza (5%). The severity of respiratory disease due to RSV highlights the importance 

of RSV vaccination and treatment. RSV vaccines are highly effective in preventing lower 

respiratory tract disease in adults aged 60 and older [14,15]. In contrast to advances in RSV 

vaccination, treatment remains limited to supportive care. While monoclonal antibodies 

such as nirsevimab and clesrovimab show promise, they are currently approved only as 

a preventive measure in infants [16,17]. Ongoing trials investigating antivirals—including 

ribavirin, molnupiravir, and favipiravir—may soon provide the evidence required to ad-

dress the current limitations in adult RSV treatment [18–20]. 

Analysis of the demographic characteristics and clinical presentation of the patients 

also unveils some interesting differences between the three groups. First, a significant age 

gap was observed between the three viral groups: influenza patients were nearly a decade 

younger than those in the COVID-19 and RSV groups, while RSV mainly affected older 

and mostly female patients. Other studies demonstrated that COVID-19 affects all age 

groups, but hospitalization rates are higher in adults aged ≥65 years and infants under 1 

year [21,22], while RSV predominantly affects infants and young children—especially 

those under 6 months of age—who have the highest rates of hospitalization [20,23], and 

influenza hospitalization rates are elevated in both young children and older adults [1,10]. 

Second, in this study, the influenza group presented a substantially higher prevalence of 

smoking (64%). Smoking has been previously shown to be a risk factor for acquiring in-

fluenza, increased disease severity, and hospitalization [24–27]. Concerning the COVID-

19 vaccination status, a marked decline in the proportion of documented vaccinated pa-

tients was noted during the study period (Supplementary Table S1). This drop in vac-

cinated admissions correlates with the progressive displacement of older Omicron sub-

variants by the JN.1 lineage (winter 2023–2024) and subsequent KP.3.1.1/XEC strains 

(2024–2025) [28]. The Charlson Comorbidity Index (CCI) was lower in the COPD sub-

group with influenza compared to the other viruses, which highlights the impact of influ-

enza on the hospitalization risk of COPD patients even with few or no comorbidities. This 

observation is in line with the findings of a population-based cohort study that showed 

that influenza infection carries an increased risk of acute exacerbation in COPD patients, 

independent of the presence of other comorbidities [29,30]. 

In our study, COVID-19 was the leading cause of pneumonia, accounting for two out 

of three (93 out of 147) cases of viral pneumonia. This finding agrees with other studies 

demonstrating that COVID-19 remains the leading cause of viral pneumonia in adult hos-

pitalized patients, even after the pandemic [1,31]. In contrast, RSV pneumonia is more 

common in the pediatric population and older adults, especially those with comorbidities, 

while influenza remains a major cause of pneumonia in both adults and children 

[1,11,31,32]. In this study, COPD exacerbations were less common in COVID-19 patients 

(24%) compared to influenza (45%) and RSV (41%) patients, while the rate of asthma ex-

acerbations was higher in RSV patients (20%) compared to COVID-19 (8%) and influenza 

(10%) patients, although the difference was not statistically significant. Another study 

suggests that RSV infection is associated with higher COPD exacerbation rates compared 

to influenza; among hospitalized older adults, RSV infection carries a 1.7-fold increased 

odds of COPD exacerbation compared to influenza [33]. Another study on Danish adults 

found that RSV infection is associated with a 3.1-fold increased relative risk of COPD 
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exacerbations compared to matched unexposed individuals [34]. Concerning asthma ex-

acerbations, in a Danish nationwide study, RSV infection carried a 4.6-fold increased rel-

ative risk of asthma exacerbations compared to matched unexposed individuals, while 

influenza showed a lower relative risk [34]. In contrast, COVID-19 is not commonly im-

plicated as a cause of acute exacerbation of a chronic obstructive disease [35]. COVID-19-

related COPD exacerbations are also associated with higher rates of ICU admission, need 

for respiratory support, longer hospital stays, and increased mortality compared to other 

viruses [35]. 

Several limitations of the present study must be acknowledged. The most important 

limitation is its retrospective nature, which resulted in missing values. However, there 

were no missing values regarding the clinical outcomes of the patients, which were the 

endpoints of this study. In addition, the low number of RSV patients may have limited 

the statistical power of this study to unveil significant differences in clinical outcomes, 

such as intubation and mortality rates between RSV and (mainly) influenza patients, es-

pecially when subgroups with different respiratory abnormalities were assessed. To ob-

tain an adequate sample size and mitigate potential bias related to seasonal fluctuations 

in clinical workload, since RSV and influenza but not COVID-19 present substantial sea-

sonality, our study period included three consecutive influenza (and RSV) seasons instead 

of whole years. Furthermore, this study did not take into consideration possible differ-

ences in the virus strains that were in circulation or the vaccination status of the patients. 

From a methodological viewpoint, comparing multiple groups in univariate analyses pre-

sents a risk of false-positive findings, especially in regard to parameters showing statisti-

cally significant differences, i.e., respiratory deterioration. However, it should be noted 

that the significance of the link between RSV infection and outcomes was assessed with 

multivariable logistic regression analysis, which is a more powerful statistical method 

than the chi-square and Fisher’s exact tests. 

5. Conclusions 

In conclusion, the clinical presentation and progression of the three viruses present 

distinct profiles. RSV disease was found to be linked to higher rates of respiratory deteri-

oration and intubation, while the risk of hospital death was similar in the three groups of 

patients with viral respiratory diseases. Our findings highlight the necessity for the devel-

opment of new therapeutic agents targeting RSV. 

Supplementary Materials: The following supporting information can be downloaded at 

h�ps://www.mdpi.com/article/10.3390/microorganisms14071515/s1. Table S1. COVID-19 Vaccina-

tion Status of Hospitalized Patients across Three Consecutive Periods; Table S2. Demographic char-

acteristics and baseline features of patients hospitalized with pneumonia due to COVID-19, RSV 

and influenza; Table S3. Demographic characteristics and baseline features of patients hospitalized 

with COPD exacerbation due to COVID-19, RSV and influenza; Table S4. Demographic characteris-

tics and baseline features of patients hospitalized with asthma exacerbation due to COVID-19, RSV 

and influenza; Table S5. Laboratory values and respiratory parameters on admission of patients 

with pneumonia due to COVID-19, RSV and influenza; Table S6. Laboratory values and respiratory 

parameters on admission of patients with COPD exacerbation due to COVID-19, RSV and influenza; 

Table S7. Laboratory values and respiratory parameters on admission of patients with asthma exac-

erbation due to COVID-19, RSV and influenza; Table S8. Outcomes among patients with pneumonia 

due to COVID-19, RSV or influenza; Table S9. Outcomes among patients with COPD exacerbation 

infected with COVID-19, RSV or influenza; Table S10. Outcomes among patients with asthma exac-

erbation infected with COVID-19, RSV or influenza. 



Microorganisms 2026, 14, 1515 10 of 12 
 

https://doi.org/10.3390/microorganisms14071515 

Author Contributions: Conceptualization, T.R. and I.K.; methodology, T.R., K.E. and I.K.; software, 

V.S. and A.P.; validation, K.E. and I.K.; formal analysis, V.S. and A.P.; investigation, T.R., S.L., Z.D. 

and K.D.; resources, I.K.; data curation, V.S.; writing—original draft preparation, T.R. and I.K.; writ-

ing—review and editing, T.R. and I.K.; visualization, T.R.; supervision, I.K.; project administration, 

I.K.; funding acquisition, I.K. All authors have read and agreed to the published version of the man-

uscript. 

Funding: This study was funded by the Special Account for Research Grants (ELKE) of the National 

and Kapodistrian University of Athens. 

Institutional Review Board Statement: The study was approved by the Ethics Commi�ee of 

Evaggelismos Hospital (Protocol no 71/10-March-2023)). 

Informed Consent Statement: Patient consent was waived due to the retrospective nature of the 

study. 

Data Availability Statement: The original contributions presented in this study are included in the 

article/Supplementary Material. Further inquiries can be directed to the corresponding author. 

Acknowledgments: The authors have reviewed and edited the output and take full responsibility 

for the content of this publication. 

Conflicts of Interest: The authors declare no conflict of interest. 

References 

1. Bajema, K.L.; Bui, D.P.; Yan, L.; Li, Y.; Rajeevan, N.; Vergun, R.; Berry, K.; Huang, Y.; Lin, H.-M.; Aslan, M.; et al. Severity and 

long-term mortality of COVID-19, influenza, and respiratory syncytial virus. JAMA Intern. Med. 2025, 185, 324–334. 

h�ps://doi.org/10.1001/jamainternmed.2024.7452. 

2. Gandhi, M. Post-viral sequelae of COVID-19 and influenza. Lancet Infect. Dis. 2024, 24, 218–219. h�ps://doi.org/10.1016/S1473-

3099(23)00762-4. 

3. Xie, Y.; Wang, N.; Choi, T.; Al-Aly, Z. Cases, hospitalization, and mortality in COVID-19 and influenza among veterans in 2022-

2025 influenza seasons. JAMA Netw. Open 2025, 8, e2520673. h�ps://doi.org/10.1001/jamanetworkopen.2025.20673. 

4. Xie, Y.; Choi, T.; Al-Aly, Z. Mortality in patients hospitalized for COVID-19 vs influenza in fall-winter 2023-2024. JAMA 2024, 

331, 1963–1965. h�ps://doi.org/10.1001/jama.2024.7395. 

5. Kwon, J.H.; Paek, S.H.; Park, S.H.; Kim, M.J.; Byun, Y.H.; Song, H.Y. COVID-19, influenza, and RSV in children and adults: A 

clinical comparative study of 12,000 cases. J. Clin. Med. 2024, 13, 1702. h�ps://doi.org/10.3390/jcm13061702. 

6. Tanriover, M.D.; Azap, A.; Edis, E.C.; Ozger, H.S.; Pullukcu, H.; Sonmezer, M.C.; Dursun, O.U.; Merter, S.; Sayiner, A. Respir-

atory syncytial virus (RSV) infections in adults: Current trends and recommendations for prevention—A global challenge from 

a local perspective. Hum. Vaccin. Immunother. 2025, 21, 2514357. h�ps://doi.org/10.1080/21645515.2025.2514357. 

7. Nguyen-Van-Tam, J.S.; O’Leary, M.; Martin, E.T.; Heijnen, E.; Callendret, B.; Fleischhackl, R.; Comeaux, C.; Tran, T.M.P.; Weber, 

K. Burden of respiratory syncytial virus infection in older and high-risk adults: A systematic review and meta-analysis of the 

evidence from developed countries. Eur. Respir. Rev. 2022, 31, 220105. h�ps://doi.org/10.1183/16000617.0105-2022. 

8. Fi�ner, J.; Qasmieh, S.; Mounts, A.W.; Alexander, B.; Besselaar, T.; Briand, S.; Brown, C.; Clark, S.; Dueger, E.; Gross, D.; et al. 

Revision of clinical case definitions: Influenza-like illness and severe acute respiratory infection. Bull. World Health Organ. 2018, 

96, 122–128. h�ps://doi.org/10.2471/BLT.17.194514. 

9. Surie, D.; Yuengling, K.A.; DeCuir, J.; Zhu, Y.; Lauring, A.S.; Gaglani, M.; Ghamande, S.; Peltan, I.D.; Brown, S.M.; Ginde, A.A.; 

et al. Severity of respiratory syncytial virus vs COVID-19 and influenza among hospitalized US adults. JAMA Netw. Open 2024, 

7, e244954. h�ps://doi.org/10.1001/jamanetworkopen.2024.4954. 

10. Morimoto, T.; Morikawa, T.; Imura, H.; Nezu, M.; Hamazaki, K.; Sakuma, M.; Nakamura, T. Prevalence and clinical outcomes 

of RSV, COVID-19, and influenza among older hospitalized adults: The EVERY prospective cohort study. Clin. Microbiol. Infect. 

2026, 32, 845–852. h�ps://doi.org/10.1016/j.cmi.2026.01.002. 

11. Surie, D.; Tyner, H.L.; DeCuir, J.; Zhu, Y.; Gaglani, M.; Ginde, A.A.; Talbot, H.K.; Casey, J.D.; Mohr, N.M.; Ghamande, S.; et al. 

Disease severity of respiratory syncytial virus compared with COVID-19 and influenza among hospitalized adults aged ≥60 



Microorganisms 2026, 14, 1515 11 of 12 
 

https://doi.org/10.3390/microorganisms14071515 

years—IVY Network, 20 U.S. states, February 2022-May 2023. MMWR Morb. Mortal. Wkly. Rep. 2023, 72, 1083–1088. 

h�ps://doi.org/10.15585/mmwr.mm7240a2. 

12. Hedberg, P.; Karlsson Valik, J.; Abdel-Halim, L.; Alfvén, T.; Nauclér, P. Outcomes of SARS-CoV-2 Omicron Variant Infections 

Compared With Seasonal Influenza and Respiratory Syncytial Virus Infections in Adults A�ending the Emergency Department: 

A Multicenter Cohort Study. Clin. Infect. Dis. 2024, 78, 900–907. h�ps://doi.org/10.1093/cid/ciad660. PMID: 37883521; PMCID: 

PMC11006100. 

13. Ambrosch, A.; Luber, D.; Klawonn, F.; Kabesch, M. Focusing on severe infections with the respiratory syncytial virus (RSV) in 

adults: Risk factors, symptomatology and clinical course compared to influenza A/B and the original SARS-CoV-2 strain. J. Clin. 

Virol. 2023, 161, 105399. h�ps://doi.org/10.1016/j.jcv.2023.105399. PMID: 36863135; PMCID: PMC9927795. Erratum in J. Clin. Vi-

rol. 2023, 164, 105443. h�ps://doi.org/10.1016/j.jcv.2023.105443. 

14. Papi, A.; Ison, M.G.; Langley, J.M.; Lee, D.-G.; Leroux-Roels, I.; Martinon-Torres, F.; Schwarz, T.F.; van Zyl-Smit, R.N.; Campora, 

L.; Dezu�er, N.; et al. Respiratory syncytial virus prefusion F protein vaccine in older adults. N. Engl. J. Med. 2023, 388, 595–608. 

h�ps://doi.org/10.1056/NEJMoa2209604. 

15. Walsh, E.E.; Marc, G.P.; Zareba, A.M.; Falsey, A.R.; Jiang, Q.; Pa�on, M.; Polack, F.P.; Llapur, C.; Doreski, P.A.; Ilangovan, K.; 

et al. Efficacy and safety of a bivalent RSV prefusion F vaccine in older adults. N. Engl. J. Med. 2023, 388, 1465–1477. 

h�ps://doi.org/10.1056/NEJMoa2213836. 

16. Moulia, D.L.; Link-Gelles, R.; Chu, H.Y.; Jamieson, D.; Brooks, O.; Meyer, S.; Weintraub, E.S.; Shay, D.K.; Prill, M.M.; Thomas, 

E.S.; et al. Use of clesrovimab for prevention of severe respiratory syncytial virus-associated lower respiratory tract infections 

in infants: Recommendations of the Advisory Commi�ee on Immunization Practices—United Kingdom, 2025. MMWR Morb. 

Mortal. Wkly. Rep. 2025, 74, 508–514. h�ps://doi.org/10.15585/mmwr.mm7432a3. 

17. Jabagi, M.; Bertrand, M.; Gabet, A.; Kolla, E.; Olié, V.; Zureik, M. Nirsevimab vs RSVpreF vaccine for respiratory syncytial virus–

related hospitalization in newborns. JAMA 2026, 335, 787–798. h�ps://doi.org/10.1001/jama.2025.24082. 

18. Pecenka, C.; Sparrow, E.; Feikin, D.R.; Srikantiah, P.; Darko, D.M.; Karikari-Boateng, E.; Baral, R.; Vizzo�i, C.; Rearte, A.; 

Jalang’o, R.; et al. Respiratory syncytial virus vaccination and immunoprophylaxis: Realising the potential for protection of 

young children. Lancet 2024, 404, 1157–1170. h�ps://doi.org/10.1016/S0140-6736(24)01699-4. 

19. Terstappen, J.; Hak, S.F.; Bhan, A.; Bogaert, D.; Bont, L.J.; Buchholz, U.J.; Clark, A.D.; Cohen, C.; Dagan, R.; Feikin, D.R.; et al. 

The respiratory syncytial virus vaccine and monoclonal antibody landscape: The road to global access. Lancet Infect. Dis. 2024, 

24, e747–e761. h�ps://doi.org/10.1016/S1473-3099(24)00455-9. 

20. Assessing Antiviral Treatments in Early Symptomatic RSV (ARSYNAL-FC). ClinicalTrials.gov. Available online: h�ps://clini-

caltrials.gov/study/NCT06488300 (accessed on 2 July 2025). 

21. Boehmer, T.K.; DeVies, J.; Caruso, E.; van Santen, K.L.; Tang, S.; Black, C.L.; Hartne�, K.P.; Kite-Powell, A.; Die�, S.; Lozier, M.; 

et al. Changing age distribution of the COVID-19 pandemic—United States, May–August 2020. MMWR Morb. Mortal. Wkly. 

Rep. 2020, 69, 1404–1409. h�ps://doi.org/10.15585/mmwr.mm6939e1. 

22. Sco�, J.; Abers, M.S.; Marwah, H.K.; McCann, N.C.; Meyerowi�, E.A.; Richterman, A.; Fleming, D.F.; Holmes, E.J.; Moat, L.E.; 

Redepenning, S.G.; et al. Updated evidence for COVID-19, RSV, and influenza vaccines for 2025–2026. N. Engl. J. Med. 2025, 393, 

2221–2242. h�ps://doi.org/10.1056/NEJMsa2514268. 

23. Li, Y.; Wang, X.; Blau, D.M.; Caballero, M.T.; Feikin, D.R.; Gill, C.J.; Madhi, S.A.; Omer, S.B.; Simões, E.A.F.; Campbell, H.; et al. 

Global, regional, and national disease burden estimates of acute lower respiratory infections due to respiratory syncytial virus 

in children younger than 5 years in 2019: A systematic analysis. Lancet 2022, 399, 2047–2064. h�ps://doi.org/10.1016/S0140-

6736(22)00478-0. 

24. Lawrence, H.; Hunter, A.; Murray, R.; Lim, W.S.; McKeever, T. Cigare�e smoking and the occurrence of influenza—Systematic 

review. J. Infect. 2019, 79, 401–406. h�ps://doi.org/10.1016/j.jinf.2019.08.014. 

25. Godoy, P.; Castilla, J.; Soldevila, N.; Mayoral, J.M.; Toledo, D.; Martín, V.; Astray, J.; Egurrola, M.; Morales-Suarez-Varela, M.; 

Domínguez, A. Smoking may increase the risk of influenza hospitalization and reduce influenza vaccine effectiveness in the 

elderly. Eur. J. Public Health 2018, 28, 150–155. h�ps://doi.org/10.1093/eurpub/ckx130. 

26. Han, L.; Ran, J.; Mak, Y.-W.; Suen, L.K.-P.; Lee, P.H.; Peiris, J.S.M.; Yang, L. Smoking and influenza-associated morbidity and 

mortality: A systematic review and meta-analysis. Epidemiology 2019, 30, 405–417. 

h�ps://doi.org/10.1097/EDE.0000000000000984. 

27. Arcavi, L.; Benowi�, N.L. Cigare�e smoking and infection. Arch. Intern. Med. 2004, 164, 2206–2216. 

h�ps://doi.org/10.1001/archinte.164.20.2206. 



Microorganisms 2026, 14, 1515 12 of 12 
 

https://doi.org/10.3390/microorganisms14071515 

28. Ma, K.C.; Castro, J.; Lambrou, A.S.; Rose, E.B.; Cook, P.W.; Batra, D.; Cubenas, C.; Hughes, L.J.; MacCannell, D.R.; Mandal, P.; 

et al. Genomic Surveillance for SARS-CoV-2 Variants: Circulation of Omicron XBB and JN.1 Lineages—United States, May 2023-

September 2024. MMWR Morb. Mortal. Wkly. 2024, 73, 938–945. h�ps://doi.org/10.15585/mmwr.mm7342a1. PMID: 39446667; 

PMCID: PMC11500842. 

29. Liao, K.M.; Lin, T.Y.; Huang, Y.B.; Chen, C.Y. The influence of influenza virus infections in patients with chronic obstructive 

pulmonary disease. Int. J. Chronic Obstr. Pulm. Dis. 2022, 17, 2253–2261. h�ps://doi.org/10.2147/COPD.S378034. 

30. Criner, G.J.; Bourbeau, J.; Diekemper, R.L.; Ouelle�e, D.R.; Goodridge, D.; Hernandez, P.; Curren, K.; Balter, M.S.; Bhutani, M.; 

Camp, P.G.; et al. Prevention of acute exacerbations of COPD: American College of Chest Physicians and Canadian Thoracic 

Society Guideline. Chest 2015, 147, 894–942. h�ps://doi.org/10.1378/chest.14-1676. 

31. Xing, Y.; Bahl, A. Comparative analysis of severe clinical outcomes in hospitalized patients with RSV, influenza, and COVID-

19 across early and late COVID-19 pandemic phases (2021–2024). J. Clin. Med. 2025, 14, 4894. 

h�ps://doi.org/10.3390/jcm14144894. 

32. Rousogianni, E.; Perlepe, G.; Boutlas, S.; Rapti, G.; Gouta, E.; Mpaltopoulou, E.; Mpaltopoulos, G.; Papagiannis, D.; Exadaktylos, 

A.; Gourgoulianis, K.I.; et al. Clinical features and outcomes of viral respiratory infections in adults during the 2023–2024 winter 

season. Sci. Rep. 2025, 15, 35800. h�ps://doi.org/10.1038/s41598-025-19236-8. 

33. Ackerson, B.; Tseng, H.F.; Sy, L.S.; Solano, Z.; Slezak, J.; Luo, Y.; Fische�i, C.A.; Shinde, V. Severe Morbidity and Mortality 

Associated with Respiratory Syncytial Virus Versus Influenza Infection in Hospitalized Older Adults. Clin. Infect. Dis. 2019, 69, 

197–203. h�ps://doi.org/10.1093/cid/ciy991. 

34. Fonseca, M.J.; Bratković, S.; Pedersen, M.; Kany, M.; Pliakas, T.; Reeves, R.; Marijam, A.; Turriani, E.; Dich, N.V.; Çolak, Y.; et 

al. Burden of respiratory syncytial virus and influenza in adults—A Danish nationwide cohort study. Clin. Microbiol. Infect. 

2026, 32, 1006–1014. h�ps://doi.org/10.1016/j.cmi.2026.03.011. Li, L.; 

35. Hyams, C.; Qian, G.; Nava, G.; Challen, R.; Begier, E.; Southern, J.; Lahuerta, M.; Nguyen, J.L.; King, J.; Morley, A.; et al. Impact 

of SARS-CoV-2 infective exacerbation of chronic obstructive pulmonary disease on clinical outcomes in a prospective cohort 

study of hospitalised adults. J. R. Soc. Med. 2023, 116, 371–385. h�ps://doi.org/10.1177/01410768231184162. 

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual au-

thor(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to 

people or property resulting from any ideas, methods, instructions or products referred to in the content. 


