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A B S T R A C T   

Background: The role and impact of RSV in the adult population is not well understood and comparative data of 
RSV infection, influenza A/B and SARS-CoV-2 in the elderly hospitalized for respiratory infections is limited. 
Methods: In a retrospective, monocentric study we analyzed data of adult patients with respiratory infections 
tested positive by PCR for RSV, Influenza A/B and SARS-CoV-2 over a four-year period from 2017 to 2020. 
Symptoms on admission, laboratory results, and risk factors were assessed, and the clinical course and outcomes 
were studied. 
Results: A total of 1541 patients hospitalized with respiratory disease and PCR positive for one of the 4 viruses 
were enrolled in the study. RSV was the second most prevalent virus before the COVID-19 pandemic and RSV 
patients represent the oldest group in this study with an average age of 75 years. Neither clinical nor laboratory 
characteristics differ clearly between RSV, Influenza A / B and SARS-CoV-2 infections. Up to 85% of patients had 
risk factors, with COPD and kidney disease found particularly frequently in RSV infections. Hospital stay was 
12.66 days for RSV patients and thus significantly longer than for influenza A / B (10.88 and 8.86, respectively, p 
< 0.001), but shorter than for SARS-CoV-2 (17.87 days, p < 0.001). The risk for ICU admission and the rate of 
mechanical ventilation were also higher for RSV than for influenza A (OR 1.69 (p = 0.020) and 1.59 (p = 0.050)) 
and influenza B: (1.98 (p = 0.018) and 2.33 (p < 0.001)), but lower than for SARS-CoV-2 (0.65 (p < 0.001) and 
0.59 (p = 0.035)). The risk of hospital mortality for RSV was increased compared with influenza A (1.55 (p =
0.050)) and influenza B (1.42 (p = 0.262)), but lower compared to SARs-CoV-2 (0.37 (p < 0.001). 
Conclusion: RSV infections in elderly are frequent and more severe than those with influenza A/B. While the 
impact of SARS-CoV-2 most likely decreased in the elderly population due to vaccination, RSV can be expected to 
continue to be problematic for elderly patients, especially those with comorbidities and thus, more awareness on 
the disastrous impact of RSV in this age group is urgently needed.   

1. Background 

Respiratory syncytial virus (RSV) is the most common cause for 
hospitalization in children during the winter months [1]. There is evi
dence that RSV can also cause severe infections in adults [2]. Especially 
elderly people who are already susceptible to severe respiratory in
fections are at increased risk of requiring emergency treatment or 

hospitalization in the course of RSV infections [3,4]. No vaccine pre
venting RSV infection is yet available and in the absence of an antiviral 
therapy for RSV, treatment can only be symptomatic and supportive. 
Estimating the true incidence of RSV in the adult population has his
torically been associated with difficulties in diagnosing clinical in
fections correctly [5], technical difficulties in testing [6] and low public 
awareness of RSV in adults. 
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For the post-pandemic winter season of 2022/2023, with widely 
dropped intervention measures against SARS-CoV-2 infections which 
were effective also against other respiratory infections) [7], an early and 
intense wave of influenza is widely expected, given the lack of influenza 
during the COVID-19 pandemic and the decline in population immunity 
[8,9]. The situation for RSV infections is similar [10] but the awareness 
for the impact of RSV on morbidity and mortality in adults is lacking. 

There are data comparing characteristics and outcomes in hospital
ized adult patients with severe respiratory infections caused by RSV and 
influenza A/B [11], but comparisons of RSV with influenza as well as 
SARS-CoV-2 infections have been limited. As we have begun to sys
tematically collect such data since 2017, we have been able to examine 
patient characteristics, clinical presentation, risk factors, and outcomes 
such as length of hospital stay, complications, and need for critical care 
in adults with RSV infection compared to influenza A/B and SARS-CoV-2 

2. Material and methods 

2.1. Study setting and data collection 

Data was collected retrospectively during four consecutive seasons 
(2017 – 2020) from a maximum care hospital with 905 beds. All adult 
patients with a positive PCR test for RSV, Influenza A / B and SARS-CoV- 
2 and influenza-like symptoms or an expanded symptom complex (fa
tigue, enteritis) at admission between 2017 and 2020 were included in 
the data analyses. All patients with SARS-CoV-2 infections were recor
ded in 2020, when no variants of concern (VOC) circulated in Germany. 
The indication for testing was made by the attending physician based on 
a work case definition of the official German Healthcare Services 
(Robert Koch Institute (RKI)) or on clinical experience with older pa
tients published elsewhere [12–14]. Factors known to influence the 
morbidity and mortality of respiratory infections (age, sex, heart insuf
ficiency / coronary heart disease, chronic obstructive lung disease 
(COPD), end stage renal disease, diabetes and cancer) were collected 
from patient-records based on ICD10. However, data on influenza 
vaccination status were not available. 

Clinical symptoms of respiratory infection (cough, headache, body 
temperature) and expanded symptom complex in case of suspicion of a 
masked course (weakness, enteritis) were recorded at admission and 
collected from patient-records. Blood tests were performed on admission 
and parameters for inflammation (C-reactive protein, leukocytes) and 
disease severity (lactate dehydrogenase, glucose) were collected from 
the laboratory information system. 

2.2. Testing for respiratory viruses 

Nasal (RSV), nasopharyngeal (RSV / Influenza A / B, SARS-CoV-2) or 
oropharyngeal (SARS) swabs were taken when testing was indicated. 
Reverse transcription polymerase chain reactions (RT-PCR) for RSV, 
Influenza A and influence B were performed with the commercial triplex 
assay Xpert™ Xpress FLU / RSV (2017 – 11/2020) on the GeneExpert™ 
platform (Cepheid Inc., USA). For testing of SARS-CoV-2 by RT-PCR, 
first the LightMix™ Modular SARS and WUHAN CoV-E-gene test on a 
LightCycler™ 480 (Roche, Germany) combined with a RNA extraction 
step (Nucleospin RNA Virus, Machery Nagel, Germany) was introduced 
for routine testing in 02/2020 (Roche Diagnostic, Germany) followed by 
the Xpert™ Xpress CoV-2 test (Cepheid) in 04/2020. In 12/2020, the 
quadruplex Xpert™ Xpress CoV-2 / Flu / RSV (Cepheid) was introduced 
for routine testing of the four viruses. Particular with regard to SARS- 
CoV-2 testing, the distinct RT-PCR-tests have comparable specificities 
and sensitivities as published elsewhere. 

With regard to triplex or quadruplex testing for viruses, only test 
results that were requested by the physician were reported into LIS and 
statistically analyzed (test results that were not requested by the phys
iscian were only kept in the daily data memory of the devices and then 
automatically deleted). 

2.3. Outcomes 

To characterize the clinical course of patients with RSV compared to 
the other virus infections, the duration of hospital stay was calculated. 
Furthermore, the rate of complications like pneumonia (definition: 
infiltrate of the lung in an x-ray image), the rate of intensive care stay, 
frequency of mechanical ventilation (invasive or non-invasive), the rate 
of bacterial superinfections (documentation within the patient file by 
the attending physiscian and antibiotic use) and the hospital mortality 
were of interest. 

2.4. Statistics 

Analysis of possible differences between groups were performed with 
SPSS, version 21. Comparisons based on Fishers exact test including 
calculation of odds ratios with associated confidence intervals were 
performed using R software, version 4.2.0. 

2.5. Ethics 

The present study was reviewed and approved by the Ethics Com
mittee of the University Hospital Regensburg (no. 22–2973–104). 

3. Results 

3.1. Infections and hospitalizations 

In the present study, a total of 1537 patients with respiratory 
symptoms / or extended symptom complex and positive PCR test results 
for RSV (n = 318) / Influenza A (591) / B (289),and SARS CoV-2 (342) 
were evaluated from 2017 to 2020. RSV and Influenza A / B in-patients 
were collected during four seasons (each year between January to April) 
while for SARS CoV-2, all in-patients with and symptoms during 2020 
were included. Possible patients with co-infections have been included. 
Although we do not have information on such patients, we assume that 
such patients are very rare and did not have a significant impact on the 
statistical analysis. 

Hospitalization of patients with RSV, Influenza A / B and SARS-CoV- 
2 was recorded from 2017 to 2020 (Fig. 1A and B). During the 2020 
winter season, infections with RSV, influenza A and SARS occurred with 
overlap or in quick succession, respectively. In general, peaks for RSV 
were found between calendar week (CW) 7 and 9, for Influenza A be
tween CW 6 and 9, for Influenza B between CW 8 and 9 and for SARS 
CoV-2 at CW 15 (first wave) and CW 49 (second wave). The cumulative 
detection rate of RSV or influenza A/B decreased from 32.12% in 2017 
to 15.31% in 2020. Positivity rates of RSV ranged from 2.9% to 9.1% per 
season, being more frequent than influenza B in 3 of 4 seasons (Fig. 1C). 
Overall, the evaluation of PCR test results shows a high proportion of 
negative test results (between 64.31% and 84.69%). Cumulative posi
tivity rates for both SARS-CoV-2 waves were 15.45%. It should be 
mentioned that the positivity rates based on panel testing may be lower 
than if only mono-tests had been performed. 

3.2. Patient characteristics, clinical symptoms and laboratory parameters 

Overall, patients with RSV infections appear to be the oldest patient 
group. With an average of 75.1 years, they were significantly older than 
SARS patients with 70.8 years when hospitalized (Table 1). Coughing 
was most prevalent in Patients with RSV and least prevalent in SARS, 
while headaches were most frequently found in Influenza B and rela
tively rare in RSV patients. Fatigue is common in all patients but most 
prominent in Influenza B and SARS patients, while enteritis was most 
common with Influenza A and B. Overall, no characteristic pattern of 
symptoms was found for any of these infections. Fever is not common in 
patients with any of these viral infections. Concerning laboratory pa
rameters, LDH was lower in RSV infections compared to SARS CoV-2, 
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and leukocytes were increased compared to Influenza B /SARS-CoV-2. 
Again, there was no typical pattern of laboratory parameters discrimi
nating these infections in the elderly. 

3.3. Co-morbidities 

The majority of the patients included in the study had at least one of 
the five risk factors for a severe course of respiratory disease 69.2% for 

Fig. 1. A. Time course relating to severe respiratory infections during the season 2017 – 2020 (cumulative hospitalized patients per day): the highest activity was 
found in 2018 with up to 78 patients / day. B. Time course of infections related to RSV, influenza A, influenza B and SARS-CoV-2. The highest activity was found 
during the second wave of the corona pandemic with up to 55 patients / day and during the season 2018 with a high influenza activity. The data show that the 
infection waves with RSV and Influenza usually overlap: peaks for RSV were found between week 7 and 9 / for Influenza A between 6 and 9 / for Influenza B beween 
8 and 9. C. The stack bars show the distribution of PCR detection rates for RSV (black bar) compared to the other virus detections (Influenza A; deep gray bar; 
Influenza B: gray bar; SARS-CoV-2: hatched bar). The total number of tests / season is given above the respective year bar in the graph. 

Table 1 
Demographic, clinical and laboratory parameters of RSV compared to Influenza A, Influenza B and SARS-CoV-2.  

Parameter / virus (n) RSV (318) Influenza A (591) Influenza B (289) SARS-Cov-2 (342) p 
Demographic data      
Age years 75.1 (14.3)& 72.9 (15.3)&& 75.7 (13.7)&& 70.8 (15.9)&&& < 0.001 
Gender f/m 135/183 261/330 135 / 154 168 / 174 0.301 
Clinical symptoms      
Cough% 71& 68 66 51&& < 0.001 
Headache% 7*,** 13 18 14 < 0.001 
Weakness% 67#,## 67###,#### 83 78 < 0.001 
Enteritis 10$ 21 20 17 < 0.001 
Laboratory parameters      
Body temperture ◦C 37.31 (0.97)& 37.54 (1.03)&&,&&& 37.27 (0.86) 37.31 (0.93) < 0.001 
Leukcocytes n/ul 10.1 (7.6)*,** 8.4 (5.8) 7.4 (6.7) 8.5 (11.7) < 0.001 
C-reactive protein mg/dL 62.6 (77.1)# 65.9 (81.0) 48.8 (68.8)## 83.4 (83.1)### < 0.001 
Lactate dehyrogenase IU/mL 265 (114)% 309 (474) 273 (176) 409 (632)%% < 0.001 
Glucose mg/dL 145 (64)$ 137 (57) 135 (69) 129 (53) 0.03 

(): standard deviation. 
Demographic data:. 
& RSV vs. SARS: p = 0.01 (&&Influenza B vs. Influenza A: p = 0.048 / &&&SARS–CoV-2 vs. Influenza A / B: p = 0.001, respectively). 
Clinical Symptoms:. 
&RSV vs. SARS-CoV-2: p < 0.001 (&&SARS-CoV-2 vs. Influenza A / B: p < 0.001, respectively). 
*RSV vs. Influenza B: 0.04; **RSV vs. SARS-CoV-2 < 0.001. 
#RSV vs. Influenza B: p < 0.001, ##RSV vs. SARS-CoV-2: p = 0.005 (###Influemza A vs. Influenza B: p < 0.001; ####Influenza A vs. SARS-CoV-2: p = 0.001). 
$RSV vs. Influenza A: < 0.001. 
Laboratory parameters. 
&RSV vs. Influenza A: p = 0.014 (&&Influenza A vs. Influenza B: p = 0.014 / &&&Influenza A vs. SARS-CoV-2: p = 0.010. 
*RSV vs. Influenza A: p = 0.015 / **RSV vs. Influenza B: p < 0.001. 
#RSV vs. SARS-CoV-2: p < 0.01 (##Influenza B vs. Influenza A: p = 0.016 / ###SARS-CoV-2 vs. Influenza A / B: p < 0.01, respectively). 
%RSV vs. SARS-CoV-2: p < 0.01 (%%SARS vs. Influenza A / B: p < 0.01, respectively). 
§RSV vs. SARS-CoV-2: p = 0.020. 
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SARS to 85.2% in RSV patients (Table 2). In RSV patients, COPD was 
significantly more prevalent compared to Influenza B and SARS CoV-2. 
Furthermore, RSV patients had more often kidney diseases compared to 
Influenza A and SARS. 

3.4. Disease severity and outcomes 

On average, patients with RSV stayed significantly longer in the 
hospital than patients with Influenza A or Influenza B, but shorter than 
SARS CoV-2 patients (Fig. 2). The risk to develop pneumonia, acquire 
bacterial superinfection, go on mechanical ventilation and for a fatal 
outcome was higher with RSV than in influence A/B but lower than with 
SARS-CoV-2 infections (ORs 95% CI are given in Fig. 3A). The same 
trends were observed for the risk to be transferred to ICU, for which RSV 
patients had the second highest risk after SARS-CoV-2 patients (Fig. 3B). 

4. Discussion 

Our data show that RSV is a highly prevalent and severe infection in 
the elderly. Second only to the original strain of SARS-CoV-2, it leads to 
significantly more complications, a more severe course with more ad
missions to ICU, a longer stay in the hospital and even more fatalities 
than influenza A/B. RSV, Influenza A / B and SARS-CoV-2 could not be 
distinguished from each other on the basis of clinical appearance and 
routine blood analyses performed; ultimately, a PCR test must be per
formed for differentiation. 

RSV, Influenza A and Influenza B epidemics have annual and over
lapping peaks in winter months, which was also observed for the first 
waves of SARS-CoV-2 in Germany [15]. In our study, RSV was detected 
in up to 10% of these patients before the occurrence of SARS-CoV-2, 
which is comparable to results from other countries [16–18]. Despite 
using a multiplex PCR, RSV, Influenza A / B and SARS-CoV-2 were only 
detected in about 1/3 of tests. Detection rates of respiratory pathogens 
causing serious infections could be increased to 70% at best by 
extending the PCR panel to additional viruses and bacteria [19]. The 
patients with influenza B infection represent a relatively homogeneous 
population, as they mostly originate from the 2018 season in which the 
Yamagata strain was circulating. For influenza A patients, we did not 

distinguish between seasonal (H3N2) and pandemic influenza 
(H1N1pd2009), which could potentially affect the clinical course. As we 
did not collect data on influenza vaccination status, so breakthrough 
infections could not be discriminated. The SARS-CoV-2 infections 
described here are caused by the original strain when no vaccinations 
were yet available. 

In the present study, RSV, influenza A and B, and SARS -CoV-2 all 
caused severe respiratory infection requiring hospitalization. Especially 
in older patients > 65 years, symptoms of respiratory infections are 
rather weak and only 60 - 70% present any symptoms at all, such as 
cough and sore throat [12], while fever is not a useful diagnostic cri
terion in this group of patients, as shown by our group and others 
[20–22]. Neither in clinical symptoms nor in laboratory parameters can 
adult RSV patients be distinguished from patients with other respiratory 
viral infections [23,24]. However, in the latter study the 
neutrophil-to-lymphocyte ratio was at least one parameter to distinguish 
SARS-CoV-2 from RSV infections. While levels of LDH cannot help to 
discriminate RSV from influenza, LDH levels were found to be especially 
high in patients with SARS-CoV-2 and these may be related to increased 
tissue damage by SARS-CoV-2, which is supported by previous findings. 

Among our hospitalized RSV patients, more than 85% also had a 
suggested risk factor for severe respiratory infections, which is signifi
cantly higher than in elderly out-patients with mild RSV courses [25]. 
Especially COPD and renal disease are associated with RSV infections in 
our hospitalized cohort, and an association between chronic lung dis
ease and severe RSV infection has been suggested previously [26–28] - 
but not for SARS-CoV-2 patients [29,30]. The association of RSV with 
renal disease is not that clear. While we were able to demonstrate a 
significantly higher proportion of kidney disease in RSV compared to 
influenza [13], other studies only found a trend [27] or no association 
[31]. 

In our current study, RSV, Influenza A/B as well as SARS-CoV-2 
patients have mean ages >70 years, but the average age is highest in 
the RSV group. This finding is common [22,23,31] whereas an opposite 
trend can be observed for influenza, which is in line with a 
population-based study from US [26]. One explanation for this obser
vation could be the vaccination recommendations for the elderly and 
high-risk patients as well as the vaccination coverage rate: In a German 

Fig. 2. Comparison of hospital stay of RSV patients to Influenza A / B and SARS-CoV-2 (box plots, days (log)). Patients with RSV infections stay longer at hospital 
compared to patients with Influenza A / B, and shorter compared to SARS-CoV-2 (mean days (standard deviations) of hospital stay are given framed below the 
box plot). 
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Fig. 3. A.The figure shows the proportion of patients with viral infections who had a severe clinical course characterized by having pneumonia, mechanical 
ventilation, bacterial superinfections and a fatal outcome (mortality). OR (95%CI, p) were calculated for RSV compared to other viruses (table). B.The figure shows 
the proportion of patients with viral infections who had to be transferred to intensive care units: Patients with RSV infections had a significantly higher risk (OR (95% 
CI, p) of intensive care than patients with Influenza A / B, but a lower risk than patients with SARS-CoV-2. 
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surveillance study [32], the influenza vaccination rate among 
>80-year-olds was as high as >50% - well above the average of 38.8%. 
Since vaccination is known to have a protective effect on morbidity and 
mortality [33–35], this may have led to a selection bias towards younger 
patients at lower risk, which had a mitigating effect on the clinical ob
servations in the influenza patients in our study. The increased age of 
RSV patients may per se also contribute to the worse outcomes in this 
patient group. 

Our data show a significantly longer stay in hospital for patients with 
RSV infections (12.6 days) compared to an infection with influenza A 
(10.9) and B (8.7), only topped by those with SARs-CoV-2 (17.9). While, 
reported lengths of stay vary widely between studies and health systems 
[4,36], a recent Swedish study also found that the length of stay was the 
longest for SARS-CoV-2 patients followed by RSV patients [37]. 

Based on our data, the clinical course of the respiratory disease is 
worst in SARS-CoV-2 patients, followed by RSV infections and influenza. 
The risk for RSV patients to be admitted to the ICU was 13%, which is 
also comparable to other studies with 15% and 17% [4,38] and signif
icantly increased compared to patients with influenza A / influenza B. In 
our study, patients with RSV infection also required mechanical venti
lation more frequently than those with Influenza A/B, but significantly 
less frequently than patients with SARS-CoV-2. The relatively high 
overall rate of ventilation may be due to advanced age in our cohort and 
thus, these rates are well comparable to patients <70 years [25], but 
higher than in younger patients with rates of 3–4% [39,40]. 

In our study we cannot say whether patients died from the viral 
infection or with the viral infection. In the above-mentioned Swedish 
study, the 30days-mortality was highest for SARS-CoV-2 (13%) 
compared to RSV (7%) and influenza (5%). Although we have only 
recorded hospital mortality, there are parallels to our data here; how
ever, in other studies the mortalities of RSV and influenza was compa
rable [41] or in some also higher for RSV [19]. 

The strengths of the present study are the relatively broad database, 
the inclusion of patients based on virus PCR and the coverage of 4 
consecutive years with comparative study tools. A disadvantage of the 
study is the monocentric and retrospective design. Although the diag
nosis was made by PCR, the indication for testing was left to the treating 
physician; as already described, some of the patients did not show 
typical symptoms, so that a certain test bias is to be expected here. 
Finally, data comparison with infections by the original SARS-CoV-2 
strain is in the meantime more historical in nature. However, such 
data can also contribute to our knowledge about the extraordinary na
ture of such pandemic events when they coincide with seasonal viral 
infections. 

In conclusion, our data puts RSV in the spotlight as a leading source 
of severe respiratory disease in the elderly. As vaccinations are available 
now not only against influenza but also SARS-CoV-2, it can be expected 
that its role and impact on this population will diminish while RSV will 
not lose any of its potential to cause severe and even fatal infections in 
this age group. In contrast, even more severe RSV waves are likely after 
lifting infection control measures related to the COVID-19 pandemic. 
Thus, a better awareness of the impact of RSV infections on elderly high- 
risk patients is required. 
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