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Abstract
Objectives Our study aimed to compare the clinical severity of lower respiratory tract infections (LRTI’s) caused by Influenza 
and Respiratory Syncytial Virus (RSV).
Methods We conducted a retrospective cohort study of LRTI admissions with positive PCR results for Influenza or RSV 
from 2017 to 2019 in three teaching hospitals in southern Europe. Data on clinical characteristics, viral agents and disease 
outcome were collected. Nosocomial infection was excluded. Main outcomes were invasive mechanical ventilation and in-
hospital death.
Results A total of 984 patients were included. Median age was 75 years. Influenza A was the most frequently identified virus 
(56.5%), of which 27.1% were subtype H1N1 and 53.0% H3N2. Influenza B was isolated in 22.3% and RSV in 21.0%. There 
were 10.5% of patients who died during admission and 8.3% submitted to IMV. Influenza A H1N1 was associated with lower 
age and less co-morbidity, while the opposite was observed for RSV. Influenza A H1N1 was independently associated with 
both higher risk of death (adjusted odds ratio 2.0 [1.2–3.4] p = 0.008) and IMV (adjusted odds ratio 5.1 [3.0–8.5] p < 0.001).
Conclusion Influenza A H1N1 was an independent predictor of mortality and IMV. These findings may have implications 
on hospital resource planning and vaccination policies.
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Introduction

Lower respiratory tract infections (LRTI’s) are estimated to 
rank among the five leading causes of death and years of 
life lost worldwide [1]. Among its main etiological agents, 
Influenza is recognized as the most important virus, being 
responsible for a significant mortality burden (4·0–8·8 yearly 

associated respiratory deaths per 100 000 individuals) [2], 
which peaks seasonally over the winter months in the north-
ern hemisphere in association with lower temperatures [3]. 
There is considerable inter-seasonal variation regarding 
Influenza-associated hospitalizations and mortality, owing 
to differing viral transmissibility and virulence, as well as 
vaccine coverage and effectiveness [4–6].
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Respiratory Syncytial Virus (RSV) is increasingly recog-
nized as an important cause of LRTI’s [7] and LRTI-related 
hospitalizations among older adults [8], with considerable 
seasonal co-circulation with Influenza [9]. Yet, evidence on 
its burden on the adult population is scarce and at times 
conflicting.

Severe acute respiratory syndrome coronavirus 2 (SARS-
COV-2) is a novel virus responsible for an unfolding pan-
demic of primarily respiratory disease which has been 
described for the first time in December 2019 in Wuhan, 
China [10]. So far, despite the report of one co-infection 
case in China [11], there has not been considerable report 
of incidence overlap between SARS-COV-2 and Influenza 
or RSV in Europe, as the former gained epidemiological 
momentum at a time when the Influenza season in Europe is 
usually fading. Nevertheless, there could be co-circulation of 
these different viral agents in the future, which could present 
an immense challenge to different components of healthcare.

Knowledge on microorganism virulence is of paramount 
importance for clinicians when addressing LRTI’s to better 
estimate disease course, thus improving clinical judgement 
and decisions. In this work, we aimed to compare the viru-
lence of common seasonal respiratory viruses implicated 
in LRTI-related hospital admissions before the COVID-19 
pandemic, by means of studying the association between 
microorganisms and clinical outcomes.

Methods

Study setting

We conducted a retrospective multi-centric cohort study 
encompassing two winter seasons in southern Europe. 
Recruitment periods were October 2017–April 2018 and 
October 2018–April 2019. Study subjects were recruited 
based on positive polymerase chain reaction (PCR) results 
for Influenza or RSV on oral/nasopharyngeal samples, 
obtained over the aforementioned periods in three teach-
ing hospitals in Cyprus (Nicosia), Italy (Turin) and Portugal 
(Lisbon).

Study subjects and variables

We included patients ≥ 18 years old who were admitted 
to a hospital ward and/or intensive care unit for acute ill-
ness. For patients with more than one positive PCR in one 
seasonal period, the first episode was considered for study 
purposes. We excluded samples obtained from health-care 
workers in the setting of occupational health screening and 
those from patients discharged to an outpatient setting within 
24 h. Pregnant patients were excluded as were those deemed 
to have nosocomial infection, which was considered when 

both LRTI-related symptom onset and PCR sampling took 
place > 72 h after admission. Co-infections with more than 
one virus or more than one Influenza type/subtype were also 
excluded.

We collected data on demographics, co-morbidities, 
laboratory molecular identification, radiological presenta-
tion, clinical course until discharge or death and outcome 
of admission. Co-morbidities were assessed on the basis of 
baseline clinical history depictions and/or assessments made 
during admission which determined their presence. Patient 
smoking status was considered when current at the time of 
admission, malignancy when active, heart failure if class 
II NYHA disease or worse, chronic kidney disease stage 
3A disease or worse. Laboratory identification, typing and 
subtyping results for Influenza (A H1N1, A H3N2 and B) 
and RSV were made using multiplex PCR on oral and naso-
pharyngeal swab specimens using Cepheid’s GeneXpert 
Flu/RSV ® (Sunnyvale, CA, USA), Biomerieux’s Filmarray 
respiratory panel ® (Marcy-l’Étoile, France) and Seegene’s 
Allplex respiratory panel ® (Seoul, Republic of Korea).

Primary outcomes were in-hospital death and invasive 
mechanical ventilation (IMV), secondary outcomes were 
non-invasive ventilation (NIV) and length of stay. Pneumo-
nia was considered when a radiological infiltrate was present 
on the chest X-ray and/or CT scan performed on presenta-
tion. Use of CPAP was not considered as NIV.

Statistical analysis

Normality of distribution was assessed using Shapiro–Wilk 
test. Associations between baseline clinical variables and 
microorganism infection were assessed using  Chi2 for cat-
egorical predictors and Kruskal–Wallis equality of popula-
tions rank test for continuous predictors. Univariate logistic 
regression was performed to test associations between virus 
type or clinical predictors and categorical outcomes. Clinical 
predictor variables with p values ≤ 0.1 on univariate analysis 
were carried forward to the multivariate model to control 
for confounding. One-way analysis of variance (ANOVA) 
with Bonferroni correction was performed to test linear 
outcomes (length of stay) according to microorganism. P 
values ≤ 0.05 and 95% confidence intervals were considered 
for purposes of clinical significance. Multivariate regression 
results are presented as adjusted odds ratio (aOR). Statisti-
cal analysis was conducted using software package STATA 
13.1 (College Station, Texas, USA) and R (R: A language 
and environment for statistical computing. R Foundation for 
Statistical Computing, Vienna, Austria).

Ethics

Patient data were anonymized and subject identifi-
ers encrypted in the final datasets. Only the principal 
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investigator in each one of the three study sites had access 
to the key decoding the encrypted subject numbers to local 
hospital file numbers. The study was conducted in accord-
ance with the principles stated in the Declaration of Helsinki 
and was approved by the institutional review board of the 
coordinating centre (Centro Hospitalar de Lisboa Central, 
number 762_2019) and by the Cyprus National Bioethics 
Commitee (EEBK EP 2019.01.137).

Results

A total of 984 patients met the study eligibility criteria, of 
which 45.4% (n = 447) were recruited in the 2017–2018 sea-
son and 54.6% (n = 537) in the 2018–2019 season (Fig. 1). 
The sample obtained allowed for statistical power > 70% on 
ascertaining a 10% incidence difference of main outcomes 
between viral agents (both between Influenza types and sub-
types and between these and RSV).

Patient demographic and clinical characteristics are pre-
sented in Table 1. At least one co-morbidity was present in 
80.2% (n = 789) of all patients.

Influenza A was the most frequently identified virus, 
accounting for 56.5% (n = 557) of all infections (Fig. 2). 
Among these, H1N1 was isolated in 27.1% (n = 151) and 
H3N2 in 53.0% (n = 295). No subtyping data was available 
for 111 isolates. Influenza B was isolated in 22.3% (n = 220) 
and RSV in 21.0% (n = 207). During the 2017–2018 season, 
the most frequently isolated virus was Influenza B, whereas 
during 2018–2019, it was Influenza A. Regarding the 20 
cases of co-infections, we found, half of these consisted of 
Influenza A plus RSV (n = 10), the other half split equally 
split between Influenza A plus Influenza B (n = 5) and Influ-
enza B plus RSV. There were no cases of co-infection by 
different Influenza A subtypes.

Prevalence of comorbidities according to isolated virus 
is presented in Table 2.

A radiological image compatible with pneumonia was 
present in 36.2% (n = 356) of all admissions. Influenza A 
H1N1 was associated with higher likelihood of pneumonia 
on presentation (OR 2.2 [1.6–3.1] p < 0.001), while H3N2 
was associated with lower likelihood (OR 0.6 [0.4–0.8] 
p < 0.001). No other viral agents were significantly asso-
ciated with pneumonia. Oseltamivir was administered to 
83.4% (n = 648) of LRTI’s caused by an Influenza virus.

A total of 10.5% (n = 103) of patients died during the 
course of admission, 8.3% (n = 82) were submitted to IMV, 
13.6% (n = 134) to NIV. Median length of stay was 9 days 
(interquartile range [6–15]).

9017 Influenza/RSV tests performed

4311 negative tests excluded

2907 excluded due to patients being 
<18 years-old

36 excluded for being second sample 
in same patient during single season 

590 excluded for being outpatient 
samples

138 excluded for nosocomial infection

27 excluded due to incomplete datac

4 excluded due to pregnancy

20 excluded due to co-infection with 
more than one virus

984 patients included in the study

Fig. 1  Study participant flowchart

Table 1  Patient characteristics and co-morbidities

IQR interquartile range (presented for age), CKD chronic kidney 
disease, HF heart failure, CLD chronic liver disease, COPD chronic 
obstrutctive lung disease, ILD interstitial lung disease, OSA/OHS 
obstructive sleep apnea/obesity-hypoventilation syndrome, HIV 
human immunodeficiency virus (chronic infection)

% n/IQR

Male 48.2% 475
Age (median) 75 [62–84]
Smoking 15.7% 154
Diabetes 25.5% 251
CKD 15.9% 157
HF 30.2% 298
CLD 3.5% 34
COPD/asthma 29.0% 286
ILD 1.5% 15
OSA/OHS 5.0% 49
Solid organ transplant 2.2% 22
Solid neoplasm 6.0% 59
Hematological neoplasm 11.7% 115
HIV 2.1% 21
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Univariate associations between clinical characteristics, 
microorganisms and outcomes are presented in Table 3. As 
depicted in Fig. 3a, b, on multivariate analysis, H1N1 was 
predictive of both higher risk of death (aOR 2.0 [1.2–3.4] 
p = 0.008) and IMV (aOR 5.1 [3.0–8.5] p < 0.001).\

There was no crude statistically significant difference 
in length of stay between Influenza A, Influenza B and 

RSV, but this outcome was significantly higher for patients 
infected with H1N1 when compared to H3N2 (Fig. 4a, b).

Fig. 2  Monthly cumulative cases of LRTI-related viral isolates (n = 984)

Table 2  Prevalence of 
comorbidities and their 
associations with isolated 
viruses (%/n)

Bold values indicate  statistically significant P values (P < 0.05)
Statistical tests (Chi-2 and Kruskal–Wallis) excluded patients infected with non-subtyped Influenza A 
(n = 875) isolated microorganisms and proportions of clinical characteristics in patients harbouring them 
(%/n)

Influenza A H1N1 H3N2 Influenza B RSV P

Male 61.3% (291) 61.5% (93) 48.8% (144) 47.7% (105) 38.1% (79) < 0.001
Age (median; [IQR]) 74 [61–83] 66 [64–89] 78 [68–85] 75 [65–83] 78 [64–86] < 0.001
Smoking 16.9% (94) 19.9% (30) 14.2% (42) 13.6% (30) 13.6% (30) 0.35
Diabetes 24.6% (58) 16.6% (25) 28.1% (83) 26.4% (58) 26.5% (55) 0.05
CKD 14.9% (83) 11.2% (17) 15.6% (46) 13.6% (30) 21.2% (44) 0.05
HF 27.4% (153) 15.2% (23) 34.6% (102) 29.6% (65) 38.7% (80) < 0.001
CLD 3.8% (21) 2.0% (3) 4.8% (14) 3.6% (8) 2.4% (5) 0.37
COPD/asthma 26.7% (149) 24.5% (37) 30.2% (89) 26.8% (59) 35.5% (78) 0.02
ILD 0.9% (5) 0.7% (1) 0.7% (2) 1.8% (4) 2.9% (6) 0.17
OSA/OHS 4.3% (24) 9.3% (14) 3.1% (9) 3.6% (8) 8.2% (17) 0.008
Solid transplant 2.2% (12) 4.0% (6) 1.7% (5) 1.4% (3) 3.2% (7) 0.25
Solid neoplasm 5.8% (32) 5.3% (8) 6.4% (19) 5.0% (11) 7.7% (16) 0.66
Hematological neoplasm 11.0% (61) 15.2% (23) 8.1% (24) 12.3% (27) 12.6% (26) 0.13
HIV 2.0% (11) 2.0% (3) 2.7% (8) 3.6% (8) 1.0% (2) 0.32
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Discussion

In this study, Influenza A H1N1 demonstrated higher viru-
lence as it was an independent risk factor for both death 
and IMV among patients admitted with seasonal viral 
LRTI’s (Fig. 3). It was also associated with higher rates 
of NIV, and lastly, with a significantly longer length of 
stay when using H3N2 as a comparator (Fig. 4b).

Influenza infection trends observed in this study (Fig. 2) 
generally follow the pattern documented in surveillance 
data from the countries represented, both in terms of inci-
dence peak and Influenza types isolated. Whereas during 
the 2017–2018 season, the prevailing type was Influenza B, 
during the 2018–2019, it was Influenza A, predominantly 
subtype H1N1 in Cyprus [12], roughly evenly H1N1 and 
H3N2 in Italy [13] and predominantly H3N2 in Portugal 
[14].

Patients presenting with Influenza A H1N1 were younger 
(albeit mostly elderly), less likely to be female or have 
comorbidities such as diabetes or heart failure. The associa-
tion of lower age and Influenza A H1N1 infection has been 
observed in large datasets from 2010 to 2019 in Greece [15] 
and from 2009 to 2015 in an international cohort [16]. The 
comorbidities mentioned could have been a confounder for 
lower age in our study. Early post-pandemic sero-prevalence 
data from 2009 showed that a proportion of older adults had 
preexisting cross-reactive antibodies to Influenza A H1N1 
2009 pandemic strain, possibly owing to immunity to infec-
tion as a result of exposure to similar viruses in early life 

Table 3  Univarate associations 
between clinical characteristics, 
microorganisms and outcomes

Bold values indicate  statistically significant P values (P < 0.05)

NIV IMV P Death P

Male 1.1 [0.8–1.6] 0.5 1.9 [1.2–3.0] 0.009 1.2 [0.8–1.8] 0.4
Age 1.0 [1.0–1.0] 0.07 0.96 [0.95–0.97] < 0.001 1.01 [1.0–1.03] 0.05
Diabetes 1.4 [1.0–2.1] 0.09 1.5 [0.9–2.4] 0.1 1.2 [0.74–1.9] 0.5
CKD 1.3 [0.8–2.1] 0.2 1.2 [0.7–2.2] 0.6 1.4 [0.8–2.3] 0.2
HF 1.2 [0.8–1.8] 0.3 0.6 [0.3–1.0] 0.05 1.0 [0.6–1.5] 1.0
CLD 0.8 [0.3–2.4] 0.8 0.7 [0.2–2.9] 0.6 0.3 [0.0–1.9] 0.2
COPD/Asthma 2.3 [1.6–3.4] < 0.001 1.1 [0.7–1.9] 0.6 1.1 [0.7–1.7] 0.8
ILD 2.3 [0.7–7.5] 0.2 2.8 [0.8–10.1] 0.1 1.3 [0.3–5.9] 0.7
OSA/OHS 7.2 [4.0–13.0] < 0.001 2.3 [1.0–5.0] 0.04 2.0 [1.0–4.3] 0.07
Solid organ transplant 1.4 [0.5–4.3] 0.5 [0.8–7.6] 0.1 0.9 [0.2–2.7] 0.8
Solid neoplasm 0.9 [0.4–1.9] 0.7 0.6 [0.2–1.9] 0.4 2.3 [1.2–4.6] 0.01
Hematological neoplasm 0.6 [0.3–1.2] 0.2 1.0 [0.5–2.1] 0.9 1.4 [0.8–2.4] 0.3
HIV 1.6 [0.5–4.6] 0.5 – – 0.4 [0.1–3.2] 0.4
Influneza A 1.0 [0.7–1.4] 0.9 1.4 [0.9–2.3] 0.1 0.9 [0.6–1.4] 0.8
H1N1 2.6 [1.7–4.0] < 0.001 6.0 [3.7–9.7] < 0.001 1.8 [1.1–3.0] 0.02
H3N2 0.4 [0.3–0.7] 0.001 0.2 [0.1–0.5] < 0.001 0.6 [0.4–1.1] 0.08
Influenza B 0.7 [0.4–1.1] 0.1 09 [0.5–1.6] 0.7 0.9 [0.6–1.5] 0.8
RSV 1.5 [1.0–2.2] 0.08 0.6 [0.3–1.2] 0.1 1.2 [0.7–1.9] 0.5

Fig. 3  Adjusted odds ratio for death (a) and invasive mechanical ven-
tilation (IMV) (b) according to microorganism
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[17]. This is a possible explanation for the association of 
lower age and infection with this viral subtype, which since 
2009 stems from that year’s pandemic strain in replacement 
for the previous lineages [18].

On the other hand, RSV was associated with higher age 
and comorbidities such as CKD, heart failure and COPD 
or asthma. This finding is in line with research published 
over the last decade indicating higher incidence of RSV-
related disease requiring medical attention and/or hospital 
admission among elderly patients [19–21], even though its 
association with heart failure and COPD has been found in 
some studies [19, 20] but not it others [21].

Regarding the association of comorbidities with out-
comes, both older age and solid malignancy were risk fac-
tors for mortality, while male and younger patients were 
more likely to be submitted to IMV (Table 3). This appar-
ent mismatch between age and these two outcomes could 
be explained by older patients presenting with increased 
frailty and advanced chronic organ failure rendering IMV 

unsuitable for a proportionate approach to their needs of 
care. Patients with chronic obstructive pulmonary disease 
(COPD) or asthma and obesity-hypoventilation syndrome 
(OHS) or obstructive sleep-apnea (OSA) were more prone 
to be submitted to NIV. Two possible explanations under-
lie this finding. First, these broad subsets of patients often 
present with acute hypercarbic respiratory failure in the con-
text of an acute exacerbation for which a viral agent such 
as Influenza or RSV might be a trigger [20, 22]. NIV has 
been demonstrated to be a successful intervention in dealing 
with such respiratory failure phenotypes, avoiding the hard-
ships and complications of IMV [23]. Second, some of these 
patients are already on chronic ambulatory bi-level posi-
tive airway pressure (BiPAP) ventilation therapy and its use 
during admission may merely represent the continuation of 
usual care. The fact that we were not able to ascertain which 
patients these circumstances could have applied to, so as to 
exclude them from this subanalysis, represents a limitation.

The main findings of our study suggest an overall higher 
virulence of Influenza A H1N1 independently of patients’ 
age or preexisting comorbidities. Most research in hospital 
settings and using national surveillance data conducted after 
the appearance of the 2009 pandemic H1N1 strain suggests 
higher severity of this subtype. Similar observations hold 
both in terms of mortality [15, 24–26] and in terms of in-
hospital severity outcomes such as ICU admission [15, 16, 
24, 26, 27]. Minchole et al. [24] also found a higher associa-
tion of Influenza A H1N1 with pneumonia as we did, imply-
ing the higher infection of lower respiratory epithelium cells 
as one possible pathophisiological mechanism underlying 
higher clinical severity [28]. The only conflicting evidence 
available so far stems from a multi-hospital cohort study 
conducted during the 2015–2016 season in Istanbul, show-
ing a higher case fatality rate for Influenza A H3N2 [29].

The fact that the agent found to be most virulent (Influ-
enza A H1N1) was over represented in lower aged healthier 
patients suggests these may be at higher risk for a more com-
plicated course of disease when admitted for a viral LRTI, 
which can be at odds with many clinicians’ perceptions. This 
may have implications on Influenza vaccination research and 
coverage recommendations. Finally, the burden of morbidity 
and mortality of RSV observed in this study and other pieces 
of research encourages vaccine development efforts [30].

Limitations of this study include missing subtyping data 
on some Influenza A isolates. Furthermore, data on Influ-
enza B lineages or neuraminidase inhibitor resistance was 
not available from patient isolates, although the former can 
be inferred from national surveillance programs [12–14]. 
As the study focused only on hospital admissions, it cannot 
provide data on non-admitted mild or asymptomatic forms 
of disease and hence a true estimation of case-fatality rates 
is not possible. Finally, we did not systematically collect data 
on frailty, which could impact outcomes and IMV decisions. 

Fig. 4  Length of stay according to microorganism. a Influenza A, 
Influenza B and Respiratory Sincytial Virus (RSV). b Influenza A 
subtypes H1N1 and H3N2
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Also, vaccination status and bacterial co-infection were not 
assessed. Nevertheless, the sample included in our study is 
a real-life cohort representative of the patient population 
admitted for LRTI’s in southern Europe and middle-to-high-
income settings with temperate climates. The use of IMV 
as an outcome instead of ICU admission reduces potential 
biases created by different local care guidelines and ICU 
capacities, in exchange for a hard outcome, which is a strong 
surrogate for severe respiratory failure. Even though data 
on other respiratory viruses were not sought for, the three 
microorganisms studied represent the agents most broadly 
available to clinicians in standard care conditions before the 
onset of the COVID-19 pandemic.

In conclusion, Influenza A H1N1 may be an independent 
predictor of higher mortality and IMV rates among patients 
hospitalized for viral LRTI’s, even though its infection dis-
proportionately affects younger and healthier patients. This 
knowledge combined with surveillance data on the onset 
of winter seasons may help to forecast the burden of severe 
LRTI disease and guide planning the allocation of healthcare 
resources. Further research is needed on RSV vaccine devel-
opment and on the need to broaden Influenza vaccination 
coverage to groups usually deemed not to be at risk.
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