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Abstract 

Background: In Poland, little is known about the most serious cases of influenza that need admittance to the inten‑
sive care unit (ICU), as well as the use of extracorporeal respiratory support.

Methods: This was an electronic survey comprising ICUs in two administrative regions of Poland. The aim of the 
study was to determine the number of influenza patients with respiratory failure admitted to the ICU in the autumn–
winter season of 2018/2019. Furthermore, respiratory support, outcome and other pathogens detected in the airways 
were investigated.

Results: Influenza infection was confirmed in 76 patients. The A(H1N1)pdm09 strain was the most common. 34 
patients died (44.7%). The median age was 62 years, the median sequential organ failure assessment (SOFA) score 
was 11 and was higher in patients who died (12 vs. 10, p = 0.017). Mechanical ventilation was used in 75 patients and 
high flow nasal oxygen therapy in 1 patient. Extracorporeal membrane oxygenation (ECMO) was used in 7 patients 
(6 survived), and extracorporeal carbon dioxide removal  (ECCO2R) in 2 (1 survived). The prone position was used in 16 
patients. In addition, other pathogens were detected in the airways on admittance to the ICU.

Conclusion: A substantial number of influenza infections occurred in the autumn–winter season of 2018/2019 that 
required costly treatment in the intensive care units. Upon admission to the ICU, influenza patients had a high degree 
of organ failure as assessed by the SOFA score, and the mortality rate was 44.7%. Advanced extracorporeal respiratory 
techniques offer real survival opportunities to patients with severe influenza‑related ARDS. The presence of coinfec‑
tion should be considered in patients with influenza and respiratory failure.
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Background
Each year influenza activity in Europe is high in the 
autumn and winter months. A significant part of the pop-
ulation is affected by symptomatic viral infections with 
impact on public health and the economy. Although most 
influenza infections are mild, about 2% of cases require 
hospitalization and up to 10% of hospitalized influenza 
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patients may need admission to the intensive care unit 
(ICU), mostly because of respiratory distress [1, 2]. In 
those with the most severe respiratory failure the use of 
extracorporeal techniques of respiratory support is war-
ranted [3]. In Poland the annual number of influenza 
cases has been increasing in recent years and reached 
5.2  million cases in 2018 [4]. Despite a 15% lower inci-
dence of influenza in the 2018/2019 season, the reported 
mortality was much higher than in previous years [4]. 
The most serious cases need admittance to the ICU, yet 
little is known about the number of such cases and the 
use of extracorporeal respiratory support in this patient 
population.

In the present study, we investigated the incidence of 
influenza in patients with respiratory failure admitted to 
adult intensive care units in two administrative regions 
of Poland, the Lower Silesia and Opole voivodeships, in 
the autumn–winter season of 2018/2019. Additionally, 
we investigated the outcome, the method of respiratory 
support used, and the presence of other pathogens in the 
airways on admittance to the ICU.

Methods
Study design and population
A retrospective, multicenter, observational survey was 
conducted in accredited intensive care units in two 
administrative regions of Poland. The study was approved 
by the Wroclaw Medical University Bioethics Commit-
tee (Decision No. KB—552/2019) and was conducted 
in accordance with the Declaration of Helsinki. Patient 
identification was established on an anonymized basis, 
and informed consent was not considered necessary due 
to the non-interventional nature of the study. The survey 
was distributed via e-mail to ICUs in the Lower Silesia 
(n = 26) and Opole voivodeships (n = 7), for all ICUs reg-
istered by the National Health Fund in these administra-
tive regions. All ICUs (n = 33) were located in different 
hospitals, and all of them were mixed-type ICUs. Twenty 
units were teaching ICUs and 13 were non-teaching 
ICUs. Two of the teaching ICUs were located in uni-
versity hospitals. The total bed capacity of the units was 
255 beds. Participation in the survey was voluntary. Sup-
plementary characteristics of participating ICUs are 
included in Additional file 1: Appendix S1.

The survey concerned adult patients (≥ 18 years) with 
confirmed influenza and respiratory failure admitted to 
the ICUs between 1 November 2018 and 31 March 2019, 
when most (97%) of laboratory confirmed influenza cases 
in the general population occurred, according to the 
National Institute of Public Health–National Institute of 
Hygiene (NIH) reports [4]. Survey was completed after 
the patients were discharged from the ICU. Investiga-
tors included in the study all patients with a confirmed 

influenza infection. Standard methods based on real-
time polymerase chain reaction (RT-PCR) testing, rapid 
antigen tests and immunoassays described in the recom-
mendations of the Centers for Disease Control and Pre-
vention (CDC) were used depending on availability in the 
participating hospitals [5].

Data collection
The survey comprised questions related to demographic 
information (age, gender), the type of the influenza virus 
detected, the sequential organ failure assessment (SOFA) 
score on admittance to the ICU, the method of respira-
tory support used, and the outcome (survived, not sur-
vived). Questions were also asked concerning other 
pathogens detected in the airways and testing for Asper-
gillus spp. (galactomannan assay, and culture). Data on 
positive influenza test results were also collected for all 
patients admitted to the surveyed hospitals during the 
studied period. Investigators were contacted for missing 
data, if needed.

The full version of the questionnaire is reported in 
Additional file 1: Appendix S2.

Statistical analysis
The data were analyzed with Statistica 12 (StatSoft. Inc. 
Tulsa, USA). Continuous variables are presented as 
medians (with the interquartile range between the 25th 
and 75th percentiles) and categorical variables are pre-
sented as numbers and percentages. The distribution was 
not normal based on the Shapiro–Wilk test; therefore, 
statistical analysis was performed using a non-parametric 
test. The Mann–Whitney U test was used for comparison 
of the continuous variables between survivors and non-
survivors. Categorical variables were analyzed using a 
Chi-square test. The estimated cumulative incidence rate 
of influenza-associated respiratory failure in ICU-hospi-
talizations in the studied area was expressed as cases per 
100,000 inhabitants annually. The population of the stud-
ied regions was 3.9 million inhabitants at the end of 2018, 
according to Statistics Poland (https:// stat. gov. pl). We 
assumed that the population was closed during the study 
and that the incidence of influenza-associated respiratory 
failure was negligible beyond the influenza season. 95% 
confidence intervals for the incidence rate were calcu-
lated. Statistical significance was considered for p < 0.05.

Results
Influenza in ICU
Surveys were received from all 33 currently operating 
ICUs (response rate of 100%). During the study period, 
patients with respiratory failure and positive test results 
for influenza were treated in 21 out of 33 participating 
ICUs (63.6%), with a capacity of 182 beds. An influenza 
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infection was confirmed in 76 patients and the influ-
enza A/H1N1pdm09 strain was found in 40 of them. 
One patient tested positive for influenza type B virus. 34 
patients with influenza died (44.7%).

51% of patients were male and the median age was 
62 years (from 19 to 86 years). The median SOFA score 
on admittance to the ICU was 11 and was significantly 
higher in patients who died (12 vs. 10 p = 0.017) (Table 1).

All patients required invasive mechanical ventilation 
except one, where intubation was avoided by means of 
high flow nasal oxygen therapy (HFNO). Seven patients 
in three ICUs had venovenous extracorporeal membrane 

oxygenation (VV ECMO) therapy and two patients in 
two ICUs had extracorporeal carbon dioxide removal 
 (ECCO2R) therapy. Prone position ventilation was used 
in 16 patients in seven ICUs (Table 2).

We estimated the incidence rate for influenza-associ-
ated respiratory failure in ICU-hospitalizations to be 1.95 
per 100,000 person-years in the studied population (95% 
CI 1.51–2.39).

Six out of seven ECMO patients survived (mortality 
14.3%) and one out of two patients treated with  ECCO2R 
survived. In general, mortality among patients treated 
with extracorporeal respiratory support was 22.2%. 
Detailed information on ECMO and  ECCO2R patients is 
presented in Table 3.

Upon admission to the ICU, the following bacterial 
pathogens were cultured from the airways of influenza 
patients: Staphylococcus aureus, Streptococcus pneumo-
niae, Acinetobacter baumannii, Pseudomonas aeruginosa, 
Klebsiella pneumoniae, Klebsiella oxytoca, Escherichia 
coli and Mycoplasma pneumoniae. Based on the data 
provided by one university hospital, bacterial pathogens 
were found in seven (63.6%) out of 11 ICU patients with 
influenza. 36.4% of patients, for whom a multiplex PCR 
test was performed, were also positive for other viruses 
than influenza: parainfluenza virus, human coronavirus 

Table 1 Baseline patient characteristics

Data are presented as median [IQR] or N (%)

SOFA sequential organ failure assessment

Entire cohort
N = 76

Survivors
N = 42 
(55.3%)

Non-
survivors
34 (44.7%)

p value

Age, years 62 (52–74) 62 (50–72) 66 (57–78) 0.251

Gender, male 
(%)

51 48 53 0.691

SOFA score 11 (9–12) 10 (8–12) 12 (9–14) 0.017

Table 2 Types of influenza virus and respiratory support in patients admitted to the ICU during 2018/2019 influenza season

Detailed information for subtype A/H1N1pdm09 and prone-position ventilation was not included in the survey

IMV invasive mechanical ventilation, HFNO high-flow nasal oxygen, ECMO extracorporeal membrane oxygenation, ECCO2R extracorporeal carbon dioxide removal, ICU 
intensive care unit
a % of type A, not all influenza A viruses were subtyped

Parameter Patients with influenza

Entire cohort Survivors Non-survivors

Influenza virus n (%) 76 (100) 42 (55.3) 34 (44.7)

Type A 75 (98.6) 41 34

 Subtype A/H1N1pdm09, n (% of A) 40 (53.3)a

Type B 1 (1.3) 1 0

Respiratory support, n (%)

 Use of IMV 75 (98.7) 41 34

 Use of HFNO 1 (1.3) 1 0

 Prone‑position ventilation 16 (21)

 Use of ECMO 7 (9.2) 6 1

 Use of  ECCO2R 2 (2.6) 1 1

Table 3 Characteristics of patients treated with ECMO or  ECCO2R

SOFA sequential organ failure assessment, ECMO extracorporeal membrane oxygenation, ECCO2R extracorporeal carbon dioxide removal

Total number Gender, male (%) Age, years, mean 
(range)

SOFA score, median 
(range)

Survivors, n (%)

ECMO 7 6 (87.7) 47.4 (19–62) 12 (9–13) 6 (85.7)

ECCO2R 2 2 (100) 60 (51–69) 8 (8) 1 (50)
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229E and respiratory syncytial virus. In one ICU galac-
tomannan tests were also performed on admittance 
and they were positive in two (18%) out of 11 influenza 
patients. Aspergillus fumigatus was cultured from the 
bronchial aspirates in those patients.

Influenza in hospitals
Certified tests routinely employed for influenza diag-
nostics were used. In 15 hospitals influenza tests were 
performed at the hospital-based laboratory, where rapid 
antigen tests and immunoassays were most commonly 
performed. Influenza type A was detected in 544 (95.8%) 
hospitalized patients and type B in 24 (4.2%). The subtype 
A/H1N1pdm09 was detected in 241 patients, but not all 
influenza A viruses were subtyped (Table  4). The num-
ber of confirmed influenza infections (200 patients) was 
much higher in the hospital with the laboratory capacity 
to perform a molecular assay with multiplex PCR. In this 
hospital the influenza A/H1N1pdm09 virus was detected 
in 152 patients (76%) and 11 of them (5.5%) were treated 
in the ICU.

Discussion
We report the results of this survey that enrolled all ICUs 
in two neighbouring voivodeships in south-west Poland 
with a population of 3.9 million inhabitants, accounting 
for 10% of the entire population of Poland. The majority 
of ICUs (63.6%) reported patients with laboratory con-
firmed influenza during the 2018/2019 season. In the 
period from 1 November 2018 to 31 March 2019 there 
were a total of 76 influenza patients treated in 21 ICUs, a 
number that posed a significant burden to the combined 
182 bed capacity of those units. The mean age (62 years) 
and mortality (44.7%) of these patients did not differ from 
the average age and mortality of patients in all ICUs in 
Poland (63.1 years and 42%, respectively) [6] and mortal-
ity is consistent with the SOFA score predicted mortality 
[7]. The median SOFA score of 11 indicates dysfunction/
failure of at least three organs, which predicts mortality 
of more than 40%, as determined in a retrospective study 
by Bingold on 23,795 patients [8]. In a study by Beumer 
et al., the ICU mortality of influenza patients was 38%, as 

compared to 44.7% in our study, but their patients were 
younger than the patients in our study (the mean age was 
53 years, vs 62 years, respectively), as 16% of the patients 
were pediatric patients [2]. A high mortality rate of 36% 
in mechanically ventilated influenza ICU cases was also 
reported by Ludwig et al. in a study based on large, Ger-
man healthcare-claim data from 2017–2019 [9].

The incidence rate of influenza-associated acute res-
piratory failure found in our study was high and indicates 
that influenza can be an important contributor to respir-
atory failure hospitalization. In a cohort study from 2003 
through 2009 using large hospitalization databases and 
influenza surveillance data for Arizona, California, and 
Washington the incidence of influenza-associated acute 
respiratory failure was 2.7 per 100,000 person-years [10], 
slightly higher than was found in our study. The incidence 
rate of influenza-associated respiratory failure found in 
our study could be underestimated compared with the 
rest of Poland, as the incidence of influenza and the num-
ber of hospitalizations of influenza cases in the general 
population in Poland is 50% higher [11].

The result of our survey shows that there were 34 
deaths of patients with laboratory confirmed influenza 
in the ICUs in the studied regions. According to the 
National Institute of Public Health–National Institute 
of Hygiene (NIH) reports, during the 2018/2019 sea-
son the number of influenza and influenza-like infec-
tions in Poland was 4.5 million and the number of deaths 
with laboratory confirmed influenza was 150 (0.003%), 
compared to 5.4  million and 47 in the previous season, 
respectively [4]. Only 10 out of 150 deaths with labora-
tory confirmed influenza were reported by the NIH in 
the Lower Silesia and Opole voivodeships, a number 
that contradicts the 34 deaths found in our survey, indi-
cating that the total number of influenza deaths in the 
population is markedly underreported and might be at 
least three times higher, notably considering that only 
ICU patients were enrolled in the survey. Underestima-
tion as a consequence of undercoding of hospitalized 
influenza cases is a recognized shortcoming of influenza 
surveillance systems reported also by others [12, 13]. 
The number of deaths was the highest since the influ-
enza pandemics in 2009 and might be attributed to the 
high prevalence of the A/H1N1 influenza strain in the 
2018/2019 season, responsible for 77.5% of all infections 
[4]. Since there are no data available about the mortal-
ity of patients with influenza in Polish ICUs, the results 
of our survey fill an important gap in knowledge about 
influenza epidemiology.

The NIH reports show that during the 2018/2019 
influenza season the dominant strain in Poland was A/
H1N1pdm09. Indeed, in two tertiary hospitals in which 
molecular tests were routinely performed, 20 out of 23 

Table 4 Number of influenza patients in intensive care units 
(ICUs) and hospitals with regard to the type of virus detected

Data from 21 ICUs and 15 hospitals
a Not all influenza A viruses were subtyped

Type of virus ICUs
n = 76

Hospitals
n = 568

Aa, n (%) 35 (46) 303 (53.4)

 A/H1N1pdm09, n (%) 40 (52.7) 241 (42.4)

B, n (%) 1 (1.3) 24 (4.2)
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patients admitted to the ICUs who tested positive for 
influenza had the A/H1N1pdm09 influenza strain. Out of 
all the 76 ICU patients with influenza, only one had type 
B influenza.

In all patients invasive mechanical ventilation (IMV) 
was used, except one, where intubation was avoided by 
means of high flow nasal oxygen therapy (HFNO). The 
limited use of HFNO in the surveyed cohort might be due 
to low availability of HFNO equipment in 2019. HFNO 
may be an effective alternative to intubation in selected 
patients, as it provides the PEEP effect, improves oxy-
genation, reduces  CO2 rebreathing and minute ventila-
tion and decreases the effort of breathing [14]. In patients 
in the FLORALI trial with  PaO2:FiO2 ratio ≤ 200 the rate 
of intubation was significantly lower in the HFNO group 
[15].

Influenza pneumonia can rapidly progress into life-
threatening respiratory failure. In patients with refrac-
tory hypoxemia, despite invasive mechanical ventilation, 
a number of rescue therapies is available. Ventilation in 
the prone position in cases of moderate-to-severe ARDS 
is associated with reduced mortality and is currently rec-
ommended [16]. This maneuver was used in as high as 
21% of mechanically ventilated influenza patients in our 
study and a similar rate was reported by other research-
ers [2, 17, 18]. Extracorporeal therapies provide sub-
stantial support to gas exchange in native lungs, thus 
facilitating protective lung ventilation and reducing the 
risk of ventilator-induced lung injury. ECMO is a com-
plex and resource-demanding technique with availabil-
ity limited to selected centers; nevertheless, 9.2% of IMV 
patients in our study received ECMO, which is consistent 
with data from a large German study that reports ECMO 
treatment in 7% of mechanically ventilated patients with 
influenza [9]. Only one patient died in the ECMO group. 
The low mortality of patients treated with ECMO in our 
study can probably be attributed to lower age compared 
to other patients, even though there were higher SOFA 
scores. Of note was the unexpectedly high prevalence of 
male patients (88.9%) in the group treated with extracor-
poreal techniques, lending support to the observation 
that female sex is a protective factor against the develop-
ment of severe ARDS [19], although this is not in agree-
ment with other studies [20]. ECMO is used as a rescue 
therapy in refractory severe respiratory failure and is 
associated with better outcome in influenza patients 
according to predictive survival models [3], which proved 
true in our study as well.

Influenza is known to predispose the host to second-
ary bacterial, viral or fungal infections [21–23]. In a 
multicenter study in Spain the rate of bacterial coinfec-
tions was reported to be 15 to 21% in influenza patients 

admitted to the ICU [17] and coinfections were evident 
in 55.6% of ICU-admitted patients in a study by Beumer 
et al. from the Netherlands [2]. Bacterial coinfection is 
also known to occur in 30 to 50% of adults with viral 
community-acquired pneumonia (CAP) [24]. Our sur-
vey shows that several bacterial pathogens, both Gram-
positive and Gram-negative, were found in the airways 
of influenza patients admitted to the ICU.

A parainfluenza virus, coronavirus and respiratory 
syncytial virus were found along with the influenza 
virus in four out of 11 patients in the ICU where a mul-
tiplex PCR test was routinely performed. Three out of 
four of those patients died, possibly due to severe other 
co-morbidities. The significance of detecting other 
viruses along with an influenza virus is debatable. A 
positive association was found between influenza A/
H1N1pdm09 and other viruses and the risk of hospi-
talisation, although without statistical significance in 
the Goka et al. study [25]. Marcos et al. reported longer 
hospitalisation of patients with an A/H1N1pdm09 
infection and coinfection with other respiratory viruses 
[26].

The galactomannan test was performed in only one 
ICU. It was positive in two patients and the result was 
confirmed by a culture of the bronchial aspirate. Both 
patients received antifungal treatment. Influenza is a 
known factor predisposing the host to aspergillosis by 
breaking the bronchial mucosa, affecting mucociliary 
clearance, stimulating the secretion of interleukins and 
changing the Th1/Th2 balance [27]. A high rate of pul-
monary aspergillosis in patients with severe influenza 
admitted to the ICU was diagnosed in a group of 432 
patients in a multicenter cohort study by the Dutch-
Belgian Mycosis Study Group [22].

Strengths and limitations of the study
The study included only adult patients and the results 
do not apply to pediatric populations. Participating 
hospitals were not homogenous, patient management 
was not standardized and there were variations in the 
level of care and diagnostic modalities between centers. 
Due to the voluntary participation of hospitals some 
answers were incomplete; in particular, the SOFA score 
was missing from two ICUs (five patients).

The results of our study likely underestimate the inci-
dence of influenza-associated respiratory failure in the 
general population of Poland, which in fact might be 
slightly higher. There is an urgent need to establish a 
national intensive care registry in Poland, which would 
acquire knowledge and provide data for comparison.

The study reflects the real life situation of the prev-
alence of influenza in ICUs in Poland. The results of 
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the survey were obtained from all ICUs in the studied 
regions and hospitals of all levels of care were included.

Conclusion
This study provides important information about the 
incidence of influenza in ICU patients in Poland. A 
substantial number of influenza infections occurred in 
the autumn–winter season of 2018/2019 that required 
costly treatment in the intensive care units. Upon 
admission to the ICU, influenza patients had a high 
incidence of organ failure, reflected by a high SOFA 
score, and the mortality rate was 44.7%. Advanced 
extracorporeal respiratory techniques offer real survival 
opportunities to patients with severe influenza-related 
ARDS. The presence of coinfection should be consid-
ered in patients admitted to the ICU with influenza and 
respiratory failure.

Abbreviations
ARDS: Acute respiratory distress syndrome; ECCO2R: Extracorporeal carbon 
dioxide removal; ECMO: Extracorporeal membrane oxygenation; HFNO: High 
flow nasal oxygen; ICU: Intensive care unit; IMV: Invasive mechanical ventila‑
tion; NIH: National Institute of Hygiene; PCR: Polymerase chain reaction; PEEP: 
Positive end‑expiratory pressure; SOFA: Sequential organ failure assessment 
score.

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s12879‑ 021‑ 06672‑w.

Additional file 1:  Appendix S1: Brief characteristics of participating ICUs. 
Appendix S2: Survey on patients with confirmed influenza and respira‑
tory failure treated in intensive care units in the period from 1 November 
2018 to 31 March 2019. Appendix S3: List of collaborators.

Acknowledgements
We thank all collaborators in participating ICUs for their collaboration in the 
survey (full list of collaborators is included in Additional file 1: Appendix S3).

Authors’ contributions
JS and ML‑G designed the study, JS, BB‑G, JB and ML‑G participated in data 
collection, JS, BA, WG and ML‑G performed analyses and interpretation of data, 
JS and BA wrote the manuscript, BB‑G and JB participated in revision of the 
manuscript. All authors read and approved the final manuscript.

Funding
This research did not receive any specific grant from funding agencies in the 
public, commercial, or not‑for‑profit sectors.

Availability of data and materials
The datasets used and/or analysed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
The study was approved by the Wroclaw Medical University Bioethics Com‑
mittee (Decision No. KB—552/2019) and was conducted in accordance 
with the Declaration of Helsinki. Patient identification was established on an 

anonymized basis, and informed consent was not considered necessary due 
to the non‑interventional nature of the study.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1 Department of Anaesthesiology and Intensive Therapy, Wroclaw Medical 
University, Borowska 213, 50‑556 Wrocław, Poland. 2 Department of Anaes‑
thesiology and Intensive Therapy, Provincial Hospital in Opole, Kosnego 53, 
46‑020 Opole, Poland. 3 Department of Anaesthesiology and Intensive Therapy, 
4th Military Hospital of Wroclaw, Weigla 5, 50‑981 Wrocław, Poland. 

Received: 12 April 2021   Accepted: 26 August 2021

References
 1. Centers for Disease Control and Prevention. Estimated influenza 

illnesses, medical visits, hospitalizations, and deaths in the United 
States—2017–2018 influenza season. https:// www. cdc. gov/ flu/ about/ 
burden/ 2017‑ 2018. htm. Accessed 24 Oct 2019.

 2. Beumer MC, Koch RM, van Beuningen D, OudeLashof AM, van de Veer‑
donk FL, Kolwijck E, et al. Influenza virus and factors that are associated 
with ICU admission, pulmonary co‑infections and ICU mortality. J Crit 
Care. 2019;50:59–65. https:// doi. org/ 10. 1016/j. jcrc. 2018. 11. 013.

 3. Rozencwajg S, Pilcher D, Combes A, Schmidt M. Outcomes and survival 
prediction models for severe adult acute respiratory distress syn‑
drome treated with extracorporeal membrane oxygenation. Crit Care. 
2016;20:392. https:// doi. org/ 10. 1186/ s13054‑ 016‑ 1568‑y.

 4. National Institute of Public Health–National Institute of Hygiene. Influ‑
enza and influenza‑like illness in Poland. http:// wwwold. pzh. gov. pl/ oldpa 
ge/ epime ld/ grypa/ aindex. htm. Accessed 24 Oct 2019.

 5. Centers for Disease Control and Prevention. Overview of influenza testing 
methods. https:// www. cdc. gov/ flu/ profe ssion als/ diagn osis/ overv iew‑ 
testi ng‑ metho ds. htm. Accessed 6 July 2021.

 6. Weigl W, Adamski J, Goryński P, Kański A, Hultström M. ICU mortality and 
variables associated with ICU survival in Poland: a nationwide database 
study. Eur J Anaesthesiol. 2018;35:949–54. https:// doi. org/ 10. 1097/ EJA. 
00000 00000 000889.

 7. Ferreira FL, Bota DP, Bross A, Mélot C, Vincent JL. Serial evaluation 
of the SOFA score to predict outcome in critically ill patients. JAMA. 
2001;286:1754–8. https:// doi. org/ 10. 1001/ jama. 286. 14. 1754.

 8. Bingold TM, Lefering R, Zacharowski K, Meybohm P, Waydhas C, Rosen‑
berger P, Scheller B, DIVI Intensive Care Registry Group. Individual organ 
failure and concomitant risk of mortality differs according to the type of 
admission to ICU—a retrospective study of SOFA score of 23,795 patients. 
PLoS ONE. 2015;10:e0134329. https:// doi. org/ 10. 1371/ journ al. pone. 01343 
29.

 9. Ludwig M, Jacob J, Basedow F, Andersohn F, Walker J. Clinical outcomes 
and characteristics of patients hospitalized for influenza or COVID‑19 in 
Germany. Int J Infect Dis. 2021;103:316–22. https:// doi. org/ 10. 1016/j. ijid. 
2020. 11. 204.

 10. Ortiz JR, Neuzil KM, Rue TC, Zhou H, Shay DK, Cheng PY, et al. Population‑
based incidence estimates of influenza‑associated respiratory failure 
hospitalizations, 2003 to 2009. Am J Respir Crit Care Med. 2013;188:710–5. 
https:// doi. org/ 10. 1164/ rccm. 201212‑ 2341OC.

 11. National Institute of Public Health–National Institute of Hygiene. Infec‑
tious diseases and poisonings in Poland in 2019. http:// wwwold. pzh. gov. 
pl/ oldpa ge/ epime ld/ 2019/ Ch_ 2019. pdf. Accessed 6 July 2021.

 12. Ortiz JR, Neuzil KM, Cooke CR, Neradilek MB, Goss CH, Shay DK. Influenza 
pneumonia surveillance among hospitalized adults may underestimate 
the burden of severe influenza disease. PLoS ONE. 2014;9:e113903. 
https:// doi. org/ 10. 1371/ journ al. pone. 01139 03.

 13. Ortiz JR, Neuzil KM, Shay DK, Rue TC, Neradilek MB, Zhou H, Sey‑
mour CW, Hooper LG, Cheng PY, Goss CH, Cooke CR. The burden of 

https://doi.org/10.1186/s12879-021-06672-w
https://doi.org/10.1186/s12879-021-06672-w
https://www.cdc.gov/flu/about/burden/2017-2018.htm
https://www.cdc.gov/flu/about/burden/2017-2018.htm
https://doi.org/10.1016/j.jcrc.2018.11.013
https://doi.org/10.1186/s13054-016-1568-y
http://wwwold.pzh.gov.pl/oldpage/epimeld/grypa/aindex.htm
http://wwwold.pzh.gov.pl/oldpage/epimeld/grypa/aindex.htm
https://www.cdc.gov/flu/professionals/diagnosis/overview-testing-methods.htm
https://www.cdc.gov/flu/professionals/diagnosis/overview-testing-methods.htm
https://doi.org/10.1097/EJA.0000000000000889
https://doi.org/10.1097/EJA.0000000000000889
https://doi.org/10.1001/jama.286.14.1754
https://doi.org/10.1371/journal.pone.0134329
https://doi.org/10.1371/journal.pone.0134329
https://doi.org/10.1016/j.ijid.2020.11.204
https://doi.org/10.1016/j.ijid.2020.11.204
https://doi.org/10.1164/rccm.201212-2341OC
http://wwwold.pzh.gov.pl/oldpage/epimeld/2019/Ch_2019.pdf
http://wwwold.pzh.gov.pl/oldpage/epimeld/2019/Ch_2019.pdf
https://doi.org/10.1371/journal.pone.0113903


Page 7 of 7Smiechowicz et al. BMC Infect Dis          (2021) 21:954  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

influenza‑associated critical illness hospitalizations. Crit Care Med. 
2014;42:2325–32. https:// doi. org/ 10. 1097/ CCM. 00000 00000 000545.

 14. Delorme M, Bouchard PA, Simon M, Simard S, Lellouche F. Effects of high‑
flow nasal cannula on the work of breathing in patients recovering from 
acute respiratory failure. Crit Care Med. 2017;45:1981–8. https:// doi. org/ 
10. 1097/ CCM. 00000 00000 002693.

 15. Frat JP, Thille AW, Mercat A, Girault C, Ragot S, Perbet S, FLORALI Study 
Group, REVA Network, et al. High‑flow oxygen through nasal cannula in 
acute hypoxemic respiratory failure. N Engl J Med. 2015;372:2185–96. 
https:// doi. org/ 10. 1056/ NEJMo a1503 326.

 16. Thompson BT, Chambers RC, Liu KD. Acute respiratory distress syndrome. 
N Engl J Med. 2017;377:562–72. https:// doi. org/ 10. 1056/ NEJMr a1608 077.

 17. Marin‑Corral J, Climent C, Muñoz R, Samper M, Dot I, Vilà C, en represen‑
tacion del Grupo de Trabajo H1N1 GETGAG SEMICYUC, et al. Patients with 
influenza A (H1N1)pdm09 admitted to the ICU. Impact of the recommen‑
dations of the SEMICYUC. Med Intensiva. 2018;42:473–81. https:// doi. org/ 
10. 1016/j. medin. 2018. 02. 002.

 18. Nin N, Soto L, Hurtado J, Lorente JA, Buroni M, Arancibia F, et al. Clinical 
characteristics and outcomes of patients with 2009 influenza A(H1N1) 
virus infection with respiratory failure requiring mechanical ventilation. J 
Crit Care. 2011;26:186–92. https:// doi. org/ 10. 1016/j. jcrc. 2010. 05. 031.

 19. Bonmarin I, Belchior E, Bergounioux J, Brun‑Buisson C, Megarbane B, 
Chappert J, et al. Intensive care unit surveillance of influenza infection in 
France: the 2009/10 pandemic and the three subsequent seasons. Euro 
Surveill. 2015. https:// doi. org/ 10. 2807/ 1560‑ 7917. ES. 2015. 20. 46. 30066.

 20. Sukhal S, Sethi J, Ganesh M, Villablanca PA, Malhotra AK, Ramakrishna 
H. Extracorporeal membrane oxygenation in severe influenza infection 
with respiratory failure: a systematic review and meta‑analysis. Ann Card 
Anaesth. 2017;20:14–21. https:// doi. org/ 10. 4103/ 0971‑ 9784. 197820.

 21. Martin‑Loeches I, van Someren GF, Schultz MJ. Bacterial pneumonia as an 
influenza complication. Curr Opin Infect Dis. 2017;30:201–7. https:// doi. 
org/ 10. 1097/ QCO. 00000 00000 000347.

 22. Schauwvlieghe AFAD, Rijnders BJA, Philips N, Verwijs R, Vanderbeke L, Van 
Tienen C, Dutch‑Belgian Mycosis study group, et al. Invasive aspergillosis 
in patients admitted to the intensive care unit with severe influenza: a 
retrospective cohort study. Lancet Respir Med. 2018;6:782–92. https:// doi. 
org/ 10. 1016/ S2213‑ 2600(18) 30274‑1.

 23. Joseph C, Togawa Y, Shindo N. Bacterial and viral infections associated 
with influenza. Influenza Other Respir Viruses. 2013;7(Suppl 2):105–13. 
https:// doi. org/ 10. 1111/ irv. 12089.

 24. Kalil AC, Thomas PG. Influenza virus‑related critical illness: pathophysiol‑
ogy and epidemiology. Crit Care. 2019;23:258. https:// doi. org/ 10. 1186/ 
s13054‑ 019‑ 2539‑x.

 25. Goka E, Vallely P, Mutton K, Klapper P. Influenza A viruses dual and mul‑
tiple infections with other respiratory viruses and risk of hospitalisation 
and mortality. Influenza Other Respir Viruses. 2013;7:1079–87. https:// doi. 
org/ 10. 1111/ irv. 12020.

 26. Marcos MA, Ramón S, Antón A, Martinez E, Vilella A, Olivé V, et al. Clinical 
relevance of mixed respiratory viral infections in adults with influenza A 
H1N1. Eur Respir J. 2011;38:739–42. https:// doi. org/ 10. 1183/ 09031 936. 
00168 610.

 27. Shah MM, Hsiao EI, Kirsch CM, Gohil A, Narasimhan S, Stevens DA. Inva‑
sive pulmonary aspergillosis and influenza co‑infection in immunocom‑
petent hosts: case reports and review of the literature. Diagn Microbiol 
Infect Dis. 2018;91:147–52. https:// doi. org/ 10. 1016/j. diagm icrob io. 2018. 
01. 014.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

https://doi.org/10.1097/CCM.0000000000000545
https://doi.org/10.1097/CCM.0000000000002693
https://doi.org/10.1097/CCM.0000000000002693
https://doi.org/10.1056/NEJMoa1503326
https://doi.org/10.1056/NEJMra1608077
https://doi.org/10.1016/j.medin.2018.02.002
https://doi.org/10.1016/j.medin.2018.02.002
https://doi.org/10.1016/j.jcrc.2010.05.031
https://doi.org/10.2807/1560-7917.ES.2015.20.46.30066
https://doi.org/10.4103/0971-9784.197820
https://doi.org/10.1097/QCO.0000000000000347
https://doi.org/10.1097/QCO.0000000000000347
https://doi.org/10.1016/S2213-2600(18)30274-1
https://doi.org/10.1016/S2213-2600(18)30274-1
https://doi.org/10.1111/irv.12089
https://doi.org/10.1186/s13054-019-2539-x
https://doi.org/10.1186/s13054-019-2539-x
https://doi.org/10.1111/irv.12020
https://doi.org/10.1111/irv.12020
https://doi.org/10.1183/09031936.00168610
https://doi.org/10.1183/09031936.00168610
https://doi.org/10.1016/j.diagmicrobio.2018.01.014
https://doi.org/10.1016/j.diagmicrobio.2018.01.014

	Influenza in patients with respiratory failure admitted to intensive care units in Poland and the use of extracorporeal respiratory support: a survey-based multicenter study
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Methods
	Study design and population
	Data collection
	Statistical analysis

	Results
	Influenza in ICU
	Influenza in hospitals

	Discussion
	Strengths and limitations of the study
	Conclusion
	Acknowledgements
	References


