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ABSTRACT 
 
Co-infection frequency and impact among influenza-associated acute respiratory 

distress syndrome (ARDS) patients requiring extracorporeal membrane oxygenation 

(ECMO) are not known. This retrospective, observational analysis concerned data 

prospectively collected from patients admitted to our medical intensive care unit 

(ICU) who received ECMO support for influenza-associated ARDS between 2009 

and 2016. Co-infection was defined as occurring within 48 hours following ICU 

admission.  Among the 77 ARDS patients requiring ECMO support, 39 (51%) 

developed co-infections, with Staphylococcus aureus (18 (46%) of the co-infected) 

being the most prevalent pathogen. Panton–Valentin leukocidin (PVL)-producing S. 

aureus was isolated from ten patients (56% of S. aureus co-infections and 26% of all 

co-infections). Except for body mass index, initial disease severity and antibiotic 

treatment prior to admission, patients with co-infection were comparable to those 

without. Co-infection was associated with higher in-ICU mortality (62% vs. 29% 

without; p=0.006), and, on day 60, (median [interquartile range]) fewer ECMO-free 

days (0 [0–19] vs. 23 [0–46]; p=0.004) and fewer mechanical ventilation-free days (0 

[0–0] vs. 6 [0–35]; p=0.003). Multivariable analyses retained age >49 years, pre-

ECMO Simplified Acute Physiology Score II >70 and co-infection as independent 

predictors of hospital mortality. In conclusion, co-infection is frequent in ECMO-

treated patients with influenza-associated ARDS, affecting ∼50% of them, and is 

independently associated with poor outcome. S. aureus was the most frequently 

identified pathogen, with a high rate of PVL-positive S. aureus. Whether specific 

therapy targeting PVL-producing S. aureus should be given remains to be determined. 
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1. Introduction 

 

 Extracorporeal membrane oxygenation (ECMO) is a therapeutic option for severe 

acute respiratory distress syndrome (ARDS) refractory to conventional treatment 

[1,2]. Mortality of patients with influenza-associated ARDS requiring ECMO is lower 

than that for patients with ARDS of other causes [3] and survivors’ long-term 

outcomes are relatively good [4–6]. Thus, these patients are considered privileged 

candidates for early ECMO initiation. Nevertheless, their mortality remains high, 

ranging between 35% and 45% [3,7]. Their specific risk factors for death are still 

debated; particularly, the role of bacterial and/or fungal co-infection remains 

uncertain [8]. Although a recent large study found co-infection to be associated with 

increased risk of death for patients with influenza-associated pneumonia [9], data for 

severe influenza-associated ARDS requiring ECMO are lacking. Therefore, we 

undertook this study to describe the frequency of microbial co-infections patients 

admitted to our intensive care unit (ICU) for influenza-related ARDS requiring 

ECMO, and their clinical features, risk factors for mortality and outcomes, 

hypothesizing that initial co-infection would increase their morbidity and mortality.  

 

2. Methods 

 

2.1 Population 

 

 All patients admitted to our 26-bed, tertiary-care ICU from 2009 to 2016 who 

received ECMO support for influenza-associated ARDS were included. ARDS was 

defined as “influenza-associated” when the following criteria were met: 1) seasonal 



 
 

epidemic; 2) compatible symptoms (i.e., fever, cough, shortness of breath and 

myalgias); 3) influenza infection confirmed by positive reverse-transcriptase 

polymerase chain reaction on a nasal swab or lung secretion sample (tracheal aspirate  

(TA), bronchoalveolar lavage (BAL), and 4) ARDS satisfying the Berlin criteria, i.e., 

onset <7 days, bilateral radiological opacities and respiratory failure with partial 

oxygen pressure in arterial blood/fraction of inspired oxygen ratio 

(PaO2/FIO2) <300 mm Hg with positive end-expiratory pressure (PEEP) >5 cm H2O 

not fully explained by cardiac failure or fluid overload [10]. Venovenous-ECMO 

(VV-ECMO) was implanted according to international recommendations [2,11] in the 

case of sustained refractory hypoxemia (PaO2/FIO2 <80 mm Hg), uncompensated 

hypercapnia (pH <7.15) and/or impossibility to maintain a protective-lung ventilation 

strategy (i.e., high end-inspiratory plateau pressure >30 cm H2O despite optimal 

mechanical ventilation settings). Venoarterial (VA)- or venoarterialvenous (VAV)-

ECMO was initiated for ARDS associated with right ventricular dysfunction, 

uncontrolled septic shock with high-dose catecholamines or myocarditis. Patients 

with influenza-related myocarditis without ARDS criteria were excluded. 

 

2.2 Ventilatory management during ECMO support 

 

 During ECMO, an ultraprotective ventilation strategy was applied: the airway 

pressure-release ventilation (APRV) mode was used, with the upper and lower 

pressure levels set, respectively, at 24 and 12 cmH2O. Respiratory rate was initially 

set at 20 breaths/min, then adjusted according to blood gases and ECMO settings. 

ECMO parameters (FIO2 and sweep-gas flow) were set to obtain pulse-oximetry–

measured peripheral blood-oxygen saturation >88%  (or PaO2 >60 mmHg) and 



 
 

PaCO2 between 36 and 44 mmHg [12]. Neuromuscular blockade was continued, if 

needed (decided by the treating physician), for 48 hours. ECMO weaning followed 

the Extracorporeal Life Support Organization protocol: sweep-gas flow on ECMO 

membrane was set at 0 L/min during 24 hours, with APRV mode maintained or 

switched to volume-controlled mode and tidal volume set at 6 mL/kg of predicted 

body weight. If the patient tolerated this ventilation strategy, with no increase of 

plateau pressure >30 cmH2O, and blood gases showed normocapnia and PaO2/ FIO2 

>80 mmHg, ECMO was removed. Once ECMO was withdrawn, mechanical 

ventilation (MV) was pursued with a protective ventilation strategy and daily sedation 

assessment according to our sedation protocol. 

 

2.3 Co-infection definitions 

 

 Co-infection was defined as occurring within 48 hours following ICU admission. 

Bacterial co-infection required one of the following criteria: 1) lung-secretion–sample 

culture positive (i.e. >105 CFU/mL for TA and >104 CFU/mL for BAL) for a bacterial 

pathogen; 2) blood culture positive for a known pneumonia-causing agent (e.g., 

Streptococcus pneumonia, Staphylococcus aureus, …) or 3) serology/blood-antibody 

test positive (i.e., IgM detection or four-fold IgG increase within 1 week) for a known 

pneumonia-causing pathogen (e.g., Mycoplasma pneumoniae or Legionella 

pneumophila). Fungal co-infection had to satisfy one of the following criteria: lung-

secretion–sample culture positive for fungus other than Candida species; direct lung-

secretion–sample examination positive for Pneumocystis jirovecii using 

immunofluorescence or blood sample positive for Aspergillus fumigatus antigenemia.  

 A secondary analysis was conducted on patients without bacteriologically 



 
 

confirmed co-infection who received antibiotics prior to bacteriological sampling; 

they were divided into those with a “high” or “low” probability of being co-infected. 

We then compared patients co-infected or with a high probability of co-infection vs. 

patients not infected or with low probability of co-infection (see Supplementary 

material).  

 

2.4 Data collection 

 

 The following parameters were collected: co-morbidities, Simplified Acute 

Physiology Score (SAPS) II; Sequential Organ-Failure Assessment (SOFA) score; 

pre-ECMO ARDS management, including ventilator settings, plateau pressure, 

adjuvant therapies (i.e., prone positioning, nitric oxide use, neuromuscular blockade); 

ICU length of stay; and in-hospital survival. Data were retrieved from other hospitals’ 

medical charts when ECMO had been implanted by our mobile team. ECMO 

cannulation (i.e., VV, VA or VAV configuration), duration and related complications 

were also recorded [13,14]. 

 We also retrieved relevant influenza-infection information: dates of first symptoms 

and diagnosis confirmation, influenza genotype and subtype, and when neuraminidase 

inhibitors were stared. Antibiotics given before hospital admission and at the time of 

diagnosis were also noted. 

 

2.5 Ethics  

 

 In accordance with the ethical standards of our hospitals’ institutional review board 

(Committee for the Protection of Human Subjects) and French law, informed consent 



 
 

for demographic, physiological and hospital-outcome data analyses was not required 

because this observational study did not modify existing diagnostic or therapeutic 

strategies. However, patients and/or relatives were informed of the anonymous data 

collection and told they could decline inclusion. The National Commission for 

Informatics and Liberties (CNIL) approved this study (no. 1950673). 

 

2.6 Statistical analyses 

 

 Continuous variables, expressed as mean (±standard deviation, SD) or median 

[interquartile range, IQR], were compared using Student’s t-test or Wilcoxon’s
 
rank 

test. Categorical variables, expressed as number (%), were compared with χ2 tests. 

Patients’ demographic and clinical characteristics and laboratory findings were 

examined in univariable analyses for association with hospital mortality. Continuous 

variables were transformed into categorical variables (by defining the best thresholds 

after analyzing mortality in each corresponding variable quartile). Thereafter, multiple 

logistic regression analyses using backward, stepwise variable elimination were run 

(variable exit threshold p >0.05). Factors achieving p ≤0.10 in our univariable 

analyses and parameters previously reported to be strongly associated with death were 

entered into the multivariable model. All potential explanatory variables included in 

the multivariable analyses were subjected to collinearity analysis with a correlation 

matrix. Variables associated with one another were not included in the model. Model 

goodness-of-fit was assessed with the determination coefficient (R2), with p <0.05 

defining statistical significance. Analyses were computed with Statview v5.0 (SAS 

Institute Inc., Cary, NC, USA). 

 



 
 

3. Results 

 

3.1 Study population 

 

 Among the 116 admitted to our ICU with an influenza diagnosis between October 

2009 and May 2016, 89 were implanted with ECMO and the 77 with influenza-

associated ARDS were included in this study. Twelve patients were excluded from 

the analysis: ten received VA-ECMO for acute myocarditis (no ARDS), one had 

ARDS unrelated to influenza and another nosocomial influenza diagnosed while on 

ECMO (Figure 1). Their characteristics are summarized in Table 1 and 

Supplementary Table S1. Although patients were young and had few co-

morbidities, they were severely ill, as assessed by their high initial SAPS II and 

SOFA scores. The VV-ECMO configuration was used most often (75%), with 88% 

implanted by our institution’s Mobile Circulatory Assistance Unit surgeon, at a 

median [IQR] of 2 [1–8] days between MV start and ECMO implantation. The most 

frequent ARDS rescue therapies prior to ECMO were neuromuscular blockers, nitric 

oxide and prone positioning. 

 

3.2 Co-infection 

 

 Influenza A serotype predominated, 97% being subtype 2009v(H1N1) (Table 1). 

 Thirty-nine (51%) patients developed co-infections, with S. aureus (18 patients 

[46%]) being the most common pathogen (Table 2). Panton–Valentin leukocidin 

(PVL) was isolated from ten (56%) S. aureus co-infections, representing 26% of all 

co-infections.  Among these 18 patients with S. aureus co-infection, 14 had a lung CT 



 
 

scan during their ICU stay. Three patients with PVL-positive strain and 1 with PVL-

negative strain died before this exam could be performed. Among the 14 patients with 

CT scan, necrotizing pneumonia was present in 10 patients, 6/7 (86%) PVL-positive 

and 4/7 (57%) PVL-negative (p = 0.3 for between groups comparison). 

 Compared to primary viral pneumonia, co-infected patients had lower BMIs, 

higher pre-ECMO SOFA scores and received fewer antibiotics before hospitalization 

(Table 1). No differences were observed for age, co-morbidities, ARDS management 

before and after ECMO, influenza characteristics (genotype, subtype, neuraminidase-

inhibitor use, interval between symptom onset and hospital or ICU admission) and 

ECMO management (timing of initiation, VV, VA or VAV configuration). When 

comparing patients with PVL-positive S. aureus co-infection to patients with co-

infection due to another pathogen (including PVL-negative S. aureus), no difference 

were found except that the former had shorter days from symptom onset to hospital 

admission, ICU admission and oseltamivir treatment. Their outcomes were also not 

different (Table S3, online supplement).  

  

 

3.3 Outcomes 

 

 Among the 77 patients with influenza-associated ARDS requiring ECMO, 42 

(55%) survived to hospital discharge and were alive at 1 year. Comparisons of 

survivors and non-survivors are reported in Supplementary Table S1. Univariable and 

multivariable factors associated with in-hospital death are given in Table 3. 

Multivariable analyses retained: age >49 years, ICU admission SAPS II >70 and co-

infection as independent risk factors for hospital mortality (Table 3).  



 
 

 Comparisons of the characteristics of patients with documented co-infections and 

“high” probability of co-infection versus those without or with low probability of co-

infection (see Supplementary Table S2) showed co-infection at ICU admission to be 

associated with in-hospital mortality, and our multivariable analysis retained that 

association (OR 4.0, 95% CI 1.3–11.9). Taking into account only the 45 co-infected 

and highly probable co-infected patients, the prognosis of those having received 

antibiotics  prior to ICU admission was similar to that of those not having received 

antibiotics (hospital mortality of 54 vs. 61%, respectively, p = 0.5). 

 We then compared the prognosis of the 10 patients with PVL-positive S. aureus 

co-infection to that of the 8 patients with PVL-negative S. aureus co-infection, and 

their mortality were similar (hospital mortality of 50% and 63%, respectively, p = 

0.6). 

   

 

4. Discussion 

 

 The results of this study demonstrated that co-infection of influenza-related ARDS 

patients requiring EMCO was frequent, with S. aureus being the most common 

pathogen identified. Among the latter, PVL-positive S. aureus strains were frequently 

responsible. We also found an association between co-infection and mortality, which 

had never been reported previously for influenza-associated ARDS patients requiring 

ECMO. 

 Herein, we confirmed the frequency of co-infection in severe influenza-pneumonia 

patients. In their recent large study on 2,901 ICU patients in Spain, Martin-Loeches et 

al. found a 16.6% co-infection rate [9], whereas Shah et al.’s evaluation of 507 



 
 

patients distributed in 33 American centers yielded a rate of 22.5% [15]. We report a 

higher co-infection rate than those cited above, which could be explained by multiple 

factors, e.g., that co-infection could be participating in overall disease severity, as 

previously advanced [16], the different criteria used to define co-infection, and its 

diagnosis may have been facilitated by the easier and more reliable sample collection 

on MV. Only 53% of Martin-Loeches et al.’s patients were on MV and the vast 

majority of their patients were already receiving antibiotics [9]. Therefore, some of 

their co-infected patients might have been missed and misclassified as not co-

infected.  

 Second, we confirmed the independent association of co-infection with poorer 

outcomes. Although co-infected patients received less frequently antibiotics than 

patients without co-infection, we think that co-infection directly impact prognosis. As 

a matter of fact, mortality rate of co-infected and highly probable co-infected patients 

having received antibiotics prior to admission was similar to that of patients not 

having received antibiotics prior to admission.  Although co-infection was recently 

shown to be associated with poor outcomes of ICU patients with pneumonia [9], no 

study had specifically investigated the impact of co-infection on influenza-related 

ARDS patients requiring ECMO. This point is important because those patients have 

been described as the best candidates for VV-ECMO support [17]. However, because 

survival of co-infected ECMO patients described herein was similar to those of severe 

ARDS patients [18] and previously published series (survival rates ranging from 50 to 

87%) [3,19–21], co-infection should not disqualify a patient with influenza-associated 

ARDS for ECMO-support.  

 Third, we documented a high frequency of S. aureus co-infection, which is 

unusual in France and Europe: a French study on severe influenza reported 17% S. 



 
 

aureus co-infections [22], whereas it was 11% in a recent Spanish study [9]. 

Streptococcus pneumoniae has usually been the most frequent pathogen recovered 

from European influenza co-infections, as opposed to higher S. aureus frequency in 

the US and Australia [8,9,22–24]. That difference between our findings and other 

European studies might explain the patients’ clinical pictures: those with the most 

severe bacterial co-infections, with a pathogen responsible for severe lung 

involvement and destruction, e.g., PVL-producing S. aureus, might have the most 

severe ARDS forms. PVL tropism for damaged lung epithelium is well-demonstrated 

[25], and results based on small case-series attributed fatal pneumonia to PVL [26], 

even though its pathogenicity is not clearly understood [27]. However, we did not find 

any difference in mortality nor in other outcomes between PVL-producing and non-

producing strains. This may be explained by the low number of cases in our study, or 

by the fact that mortality of these patients with very severe disease is mainly driven 

by other factors (multi-organ failure, ECMO complications…) rather than the 

pathogenicity of the bug. Awaiting larger studies on that topic to explore this 

particular point, we recommend to systematically searching for this microorganism 

and its toxins in lung samples in patients with influenza-related ARDS.  

 Our findings, together with the high P. aeruginosa rate recently reported [9], may 

have clinical implications: to date, European recommendations for severe pneumonia 

do not take into account these particular pathogens, except for specific situations, 

mainly for patients with risk factors for P. aeruginosa [28]. Although the risk of S. 

aureus community-acquired pneumonia is noted in those guidelines as a complication 

of influenza pneumonia, specific empirical treatment is not specifically 

recommended. Should our findings be confirmed by others, these pathogens should be 

considered when choosing empirical antibiotic regimens for specific patients with 



 
 

severe pneumonia during the influenza season (i.e., ARDS requiring ECMO or other 

rescue therapies), for whom direct examination of respiratory secretions yielded 

Gram-positive cocci, or whose cultures of lower respiratory tract specimens grew S. 

aureus. Perhaps these patients should be started on empirical clindamycin or 

linezolid, because they suppress PVL production. However, the association between 

the use of a toxin-suppressing agent and improved outcome has never been 

demonstrated; therefore, the impact of such a strategy remains to be determined.  

 Fourth, four patients were diagnosed with Aspergillus fumigatus co-infections. 

Wauters et al. described nine (23%) patients with invasive pulmonary aspergillosis 

complicating severe influenza [29]. In that study, all patients were 

immunocompromised or taking corticosteroids. More recently, in their retrospective 

study on 2,901 ICU influenza patients, Martin-Loeches et al. found 7.2% Aspergillus 

spp. co-infections [9]. However, the co-morbidities of those patients were not 

specifically described. Notably, three of our four patients with A. fumigatus co-

infections had no pre-existing co-morbidities and did not receive corticosteroids (the 

fourth had a solid-organ transplant). Thus, physicians should be aware of that specific 

complication of severe influenza pneumonia, even in non-immunocompromised 

patients [30]. 

Our study has several limitations. First, it is a retrospective monocenter study 

from an ECMO-referral center, thus an obvious selection bias exists and, 

consequently, our results are difficult to generalize to other centers. Nevertheless, 

ECMO management impacts outcome (volume effect) [31] and, therefore, the 

monocenter feature might rather be a strength in this setting. Second, some patients 

were exposed to antibiotics before ICU admission and might have been misclassified 

as “no co-infection”. However, analyses of patients with documented and highly 



 
 

probable co-infections vs. those without or low probability of co-infection yielded the 

same results. Third, it would have been interesting to perform molecular biology on 

lung samples to help identify pathogens and more precisely define, among patients, 

those with a co-infection vs. those without. Unfortunately, we don’t have these data 

since we don’t use this technology on a routine basis in our unit. 

 

5. Conclusions 

 

Co-infection of influenza-associated ARDS patients requiring ECMO is frequent, 

affecting more than half of them, and is independently associated with higher 

mortality. The epidemiology of pathogens responsible for co-infection seems to be 

unusual, with a high rate of PVL-producing S. aureus. It remains to be determined 

whether this pathogen should be taken into account in choosing the initial empirical 

antimicrobial regimen (use of a PVL-suppressing antibiotic), even in countries with 

low S. aureus pneumonia rates. Physicians should also be aware of the possibility of 

early aspergillosis in influenza-associated ARDS patients, even in absence of known 

risk factors. 
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Figures legend 
 
Fig. 1. Study flow chart. Abbreviations: ECMO, extracorporeal membrane 

oxygenation. VA, venoarterial. ARDS, acute respiratory distress syndrome. S. aureus, 

Staphylococcus aureus. PVL, Panton–Valentin leukocidin)  
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Supplemental analysis 

 

Methods 

 When no pathogen was isolated from a patient receiving antibiotics prior to 

bacteriological sampling, two authors (NB, MS), reviewed all charts to assess whether 

the patient had a “high” or “low” probability of having a microbial co-infection that 

might have been missed, based on available clinical, radiological and laboratory 

findings, including procalcitonin levels when dosages were available. In the case of 

disagreement between them, a third author (C-EL) arbitrated and classified the 

patient. In a secondary analysis, patients with microbiologically confirmed co-

infection were grouped with those defined as having a “high probability of co-

infection”, while those with a “low probability of co-infection” were grouped with 

patients for whom co-infection was ruled out (patients who had received no 

antibiotics before hospital admission and had negative bacterial samples). Those two 

groups were compared. 

 

Results 

 Results of those supplemental analyses of factors associated with in-hospital 

mortality grouping patients with documented co-infection and patients with high 

probability of co-infection versus those of patients not co-infected or with low 

probability of co-infection are reported in Table S2. 

 Multivariable analyses retained the following factors as being significantly 

associated with hospital mortality: age >49 years (odds ratio (OR) 5.8, 95% 



confidence interval (CI) 1.8–18.1), SAPS II >70 (OR 6.5, 95% CI 2–20.1) and 

documented or highly probable co-infection (OR 4.0, 95% CI 1.3–11.9). 



Table S1 
Main ICU admission characteristics of all ECMO-treated patients with influenza-associated 
ARDS: comparisons between hospital survivors and non-survivors  

Characteristic Survivors  
(n = 42) 

Non-survivors 
(n = 35) 

p value 

Age, years 41 [31–53] 55 [43–61] 0.0008 
Male sex 15 (36) 23 (66) 0.01 
Body mass index, kg/m2 31 [27–37] 26 [23–30] <0.0001 
SOFA score at ICU admission  8 [7–10] 10 [8–13] 0.04 
SAPS II  62 [55–76] 83 [71–94] <0.0001 
Performance status 0 [0–1] 0 [0–1] NS 
Co-morbidities    
   Chronic respiratory disease 2 (5) 6 (17) NS 
   Immunocompromised 4 (10) 8 (23) NS 
   Chronic heart failure 0  0 – 
   Diabetes mellitus 4 (10) 6 (17) NS 
   Chronic renal disease 1 (2) 1 (3) NS 
   Chronic liver failure 0 0 – 
   Peripartum period 6 (14) 0 0.03 
ARDS rescue therapies before ECMO    
   Prone positioning  27/40 (68) 20/34 (59) NS 
   Nitric oxide use 27/40 (68) 20/34 (59) NS 
   Neuromuscular blockades 37/39 (95) 31/34 (91) NS 
   Corticosteroidsa 5/41 (12) 6/34 (18) NS 
   Almitrine use 3/41 (7) 1/34 (3) NS 
Blood gases before ECMO start    
   pH 7.22 [7.14–7.27] 7.13 [7.03–7.25] NS 
   PaO2/FIO2 ratio, mm Hg 53 [46–66] 64 [45–76] NS 
   Lactate (mmol/L) 2.8 [1.8–5.2] 4 [1.3–7.8] NS 
   SOFA score before ECMO start 12 [9–15] 16 [14–20] <0.0001 
ECMO management    
   Days from MV to ECMO initiation 2 [1–8] 2 [1–8] NS 
   ECMO type    
      VV-ECMO 37 (88) 21 (60) 0.007 
      VA- or VAV-ECMO 5 (12) 14 (40) 0.007 
   ECMO implanted by mobile ECMO team 38 (90) 30 (86) NS 
   Reason for ECMO    
      Refractory hypoxemia 38 (90) 24 (69) 0.02 
      Uncompensated hypercapnia 1 (2) 0 NS 
      Septic shock 0 6 (17) NS 
      Cardiogenic shock 3 (7) 5 (14) NS 

Abbreviations: ICU, intensive care unit; ECMO, extracorporeal membrane oxygenation; 
ARDS, acute respiratory distress syndrome; SOFA, Sequential Organ-Failure Assessment; 
SAPS II, Simplified Acute Physiology Score II; NS, nonsignificant; MV, mechanical 
ventilation; VV, venovenous; VA, venoarterial: VAV, venoarterialvenous.  
Continuous variables, expressed as mean ± SD or median [IQR], were compared using 
Student’s t-test or Wilcoxon’s rank test. Categorical variables, expressed as n (%),were 



compared with χ2 tests.  
a Dose >1 mg/kg/day. 
  



Table S2  
Main ICU-admission characteristics of all ECMO-treated influenza-associated ARDS patients: comparisons between patients with “not co-infected + low 
probability of co-infection” (No + Low) and “co-infected + high probability of co-infection” (Yes + High) 
Characteristic All patients 

(n = 77) 
No + Low  
(n = 32) 

Yes + High 
(n = 45) 

p value 

Age, years 49 [36–58] 45 [35–58] 50 [38–58] NS 
Male sex 38 (49) 10 (31) 28 (62) 0.01 
Body mass index, kg/m2 28.7 [25.2–33.5] 32.6 [27.8–38.8] 27.4 [24.0–29.9] <0.0001 
SOFA score at ICU admission 8 [8–12] 8 [5–8] 10 [8–13] 0.0003 
SAPS II 74 [60–83] 65 [54–77] 78 [63–89] 0.004 
Co-morbidities,     
   Chronic respiratory disease 8 (10) 4 (13) 4 (9) NS 
   Immunocompromised 12 (16) 3 (9)  9 (20) NS 
   Chronic heart failure 0 0 0 – 
   Diabetes mellitus 10 (13) 3 (9) 7 (16) NS 
   Chronic renal disease 2 (3) 0 2 (4) NS 
   Chronic liver failure 0 0 0 – 
   Peripartum period 6 (8) 5 (16) 1 (2) NS 
Days from symptom onset to hospital admission 4 [3–6] 4 [3–7] 4 [3–6] NS 
Days from hospitalization to ICU admission 0 [0–1] 0 [0–1] 0 [0–1] NS 
Rescue therapies before ECMO     
   Prone positioning 47/74 (64) 18/31 (58) 29/43 (67) NS 
   Nitric oxide use 47/74 (64) 20/31 (65) 27/43 (63) NS 
   Neuromuscular blockades 68/73 (93) 26/30 (87) 42/43 (98) NS 
   Corticosteroidsa 11/75 (15) 3/31 (10) 8/44 (18) NS 
   Almitrine use 4/75 (5) 2/31 (6) 2/44 (5) NS 
Blood gases before ECMO startb     



   pH 7.19 [7.08–7.25] 7.18 [7.04–7.28] 7,19 [7.14–7.24] NS 
   PaO2/FIO2 ratio, mm Hg 54 [46–71] 54 [45–68] 55 [47–76] NS 
   Lactate, mmol/L 3.3 [1.7–6] 2.7 [1.7–7.2] 3.5 [1.9–6] NS 
   SOFA score at ECMO start 14 [11–17] 12 [9–16] 16 [14–16] 0.0002      
ECMO management     
   Days from MV to ECMO initiation 2 [1–8] 2 [1–7] 2 [1–9] NS     
   ECMO type     
      VV-ECMO 58 (75) 27 (84) 31 (69) NS 
      VA- or VAV-ECMO 19 (25) 5 (16) 14 (31) NS 
   ECMO implanted by mobile ECMO team 68 (88) 26 (81) 42 (93) NS 
   Reason for ECMO     
      Refractory hypoxemia 62 (81) 28 (88) 34 (76) NS 
      Uncompensated hypercapnia 1 (1) 1 (3) 0 NS 
      Septic shock 6 (8) 1 (3) 5 (11) NS 
      Cardiogenic shock 8 (10) 2 (6) 6 (13) NS 
Influenza characteristics     
   Influenza A 69 (90) 31 (97) 38 (84) NS 
      2009v(H1N1) 65 (84) 30 (94) 35 (78) NS 
      H3N2 2 (3) 0 2 (4) NS 
      No subtype 2 (3) 1 (3) 1 (2) NS 
   Influenza B 8 (10) 1 (3) 7 (16) NS 
Neuraminidase inhibitors     
   Oseltamivir 71 (92) 28 (88) 43 (96) NS 
   Days from symptom onset to oseltamivir 6 [4–9] 7 [5–9] 5 [3–9] NS 
   Zanamivir 2 (3) 0 2 (4) NS 
Antibiotics     
   Antibiotics before hospital admission 28 (36) 15 (47) 13 (29) NS 
      Amoxicillin 11/28 (39) 3 (9) 8 (18)  



      Amoxicillin–clavulanate 7/28 (25) 4 (13) 3 (7)  
      1st-generation cephalosporin 2/28 (7) 2 (6) 0  
      3rd-generation cephalosporin 4/28 (14) 4 (13) 0  
      Macrolide 4/28 (14) 2 (6)  2 (4)  
Characteristics of ICU hospitalization     
   Renal replacement therapy 53 (69) 18 (56) 35 (78) NS 
   Cardiogenic shock 15 (19) 3 (9) 12 (27) NS 
   Neurological event 5 (6) 2 (6) 3 (7) NS 
   Major hemolysis 8 (10) 4 (13) 4 (9) NS 
   Cardiac arrest 7 (9) 4 (13) 3 (7) NS 
   Major bleeding event 29 (38) 12 (38) 17 (38) NS 
In-hospital mortality 35 (45) 9 (28) 26 (58) 0.01 
ECMO and MV outcomes     
   ECMO duration 22 [11–41] 19 [8–34] 12 [5–32] NS 
   ECMO-free daysd 0 [0–40] 27 [0–47] 0 [0–24] 0.003 
   MV duration, days 37 [22–66] 27 [12–50] 24 [11–48] NS 
   MV-free daysd 0 [0–3] 0 [0–14] 0 [0–0] 0.002 
Hospitalization outcomes     
   ICU LOS, days 28 [12–52] 28 [14–51] 29 [12–53] NS 
   Hospital LOS, days 35 [14–78] 41 [21–78] 30 [11–81] NS 

Abbreviations: ICU, intensive care unit; ECMO, extracorporeal membrane oxygenation; ARDS, acute respiratory distress syndrome; SOFA, Sequential 
Organ-Failure Assessment; SAPS II, Simplified Acute Physiology Score II; MV, mechanical ventilation; VV, venovenous; VA, venoarterial: VAV, 
venoarterialvenouus; LOS, length of stay. 
Continuous variables, expressed as mean ± SD or median [IQR], were compared using Student’s t-test or Wilcoxon’s rank test. Categorical variables, 
expressed as n (%),were compared with χ2   

tests. 
a Dose >1 mg/kg/day.  
b Blood gases were available for 46 patients. 
d Calculated from day 1 (ECMO start) to day 60. 
  



Table S3 
Main ICU-admission characteristics of bacteriologically-confirmed co-infected patients: comparisons between patients with PVL-positive strains of S. aureus 
and other co-infections 
Characteristic All patients 

(n = 39) 
PVL producer 

S. aureus 
(n = 10) 

Other pathogensa 

 
(n = 29) 

Age, years 51 [39-58.75] 39.5 [27-57] 52 [41.5-59.5] 
Male sex 22 (56) 3 (30) 19 (65.5) 
Body mass index, kg/m2 26.25 [23.60-29.47] 24.16 [22.59-29.39] 27.5 [24.5-30.29] 
SOFA score at ICU admission 16 [13.25–18] 17.5 [14–22] 15 [12.75–18] 
SAPS II 77 [62-87.5] 82.5 [76-88] 73 [60.75-86.25] 
Co-morbidities,    
   Chronic respiratory disease 3 (8) 1 (10) 2 (7) 
   Immunocompromised 7 (18) 1 (10) 6 (21) 
   Chronic heart failure 0 0 0 
   Diabetes mellitus 6 (15) 1 (10) 5 (17) 
   Chronic renal disease 1 (3) 0 1 (3) 
   Chronic liver failure 0 0 0 
   Peripartum period 1 (3) 1 (10) 0 
Days from symptom onset to hospital admissionb 4 [2.25–5] 3 [1–3] 5 [2.75–6] 
Days from hospitalization to ICU admissionb 0 [0–1] 0 [0–1] 0 [0–1] 
Influenza characteristics    
   Influenza A 32 (82) 8 (80) 24 (83) 
      2009v(H1N1) 29 (76) 7 (70) 22 (79) 
      H3N2 2 (5) 1 (10) 1 (4) 
      No subtype available 7 (18) 2 (20) 5 (18) 
   Influenza B 7 (18) 2 (20) 5 (17) 



Neuraminidase inhibitors    
   Oseltamivir 37 (95) 10 (100) 27 (93) 
   Days from symptom onset to oseltamivirb 5 [3–8] 3 [3–4] 6 [4–7.75] 
   Zanamivir 2 (5) 1 (10) 1 (3) 
Antibiotics    
   Antibiotics before hospital admission 10 (25) 1 (10) 9 (31) 
      Amoxicillin 5 (13) 1 (10) 4 (14) 
      Amoxicillin–clavulanate 2 (5) 0 2 (7) 
      Macrolide 2 (5) 0 2 (7) 
Characteristics of ICU hospitalization    
   Necrotizing pneumoniac 10/14 (71) 6/7 (86) 4/7 (57) 
   Renal replacement therapy 30 (77) 8 (80) 22 (76) 
   Cardiogenic shock 10 (26) 2 (20) 8 (28) 
   Neurological event 3 (8) 0 3 (10) 
   Major hemolysis 3 (8) 1 (10) 2 (7) 
   Cardiac arrest 2 (5) 0 2 (7) 
   Major bleeding event 14 (36) 4 (40) 10 (34) 
In-hospital mortality 24 (61.5) 5 (50) 19 (65.5) 
ECMO and MV outcomes    
   ECMO duration 9 [2.75–29.75] 16.5 [5–30] 8 [2–27.5] 
   ECMO-free daysd 0 [0–19] 2.5 [0–30] 0 [0–1.75] 
   MV duration, days 17 [10–39] 26 [6.75–40.25] 17 [11.5–34] 
   MV-free daysd 0 [0–0] 0 [0–18.75] 0 [0–0] 
Hospitalization outcomes    
   ICU LOS, days 22 [11.25–49] 33 [7–51] 19 [12–47] 
   Hospital LOS, days 25.5 [12–77] 47 [10–82] 23 [12.5–73.5] 



Abbreviations: PVL, Panton-Valentine Leukocidin; ICU, intensive care unit; ECMO, extracorporeal membrane oxygenation; ARDS, acute respiratory 
distress syndrome; SOFA, Sequential Organ-Failure Assessment; SAPS II, Simplified Acute Physiology Score II; MV, mechanical ventilation; LOS, length 
of stay. 
Continuous variables, expressed as mean ± SD or median [IQR], were compared using Student’s t-test or Wilcoxon’s rank test. Categorical variables, 
expressed as n (%),were compared with χ2   

tests. 
a Including 8 patients with non-PVL producers S. aureus co-infection  
b p <0.05 
c Among patients with S. aureus co-infection. 4 out of 18 had no CT scan (3 with PVL, 1 without), thus the information is not available 
d Calculated from day 1 (ECMO start) to day 60. 
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