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Influenza-induced acute respiratory distress syndrome during the 2010-2016 seasons: bacterial co-infections and outcomes by virus type and subtype
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Objectives

We aimed to describe bacterial co-infections and acute respiratory distress (ARDS) outcomes according to influenza type and subtype.

Methods

A retrospective observational study was conducted from 2012 to 2016 in patients admitted to the respiratory intensive care unit (ICU) of Marseille university hospital for influenza-induced ARDS. Microbiological investigations, including multiplex molecular respiratory panel testing and conventional bacteriological cultures, were performed as part of the routine ICU care on the bronchoalveloar lavage collected at admission. Bacterial co-infections, ICU mortality, and respiratory function were investigated according to virus type and subtype.

Results

Among the 45 ARDS-patients included, A(H1N1)pdm09 was the most frequent influenza virus identified (28/45 A(H1N1)pdm09, 8/45 A(H3N2), and 9/45 influenza B). Bacterial coinfections involving a total of 23 bacteria were diagnosed in 16/45 patients (36%).

A(H1N1)pdm09 patients presented fewer bacterial co-infections (17.9% vs. 50.0% for A(H3N2) patients and 77.8% for B patients; p<0.01). Overall, mortality at 90 days postadmission was 33.3% (15/45), and there was no significant difference between influenza type and subtype. The need for extracorporeal membrane oxygenation was more frequent for A(H1N1)pdm2009 (20/28, 71.4%) and B patients (7/9, 77.8%) as compared to the A(H3N2) subtype (1/8, 12.5%; p<0.01). A(H1N1)pdm09-ARDS patients were associated with fewer ventilation-free days at day 28 (median [IQR]: 0[0-8] day) as compared with other influenza-ARDS patients (15 [0-25] days, p<0.05).

Conclusions 3

In a population of influenza-induced ARDS, A(H1N1)pdm09 was associated with fewer bacterial co-infections but poorer respiratory outcomes. These data underline the major role of A(H1N1)pdm09 subtype on influenza disease severity.

Introduction

According to the World Health Organization (WHO), seasonal influenza may result in 290,000-650,000 deaths annually [START_REF]Influenza burden of disease[END_REF]. Influenza surveillance networks estimated that approximately 15% of hospitalized patients required admission to an intensive care unit (ICU), and the mortality could be up to 45% in case of acute respiratory distress syndrome (ARDS) [START_REF] Domínguez-Cherit | Critically Ill patients with 2009 influenza A(H1N1) in Mexico[END_REF][START_REF] Dao | Adult hospitalizations for laboratory-positive influenza during the 2005-2006 through 2007-2008 seasons in the United States[END_REF][START_REF] Rozencwajg | Coinfection with influenza-associated acute respiratory distress syndrome requiring extracorporeal membrane oxygenation[END_REF]. ARDS is a life-threatening form of acute lung injury characterized by diffuse alveolar damage and lung capillary endothelial injury [START_REF] Ards Definition | Acute respiratory distress syndrome: the Berlin Definition[END_REF]. The development of bacterial co-infections also contributes to the severity of influenza infections, although their frequency and impact may differ according to the circulating influenza virus [START_REF] Mccullers | The co-pathogenesis of influenza viruses with bacteria in the lung[END_REF]. It was reported that ARDS encompassed heterogenic subphenotypes associated with different clinical outcomes [START_REF] Calfee | Subphenotypes in acute respiratory distress syndrome: latent class analysis of data from two randomised controlled trials[END_REF]. However, the outcomes of ARDS according to influenza type and subtype have been poorly studied thus far. In this study we aimed to describe bacterial co-infections and ARDS outcomes by influenza type/subtype.

Methods

Study population and outcome measures

We conducted a retrospective observational study from the 2012-2013 to the 2015-2016 influenza seasons in the respiratory ICU of the Marseille university hospital (extracorporeal membrane oxygenation, ECMO, reference centre). Inclusion criteria were the association of an ARDS with a positive influenza polymerase chain reaction (PCR) test performed on the bronchoalveloar lavage (BAL) collected at admission. Exposure variables were the influenza type/subtype. Primary outcome was mortality at day 90. Secondary outcomes were the need for ECMO, the duration of mechanical ventilation (MV), the number of ventilation-free days (VFD) calculated from day 1 to day 28, and the length of ICU stay. Bacterial co-infections were described according to influenza type/subtype. Clinical characteristics and demographic data were retrospectively collected from electronic medical records.

Microbiological diagnosis

All microbiological investigations were performed on the BAL fluid collected at admission as part of our ICU routine care. The main respiratory bacteria and viruses were tested using a multiplex PCR assay (FTD respiratory pathogens 33; fast-track diagnostics, Luxembourg).

Influenza A subtyping, conventional bacteriological culture, specific PCR and pneumococcal urinary antigen test (Alere Inc, MA, USA) were also performed. Respiratory bacterial coinfections were defined as procalcitonin level ≥0.25 µg/L associated with molecular and/or culture detection of respiratory pathogen, and/or urinary detection of pneumococcal antigen.

See supplementary data for additional information.

Ethics

In accordance with the national regulations, patients or relatives were informed at ICU admission of the possible use of anonymous healthcare data collected retrospectively for clinical research. They were also informed of the possibility to refuse the use of this data. The study received approval from the French data protection authority (Commission Nationale de l'Informatique et des Libertés) and is registered with the national data protection agency (number 2019-57).

Statistical Analysis

Continuous variables are presented as means ± standard deviations (SD) or medians with interquartile ranges [IQR] and compared using non-parametric Kruskal-Wallis or Mann-Whitney tests. Proportions were compared using the Chi-squared or Fisher's exact test as appropriate. A p-value of <0.05 was regarded as statistically significant. Statistical tests were performed using SPSS (IBM Corp. Released 2010. IBM SPSS Statistics for Windows, Version 19.0. Armonk, NY, USA).

Results

Study population

A(H1N1)pdm2009 subtype represented the most frequent influenza virus detected (28/45 A(H1N1)pdm2009, 8/45 A(H3N2) subtype and 9/45 B type). Mean±SD age differed according to influenza type/subtype (A(H3N2): 69.4±9.8 years; A(H1N1): 55.4±14.1 years; B patients: 49.7±19.1 years, p<0.05). Most patients had pre-existing comorbidities (35/45, 77.8%), but vaccination rate was only 11.1% (5/45; Table 1). Empirical antibiotic therapy was initiated with or adjusted to a broad spectrum β-lactam and macrolide for all patients. Of note, approximately 90% of patients had received antibiotics prior to ICU admission. Antiviral treatment (oseltamivir) was administered to all patients. None received intravenous neuraminidase inhibitors. No viral co-infection was diagnosed in this cohort.

Bacteriological results at admission according to influenza type and subtype

A bacterial co-infection was detected in 16 patients (35.6%). A(H1N1)pdm09 patients presented fewer bacterial co-infections than patients infected with another type/subtype (17.9% vs. 50.0% for A(H3N2) patients and 77.8% for B patients; p<0.01). A total of 23 respiratory bacteria were identified, mainly Staphylococcus aureus (9/23, 39%) and Streptococcus pneumoniae (7/23, 30%, table 1). Six of the 23 (26.1%) bacteria responsible of co-infections were detected using conventional cultures. 

Patient outcomes according to influenza type and subtype 117

Overall, mortality at 90 days post-admission was 33.3% (15/45), and there was no significant 118 difference between influenza type and subtype. Twenty-six patients (58%) presented with 119 severe ARDS. The need for ECMO was more frequent for A(H1N1)pdm2009 (20/28, 71.4 %) 120 and B patients (7/9,77.8%) as compared with A(H3N2) subtype (1/8, 12.5%; p<0.01). The 121 median [IQR] VFD at day 28 was significantly different between influenza type and subtype 122 (A(H1N1)pdm09 patients: 0[0-8] days; B patients: 9[0-18] days; A(H3N2) patients: 27[0.0-28] 123 days, p<0.05; Table 2). A(H1N1)pdm09-ARDS patients were associated with fewer ventilation-free days at day 28 (median [IQR]: 0[0-8] day) as compared with other influenza-ARDS patients (15[0-25] days, p<0.05). ARDS was categorized as mild, moderate, or severe according to the Berlin conference definition [START_REF] Ards Definition | Acute respiratory distress syndrome: the Berlin Definition[END_REF]. ICU: intensive care unit, ns: non-significant; ARDS: acute respiratory distress syndrome, SOFA: sequential organ failure assessment, SD: standard deviation, SAPS: simplified acute physiology score, ECMO: extracorporeal membrane oxygenation, IQR: interquartile range, VFD: ventilation free-days.

Discussion

In the present study of influenza-induced ARDS, A(H1N1)pdm09 was found to be predominant and was associated with fewer bacterial co-infections and poorer respiratory outcomes than A(H3N2) or B-induced ARDS.

Since 2009, A(H1N1)pdm09 has also been reported to be the most frequently detected in ICU patients underscoring the particular virulence of this influenza subtype [START_REF] Rozencwajg | Coinfection with influenza-associated acute respiratory distress syndrome requiring extracorporeal membrane oxygenation[END_REF][START_REF] Chaves | Patients hospitalized with laboratory-confirmed influenza during the 2010-2011 influenza season: exploring disease severity by virus type and subtype[END_REF][START_REF] Lytras | Association between type-specific influenza circulation and incidence of severe laboratoryconfirmed cases; which subtype is the most virulent?[END_REF]. Töpfer et al.

found that A(H1N1)pdm09-ARDS led to a more important impairment of gas exchange as compared to non-A(H1N1)pdm09-ARDS; interestingly, the rate of bacterial co-infection between the two groups was not different [START_REF] Töpfer | Influenza A (H1N1) vs non-H1N1 ARDS: analysis of clinical course[END_REF]. These results are consistent with initial reports from the 2009 pandemic during which A(H1N1)pdm09 subtype was responsible for extremely severe infections mostly without the development of bacterial co-infections [START_REF] Domínguez-Cherit | Critically Ill patients with 2009 influenza A(H1N1) in Mexico[END_REF][START_REF] Anzic Influenza | Critical care services and 2009 H1N1 influenza in Australia and New Zealand[END_REF]. Several studies have, however, found greater morbidity and mortality rates in case of bacterial coinfections associated with A(H1N1)pdm09 indicating that viral pneumonia alone is not exclusively responsible for the severity of influenza infections [START_REF] Rozencwajg | Coinfection with influenza-associated acute respiratory distress syndrome requiring extracorporeal membrane oxygenation[END_REF][START_REF] Rice | Critical illness from 2009 pandemic influenza A virus and bacterial coinfection in the United States[END_REF][START_REF] Voiriot | Viralbacterial coinfection affects the presentation and alters the prognosis of severe community-acquired pneumonia[END_REF].

It has been reported that A(H3N2) particularly affected elderly people, as was found herein, leading to a high mortality and ICU admission rates in this population [START_REF] Lytras | Association between type-specific influenza circulation and incidence of severe laboratoryconfirmed cases; which subtype is the most virulent?[END_REF]. Although considered as less severe and mainly responsible for mild presentation in children, B infections can also cause severe and fatal cases [START_REF] Nielsen | European all-cause excess and influenza-attributable mortality in the 2017/18 season: should the burden of influenza B be reconsidered?[END_REF], notably due to the development of bacterial co-infections [START_REF] Paddock | Myocardial injury and bacterial pneumonia contribute to the pathogenesis of fatal influenza B virus infection[END_REF].

In the present study, most of influenza B-induced ARDS patients presented severe forms of ARDS and were more frequently associated with bacterial co-infections at ICU admission.

The main limitation of this retrospective study is the number of patients included which did not allow the investigation of the role of co-infections on respiratory function for each influenza type and subtype. However, a high number of influenza-induced ARDS patients might be

Table 1 . Patient characteristics by influenza type and subtype 115

 1 

		Total	A(H1N1)	A(H3N2)	B	p-value
		n=45	n=28	n=8	n=9	
	Clinical features					
	Age, mean value, years ±	56.7±15.6	55.4±14.1	69.4±9.8	49.7±19.1	<0.05
	SD					
	Male sex, n (%)	27 (60.0)	17 (60.7)	5 (62.5)	(55.6)	ns
	Influenza vaccination, n (%)	5 (11.1)	4 (14.3)	1 (12.5)	0 (0.0)	ns
	No comorbidity, n (%)	10 (22.2)	6 (21.4)	2 (25.0)	(22.2)	ns
	Smoking, n (%)	23 (51.1)	16 (57.1)	5 (62.5)	(22.2)	ns
	Heart disease, n (%)	16 (35.6)	11 (39.2)	3 (37.5)	(22.2)	ns
	Diabetes, n (%)	13 (28.9)	10 (35.7)	2 (25.0)	(11.1)	ns
	Obesity, n (%)	12 (26.7)	9 (32.1)	1 (12.5)	(22.2)	ns
	COPD, n (%)	11 (24.4)	6 (21.4)	3 (37.5)	(22.2)	ns
	Immunosuppression, n (%)	8 (17.8)	4 (14.3)	3 (37.5)	(11.1)	ns
	Alcoholism, n (%)	6 (13.3)	2 (7.1)	2 (25.0)	(22.2)	ns
	Pregnancy, n (%)	1 (2.2)	0 (0.0)	0 (0.0)	(11.1)	ns
	Patient pathway, n (%)					
	Admission from other ICU	24 (53.3)	18 (64.3)	2 (25.0)	(44.4)	ns
	Admission from emergency	11 (24.4)	4 (14.3)	5 (62.5)	(22.2)	ns
	department					
	Admission from other unit	7 (15.6)	5 (17.9)	1 (12.5)	(11.1)	ns
	Other	3 (6.7)	1 (3.6)	0 (0.0)	(22.2)	ns
	Bacteriological results					
	Bacterial co-infection, n (%)	16 (35.6)	5 (17.9)	4 (50.0)	(77.8)	<0.01
	S. aureus	9 (20.0)	5 (17.9)	0 (0.0)	(44.4)	ns
	S. pneumoniae	7 (15.6)	1 (3.6)	3 (37.5)	(33.3)	<0.05
	S. pyogenes	2 (4.4)	0 (0.0)	0 (0.0)	(22.2)	<0.05
	H. influenzae	5 (11.1)	0 (0.0)	1 (12.5)	(44.4)	<0.01

SD: standard deviation; ns: non-significant; COPD: chronic obstructive pulmonary disease 116

Table 2 . Patient severity and outcome according to influenza type and subtype

 2 

		Total	A(H1N1)	A(H3N2)	B	p-value
		n=45	n=28	n=8	n=9	
	Severity at ICU admission					
	Mild ARDS, n (%)	4 (8.9)	1 (3.6)	2 (25.0)	1 (11.1)	ns
	Moderate ARDS, n (%)	15 (33.3)	10 (35.7)	3 (37.5)	2 (22.2)	ns
	Severe ARDS, n (%)	26 (57.8)	17 (60.7)	3 (37.5)	6 (66.7)	ns
	SOFA, mean ± SD	9.0 ± 4.2	8.9 ± 4.4	7.5 ± 3.2	11.0 ± 3.9	ns
	SAPS II, mean ± SD	48.2 ±	46.3 ± 13.4	49.3±13.2	53.3 ± 19.6	ns
		14.7				
	Pa02/Fi02 (mmHg) mean ± SD	98.9 ±	99.6 ± 40.7	109.0 ± 49.2 87.9 ± 38.3	ns
		41.7				
	Patient outcomes					
	90-day mortality, n					
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difficult to achieve and comprehensive descriptive data regarding the microbial epidemiology and ARDS outcomes related to the three circulating influenza viruses are lacking.

To conclude, the present study underlines the major role of A(H1N1)pdm09 on influenza disease severity. The detection of this subtype at admission should alert clinicians to the potential evolution towards an extremely severe case requiring long ICU stay.
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