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GANTT chart: (Phases I and II) 

Phase I: Protocol development; Ethical and R&D approvals; prospective enrolment of participants; data and sample collection: Sept 2019-Apr 2020 (8 months)
Phase II: Diagnostic evaluation: Apr 2020-July 2020 (4 months)
Phase III: Immunopathogenesis substudies Aug 2020-Jul 2022 (2 years, subject to further funding)


LAY SUMMARY 

Some patients with seasonal Influenza (‘flu’) develop severe infection requiring admission to the Intensive Care Unit (ICU) to support their breathing. Recent research has suggested that when  patients have such severe influenza they may be susceptible to a second infection with a mould (a type of fungus) called Aspergillus. The mortality for patients infected with both severe ‘flu and Invasive Aspergillus (IA) is high but life-saving antifungal treatments exist and thus it is important that a diagnosis of IA in patients with severe influenza is not missed. Unfortunately, IA can be difficult and lengthy to diagnose in the laboratory and until recently it was only thought to occur in patients whose immune systems were severely impaired. This means that IA in patients with severe influenza may be under-diagnosed currently and the main aim of this study is to establish how common this condition is in UK patients.

This study will take place across three London teaching hospitals during the 2019/2020 influenza season. It will enrol adults admitted to Intensive Care with severe influenza and evaluate what proportion have evidence of IA using routine diagnostic samples sent to the laboratory. Clinical information will be recorded and analysed to identify any factors that increase the risk of influenza-associated IA. 

Ventilated patients with severe lung infection often have a procedure called a bronchoscopy where a small camera is used to look inside the lungs and flush through a small volume of fluid (bronchoalveolar lavage, BAL) to send to the local Microbiology laboratory to diagnose the cause of the infection. 

Following informed consent, this study will store surplus BAL samples from patients, and later use them to evaluate a new test called the Aspergillus Lateral Flow Device (AspLFD). This test is very quick and has the potential, if found to be useful, to be incorporated into clinical guidelines to make the diagnosis of IA in ICU much easier. As well as left-over BAL samples, blood samples from patients will also be stored for later immune and immunogenetic studies, to help us understand why certain patients with influenza might be at greater risk of developing IA.
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STUDY PROTOCOL
Incidence and pathogenesis of Invasive Aspergillosis in Intensive care patients with severe Influenza (AspiFlu)

1	BACKGROUND

1.1 Background
Severe Influenza
Every winter approximately 5-10% of adults hospitalised with influenza develop severe infection requiring admission to an intensive care unit (ICU) for respiratory support[1]. During the 2018/2019 influenza season 3,157 influenza patients were admitted to ICUs across the United Kingdom (UK)[2]. The case-fatality rate for these patients was 9.3%, highlighting that severe influenza is both common and deadly[2].

The most severely ill patients with influenza are transferred to ‘Severe Respiratory Failure’ (SRF) centres for consideration of ‘Extra Corporeal Membrane Oxygenation’ (ECMO) – a technique that artificially oxygenates the blood outside of the body. There were 96 patients referred to a total of 5 units in England and Scotland last year. The mortality for ECMO patients is higher than those on a standard ICU; 37.1% in one meta-analysis [3].

Invasive Aspergillosis (IA)
Aspergillus is a type of fungus (specifically a mold) that is ubiquitous in the environment; particularly in soil, compost and also air conditioning units. Inhaled exposure to spores of Aspergillus is thus universal but this is usually harmless in those with an intact immune system. In those whose immune system is impaired, however, Aspergillus can cause potentially life-threatening infection.

‘Invasive Aspergillosis’ (IA) has long been recognized as a complication of profound immunosuppression, such as that caused by prolonged neutropenia in patients with hematological malignancy. In fact, the very definition of IA in the widely used EORTC / MSG guidelines requires a traditional ‘host factor’ such as neutropenia or recent stem cell transplant (Table 1, below)[4]. In recent years, however, it has emerged that IA is more prevalent than previously realized in critically ill patients without such traditional ‘host factors’[5]. In particular, recent evidence suggests that up to one in five patients with severe influenza on ICU may develop Influenza-associated aspergillosis IAA[7].



	Table 1. Definitions of Invasive Pulmonary Aspergillosis (IPA)
	
	
	

	EORTC/MSG
	 
	Modified AspICU 

	Proven
	Any one of
	
	Proven
	As per EORTC/MSG

	
	 Histopathologic, cytopathologic, or direct microscopic evidence of Aspergillus hyphae accompanied by tissue damage in a pulmonary specimen
	
	
	

	
	Positive Aspergillus culture from a lung biopsy taken from a clinically or radiologically abnormal site consistent with an infectious disease process
	
	
	

	
	Positive Aspergillus blood culture in the context of a compatible infectious disease process
	
	
	

	
	
	
	
	

	Probable 
	At least one host factor+ clinical + mycological criterion
	
	Putative 
	At least one clinical + radiological + mycological criterion

	
	Host factor
	
	
	Clinical

	
	Recent history of neutropenia (<0.5 × 109 neutrophils/L for >10 days) temporally related to the onset of fungal disease
	
	
	Fever refractory to at least 3 days of appropriate antibiotic therapy

	
	Receipt of an allogeneic stem cell transplant
	
	
	Recrudescent fever after a period of defervescence of at least 48 h while still on antibiotics and without other apparent cause

	
	Prolonged use of corticosteroids at a mean minimum dose of 0.3 mg/kg/day of prednisone equivalent for >3 weeks
	
	
	Dyspnoea

	
	Treatment with other recognized T cell immunosuppressants, such as cyclosporine, TNF-α blockers, specific monoclonal antibodies (such as alemtuzumab), or nucleoside analogues during the past 90 days
	
	
	Haemoptysis

	
	Inherited severe immunodeficiency (such as chronic granulomatous disease or severe combined immunodeficiency)
	
	
	Pleural friction rub or chest pain

	
	Clinical criteria
	
	
	Worsening respiratory insufficiency in spite of appropriate antibiotic therapy and ventilator support.

	
	The presence of 1 of the following 3 signs on CT:
	
	
	Radiological

	
	   Dense, well-circumscribed lesions(s) with or without a halo sign
	
	
	Any infiltrate on pulmonary imaging by portable chest x-ray or CT scan of the lungs.

	
	   Air-crescent sign
	
	
	Mycological

	
	   Cavity
	
	
	Histopathology or direct microscopic evidence of dichotomous septate hyphae with positive culture for Aspergillus from tissue

	
	Tracheobronchitis (IA rather than IPA) :
	
	
	Positive Aspergillus culture from BAL

	
	   Tracheobronchial ulceration, nodule, pseudomembrane, plaque, or eschar seen on bronchoscopic analysis
	
	
	Galactomannan optical index on BAL ≥ 1

	
	Mycological criteria
	
	
	Galactomannan optical index on serum ≥ 0.5

	
	Direct test (cytology, direct microscopy, or culture)
	
	
	

	
	Aspergillus in sputum, BAL or bronchial brush indicated by 1 of the following:
	
	Colonisation
	Positive Aspergillus culture from BAL but at least one clinical and/or radiological criterion not met

	
	   Presence of fungal elements indicating a mould
	
	
	

	
	   Positive Aspergillus culture
	
	
	

	
	   Galactomannan in plasma, serum or BAL or β-d-glucan detected in serum
	
	
	

	
	
	
	
	

	Possible
	Host factor + clinical criterion but mycological criteria not met
	
	Not classifiable
	Clinical, radiological and mycological criteria all met but a negative Aspergillus culture from BAL (the entry criterion in the original Blot et al. AspICU algorithm)


IA: Invasive Aspergillosis, IPA: Invasive Pulmonary Aspergillosis, BAL: Bronchoalveolar lavage, CT: Computed Tomography 

Influenza-associated aspergillosis (IAA)
It is well established that patients with severe influenza are prone to bacterial superinfection but the risk of secondary fungal infection with Aspergillus has only recently been determined [1][6].  The EORTC/MSG definitions of IA perform poorly in critically ill patients who often lack a traditional ‘host factor’ [7] or classical radiological findings such as a “halo sign”[8]. For this reason Blot et al. developed the ‘AspICU criteria’ to help distinguish IA from Aspergillus colonization in critically ill patients (Table 1) [9].

Schauwvlieghe et al. conducted a large retrospective study (2009-16) to investigate the incidence of Influenza-associated aspergillosis (IAA) across seven Belgian and Dutch Intensive Care Units (ICUs)[7]. Employing a modified version of the AspICU criteria they found evidence of IA in 83 of 432 (19%) patients admitted with influenza on ICU respectively [7]. This compared to 16 of 315 (5%) in a control group of patients with bacterial pneumonia. Even amongst non-immunocompromised patients, incidence of IA was 45 of 315 (14%) and only 46% of patients with IA had a traditional EORTC/MSG ‘host factor’.

Whilst this incidence of IA seems surprisingly high, it is supported by other recent small retrospective cohort studies from France and Belgium finding evidence of IA in 5 of 17 (29%) [10] and 9 of 40 (23%)[11] of patients with severe influenza on ICU. A recent UK study found evidence of IA in 5 of 24 (20.8%) of the most severely ill influenza patients requiring ECMO [12].

Martin-Loeches et al. prospectively studied the occurrence of super-infection in 2901 patients with influenza across a number of Spanish ICUs and found evidence of Aspergillus in only 35 of 2901 (1.2%). In this study, however, bronchoalveolar lavage (BAL) was not systematically performed during the influenza season and BAL galactomannan (see ‘Diagnosis’ below) was not performed at all[13]. Similarly a large retrospective study by Cavayas et al. retrospectively analyzed risk factors for fungal infection in 19,697 ECMO patients. Of the 2129 with fungal infection or colonization, 301 (14.1%) had influenza. But whilst influenza was found to be an independent risk factor for ‘Aspergillus involvement’ [(OR) 2.48], this term did not distinguish colonization from invasive infection [14]. The reported incidence of aspergillosis in the overall cohort was only 69 of 19697 (0.4%) but this study did not include galactomannan testing either. Neither of these two studies employed the AspICU criteria for IA and both highlight the difficulty in diagnosing invasive aspergillosis in retrospective studies when a diagnosis is not actively pursued and diagnostic criteria are inconsistently applied (see below).

Mortality in Influenza-associated aspergillosis
In the Dutch-Belgian study the 90-day mortality in those with IAA was 51%, almost twice the 28% found in those with influenza without evidence of IPA (p=0·0001). Similarly high mortality rates in patients with IAA have been reported in other studies[1][6]. It is therefore important to discern whether the incidence of IAA reported in the Dutch-Belgian study can be replicated in other settings, such as ICUs in England, in order to facilitate early diagnosis and treatment. IA was diagnosed at a median 3 days after admission in the Dutch-Belgian study, so a prompt diagnosis is essential [7][15].

1.2 Diagnostics
Diagnosis of Influenza
Diagnosing severe Influenza on clinical grounds alone is extremely challenging because typical symptoms such as rhinorrhea and sore throat are present in fewer than a third of hospitilised patients [16]. For this reason a liberal testing policy is employed at many hospitals during influenza season to include any patient with suspected respiratory infection or exacerbation of chronic lung disease[17].

Once testing is performed, confirming a diagnosis of influenza is usually straightforward. Polymerase chain reaction (PCR) is used to detect viral RNA in nasal and throat swabs (or other respiratory specimen) with extremely high degree of sensitivity and specificity[18].
[bookmark: _Toc17128380]Diagnosis of Invasive Aspergillosis
Whilst respiratory sample PCR makes the diagnosis of Influenza simple, the diagnosis of IA is notoriously challenging. This may be one reason why the potentially high incidence of IA in severe influenza has gone largely unrecognized until recent years [6]. 

There are two principal difficulties in diagnosing IPA. Firstly, evidence of the presence of Aspergillus must be found and secondly IA must be distinguished from clinically irrelevant Aspergillus colonization. Focusing on the second problem, the ‘AspICU’ criteria developed by Blot et al. take as their starting point an Aspergillus-positive lower respiratory tract specimen culture. The AspICU criteria were then modified in the Dutch-Belgian study by removing the requirement for a positive culture, which has a sensitivity of only 29-58% when compared against ‘proven’ cases of IA.[5][8]

The ‘modified AspICU’ definition of IA requires at least one ‘clinical’, ‘radiological’ and ‘mycological’ criterion to be met (Table 1).  It can be seen that these criteria are fairly broad and non-specific; in particular the ‘clinical’ and ‘radiological’ criteria might be met by many patients on ICU with severe influenza. Thus the diagnosis of IA in critically ill patients relied heavily upon the ‘mycological’ criteria, in particular the use of biomarkers such as galactomannan (below).

Of note, the Dutch-Belgian study assessed for the prevalence of Invasive Pulmonary Aspergillosis (IPA) rather than Invasive Aspergillosis (IA). For this reason, the presence of tracheobronchitis at bronchoscopy (an EORTC / MSG ‘clinical criterion’ for IA) did not feature in their modified AspICU criteria (Table 1). In one review, 19 (15%) of patients with IAA had tracheal plaques noted at bronchoscopy[1]., as opposed to the angio-invasive pulmonary disease seen in patients with classic EORTC / MSG host factors. Given that radiological manifestations of tracheobronchitis are subtle or may be absent [1], in order to capture this patient group, for this study we have further modified the AspICU to include the presence of tracheobronchitis (an EORTC/MSG clinical criterion) together with a mycological criterion (not requiring a radiological criterion) in the definition of putative IA.

Galactomannan
Because of the low sensitivity of Aspergillus culture, galactomannan is crucial in providing evidence of IA. Using the EORTC criteria, proven IA is only rarely diagnosed (usually post mortem) and diagnosis is most commonly ‘probable’, based on a host factor with suggestive radiological findings and a positive galactomannan in serum or BAL fluid.

Galactomannan (GM) is an exo-antigen released from Aspergillus hyphae as they invade host tissue, so should distinguish infection from colonization[5]. Its presence can be measured using an Enzyme-linked immunosorbent assay (EIA) - a one-stage sandwich microplate assay[19]. Heat-treated BAL and conjugate is added to microplate wells treated with a monoclonal antibody and incubated. If galactomannan is present it will form a monoclonal antibody-peroxidase complex that is detected through an enzyme-mediated blue to yellow colour reaction measured by a spectrophotometer.
In one prospective study including 26 cases of proven IPA in ICU patients (EORTC / MSG criteria) a BAL cut off of >1 produced a sensitivity of 85 and specificity of >90% [5]. In another prospective study of patients with IA as per AspICU criteria, those with a positive galactomannan in BAL (≥0.5) had similar patient characteristics, ICU scores, radiological findings and outcomes when compared to those with a positive Aspergillus culture suggesting that the prevalence of ‘true’ IPA was similar between groups [20]. Unfortunately, galactomannan is not available on-site at most UK hospital laboratories and prolonged turn-around-times of up to 2 weeks impede its utility[21].

Aspergillus lateral-flow device (AspLFD)
A new CE-marked POC Aspergillus lateral-flow device (AspLFD, OLM Diagnostic, Newcastle UK) that detects extracellular glycoprotein antigen produced by the fungus during active growth provides a locally implementable alternative to galactomannan [22]. It is a rapid immunochromatographic test that involves pipetting untreated serum or centrifuged BAL sample direct into the port of a cassette and leaving for 30 minutes[23]. If Aspergillus antigen is present, it will form a monoclonal antibody complex which will appear as red line on the strip.

Figure 1 example of AspLFD device readout showing double red line, sample plus control, produced if positive (reproduced from [23])
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In a prospective study of 106 patients with haematological malignancy BAL AspLFD had a sensitivity and specificity of 73% and 87% respectively for differentiating probable IA versus no IA using EORTC / MSG criteria [24]. Furthermore, in a study of 82 patients without underlying haematological malignancy, BAL AspLFD had a sensitivity of 69% and specificity of 71% in those with putative/proven IA using a modified AspICU criteria (Table 1)[8]. Only 15 (18.3%) were ICU patients, however, and none had influenza and thus the AspLFD urgently requires validation in this cohort.

Use of galactommanan on BAL (with a cut-off of ≥ 1) is endorsed in the most recent 2017 ESCMID Aspergillus guidelines, but the AspLFD is not fully discussedas it was not yet commercially available at the time of writing [25]. The guidelines also endorse the use of serum galactomannan (with a cut-off of ≥ 0.5) but note that it is less sensitive in non-neutropenic patients.

1.3 Standard of Care

Standard of care: Severe influenza
Treatment of severe influenza revolves around supportive care, treatment with neuraminidase inhibitors (NAIs) and identification and treatment of secondary complications. A proportion of patients with respiratory failure secondary to severe influenza will require intubation ventilation. Where respiratory failure is unresponsive to conventional measures, referral to an ECMO centre may be considered if the respiratory failure is considered potentially reversible[3]. Large meta-analysis of cohort data suggest that NAI use (especially within 48H of symptoms) may significantly reduce mortality in patients with severe influenza[26][27]. As such, both PHE [28] and Infectious Diseases Society of America (IDSA) [29] guidelines advocate their use. IDSA guidelines recommend that clinicians should investigate and empirically treat bacterial coinfection in patients who either present with severe disease, deteriorate after initial treatment, or fail to improve after 3-5 days of NAI therapy [29]. For patients intubated on ICU investigation of such bacterial co-infection would usually involve a BAL.

Standard of care: Invasive Aspergillosis (IA)
RCT evidence supports the use of Voriconazole over Amphotericin B for the treatment of IA [30] and so it is the current standard of care according to ECIL/ESCMID-ECMM-ERS[25] and IDSA guidelines[31]. Voriconazole can cause adverse effects such as photosensitivity, rash, visual disturbance and derangement of liver function. It has multiple drug interactions and unpredictable Pharmacokinetics (PK): therapeutic drug monitoring is required. Liposomal amphotericin B or Isavuconazole, a newer azole with a more favorable toxicity profile, are alternatives [25]. Once the diagnosis of IA is suspected, timely treatment is essential [1]. In one retrospective study of IAA, patients who survived had received antifungal therapy at a median of 2 days after influenza diagnosis, compared with 9 days in patients who had died [32]. 

Azole use for primary prophylaxis against Aspergilloses is currently only recommended in those with traditional EORTC / MSG host factors  such as profound and prolonged neutropenia or following HSCT [25]. The Dutch-Belgian group are currently conducting a trial of Posaconazole prophylaxis for patients with severe influenza (POSA-FLU study, NCT03378479, clinical trials.gov). An alternative strategy would involve serial screening for, and prompt treatment of, patients that meet AspICU criteria [1]. This has the advantage of improved antifungal stewardship, an important consideration with the emergence of voriconazole resistant Aspergillus[21].

Standard of care: Influenza-associated Aspergillosis (IAA)
The 2018 IDSA guidelines consider fungal co-infection as “rare” in influenza and thus make no specific recommendations [29]. Following publication of the Belgian-Dutch study, the European Centre for Disease Prevention and Control (ECDC) published a rapid risk assessment in Nov 2018 which included the following reccomendations[15]:

1. Public health authorities should raise awareness of IAA among ICU physicians and clinical microbiologists.
2. IA should be considered as a possible complication of severe influenza, and appropriate diagnostic procedures (including BAL) should be considered to be performed in time.
3. Antifungal treatment should be initiated along the relevant national and international guidelines, when indicated, based on careful clinical judgement and also taking into account the side effects of antifungal drugs

A recent review article similarly advocated early BAL and biomarker use to diagnose IAA as soon as possible and also suggests this strategy be repeated in the event of a respiratory deterioration[1].
There are no adjunctive treatments of proven benefit in severe influenza and the use of steroids is actively discouraged[29]. This is because a Cochrane meta-analysis has found that corticosteroid therapy use in influenza is associated with increased mortality (OR 3.06, 95% confidence interval (CI) 1.58 to 5.92) [33].
[bookmark: _Toc17128382]1.4 Pathogenesis of influenza-associated aspergillosis 
The reason for the association between severe influenza and IA is not fully understood but likely results from a combination of physical, immunological, microbiological and iatrogenic factors. 

Physical factors
The inflammation caused by severe influenza infection causes physical damage to the respiratory tract epithelial lining. This impedes mucocilary clearance and likely leaves the host vulnerable to invasive infection by Aspergillus[1]. See discussion regarding tracheobronchitis in ‘Diagnosis of Invasive Aspergillosis’ above.

Immunological factors
The immune response to severe influenza can be broadly divided in to an ‘early’(innate) and ‘late’(adaptive) phase. In the early/innate phase (first week of symptoms) there is a sometimes excessive pro-inflammatory immune response with upregulation of Th1 proinflammatory cytokines such as TNF-α, IL-1 and IL-6 [34][35]. This leads to recruitment and activation of neutrophils with resulting tissue damage. In those with severe infection these high levels of proinflammatory cytokines persist, but there is also a failure to down-regulate immunosuppressive cytokines such as IL-10. The result is ongoing inflammation alongside an impaired adaptive response characterised by lack of T helper cell differentiation and B cell development [36][37][35]. This in turn allows for persistent viral replication, creating a vicious cycle.
















Figure 2. Model of host immune deficiency in severe influenza, adapted from {36].
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Long pentraxin 3 (PTX3) is an acute phase protein released by phagocytes and non-immune cells at sites of inflammation[38]. It is a pattern-recognition receptor (PRR) that forms complexes with Aspergillus enhancing recognition of the fungus by the innate immune system. Genetic polymorphisms in PTX3 production have been associated with increased incidence of IPA in haematology patients[38][39]. A key cytokine induced by PTX3 is IL-8: significantly raised levels of IL-8 were found in BAL fluid from hematology patients with IPA compared to matched controls [40]. Measuring the proportion of patients with IAA with such PTX3 polymorphisms, as well as cytokine production in BAL fluid could contribute to understanding of immunopathogenesis [36].

Another PRR thought to play an important role in the pathogenesis of aspergillosis is Dectin-1 [41]. Dectin-1 is a C-type lectin receptor present on immune cells that recognizes beta-1,3-glucan; a polysaccharide present on the cell walls of Aspergillus (and other fungi). As with PTX3, genetic polymorphisms influencing the production of Dectin-1 have been associated with increased incidence of invasive aspergillosis in haematology patients but its role in severe influenza requires study[39].

Microbiological factors
Influenza has long been associated with bacterial superinfection with pathogens such as Streptococcus pneumoniae, Staphylococcus aureus and Streptococcus pyogenes [29]. But recent work suggests influenza may have more subtle effects on the lung microbiome, especially in patients intubated on ICU. It may be that influenza not only leads to IAA directly, but also through changes in the bacterial microbiome[42]. Severe infection with H1N1 Influenza A appears to carry a higher risk of IAA[1] than other strains of influenza. The effect of influenza strain and duration of viral shedding on the risk of IAA needs further characterization.

Iatrogenic factors: Steroids
In the Dutch-Belgian study, corticosteroid use (0.1 mg/kg/day prednisone equivalent) in the 4 weeks prior to ICU admission was independently associated with IAA (aOR 1.59; 95% CI 1.30–1.99; p<0.0001) [7] . Similar findings are replicated elsewhere[1] and supported by the Cochrane meta-analysis (mentioned above) that found that steroid use in influenza was associated with increased mortality [33].


2	RATIONALE 
[bookmark: _Toc17128383]2.1 Potential for improved patient care 

The incidence of IA in patients with severe influenza may be much higher than previously realized. IAA is associated with significant mortality but antifungal therapy may be life-saving if initiated promptly. Unfortunately the diagnosis of IA can be elusive if appropriate diagnostic procedures (such as BAL and galactomannan testing) are not performed. This means the IAA is likely to remain under-diagnosed without increased awareness of IAA among ICU physicians and clinical microbiologists. 

By evaluating the incidence of IAA across three London trusts, this study has the potential to increase awareness of IAA within the NHS and could inform future PHE policy. Determination of risk factors associated with IAA could help identify those patients most likely to benefit from further investigation or, potentially, antifungal prophylaxis.

The validation of the AspLFD has the potential to improve NHS patient care by streamlining diagnostic pathways and improving turnaround time as part of implementation of the NHS England antifungal CQUINN 2019/20 (https://www.england.nhs.uk/publication/pss1-meds-optimisation-pss-cquin-indicator/ published Mar 2019).
[bookmark: _Toc17128384]2.2 Hypothesis

The incidence of IA in ICU patients with severe influenza will be comparable to the 20% found in a recent large retrospective study in the Netherlands/Belgium. IA will be associated with excess mortality and morbidity in those with severe influenza. Steroid use will emerge as an independent risk factor for the development of IA.

2.3 Need for a study

The Dutch-Belgian study provides the strongest evidence to date of a significant burden of IA in patients with severe influenza. But the incidence of IA might vary widely between hospitals and countries [15]. An estimate of the incidence if IAA in the UK is necessary to guide NHS policy. Furthermore the Dutch-Belgian study was retrospective. By being prospective, this study will be less liable to bias by ensuring systematic data and sample collection.

Central to the diagnosis of IAA is biomarker testing, but galactomannan testing for many ICUs suffers from prolonged turn-around times. AspLFD offers an attractive solution but validation is urgently needed in this cohort of patients.

IAA is a disease distinct from IPA in patients with traditional EORTC / MSG host factors. Research is urgently needed to understand the biological mechanisms that underpin it, to inform future prevention and treatment strategies [15].


3	THEORETICAL FRAMEWORK

Due to the difficulties in diagnosing IA as outlined above, a prospective observational study is required to accurately evaluate the incidence of IA in UK NHS patients with severe influenza. This is to ensure that information pertinent to the AspICU classification is systematically recorded, and that the relevant diagnostic tests are systematically performed.

A multi-centre study is required to recruit a sufficient number of ventilated patients with severe influenza during a single influenza season. Increasing the number of patients enrolled and sites involved will ensure that the results are generalisable to a wider population of patients with severe influenza.
For the purpose of the AspLFD validation, serum and BAL samples will be retrospectively tested in parallel by both galactomannan EIA and the AspLFD after the influenza season. In the event that there is sample degradation over time, parallel testing will reduce the chance that this effect will impact on the measured performance of one test more than the other.

A detailed outline of future sub-studies to be performed on samples collected and stored as part of this study lies outside the scope of this protocol.




4	RESEARCH QUESTION/AIM(S)

4.1	Objectives


Primary: 	Estimate incidence of influenza-associated invasive aspergillosis (IAA) and identify risk factors for infection
Secondary: 	Determine morbidity and mortality of IAA
Evaluate utility of AspLFD device for diagnosis of IAA 
Sub-studies:	Improve understanding of immunopathogenesis of IAA through ex vivo PBMC analysis, measurement of serum and bronchoalveolar lavage (BAL) cytokines and targeted immune gene sequencing

4.2	Outcomes

Primary:
Diagnostic classification of IAA during ICU admission as per modified AspICU criteria.
The modified AspICU criteria will be further modified for our study in two ways (Table 1):
The presence of tracheobronchitis at bronchoscopy (an EORTC/MSG clinical criterion) will replace the need for a radiological and clinical criterion to meet the definition of putative IA (i.e. tracheobronchitis plus mycological criterion)
1. The ‘not classifiable’ group, namely ‘Clinical, radiological and mycological criteria all met but a negative Aspergillus culture from BAL’ will be classified as Putative IA in our study.
Patients will therefore be classified as evidence of invasive aspergillosis (subdivided into proven/putative), and no evidence of invasive aspergillosis (subdivided into those with and without Aspergillus colonisation).
The outcome of interest is evidence of IA at any point during study ICU stay, including on admission. The strongest classification for each patient will be recorded. For example, some patients may have no evidence of IA on their admission blood tests / BAL, but later clinically deteriorate and have a second blood test / BAL that places them in the ‘Putative IA’ AspICU group. This patient would be classified as ‘Putative IA’. If this patient later died and a biopsy from a post mortem placed them in the ‘Proven IA’ group they would be classified as ‘Proven IA’.
Risk factors to be elicited from baseline collected clinical data points (see Table 3), e.g. EORTC / MSG host factors, steroid use and other co-morbidities.

Secondary:
· Duration of mechanical ventilation; ICU stay; hospital stay
· ICU all-cause mortality; inpatient all-cause mortality; 90-day all-cause mortality
· Survival analysis: Time to death (all-cause mortality) for all patients
· Sensitivity, specificity, positive predictive value (PPV) and negative predictive value (NPV) of AspLFD
Sub-studies:
· Ex vivo PBMC analysis, measurement of serum and bronchoalveolar lavage (BAL) cytokines/ chemokines and targeted immune gene sequencing
	Table 2. AspiFlu Study Definitions of Invasive Aspergillosis (IA)

	Proven
	As per EORTC/MSG, any one of

	
	 Histopathologic, cytopathologic, or direct microscopic evidence of Aspergillus hyphae accompanied by tissue damage in a pulmonary specimen

	
	Positive Aspergillus culture from a lung biopsy taken from a clinically or radiologically abnormal site consistent with an infectious disease process

	
	Positive Aspergillus blood culture in the context of a compatible infectious disease process

	
	

	Putative 
	At least one clinical + radiological + mycological criterion OR Tracheobronchitis + at least one mycological criterion

	
	Clinical

	
	Fever refractory to at least 3 days of appropriate antibiotic therapy

	
	Recrudescent fever after a period of defervescence of at least 48 h while still on antibiotics and without other apparent cause

	
	Dyspnoea

	
	Haemoptysis

	
	Pleural friction rub or chest pain

	
	Worsening respiratory insufficiency in spite of appropriate antibiotic therapy and ventilator support.

	
	Radiological

	
	Any infiltrate on pulmonary imaging by portable chest x-ray or CT scan of the lungs.

	
	Tracheobronchitis

	
	Tracheobronchial ulceration, nodule, pseudomembrane, plaque, or eschar seen on bronchoscopic analysis

	
	Mycological

	
	Histopathology or direct microscopic evidence of dichotomous septate hyphae with positive culture for Aspergillus from tissue

	
	Positive Aspergillus culture from BAL

	
	Galactomannan optical index on BAL ≥ 1

	
	Galactomannan optical index on serum ≥ 0.5

	
	

	Colonisation
	Positive Aspergillus culture from BAL but Putative criteria not met



5	STUDY DESIGN, METHODS, DATA COLLECTION AND ANALYSIS

5.1 STUDY DESIGN
AspiFlu is a multicentre prospective observational cohort study, incorporating retrospective evaluation of a novel POC diagnostic device and scientific sub-studies on stored patient samples. 

5.2 OUTLINE OF METHODS
See also ‘Study Schematic’ above.
Between 1st November 2019 and 31st March 2020, intubated adults on the study ICUs will be assessed for eligibility and consented for enrolment (see ‘7.3 Recruitment’). Based on historic data, an estimated 75-95 patients with severe influenza are expected to be recruited over the study period (see ‘7.2 Sampling’).

Enrolled patients will have baseline blood sampling performed within 72 hours of ICU admission (see ‘7.3.4 Biological Sample Handling’). Surplus BAL from bronchoscopy performed as part of routine clinical care will also be stored alongside leftover serum. This is a non-interventional study and patients will receive routine clinical care throughout the study.

Clinical data (see 5.3 Data Collection) will be collected at baseline, during the patients ICU stay, and after ICU discharge - up to 90 days or hospital discharge (whichever is longer). No patient will be enrolled after 31st March 2020. To achieve 90-day follow-up the end of patient data collection will thus be approximately 30th June 2020 (it may be longer if some enrolled patients remain an inpatient, in order to record inpatient mortality and re-admission to ICU). 

After the influenza season, the stored BAL and serum samples will be tested retrospectively in parallel by both galactomannan EIA and by the AspLFD (see ‘7.3.4 Biological Sample Handling’). This testing will be done by a member of the research team blinded to the AspICU IA classification of the patient.

For the primary analysis the incidence of IA in the study cohort during ICU stay will be determined as per modified AspICU criteria (Table 2) incorporating clinical and radiologic data and prospective galactomannan results from BAL and serum samples (see 4.2 Outcomes). Risk factors for the development of IA and morbidity of IA will also be assessed (see 5.5 Data analysis).

As a secondary analysis, an evaluation of the AspLFD will be performed by comparing AspLFD results on serum and BAL to the modified AspICU classifications of IA in the cohort. For this analysis, if there is a discrepancy between a BAL/serum galactomannan result performed prospectively as part of routine clinical care and the result from the retrospective testing, then the retrospective result will be used. In the event that there is sample degradation over time, parallel testing will reduce the chance that this effect will impact on the measured performance of one test more than the other.

Subsequent to a successful MRC/NHIR funding grant application clinical data and stored blood/BAL samples will be used in a series of sub-studies to improve understanding of immunopathogenesis of IAA. This will involve ex vivo PBMC analysis using flow cytometry and stimulation with Aspergillus antigens, measurement of serum and bronchoalveolar lavage (BAL) cytokines and targeted immune gene sequencing.

5.3 DATA COLLECTION

Demographic and clinical data, including inclusion and exclusion criteria, EORTC and AspICU criteria, IA risk factors, influenza factors and critical illness severity will be collected at baseline (Table 3). Outcome measures to be collected will include investigation dates and results (mycological criteria); morbidity and mortality outcome data. Risk factors to be elicited from baseline collected clinical data points (see Table 3), including EORTC / MSG host factors, steroid use and other co-morbidities. All-cause mortality rates at 90 days will be collected using NHS Digital and the Intensive Care National Audit and Research Centre for those discharged prior to 90 days.
Patients enrolled will be allocated a Participant Study Number (PSN). Clinical and microbiological data will be entered into an NHS compatible REDCap™ database using the PSN. A separate log will be kept securely at each site linking the PSN to patient identifiable information (name, date of birth, NHS number); this will take the form of a password-protected, Microsoft Excel spreadsheet saved on a secure server at each site. Research blood samples and left over BAL samples will be stored using the PSN. The PSN will not reveal the identity of the patient or the diagnostic classification to laboratory staff undertaking the subsequent laboratory diagnostic evaluation (see ‘7.3.3 Data collection tool’).
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	Table 3: Data to be collected

	Baseline Assessments

	
	

	Patient identifiers
	Age and gender

	
	

	Inclusion Criteria
	>18 years old

	
	Admitted to intensive care for respiratory support requiring intubation and ventilation for >24h

	
	Positive influenza PCR from nasal, throat swab, BAL or other respiratory specimen taken within 72 hours (of admission to ICU – pre or post.
OR
Influenza suspected but influenza PCR results awaited – under these circumstances the patient can be provisionally enrolled, but later excluded if no specimens taken within 72 hours pre/post admission to ICU is positive as above.

	
	

	Exclusion Criteria
	Respiratory failure not the primary reason for ICU admission 

	
	History of proven/ probable invasive pulmonary aspergillosis

	
	

	EORTC / MSG host factors
	Neutropenia <0.5 x 10(9) for >10 days temporally related to the onset of fungal disease

	
	Allogeneic stem cell transplant

	
	Corticosteroid before ICU admission (mean dose > 0.3mg/kg/day of prednisolone > 3 weeks)

	
	Treatment with recognized T cell immunosuppressants (e.g. cyclosporine, TNF-α blockers, specific monoclonal antibodies (such as alemtuzumab), or nucleoside analogues during the past 90 days

	
	

	Other IA risk factors
	Inherited severe immunodeficiency (such as chronic granulomatous disease or severe combined immunodeficiency

	
	Haematological Malignancy

	
	Solid organ transplant

	
	Solid organ malignancy

	
	Chronic Obstructive Pulmonary Disease 

	
	Smoker in the past year

	
	Steroid use (not meeting EORTC/MSG criteria), including inhaled 

	
	

	Other co-morbidities
	BMI >30, Liver cirrhosis, Diabetes, CKD, Chronic lung disease

	
	APACHE II vs SOFA score on ICU admission

	
	

	Influenza Factors
	Symptom Onset

	
	Date of first PCR positive influenza specimen

	
	Influenza strain (if known)

	
	Neuraminidase inhibitor start date

	
	Vaccination status

	
	

	Fungal factors
	Azole use - either prophylaxis or other exposure in last 28 days

	
	

	Data collected during ICU stay

	
	

	Diagnosis of Invasive aspergillosis (IA)
	Diagnosis of IA made by clinical team?

	
	BAL performed? Date

	
	Biomarker performed? Date

	
	

	EORTC / MSG 'Clinical'
	Dense well circumscribed lesion(s) with/without halo

	
	Air-crescent

	
	Cavity

	
	Tracheobronchitis (ulceration/nodule/pseudomembrane/plaque/eschar on bronchoscopy)

	
	

	AspiFlu 'Radiological'
	Pulmonary infiltrate (any)

	
	Tracheobronchitis (ulceration/nodule/pseudomembrane/plaque/eschar on bronchoscopy)

	
	

	EORTC / MSG / AspICU 'Mycological'
	Evidence of Aspergillus hyphae and tissue damage in histopath/cytopath sterile specimen

	
	Aspergillus positive culture

	
	Galactomannan positive >0.5 (serum)

	
	Galactomannan positive >1 (BAL)

	
	

	Coinfections
	Other respiratory virus 

	
	Bacteria isolated in BAL

	
	

	Therapeutics/Interventions
	Azole use (treatment) and indication

	
	Antibiotic use duration 

	
	Neuraminidase inhibitor duration

	
	Date of first intubation

	
	Date of ECMO

	
	

	Outcome measures
	Length of intubation

	
	Length of ECMO

	
	Length of ICU stay

	
	ICU all-cause mortality

	
	

	Data collected after ICU discharge

	
	

	Influenza Factors
	Crude estimate of duration influenza PCR positive (last positive swab +5 days)

	
	

	Other outcome measures
	Inpatient all-cause mortality

	
	90-day all-cause mortality

	
	Re-admission to ICU





5.4 STUDY INTERVENTIONS

This study is observational and patients will be investigated and managed by the local clinical teams.

The only additional procedure in this study will be the taking and storing of blood samples (including PBMC, serum and DNA) for subsequent analysis. Approximately 30-40ml of blood will be taken within 72H of ICU admission. Many patients will have a central venous catheter or arterial line through which blood will be taken without the need for venepuncture. In those who do not have a central line, we will minimise discomfort by taking the blood sample at same time as routine blood tests. Many patients will also be sedated.

Where a patient is enrolled prior to a bronchoscopy (and BAL) performed as part of routine clinical care, a 30ml research sample of surplus BAL fluid will be taken and stored. BAL will only be performed at the discretion of the treating team as per standard clinical care – a BAL will not be performed, or delayed, for the purpose of this study. Some patients may have more than one BAL, surplus material from any subsequent BAL will also be stored following the same procedure as for the first. Leftover BAL samples will also be stored (see 7.3.4 Biological Sample Handling). The local ICU SOP for BAL will be followed at each site. The presence or absence of evidence of tracheobronchitis at Bronchoscopy will be recorded in the clinical notes.


5.5 DATA ANALYSIS

The primary analysis will be to determine the incidence of IA in the study population (as per modified AspICU criteria, table 2) and identify risk factors for infection.

Univariable analyses using Kruskal-Wallis, χ2 tests, Fisher exact, Mann Whitney U tests or t tests, as appropriate, will be performed to detect factors from Table 3 associated with an increased risk of IA.  A multivariable analysis using binary logistic regression will be performed to identify independent risk factors for infection. The dependent variable will be the presence of IA (including proven and putative) and independent variables risk factors for IA selected using a predictive backward selection modelling approach. 

Variables selected for inclusion in the model will be based on a priori knowledge from previous studies (e.g. EORTC/MSG host factor, steroid use[7])  and variables identified as associated with IA infection following univariable analysis (P ≤ 0.1). Variables will be retained based on likelihood ratio testing, if they significantly improve model fit, to obtain the most parsimonious model. The strength of the association between independent risk factors and IA will be expressed as adjusted odds ratio (aOR) with corresponding 95% confidence intervals.

The morbidity of patients with and without IA will be compared using the following outcomes measures: Duration of mechanical ventilation, length of ICU stay, length of hospital stay. 90-day all-cause mortality will be compared for patients with and without IA. ICU all-cause mortality and inpatient all-cause mortality will be compared also.

A survival analysis (time-to-all-cause mortality) to 90 days, will also be performed comparing those with and without IA. Kaplan Meier curves will be produced and compared using log-rank tests and Cox regression models to control for any potential confounding. 

For the AspLFD diagnostic test validation, the sensitivity, specificity, PPV and NPV of BAL AspLFD against the modified AspICU criteria in this cohort will be determined. The performance of AspLFD on serum or BAL or both (combined) will be assessed.

Data will be analysed using Stata version 15.





6	STUDY SETTING

Study participants will be enrolled across 4 trusts comprising 324 ICU beds total:
1. Guy's and St Thomas' Hospital NHS Foundation Trust (Guy’s Hospital and St Thomas’ Hospital) – x1 ICU at Guy’s (13 beds), x3 at St Thomas’ (42 beds)
2. St Georges University Hospitals NHS Foundation Trust (St Georges Hospital) – x3 ICUs (60 beds)
3. King’s College Hospital NHS Foundation Trust (King’s College Hospital)– x4 ICUs (144 beds)
4. Manchester University NHS Foundation Trust (65 beds)

At each site potential participants will be identified and enrolled by the local clinical teams, site PIs and/or site research nurses (see ‘7.3 Recruitment’)

A full time clinical research fellow (with honorary research contracts at each site) will work across all the sites in collaboration with and under the supervision of the site PIs. The research fellow will oversee:
· Data entry into the REDCap™ database (see ‘7.3.3 Data collection tool’)
· Baseline blood sampling and storing of BAL and serum samples (see’7.3.4 Biological Sample Handling’)
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7	PATIENT RECRUITMENT AND SAMPLING

7.1 	Eligibility Criteria

Intubated adults on the study ICUs will be screened against the inclusion/exclusion criteria for potential participation.

7.1.1	Inclusion criteria 
· Adults > 18 years
· Admitted to intensive care for respiratory support requiring intubation and ventilation for >24h
AND
· Positive influenza PCR (nasal, throat swab or other respiratory specimen) within 72 hours of admission to ICU
OR
· Influenza suspected but influenza PCR results awaited – under these circumstances the patient can be provisionally enrolled, but later excluded if no specimens taken within 72 hours pre/post admission to ICU is positive as above.
Two of the study sites are ECMO referral centres. This means that during winter patients with severe influenza are transferred to these study site ICU from other hospitals. A BAL is usually performed shortly after admission, often before influenza PCR results from the referring hospital are available. It is therefore preferable to provisionally enrol these patients so that BAL can be stored appropriately. If no respiratory specimen taken within 48 hours pre/post admission is positive, then the patient can be subsequently excluded.
7.1.2	Exclusion criteria 
· Respiratory failure not the primary reason for ICU admission
· History of proven/ probable invasive pulmonary aspergillosis

7.2 	Sampling

All potentially eligible patients who consent to be enrolled will be included in the study.
Extracting data from laboratory databases of ICU influenza diagnoses and following discussion with the PIs for each site of this study we estimate the following number of patients with severe influenza will be enrolled at each site: St George’s (n=10-15), Kings College Hospital (n=15-20), Guys and St Thomas’ Hospitals (n=45-50), Manchester (n =5-10) total (n=75-95).

7.3	 Recruitment
7.3.1 Participant identification 
Intubated adults admitted to intensive care for respiratory support will be screened for eligibility by the clinical team, site PIs and/or site research nurses (providing NIHR portfolio adopted). Potential participants will identified through two methods:
1. Hospital Virology laboratory viral respiratory PCR result worksheets
2. Liaison with the clinical teams on each ICU.

Each potential participant must satisfy all the approved inclusion and exclusion criteria of the protocol to be eligible for enrolment. Once a potential participant has been deemed eligible they will be approached by the clinical team, site PIs and/or site research nurses to initiate the consent process.

7.3.2 Consent
The consent process will be undertaken by the clinical team, site PIs and/or site research nurses (providing NIHR portfolio adopted). The clinical research fellow can also undertake consent in circumstances where the potential participant has already been identified and approached by the local clinical/ research teams.
In many cases it will not be possible to obtain prospective informed consent from the patient at the time of enrolment. This is due to the fact that many patients will have a reduced level of consciousness due to their illness or due to sedative medications used as part of their treatment.

Patient Consent
If possible, informed consent will be obtained directly from the patient. The patient will be informed about the study by the responsible clinician or a member of the research (co-investigator) team and given a copy of the Participant Information Sheet (PIS). Patients will be given an adequate amount of time to consider their participation in the study. If the patient decides to participate in the study they will be asked to sign the Patient Consent Form, together with the responsible clinician/researcher. The patient will retain one copy of the signed Consent Form. Another copy will be placed in the patient’s medical records whilst the original will be retained in the study Site File. Patients are expected to have been transferred and/or discharged up until the 90-day data collection point and will be assumed (if not withdrawn before this point) to have given consent up to this data collection point. Fluctuating capacity is anticipated for this patient group. Any patients who are initially able to consent will be asked to identify a person who knows them well in order to support with monitoring of their ongoing consent, alongside standard care.

Personal Consultee Declaration 
If the patient is unable to give consent then advice will be sought from the patient’s Personal Consultee, who may be a relative, partner or close friend. This is in line with the legal requirements for obtaining consent in patients without capacity in England and Wales (Mental Capacity Act 2005). The Personal Consultee will be informed about the study by the responsible clinician or a member of the research team and provided with a copy of the Consultee Information Sheet and asked to give an opinion as to whether the patient would object to taking part in medical research. The Consultee will be given adequate time to consider the patient’s participation in the study. If the Consultee decides that the patient would have no objection to participating in the study they will be asked to sign the Consultee Declaration Form together with the consenting clinician / researcher. The Consultee will retain a copy of the signed Declaration/Assent Form. A second copy will be placed in the patients’ medical records whilst the original will be retained in the Study Site File. Patients are expected to have been transferred and/or discharged up until the 90-day data collection point, consent will be assumed under the signed Declaration/Assent Forms (unless withdrawn before this point) to continue to data collection points.


Nominated Consultee Declaration
If the patient is unable to give informed consent and attempts to meet and discuss with a Personal Consultee have failed then a nominated Consultee, who is not connected with the conduct of the Study may act as a nominated/Professional Consultee.
It is expected that the majority of patients eligible for this study will have a BAL performed within the first 24-48 hours after admission to the study ICU. It would be preferable that patients are enrolled prior to this BAL so that a research sample of surplus BAL can be obtained and stored. Therefore, if attempts to meet and discuss with a Personal Consultee fail by the time of this BAL then a nominated Consultee will be approached. Further attempts to meet with a Personal Consultee will continue for 1-2 working days because it would be preferable for Personal Consultee involvement prior to the baseline blood sampling (which is to occur <72 hours after study ICU admission).
The Nominated Consultee will have received information about the study, by a member of the research team, prior to considering study participation for an individual patient. A copy of the CIS will be provided each time an individual patient is to be considered. The patient’s treating physician, with the support of the research team will determine the patient’s eligibility to enter the study and a Nominated Consultee will advise as to whether the patient would decline to take part if he/she had capacity. The patient’s lead treating physician may act as a Nominated Consultee only if they have no connection with the conduct of the study and therefore would have a dual role in both determining eligibility and considering the patient’s participation. The Nominated Consultee, together with the researcher will sign and retain one copy of the signed Consultee Declaration/Assent Form, the original will be retained in the Study Site File. If a relative, partner or close friend should subsequently visit the patient, after enrolment and before the patient has regained capacity, they should be informed about the patient’s participation and invited to take over the role of Consultee and be informed about the retrospective consent process. Patients are expected to have been transferred and/or discharged up until the 90-day data collection point, consent will be assumed under the signed Declaration/Assent form (unless withdrawn before this point) to continue to data collection points.

Recovered Capacity
Patients, for whom an opinion is given by a close relative, will be monitored in line with GCP and if they gain capacity by the time of primary hospital discharge, they will be informed of their participation in the study by the responsible clinician or a member of the research team. The clinician / researcher will discuss the study with the patient and the patient will be given a copy of the Recovered Capacity PIS to keep. The patient will be asked for consent to continue follow-up in the study or will be supported if they wish to withdraw, it will be confirmed that data already collected will be retained by default unless the participant or their Guardian/Welfare Attorney or Relative requests otherwise. If consent is given, the patient will be asked to sign the Recovered Capacity Consent Form. The patient will retain one copy of the signed Consent Form. Another copy will be placed in the patient’s medical records whilst the original will be retained in the Study Site File. If the patient does not want to continue follow-up in the study, no further clinical data beyond that time-point or new samples will be collected.

The right of the participant to refuse to participate without giving reasons must be respected. All participants are free to withdraw at any time from the study without giving reasons and without prejudicing further treatment.
[bookmark: _Toc17128399]Withdrawal of Participants
Participants may withdraw from the study at any time without prejudice. This could be because the participant, or their Consultee/Guardian/Welfare Attorney withdraws consent, or because of Lead clinician opinion. 
According to the design of the study, participants may have the following two options for withdrawal:

1) Participants may withdraw from any further communication but allow the study team to continue to access their medical records and any relevant hospital data that is recorded as part of routine standard of care; i.e., CT-Scans, blood results and disease progression data etc. No further samples will be taken/stored but any samples already taken/stored will still be included in the study.

2) Participants can withdraw completely from the study and withdraw the data and samples collected up until the point of withdrawal. The data and samples already collected would not be used in the final study analysis. Stored samples would be destroyed.

The type of withdrawal and reason for withdrawal will be recorded

[bookmark: _Toc392780471][bookmark: _Toc395002664][bookmark: _Toc261532711]7.3.3 Data collection tool 

Clinical, radiographic and microbiologic data relevant to the measures outlined in Table 3 will be collected from the electronic notes systems and hospital databases at each site and entered into an NHS compatible REDCap™ database (Research Electronic Data Capture). Any information collected during the study will be kept strictly confidential and will only be used for research purposes (see ‘8.6 Data protection and patient confidentiality’).

7.3.4	Biological Sample Handling

Blood samples
Following informed consent, approximately 30-40mls of blood will be drawn from each patient for research purposes. This will include heparin/EDTA (25ml total) for PBMC isolation, serum (1 x 4ml), and Paxgene tubes (DNA) (1 x 2.5ml). Samples will be taken within 72h of study ICU admission.

PBMCs will be separated from freshly drawn samples within 24h of collection and stored in liquid nitrogen. Serum and DNA tubes will be frozen stored on site (-20C/ -80C as appropriate) and shipped on dry ice from the local hospital site to St Georges University of London at the end of the study.

For the immunopathogenesis sub-studies, PBMCs will undergo flow cytometry and ex vivo antigen stimulation. Host DNA will be extracted for targeted sequencing of known genetic polymorphisms associated with an increased risk of IA (e.g. PTX3; Dectin-1 synthesis).

BAL samples
Surplus material (30mls) of bronchoalveolar lavage (BAL) will be taken for research purposes at the time of each bronchoscopy. BAL will be divided into 2-3 separate sterile Falcon tubes and stored on site at -80C. If a bronchoscopy was undertaken during the patient’s study ICU stay, but before enrolment, the clinical laboratory will be asked to provide any residual BAL from these once routine clinical testing has been completed on them.

It is anticipated that most patients in the study will have a BAL performed as part of routine clinical care within 72 hours of ICU admission. Patients that remain intubated for a prolonged period may have more than one BAL. Surplus material from any subsequent BAL will also be stored following the same procedure as for the first. 

After the influenza season BAL samples will be transferred by batch shipped on dry ice from the local hospital site to St Georges University of London.

After the influenza season both serum and BAL will undergo retrospective testing by galactomannan EIA and AspLFD (see 5.2 ‘Outline of Methods’ and ‘Study Schematic’). Chemokine/ cytokine analyses will be performed as part of the immunopathogenesis sub-studies.

Pathogen samples
Respiratory swabs/ NPA transport medium will be stored to allow subsequent influenza typing. Any Aspergillus isolates cultured from BAL samples will be stored for subsequent resistance genotyping.

Only members of the research team under the supervision of the sponsor will have access to the stored biological samples. Analyses will only be performed within the scope described in this protocol. If there is a desire to use the stored samples for a subsequent research project a new IRAS application will be made.

8	ETHICAL AND REGULATORY CONSIDERATIONS

Ethical Considerations
Most patients with severe influenza or other respiratory on ICU will be unable to give informed consent due to alterations in consciousness and cognition caused by illness and, in some cases, therapeutic sedation. Consent will therefore be obtained in line with legal requirements for obtaining consent in patients without capacity in England & Wales (Mental Capacity Act 2005) (see ‘7.3.2 Consent’).

Some patients will have capacity to consent, either during their acute illness or after they recover. Under these circumstances the consent process will include: assessment and documentation of capacity by a trained member of a research team; providing written information about the study; allowing sufficient time for the patient to understand the material and ask questions; obtaining written informed consent.
[bookmark: _Toc17128405]Declaration of Helsinki
The Chief Investigator will ensure that this study is conducted in accordance with the principles of the Declaration of Helsinki.
[bookmark: _Toc17128406]Guidelines for Good Clinical Practice
The Chief Investigator will ensure that this study is conducted in accordance with Good Clinical Practice and that local PIs and co-investigators are up-to-date with GCP training.
[bookmark: _Toc17128407]Approvals
Ethical approval for the study will be sought using the Integrated Research Application System (IRAS). The informed consent form and PIS will both be submitted to IRAS.

Before enrolling patients into the trial, each trial site must ensure that the local conduct of the trial has the agreement of each NHS Trust Research & Development (R&D) department.

The CI will submit a final report to the required authorities with the results, including any publications, within one year of the end of the study.

8.1	Assessment and management of risk
Apart from the taking of blood samples this study is non-interventional. The taking of a 30ml sample of surplus BAL during a bronchoscopy already being performed as part of routine clinical care is not expected to entaill any additional risks. Study enrolment is thus not associated with physical risk to the patient.

There will be no direct information gathering from participants. All information will be gathered from the electronic medical notes, and limited to that information outlines in Table 3 (‘5.3 Data Collection’). This means there is minimal scope that a researcher could come into information that has safeguarding implications.

In the event that during the enrolment process the potential participant reveals information that has safeguarding implications this would be brought to the attention of the clinical team caring for the patient on the ICU.

8.2 	 Research Ethics Committee (REC) and other Regulatory review & reports
Before the start of the study, a favourable opinion will be sought from an appropriate REC for the study protocol, informed consent forms and other relevant documents e.g. advertisements. 
For HRA- NHS REC reviewed research
· Substantial amendments that require review by NHS REC will not be implemented until that review is in place and other mechanisms are in place to implement at site.  
· It is the Chief Investigator’s responsibility to produce the annual reports and submit the REC within 30 days of the anniversary date on which the favourable opinion was given, and annually until the study is declared ended.
· The Chief Investigator will notify the REC of the end of the study within one year after the end of the study.
· If the study is ended prematurely, the Chief Investigator will notify the REC, including the reasons for the premature termination.

Regulatory Review & Compliance 
Before any site can enrol patients into the study, the Chief Investigator/Principal Investigator or designee will ensure that appropriate approvals from participating organisations are in place. Specific arrangements on how to gain approval from participating organisations are in place and comply with the relevant guidance.

Amendments 
For any amendment to the study, the Chief Investigator or designee, in agreement with the sponsor will submit information to the appropriate body in order for them to issue approval for the amendment. The Chief Investigator or designee will work with sites (R&D departments at NHS sites as well as the study delivery team) so they can put the necessary arrangements in place to implement the amendment and confirm their support for the study as amended.

8.3 	Peer review
The research protocol was written and reviewed by members of Study steering group (CI, Principal Investigators and Co-investigators above). This group comprises at least one Infection and one Intensive care specialist for each site.

Funding for the study was awarded via a competitive, peer-reviewed scheme open to applicants in the UK and Ireland via the Gilead Fellowship Scheme https://www.ukifellowshipprogramme.com/

The protocol (Version 0.2) was also given a favorable external expert peer review using a standardized feedback form.


8.4 	Patient & Public Involvement
Patient and public involvement was sought at a fundraising event for a St Thomas’ Hospital ECMO patient group.

A number of people kindly volunteered. This included three people who had previously been patients on ECMO at St Thomas’ for severe infections including influenza, plus a partner of one such patient.
A copy of the patient information sheet (PIS) and study protocol (version 0.2) was provided to all volunteers alongside a ‘Patient & Public Feedback Form’ to complete.
All found the PIS easy to read and understand. All felt that the PIS made clear both the purpose of the study and what participation would involve. None reported that they would not take part in the study after reading the PIS.
The study was deemed worthwhile and no concerns were raised regarding the study design, management, or ethical aspects.
Volunteers provided some excellent feedback which helped improve the PIS (subsequent modifications italicised below). This included:
· Making the observational nature of the study clear from the outset of the PIS - sentence added to introductory paragraph.
· Having a brief synopsis at beginning allowing people to read on to find out more if they wish : ‘short summary’ box added to first page.
· Make clear that blood samples could be taken alongside routine bloods and that a bronchoscopy wouldn’t be unnecessarily done for the purpose of the study: added to brief synopsis and bold type used in sentences highlighting this.
· Use pictures in the PIS, including a picture of the AspLFD : pictures of bronchoscopy and AspLFD added.
· Make clear publications would contain anonymised data only: sentence added to this effect.
Some excerpts from comments include:
	Do you think the study is worthwhile and why?
	“Absolutely, prediction would allow earlier diagnosis and thus potentially save lives”

	After reading this PIS, would you be inclined to participate in the study? If not why? Is there anything in the PIS that puts you off?
	“Yes and especially with what I’ve been through I’d definitely be more inclined to take part”

	Any other comments or feedback in terms of feedback of the PIS?
	“I was glad to see that those that consent have the PIS to take home, as I would’ve read it again with a clear head and be very pleased that I was participating.”



8.5	Protocol compliance 
Protocol deviations, non-compliances, or breaches are departures from the approved protocol.
All protocol deviations must be adequately documented on the relevant forms and reported to the Chief Investigator and Sponsor immediately. 
Deviations from the protocol which are found to frequently recur are not acceptable, will require immediate action and could potentially be classified as a serious breach. 
[bookmark: _Toc303179291]
8.6	Data protection and patient confidentiality 
All data will be handled in accordance with the Data Protection Act 2018 (UK implementation of the EU General Data Protection Regulation (GDPR)).

Participants will be allocated a personal study number (PSN) which will be used to protect their identity. The secure (password protected) REDCap™ database will only be accessed by members of the research team. The REDCap™ database will be coded with the PSN only. A separate log will be kept securely at each site linking the PSN to patient identifiable information (name, date of birth, NHS number); this will take the form of a password-protected, Microsoft Excel spreadsheet saved on a secure server at each site. This system (sometimes called ‘pseudonymised’ data) ensures that confidentiality is protected during routine collection of data. Only the pseudonymised database will be used during analysis.

All data will be stored in line with the EU General Data Protection Regulation (GDPR) 2016/679, Data Protection Act (1998) and Caldicott principles. St. Georges University of London (SGUL) is the data controller for this study. St. George’s University of London (SGUL) is a REDCap™ consortium partner with a dedicated secure server hosting the database. The legal basis we are applying in order to process personal data under GDPR regulations is that ‘processing is necessary for the performance of a task carried out in the public interest’ (Article 6(1)(e)). The following web address will be provided on the PIS: www.hra.nhs.uk/information-about-patients/

The electronic database will be kept securely in pseudonymised form for 5 years following the end of the study in accordance with relevant legislation and the SGUL Research Data Management Policy. All information will be held in compliance with NHS Digital data confidentiality and security arrangements, the Data Protection Act (1998) and the GDPR.

Physical patient identifiable information will be stored in areas where there is restricted access including only people involved in research. For example, the paper patient consent and Consultee declaration forms will be stored securely in the research nurses office at each site. This information will be kept securely at each site for 5 years following the end of the study.

8.7	Indemnity 

St George’s University of London sponsored research:
St George’s University of London holds insurance to cover participants for injury caused by their participation in the clinical trial. Participants may be able to claim compensation if they can prove that St George’s has been negligent. This includes negligence in the writing of the protocol, or selection of trial resources. 
Where the Trial is conducted in a hospital, the hospital has a duty of care to participants. St George’s University of London will not accept liability for any breach in the hospital’s duty of care, or any negligence on the part of hospital employees.  .
If a participant indicates that they wish to make a claim for compensation, this needs to be brought to the attention of St George’s University of London immediately.  
Failure to alert St George’s University of London without delay and to comply with requests for information by the sponsor or any designated Agents may lead to a lack of insurance cover for the incident. 

8.8	Access to the final study dataset
Only the Chief Investigator, full time clinical research fellow responsible for data entry, and the statistician will have access to the full dataset. Only the chief Investigator and clinical research fellow will have access to the separate electronic database linking the PSN to patient identifiable information.


9	DISSEMINATION POLICY

All co-investigators will be involved as co-authors of the main study manuscript. Any other publications arising from the scientific sub-studies will include the CI, site PIs, collaborating scientists as well as any co-investigators meeting authorship criteria.   Authorship will be determined in accordance with the ICMJE guidelines and other contributors will be acknowledged. Authors will acknowledge that the study was funded by Gilead Fellowship Programme, but the funder will have no role in study design analysis, presentation or publication of findings

The study findings will be presented at national and relevant international meetings with abstract publication, and published in high impact peer-reviewed journals, with media coverage where applicable, so that findings and their implications quickly reach all of relevant UK clinical communities and can be translated into policy. This will be facilitated by our investigator group which includes key individuals linked to Infection and Intensive Care societies, professional bodies, the Department of Health and patient/relative groups across a wide range of responsibilities relevant to the planning of the management of influenza, fungal infection and intensive care in the NHS.

9.1 	Dissemination policy
Publication: “Any activity that discloses, outside of the circle of trial investigators, any final or interim data or results of the Trial, or any details of the Trial methodology that have not been made public by the Sponsor including, for example, presentations at symposia, national or regional professional meetings, publications in journals, theses or dissertations.”
All scientific contributors to the Trial have a responsibility to ensure that results of scientific interest arising from Trial are appropriately published and disseminated. The Sponsor has a firm commitment to publish the results of the Trial in a transparent and unbiased manner without consideration for commercial objectives. 
To maximise the impact and scientific validity of the Trial, data shall be consolidated over the duration of the trial, reviewed internally among all investigators and not be submitted for publication prematurely. Lead in any publications arising from the Trial shall lie with the Sponsor in the first instance. 
[bookmark: _Toc392780499][bookmark: _Toc395002684]Before the official completion of the Trial 
All publications during this period are subject to permission by the Sponsor. If an investigator wishes to publish a sub-set of data without permission by the Sponsor during this period, the Steering Committee/the Funder shall have the final say. 
Exempt from this requirement are student theses that can be submitted for confidential evaluation but are subject to embargo for a period not shorter than the anticipated remaining duration of the trial.     
[bookmark: _Toc392780500][bookmark: _Toc395002685]Up to 180 days after the official completion of the Trial 
During this period the Chief Investigator shall liaise with all investigators and strive to consolidate data and results and submit a manuscript for peer-review with a view to publication in a reputable academic journal or similar outlet as the Main Publication. 
· The Chief Investigator shall be senior and corresponding author of the Main Publication. 
· Insofar as compatible with the policies of the publication outlet and good academic practice, the other Investigators shall be listed in alphabetic order. 
· Providers of analytical or technical services shall be acknowledged, but will only be listed as co-authors if their services were provided in a non-routine manner as part of a scientific collaboration. 
· Members of the Steering Group shall only be acknowledged as co-authors if they contributed in other capacities as well.  
· If there are disagreements about the substance, content, style, conclusions, or author list of the Main Publication, the Chief Investigator shall ask the Steering Group to arbitrate.    
[bookmark: _Toc392780501][bookmark: _Toc395002686]Beyond 180 days after the official completion of the Trial 
After the Main Publication or after 180 days from Trial end date any Investigator or group of investigators may prepare further publications.  In order to ensure that the Sponsor will be able to make comments and suggestions where pertinent, material for public dissemination will be submitted to the Sponsor for review at least sixty (60) days prior to submission for publication, public dissemination, or review by a publication committee. Sponsor’s reasonable comments shall be reflected. All publications related to the Trial shall credit the Chief and Co-Investigators as co-authors where this would be in accordance with normal academic practice and shall acknowledge the Sponsor and the Funders.   

9.2          Archiving Arrangements 
Each site will be responsible for their onsite level study archiving. The trial essential TMF along with any central trial database will be archived in accordance with the sponsor SOP. 



10	REFERENCES

[1]	Vanderbeke L, Spriet I, Breynaert C, Rijnders BJA, Verweij PE, Wauters J. Invasive pulmonary aspergillosis complicating severe influenza: epidemiology, diagnosis and treatment. Curr Opin Infect Dis 2018;31:471–80. doi:10.1097/QCO.0000000000000504.
[2]	Public Health England (PHE). Surveillance of influenza and other respiratory viruses in the United Kingdom: Winter 2018 to 2019. 2019.
[3]	Sukhal S, Sethi J, Ganesh M, Villablanca P, Malhotra A, Ramakrishna H. Extracorporeal membrane oxygenation in severe influenza infection with respiratory failure: A systematic review and meta-analysis. Ann Card Anaesth 2017;20:14. doi:10.4103/0971-9784.197820.
[4]	Pauw B De, Walsh TJ, Donnelly P, Stevens DA, Edwards JE, Calandra T, et al. Revised definitions of invasive fungal disease from the European Organization for Research and Treatment of Cancer/Invasive Fungal Infections Cooperative Group and the National Institute of Allergy and Infectious Diseases Mycoses Study Group (EORTC/MSG) C. Clin Infect Dis 2008;46:1813–21. doi:10.1086/588660.
[5]	Meersseman W, Lagrou K, Maertens J, Wilmer A, Hermans G, Vanderschueren S, et al. Galactomannan in Bronchoalveolar Lavage Fluid. Am J Respir Crit Care Med 2007;177:27–34. doi:10.1164/rccm.200704-606oc.
[6]	Crum-cianflone NF. Invasive Aspergillosis Associated With Severe Influenza Infections. Open Forum Infect Dis 2016;3:1–8. doi:10.1093/ofid/ofw171.
[7]	Schauwvlieghe AFAD, Rijnders BJA, Philips N, Verwijs R, Vanderbeke L, Van Tienen C, 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. doi:10.1016/S2213-2600(18)30274-1.
[8]	Jenks JD, Mehta SR, Taplitz R, Aslam S, Reed SL, Hoenigl M, et al. Point-of care Diagnosis of Invasive Aspergillosis in in Non-Neutropenic Patients: Aspergillus Galactomannan Lateral Flow Assay versus Aspergillus-specific Lateral Flow device test in Bronchoalveolar Lavage. Mycoses 2019;62:230–6. doi:10.1111/myc.12881.
[9]	Vandewoude K, Paiva JA, Vogelaers D, Meersseman W, Taccone FS, Van den Abeele A-M, et al. A Clinical Algorithm to Diagnose Invasive Pulmonary Aspergillosis in Critically Ill Patients. Am J Respir Crit Care Med 2012;186:56–64. doi:10.1164/rccm.201111-1978oc.
[10]	Guervilly C, Roch A, Ranque S, Forel J-M, Hraiech S, Xeridat F, et al. A strategy based on galactomannan antigen detection and PCR for invasive pulmonary aspergillosis following influenza A (H1N1) pneumonia. J Infect 2012;65:470–3. doi:10.1016/j.jinf.2012.07.007.
[11]	Wauters J, Baar I, Meersseman P, Meersseman W, Dams K, De Paep R, et al. Invasive pulmonary aspergillosis is a frequent complication of critically ill H1N1 patients: A retrospective study. Intensive Care Med 2012;38:1761–8. doi:10.1007/s00134-012-2673-2.
[12]	Rodriguez-Goncer I, Thomas S, Foden P, Richardson M, Ashworth A, Barker J, et al. Invasive pulmonary aspergillosis is associated with adverse clinical outcomes in critically ill patients receiving veno-venous extracorporeal membrane oxygenation. Eur J Clin Microbiol Infect Dis 2018;37:1251–7.
[13]	Martin-Loeches I, J Schultz M, Vincent JL, Alvarez-Lerma F, Bos LD, Solé-Violán J, et al. Increased incidence of co-infection in critically ill patients with influenza. Intensive Care Med 2017;43:48–58. doi:10.1007/s00134-016-4578-y.
[14]	Cavayas Y, Yusuff H, Porter R. Fungal infections in adult patients on extracorporeal life support. Crit Care 2018;22:1–7.
[15]	European Centre for Disease Prevention and Control. RAPID RISK ASSESSMENT: Influenza-associated invasive pulmonary aspergillosis. Stockholm: 2018.
[16]	Lee N, Ison MG. Diagnosis, management and outcomes of adults hospitalized with influenza. Antivir Ther 2012;17:143–57. doi:10.3851/IMP2059.
[17]	Youngs J, Marshall B, Farragher M, Whitney L, Glass S, Pope C, et al. Implementation of influenza point-of-care-testing and patient-cohorting during a high-incidence season: a retrospective analysis of impact on infection prevention and control and clinical outcomes. J Hosp Infect 2018;[In press]. doi:10.1016/j.jhin.2018.11.010.
[18]	Ling L, Kaplan SE, Lopez JC, Stiles J, Lu X, Tang YW. Parallel validation of three molecular devices for simultaneous detection and identification of influenza A and B and respiratory syncytial viruses. J Clin Microbiol 2018;56:1–22. doi:10.1128/JCM.01691-17.
[19]	Bio-Rad Laboratories. PLATELIATM ASPERGILLUS Ag Product Insert 62794 2013:1–60.
[20]	Schroeder M, Simon M, Katchanov J, Wijaya C, Rohde H, Christner M, et al. Does galactomannan testing increase diagnostic accuracy for IPA in the ICU? A prospective observational study. Crit Care 2016;20:1–10. doi:10.1186/s13054-016-1326-1.
[21]	Whitney L, Al-Ghusein H, Glass S, Koh M, Klammer M, Ball J, et al. Effectiveness of an antifungal stewardship programme at a London teaching hospital 2010-16. J Antimicrob Chemother 2019;74:234–41. doi:10.1093/jac/dky389.
[22]	Hoenigl M, Eigl S, Heldt S, Duettmann W, Thornton C, Prattes J. Clinical Evaluation of the Newly Formatted Lateral-Flow Device for Invasive Pulmonary Aspergillosis. Mycoses 2018;61:40–3.
[23]	OLM Diagnostics Ltd. Aspergillus Lateral-Flow Device Kit Handbook HB002 2019:1–12.
[24]	Heldt S, Prattes J, Eigl S, Spiess B, Flick H, Rabensteiner J, et al. Diagnosis of invasive aspergillosis in hematological malignancy patients: Performance of cytokines, Asp LFD, and Aspergillus PCR in same day blood and bronchoalveolar lavage samples. J Infect 2018;77:235–41. doi:10.1016/j.jinf.2018.05.001.
[25]	Ullmann AJ, Aguado JM, Arikan-Akdagli S, Denning DW, Groll AH, Lagrou K, et al. Diagnosis and management of Aspergillus diseases: executive summary of the 2017 ESCMID-ECMM-ERS guideline. Clin Microbiol Infect 2018;24:e1–38. doi:10.1016/j.cmi.2018.01.002.
[26]	Muthuri SG, Venkatesan S, Myles PR, Leonardi-Bee J, Al Khuwaitir TSA, Al Mamun A, et al. Effectiveness of neuraminidase inhibitors in reducing mortality in patients admitted to hospital with influenza A H1N1pdm09 virus infection: A meta-analysis of individual participant data. Lancet Respir Med 2014;2:395–404. doi:10.1016/S2213-2600(14)70041-4.
[27]	Domínguez A, Romero-Tamarit N, Soldevila P, Godoy M, Jané A, Martínez N, et al. Effectiveness of antiviral treatment in preventing death in hospitalized cases of severe influenza over six influenza seasons. Epidemiol Infect 2018;146:799–808.
[28]	Public Health England. PHE guidance on use of antiviral agents for the treatment and prophylaxis of seasonal influenza About Public Health England 2019:1–42. PHE guidance on use of antiviral agents for the treatment and pr….
[29]	Uyeki TM, Bernstein HH, Bradley JS. Clinical practice guidelines by the infectious diseases Society of America: 2018 update on diagnosis, treatment, chemoprophylaxis, and institutional outbreak management of seasonal influenza (Clinical Infectious Diseases DOI: 10.1093/cid/ciy866). Clin Infect Dis 2019;68:1790. doi:10.1093/cid/ciz044.
[30]	Herbrecht R, Denning D, Patterson T, Bennett J, Greene R, Oestmann J. Voriconazole versus amphotericin B for primary therapy of invasive aspergillosis. N Engl J Med 2002;347:408–15.
[31]	Patterson TF, Thompson GR, Denning DW, Fishman JA, Hadley S, Herbrecht R, et al. Executive summary: Practice guidelines for the diagnosis and management of aspergillosis: 2016 update by the infectious diseases society of America. Clin Infect Dis 2016;63:433–42. doi:10.1093/cid/ciw444.
[32]	van de Veerdonk FL, Kolwijck E, Lestrade PPA, Hodiamont CJ, Rijnders BJA, van Paassen J, et al. Influenza-associated Aspergillosis in Critically Ill Patients. Am J Respir Crit Care Med 2017;196:524–7. doi:10.1164/rccm.201612-2540le.
[33]	Rodrigo C, Leonardi-Bee J, Nguyen-Van-Tam J, Lim WS. Corticosteroids as adjunctive therapy in the treatment of influenza. Cochrane Database Syst Rev 2016;3:CD010406. doi:10.1002/14651858.CD010406.pub2.
[34]	Tang BM, Feng CG, McLean AS. Understanding the role of host response in influenza pneumonitis. Intensive Care Med 2019;45:1012–4. doi:10.1007/s00134-019-05582-5.
[35]	Bermejo-martin JF, Martin-loeches I, Rello J, Antón A, Almansa R, Xu L, et al. Host adaptive immunity deficiency in severe pandemic influenza. Crit Care 2010;14:1–12.
[36]	Lamoth F, Calandra T. Let’s add invasive aspergillosis to the list of influenza complications. Lancet Respir Med 2018;6:733–5. doi:10.1016/s2213-2600(18)30332-1.
[37]	Cunha C, Goncalves S, Duarte-Oliveira C, Leite L, Lagrou K, Marques A. IL-10 overexpression predisposes to invasive aspergillosis by suppressing antifungal immunity. J Allergy Clin Immunol 2017;140:867–70. doi:10.1016/j.jaci.2017.02.034.
[38]	Cunha C, Velardi A, Romani L, Carvalho A, Bell AS, Aversa F, et al. Genetic PTX3 deficiency and aspergillosis in stem-cell transplantation. N Engl J Med 2014;370:421–32. doi:10.1056/NEJMoa1211161.
[39]	Cunha C, Carvalho A. Genetic defects in fungal recognition and susceptibility to invasive pulmonary aspergillosis. Med Mycol 2019;57:S211–8. doi:10.1093/mmy/myy057.
[40]	Gonçalves SM, Lagrou K, Rodrigues CS, Campos CF, Bernal-Martínez L, Rodrigues F, et al. Evaluation of bronchoalveolar lavage fluid cytokines as biomarkers for invasive pulmonary aspergillosis in at-risk patients. Front Microbiol 2017;8:1–10. doi:10.3389/fmicb.2017.02362.
[41]	Chai LYA, De Boer MGJ, Van Der Velden WJFM, Plantinga TS, Van Spriel AB, Jacobs C, et al. The Y238X stop codon polymorphism in the human b-glucan receptor dectin-1 and susceptibility to invasive aspergillosis. J Infect Dis 2011;203:736–43. doi:10.1093/infdis/jiq102.
[42]	Kolwijck E, van de Veerdonk FL. The potential impact of the pulmonary microbiome on immunopathogenesis of Aspergillus-related lung disease. Eur J Immunol 2014;44:3156–65. doi:10.1002/eji.201344404.



11. 	APPENDICIES


11.1 	Appendix 2

	Schedule of Procedures (See Table 3 above for data to be collected )

	Procedures
	

	
	Screening
	Baseline
	During ICU stay
	Until hospital discharge/90 days

	Consent
	x
	
	
	

	Blood sampling
	
	x
	
	

	Left over BAL sampling
	
	
	x
	

	Demographics
	
	x
	
	

	Clinical data (Table 3)
	
	x
	x
	x




13.3	Appendix 3
	Amendment Log

	Amendment No.
	Protocol version no.
	Date issued
	Author(s) of changes
	Details of changes made

	1
	0.2
	23/08/19
	Tihana Bicanic, Carolyn Hemsley, Jonathan Edgeworth, Jonathan Ball, Duncan Wyncoll, Jonathan Youngs.
	Addition of Sile Molloy as named statistician

	
	
	
	
	Inclusion of a control group removed. Inclusion criteria now: patients with influenza only.

	
	
	
	
	Inclusion Criteria now: Intubated patients only

	
	
	
	
	Specify blood sampling within 72H of ICU admission.

	
	
	
	
	Flu vaccination status added as recorded data.

	
	
	
	
	Potential patient identification and screening for eligibility will be done by clinical team and research nurses if NHIR portfolio adopted

	
	
	
	
	Further clarification of when physician consent will be obtained rather than consultee.

	2
	0.3
	04/10/19
	Tihana Bicanic,
Jonathan Youngs,
Sam Hollingworth.
	Post External review and R&D review. Minor adjustments only.

	3
	[bookmark: _GoBack]1.0
	04/10/19
	Tihana Bicanic,
Jonathan Youngs,
Sam Hollingworth.
	Submitted to IRAS with signatures.

	4
	2.0
	26/11/19
	Tihana Bicanic,
Jonathan Youngs,
Sam Hollingworth
	Manchester added as a participating site
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Primary analysis 

Incidence of IA, risk factors and 

morbidity of IA 

Secondary analysis 

Evaluation of AspLFD 

Secondary analysis 

Immunopathogenesis of 

influenza-related IA 

Apr ‘20- Jun ‘20 

Apr ‘20-May ‘20 

Aug ‘20-Aug ‘22 

Nov ‘19-Mar ‘20 

BAL/serum tested by 

Galactomannan EIA and AspLFD 

Routine clinical care 

Surplus BAL/serum stored 
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