APPENDIX
INHALE WP3, a multicentre, open-label, randomised controlled trial assessing the impact of rapid, ICU-based, syndromic PCR, versus standard of care on antibiotic stewardship and clinical outcomes in hospital-acquired and ventilator-associated pneumonia
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Supplementary Methods
Study Procedures - Intervention
Table S1. The target panel of the FilmArray Torch Pneumonia Panel Plus (bioMérieux) 
	Target Type
	Target List
	Target Type
	Target List

	Bacteria 
(semi-quantitative detection, reported as 104, 105, 106, or ≥107 genome copies/mL)
	Acinetobacter calcoaceticus-baumannii complex 
Enterobacter cloacae complex 
Escherichia coli 
Haemophilus influenzae 
Klebsiella aerogenes 
Klebsiella oxytoca 
Klebsiella pneumoniae 
Moraxella catarrhalis 
Proteus spp. 
Pseudomonas aeruginosa 
Serratia marcescens 
Streptococcus agalactiae 
Streptococcus pneumoniae 
Streptococcus pyogenes 
 
	Viruses 
	Adenovirus 
Seasonal coronaviruses OC43, NL63, HKU1 and 229E 
Human metapneumovirus 
Human rhinovirus/enterovirus 
Influenza A 
Influenza B 
Parainfluenza virus 
Respiratory syncytial virus 
MERS Coronavirus 

	Atypical organisms sought 
	Chlamydophila pneumoniae 
Legionella pneumophila 
Mycoplasma pneumoniae 
	Antibiotic resistance genes
	blaKPC 
blaNDM
blaOXA-48 like 
blaVIM 
blaIMP 
blaCTX-M 
mecA/C and MREJ 



Study Procedures - Standard Care Microbiology
In both study arms, respiratory specimens were cultured locally according to the standard practice of the laboratories serving the participating hospitals. The 14 participating hospitals were served by 11 different laboratories, with some hospitals sharing pathology services. Standard operating procedures (SOPs) at the participating laboratories are based on the UK Standard for Microbiology Investigations.1 Except for bronchoalveolar lavage (BAL) and non-directed bronchoalveolar lavage (NBL) specimens this specifies initial homogenisation of the respiratory sample with 0.1% dithiothreitol, followed by a 10-5 dilution, and inoculation of the diluted and undiluted specimen onto chocolate agar with bacitracin (incorporated or as a disc), cysteine lactose electrolyte deficient agar (CLED) or MacConkey agar, and Sabouraud agar for fungi. Blood agar may also be added, especially if bacitracin is incorporated in the chocolate agar. In the case of BAL and NBL, culture is performed on serial dilutions of a sample that has first been concentrated by centrifugation.
Plates are incubated at 35-37°C in the presence of 5% CO2 (blood and chocolate agar) or in air (MacConkey and CLED agar) for 40-48h, with daily reading of results. Bacterial pathogens are identified to species level by MALDI-TOF or biochemical methods, followed by antibiotic susceptibility testing using EUCAST or BSAC interpretive standards. 
The UK standards provide guidance on the interpretation of culture results for BAL and NBL samples, but interpretation and reporting are left to the discretion of individual laboratories for other sample types.

Study Procedures - Antibiotic treatment
Eligible patients were about to receive initial empiric antibiotic therapy for clinically-diagnosed HAP or VAP, or about to have their antibiotic therapy changed owing to clinical deterioration of HAP or VAP. The timing of initiation of empirical antibiotic therapy was at the discretion of the treating clinician. For participants in the intervention arm, clinicians had the option to wait for PCR results before initiation of therapy, depending on whether the participant’s clinical condition allowed. Those whose illness was deemed to be too severe had empirical therapy initiated immediately, and then changed according to the PCR result, if warranted. Empirical antibiotic therapy was administered according to each site’s local guidelines (see table S2) and standard practices.
In the intervention arm, treatment was guided by results of the PCR, supported with an optional prescribing algorithm designed to promote good antibiotic stewardship. Prescribing decisions were embedded into the ICU’s standard processes, including antibiotic ward rounds and multi-disciplinary team meetings, with provision for emergency modification of antibiotics when necessitated by the PCR result and the patient’s condition. The design of the algorithm was evidence based; where possible we sought to recommend antibiotics for which there was RCT evidence of efficacy. The algorithm can be found in the supplementary information of the trial protocol paper2 https://static-content.springer.com/esm/art%3A10.1186%2Fs13063-021-05618-6/MediaObjects/13063_2021_5618_MOESM2_ESM.pdf
The algorithm was negotiated with consultant microbiologists at each site. In consequence, there were localised versions with slight modifications reflecting local practices and specialist populations, notably children. The algorithm provided recommendations on the particular antibiotics to be used for different syndromic PCR results, according to the pathogen(s) and antibiotic resistance genes detected. The algorithm accounted for both single detections and detections with multiple organisms found to be concurrently present. Alternatives were provided for patients moderate and severe b-lactam allergies. Sites were advised that dose and duration of antibiotics should be determined according to local practices, the patient’s renal function and the patient’s clinical response. 
In-person training, conducted by the trial team, was provided to participating ICUs in respect of the trial protocol and the antibiotic prescribing algorithm and how to apply these. Sites also received training on the composition of the PCR panel and those organisms that it could not detect.  Treating clinicians were encouraged to prescribe empirically if they suspected a pathogen unrepresented on the PCR panel. As the PCR panel does not seek fungi, participating sites were advised to manage suspected or proven fungal infections according to standard local procedures. In-person training was supplemented by provision of written materials. 
None of the participating ICUs used selective digestive decontamination (SDD) or selective oropharyngeal decontamination (SOD) protocols. 

Clinical cure outcome
Clinical cure of pneumonia at 14 days was assessed at each participating site according to the definition of cure described in the protocol1. The assessment was performed by the site PI or another clinician named on the delegation log. Assessors had access to each participant’s clinical notes and were not blinded to the study arm.

Antibiotic outcomes
Decisions around the activity and proportionality of antibiotics were made by the Antibiotic Stewardship Committee, which was composed of three independent consultant microbiologists and one team member (DML), who is an expert in clinical microbiology and antibiotics. The terms of reference have of the Committee have been published as a supplementary document to the published trial protocol, and can be found on this link https://static-content.springer.com/esm/art%3A10.1186%2Fs13063-021-05618-6/MediaObjects/13063_2021_5618_MOESM4_ESM.pdf This document provides information about the composition of the committee and guidance on its decision-making process. 
‘Antibacterially appropriate’ antibiotic therapy was judged against susceptibility tests on an isolate, and resistance gene detections by PCR or on likelihood based on national surveillance data if the isolate was found only by PCR and there was no detection of resistance genes.  ‘Proportionate’ antibiotic therapy was judged as an antibiotic that was antibacterially appropriat against the pathogen(s) found without an excessively broad spectrum. The Committee reviewed all microbiological data available for each patient, including culture and PCR (including retrospective PCR on specimens from control-arm patients), as well as known infections at other body sites. The Committee made judgements based on the microbiological findings in conjunction with the participant’s clinical picture. Some examples are shown below:

Flucloxacillin for S. aureus 				antibacterially appropriate and proportionate

Piperacillin-tazobactam for a mixture of K. pneumoniae,
P. aeruginosa and H. influenzae 				antibacterially appropriate and proportionate

Meropenem for a mixture of E. coli, E. cloacae and CTX-M ESBL	antibacterially appropriate and proportionate

Piperacillin-tazobactam for H. influenzae			antibacterially appropriate and not proportionate

Piperacillin-tazobactam and ciprofloxacin for S. marcescens	antibacterially appropriate and not proportionate

Meropenem for a mixture of S. pneumoniae and K. oxytoca	antibacterially appropriate and not proportionate
Supplementary results
Post-hoc analyses
Post-hoc sub-group analyses compared the intervention effects for the two primary outcomes in adults vs. children, those with and without COVID-19 and HAP vs. VAP by adding sub-group by treatment group interaction terms to the primary analysis models. These analyses (tables S20 and S21) demonstrated those with COVID-19 had a more pronounced improvement in antibiotic stewardship in the intervention arm than those without (Interaction term p value = 0.023). Intervention effects for antibiotic stewardship were also larger for those with VAP compared with HAP, although differences were not statistically significant (p = 0.083). Differences in cure rates between the randomised groups tended to be larger in adults (vs children) and those with COVID-19 (vs no COVID-19), but there was no statistical evidence of differential effects (table S21). The remaining sub-group estimates mirrored the main results and did not reveal evidence of differences between groups. Specimen type did not substantially affect outcomes (Table S20, Table S21). Figure S2 shows clinical cure by site, moderate suggesting site-to-site variation in the effect of the intervention compared with standard-of-care.


Table S2. Summarised local prescribing guidelines for HAP/VAP at participating sites1
	Site
	HAP
	VAP
	Penicillin allergy
	Additional guidance or considerations

	01
	Piperacillin-tazobactam 4.5g q8h IV 
(q6h if P. aeruginosa colonisation known)
	Piperacillin-tazobactam 4.5g q6h IV
(q6h for P. aeruginosa colonisation)
	Teicoplanin IV & Ciprofloxacin 500mg q12h PO or 400mg q12h IV (750mg q12h PO or 400mg q8h if P. aeruginosa colonisation known)
	For MRSA - add teicoplanin1
For AmpC/ESBL – Meropenem 1g q8h
Signs of severe sepsis – add STAT gentamicin1

	02 (Paediatric)
	Piperacillin-tazobactam
	Piperacillin-tazobactam
	Meropenem (mild allergy)
Ciprofloxacin + Clarithromycin (severe allergy)
	Dosing guidance provided separately depending on weight

	03
	Piperacillin-tazobactam4.5g q6h + Amikacin or Gentamicin or Tobramycin IV1
	Piperacillin-tazobactam 4.5g q6h + Amikacin or Gentamicin or Tobramycin IV1
	Ciprofloxacin IV infusion 400mg q12h + Amikacin or Gentamicin or Tobramycin IV1
	Second line: 
Meropenem 1 g q8h + Amikacin or Gentamicin or Tobramycin IV1

	04 (Paediatric)
	Piperacillin-tazobactam IV +/- Gentamicin IV
	Piperacillin- tazobactam IV +/- Gentamicin IV
	Teicoplanin or Vancomycin IV +/- Gentamicin IV
	Dosing guidance provided separately depending on weight
Second line: Meropenem IV+/- Gentamicin IV

	05
	Co-amoxiclav 625mg PO q8h

If broad-spectrum failure or Pseudomonas risk: Ceftazidime 2g IV q8h
	Early onset (≤4 days) in hospital 
Co-amoxiclav 1.2g IV q8h. Add Clarithromycin 500 mg IV q12h

Late onset (≥ 5 days) in hospital
Piperacillin-tazobactam 4.5g IV q8h or Ceftazidime 2g IV q8h
	HAP: Co-trimoxazole 96 0mg PO/IV q12h. Add metronidazole PO 400mg q12h if aspirated. 

If broad-spectrum failure or Pseudomonas risk in HAP: Ciprofloxacin 400mg IV q12h and Teicoplanin IV. Add Metronidazole IV/PO 500mg/ 400mg q8h if aspirated

Early onset VAP: Levofloxacin 500mg IV q12h  + Metronidazole 500mg IV q8h if aspiration

Late onset VAP: Ciprofloxacin 400mg IVq12h + Metronidazole 500mg IV q8h if aspiration
	If known or suspected MRSA in VAP consider adding Linezolid 600mg IV/PO q12h

	06
	Ceftazidime 2g IV q8h or Piperacillin-tazobactam 4.5 g q8h
	Ceftazidime 2g IV q8h or Piperacillin-tazobactam 4.5 g q8h
	Moxifloxacin 400mg PO q12h or IV q24h
	If MRSA positive add Teicoplanin IV

	07
	Non-severe: Doxycycline 200mg STAT followed by 100mg PO daily and Penicillin V 500mg-1g q6h PO

For severe infections use Gentamicin IV OD and Metronidazole 500mg IV q8h and Amoxicillin 1g IV q8h
	Gentamicin IV OD and Metronidazole 500mg IV q8h and Amoxicillin 1g IV q8h
	Non-severe: Clarithromycin 500mg q12h PO 

For severe infections: 
Levofloxacin 500mg IV
	If MRSA colonisation add Vancomycin IV

	08 (paediatric)
	Mild/Moderate disease: Co-amoxiclav PO/IV

Severe disease: Piperacillin-tazobactam + Amikacin
	Piperacillin-tazobactam + Amikacin
	Moderate disease: Azithromycin PO +/- Ciprofloxacin PO/IV

Severe disease: discuss with microbiology
	Dosing guidance provided separately depending on weight

For MRSA: add Vancomycin

	09
	Non-severe: Co-amoxiclav 625mg PO/ 1.2g IV q8h

Severe: Co-amoxiclav 1.2g IV q8h and Gentamicin IV
	Co-amoxiclav 1.2g IV q8h and Gentamicin IV
	Non-severe: co-trimoxazole 960mg q12h + Metronidazole 400mg PO/500mg IV q8h

Severe: Vancomycin IV+ Gentamicin IV + Metronidazole 500mg IV q8h
	For MRSA: add Vancomycin

	10
	Non-severe: PO/IV Amoxicillin 1g q8h and PO/IV Metronidazole 400mg/500mg q8h 7 days

Severe: IV Amoxicillin 1g q8h +  Metronidazole 500mg q8h + IV Gentamicin for 7 days
	Amoxicillin 1g q8h IV and temocillin 2g q12h IV
	Levofloxacin 500mg q12h IV
	For MRSA add Teicoplanin

	11 
	Non-severe: co-amoxiclav 1.2g IV q8h

Severe/high-risk: Co-amoxiclav 1.2g IV q8h + Gentamicin STAT.

If C. difficile risk: Temocillin 2g IV q12h + Amoxicillin 1g IV q8h + Gentamicin STAT
	Severe/high-risk: Co-amoxiclav 1.2g IV q8h + Gentamicin STAT

C. difficile risk: Temocillin 2g IV q12h + Amoxicillin 1g IV q8h + Gentamicin STAT
	Non-severe HAP: Doxycycline 200mg PO or Moxifloxacin 400mg IV OD

Severe HAP/VAP: Gentamicin IV + Teicoplanin IV
	For MRSA: Linezolid 600mg IV/PO q12h

	12
	Piperacillin-tazobactam 4.5g q8h IV 
(q6h if known P. aeruginosa colonisation)
	Piperacillin-tazobactam 4.5g q8h IV
(q6h for if known P. aeruginosa colonisation)
	Teicoplanin IV & Ciprofloxacin 500mg q12h PO or 400mg q12h IV (750mg q12h PO or 400m mg q8h if known P. aeruginosa colonisation)
	For MRSA - add teicoplanin1
For AmpC/ESBL – Meropenem 1g q8h
Signs of severe sepsis – add STAT Gentamicin1

	13
	Mild/moderate: Co-amoxiclav 625mg PO q8h

Severe: Co-amoxiclav 1.2g IV q8h
	PF Ratio 20-40: Co-trimoxazole 960mg PO q12h

PF ratio <20: Piperacillin-tazobactam 4.5g IV q8h
	Mild/moderate HAP: 
Doxycycline 100mg PO q12h

Severe HAP/ VAP PF ratio <20: Levofloxacin 500mg PO/IV q12h
	For MRSA add Vancomycin

	14
	Non-severe: Cefuroxime 750mg IV q8h or Co-amoxiclav 1.2g IV q8h

Severe: Ceftazidime 2g IV q8h
	
Severe: Ceftazidime 2g IV q8h
	Non-severe: Doxycycline 200mg PO or clarithromycin 500mg IV q12h

Severe: Ciprofloxacin 500mg PO/IV q12h
	For MRSA add Teicoplanin


1 additional dosing guidance is provided for antibiotics that need individual dosing such as aminoglycosides or glycopeptides or antibiotics in children. These details are omitted from this table


Table S3. List of participating sites and numbers of participants recruited.
	Site
	Type of Participant
	Number of Eligible Participants Recruited*

	Aintree University Hospital
	Adult
	57

	Birmingham Children’s Hospital
	Paediatric
	45


	Cromwell Hospital
	Adult
	14

	Chelsea and Westminster Hospital
	Adult
	70

	Great Ormond Street Hospital
	Paediatric
	36

	James Paget University Hospital
	Adult
	2

	Royal Brompton Hospital
	Adult
	13

	Royal Brompton Hospital
	Paediatric
	10

	Royal Free Hospital
	Adult
	38

	Royal Liverpool University Hospital
	Adult
	26

	Royal Stoke University Hospital
	Adult
	56

	Russells Hall Hospital
	Adult
	18

	University College London Hospital
	Adult
	139

	Watford General Hospital
	Adult
	21


* Recruitment started on 5th July 2019 and was formally registered as ISRCTN16483855 on 5th August 2019. 7 participants were randomised in the interim period, which was due to administrative delays. 



Table S4. Full baseline characteristics of participants by randomised group. Data are number (n (%)), mean (Standard Deviation (SD)) or [median (Interquartile range (IQR)].
	
	Intervention (N=276)
	Standard of care (N=269)

	Male participants 
	184 (66.7%)
	189 (70.3%)

	Demographics 
	
	

	Adults (18+ years)
	228 (82.6%)
	225 (83.6%)

	Age in adults (years)
	58.2 (16.2)
[60(47 – 71)]
	59.4 (15.0)
[61(52 – 70)]

	Children (all<18 years)
	48 (17.4%)
	44 (16.4%)

	Children (< 2 years)
	34
	31

	Age in children (years)
	2.6 (4.2)
[0.5 (0.1 – 2.4)]
	2.8 (4.4)
[0.7 (0.2 – 3.2)]

	Age in children (months)
	31.6 (50.5)
[5.5 (1.5 - 29)]
	33.2 (53.0)
[8.5 (2.5 - 38)]

	Ethnicity

	White – British
	147 (53.3%)
	147 (54.7%)

	White – Irish
	1 (0.4%)
	4 (1.5%)

	White – Other
	28 (10.1%)
	31 (11.5%)

	White and Black Caribbean
	1 (0.4%)
	2 (0.7%)

	White and Black African
	0
	3 (1.1%)

	White and Asian
	1 (0.4%)
	1 (0.4%)

	Mixed – Other
	2 (0.7%)
	4 (1.5%)

	Indian
	5 (1.8%)
	7 (2.6%)

	Pakistani
	10 (3.6%)
	7 (2.6%)

	Bangladeshi
	2 (0.7%)
	1 (0.4%)

	Chinese
	2 (0.7%)
	0

	Asian – Other
	17 (6.2%)
	13 (4.8%)

	Caribbean
	1 (0.4%)
	3 (1.1%)

	African
	5 (1.8%)
	2 (0.7%)

	Black – Other
	12 (4.4%)
	10 (3.7%)

	Any other
	6 (2.2%)
	14 (5.2%)

	Not stated
	36 (13.0%)
	20 (7.4%)

	Comorbidities

	COVID infection at randomisation: all patients
	93 (33.7%)
	90 (33.5%)

	COVID infection at randomisation: recruited prior to Feb 2020* 
	0
	0

	COVID infection at randomisation: recruited from 2nd July 2020
	93 (50.5%)
	90 (50.6%)

	COVID infection at randomisation: recruited between Jan 2020*-July 2020 (test based on frozen sample)
	0
	0

	Historical COVID infection severe enough to require hospitalisation*
	3 (1.6%)
	4 (2.3%)

	Bloodstream infection in 7 days prior to randomisation
	7 (2.5%)
	18 (6.7%)

	COPD
	29 (10.5%)
	22 (8.2%)

	Cancer – haematological 
	11 (4.0%)
	12 (4.5%)

	Cancer - solid tumour 
	35 (12.7%)
	28 (10.4%)

	Post bone-marrow/ Stem cell transplantation 
	1 (0.4%)
	2 (0.7%)

	Post solid-organ transplantation
	2 (0.7%)
	0 (0.0%)

	Chromosomal abnormality 
	8 (2.9%)
	10 (3.7%)

	Chronic kidney disease/renal failure 
	15 (5.4%)
	15 (5.6%)

	Chronic lung disease 
	58 (21.0%)
	52 (19.3%)

	Severe neurodevelopmental delay
	8 (2.9%)
	9 (3.3%)

	Neurological
	21 (7.6%)
	19 (7.1%)

	Congenital cardiac malformation 
	17 (6.2%)
	20 (7.4%)

	Chronic liver disease/ cirrhosis 
	8 (2.9%)
	17 (6.3%)

	Diabetes
	55 (19.9%)
	56 (20.8%)

	Cardiovascular 
	126 (45.7%)
	128 (47.6%)

	Immunocompromised 
	14 (5.1%)
	13 (4.8%)

	Inherited metabolic disease
	3 (1.1%)
	1 (0.4%)

	Known colonisation by MRSA
	1 (0.4%)
	2 (0.7%)

	Known colonisation by ESBL producer
	1 (0.4%)
	2 (0.7%)

	Known colonisation by carbapenemase producer 
	1 (0.4%)
	2 (0.7%)

	Post-operative
	63 (22.8%)
	57 (21.2%)

	Haematological disease- non malignant 
	8 (2.9%)
	3 (1.1%)




	Rheumatological disease
	19 (6.9%)
	21 (7.8%)

	Mental Health 
	26 (9.4%)
	29 (10.8%)

	Abdominal
	30 (10.9%)
	26 (9.7%)

	Congenital 
	12 (4.3%)
	11 (4.1%)

	Premature birth (only if relevant to current stay i.e., if baby born during this admission)
	2 (0.7%)
	2 (0.7%)

	CAR T-cell therapy
	0 (0.0%)
	3 (1.1%)

	Other pre-existing conditions 
	8 (2.9%)
	5 (1.9%)

	Patient admitted to hospital from:

	Elective admission
	46 (16.7%)
	41 (15.2%)

	A&E
	151 (54.7%)
	149 (55.4%)

	Transfer from another hospital
	79 (28.6%)
	79 (29.4%)

	Reason for ICU admission:

	Medical
	194 (70.3%)
	190 (70.6%)

	Surgical
	59 (21.4%)
	52 (19.3%)

	Trauma
	16 (5.8%)
	20 (7.4%)

	Other
	7 (2.5%)
	7 (2.6%)

	Type of LRTI/pneumonia

	HAP
	84 (30.4%)
	87 (32.4%)

	VAP
	191 (69.2%)
	182 (67.7%)

	Missing
	1 (0.4%)
	0

	ICU admission from:

	Elective admission
	18 (6.5%)
	18 (6.7%)

	A&E
	86 (31.2%)
	77 (28.6%)

	Elsewhere in hospital
	112 (40.6%)
	111 (41.3%)

	Another hospital
	60 (21.7%)
	63 (23.4%)

	Ventilation status at randomisation**

	Not ventilated
	31 (11.2%)
	33 (12.3%)

	Ventilated: non- invasive
	10 (3.6%)
	7 (2.6%)

	 Ventilated: invasive
	234 (84.8%)
	228 (84.8%)

	Missing
	0.4%
	1 (0.4%)

	Taking of prescribed antibiotics for any indication in 7 days prior to randomisation
	255 (92.4%)
	245 (91.2%)

	Sample type

	Endotracheal Tube Exudate
	185 (67.0%)
	183 (68.0%)

	Bronchoalveolar lavage
	43 (15.6%)
	36 (13.4%)

	Non-directed Bronchoalveolar lavage
	4 (1.5%)
	8 (3.0%)

	Sputum
	37 (13.4%)
	33 (12.3%)

	Other
	7 (2.5%)
	9 (3.4%)

	APACHE II score at ICU admission (adults) 
(Range: 0 (good) – 55 (poor)

	24.6 (9.3)
[25 (16.5- 31)]
(n = 204)
	23.5 (7.9)
[24 (17 –29)]
(n = 199)

	SOFA Score at randomisation (adults)**
(Range: 0 (good) – 24 (poor))

	6.8 (3.0)
(n=223)
	7.1 (3.0)
(n=222)

	PIM3 at ICU admission (children)
(probability of death: 0 – 1.0)

	0.11 (0.19)
[0.05 (0.03 - 0.11)]
(n = 48)
	0.11 (0.13)
[0.06 (0.02 - 0.15)]
(n = 43)

	PELOD score at randomisation (children)**
(Range: 0 (good) – 33 (poor))
	5.1 (1.9)
(n=48)
	6.0 (2.3)
(n=43)

	pSOFA score at randomisation (children)**
(Range: 0 (good) – 24 (poor))
	4.7 (2.3)
(n=48)
	4.9 (1.9)
(n=43)

	Hospital stays in 90 days prior to current admission
Yes – one or more
	
35 (12.7%)
	
36 (13.4%)

	ICU stay in 90 days prior to current admission
Yes – one or more
	
8 (2.9%)
	
8 (2.8%)


* Denominator is those randomised following trial restart in July 2020
**Refers to status/score on Day 1 for those participants randomised on Day 1, and Day 2 for those participants randomised on Day 2



Table S5. Comparison of characteristics of participants for whom antibiotic stewardship primary outcome data are missing vs. those for whom outcome data are available

	
	Intervention (N=277)
	Standard of care (N=277)

	
	Not missing
(n=268)
	Missing
(n=9)
	Not missing
(n=263)
	Missing
(n=14)

	Male participants 
	177 (66.0%)
	8 (88.9%)
	184 (70.0%)
	11 (78.6%)

	Demographics 
	
	

	Adults (18+ years)
	223 (83.3%)
	6 (66.7%)
	219 (83.3%)
	11 (78.6%)

	Age (adults) (years)
N
Mean (SD)
Median (IQR)
N Missing
	
223
58.0 (16.1)
60 (47 – 71)
0
	
6
58.3 (22.4)
60 (47 – 71)
0
	
219
59.3 (15.1)
61 (51 – 70)
0
	
11
55.1 (13.8)
56 (46 – 67)
0

	Children (all<18 years)
	45 (16.8%)
	3 (33.3%)
	44 (16.7%)
	3 (21.4%)

	Age (children) (months)
N
Mean (SD)
Median (IQR)
N Missing
	
45
33.4 (51.7)
6 (3 - 30)
0
	3
5.3 (9.2)
0 (0 – 16)
0
	
44
33.2 (53.0)
8.5(2.5 – 38)
0
	
3
117.7(101.9)
175(0 – 178)
0

	Comorbidities

	COVID-19 infection at randomisation
	91 (34.0%)
	2 (22.2%)
	88 (33.5%)
	2 (14.3%)

	Missing / unknown COVID-19 infection at randomisation
	24 (9.0%)
	1 (11.1%)
	24 (9.1%)
	0

	
	
	
	
	

	Patient admitted to hospital from:

	Elective admission
	46 (17.2%)
	0
	39 (14.8%)
	2 (14.3%)

	A&E
	147 (54.9%)
	4 (44.4%)
	145 (55.1%)
	6 (42.9%)

	Transfer from another hospital
	75 (28.0%)
	5 (55.6%)
	79 (30.0%)
	4 (28.6%)

	Unknown
	0
	0
	0
	2

	Reason for ICU admission:

	Medical
	186 (69.4%)
	9 (100%)
	186 (70.7%)
	8 (57.1%)

	Surgical
	59 (22.0%)
	0
	50 (19.0%)
	3 (21.4%)

	Trauma
	16 (6.0%)
	0
	20 (7.6%)
	1 (7.1%)

	Other
	7 (2.6%)
	0
	7 (2.7%)
	2 (14.3%)

	Type of LRTI/pneumonia

	HAP
	80 (29.9%)
	4 (44.4%)
	85 (32.3%)
	6 (42.9%)

	VAP
	187 (69.8%)
	4 (44.4%)
	178 (67.7%)
	6 (42.9%)

	Missing
	1 (0.4%)
	1 (11.1%)
	0
	2 (14.3%)

	Sample type

	Endotracheal Tube Exudate
	179 (66.8%)
	6 (66.7%)
	179 (68.1%)
	9 (64.3%)

	Bronchoalveolar lavage
	42 (15.7%)
	1 (11.1%)
	36 (13.7%)
	1 (7.1%)

	Non-directed Bronchoalveolar lavage
	4 (1.5%)
	0
	8 (3.0%)
	0

	Sputum
	36 (13.4%)
	2 (22.2%)
	32 (12.2%)
	1 (7.1%)

	Other/missing
	7 (2.6%)
	0
	8 (3.0%)
	2 (14.3%)

	APACHE II score at ICU admission (adults) 
(Range: 0 (good) – 55 (poor)
N
Mean (SD)
Median (IQR)
N Missing
	

201
24.5 (9.3)
25 (16 – 31)
22
	

3
32.3 (11.4)
29 (23 – 45)
6
	

193
23.7 (7.9)
24 (17 – 29)
26
	

9
21.6 (7.9)
22 (17 – 25)
2

	PIM3 at ICU admission (children)
(probability of death: 0 – 1.0)
N
Mean (SD)
Median (IQR)

N Missing
	

45
0.12 (0.19)
0.05 (0.03 – 0.12)
0
	

3
0.07 (0.04)
0.09 (0.02–0.10)
0
	

43
0.11 (0.13)
0.06 (0.02 – 0.16)
1
	

1
0.14 
0.14 

2




Table S6. Comparison of characteristics of participants for whom clinical cure of pneumonia primary outcome data are missing vs. those with outcome data available.
	
	Intervention (N=277)
	Standard of care (N=277)

	
	Not missing
(n=268)
	Missing
(n=9)
	Not missing
(n=265)
	Missing
(n=12)

	Male participants 
	178 (66.4%)
	77.8%)
	186 (70.2%)
	9 (75.0%)

	Demographics 
	
	

	Adults (18+ years)
	224 (83.6%)
	5 (55.6%)
	222 (83.8%)
	8 (66.7%)

	Age (adults) (years)
N
Mean (SD)
Median (IQR)
N Missing
	
224
58.2 (16.3)
60 (47 – 71)
0
	
5
52.2 (17.2)
48 (46 – 66)
0
	
222
59.5 (15.0)
61 (52 – 70)
0
	
8
48.3 (12.7)
52 (35.5 – 57)
0


	Children (all<18 years)
	44 (16.4%)
	4 (44.4%)
	43 (16.2%)
	4 (33.3%)

	Age (children) (months)
N
Mean (SD)
Median (IQR)
N Missing
	
44
34.1 (52.0)
7 (3 – 36.5)
0
	
4
4 (8)
0 (0 – 8)
0
	
43
33.9 (53.4)
9 (3 – 39)
0
	
4
88.5 (101.6)
88 (0.5 – 176.5)
0

	Comorbidities

	COVID-19 infection at randomisation
	91 (34.0%)
	2 (22.2%)
	90 (34.0%)
	0

	Missing / unknown COVID-19 infection at randomisation
	25 (9.3%)
	0
	24 (9.1%)
	0

	Patient admitted to hospital from:

	Elective admission
	45 (16.8%)
	1 (11.1%)
	41 (15.5%)
	0

	A&E
	149 (55.6%)
	2 (22.2%)
	148 (55.9%)
	3 (25.0%)

	Transfer from another hospital
	74 (27.6%)
	6 (66.7%)
	76 (28.7%)
	7 (58.3%)

	Unknown
	0
	0
	0
	2 (16.7%)

	Reason for ICU admission:

	Medical
	187 (69.8%)
	8 (88.9%)
	188 (70.9%)
	6 (50.0%)

	Surgical
	58 (21.6%)
	1 (11.1%)
	51 (19.3%)
	2 (16.7%)

	Trauma
	16 (6.0%)
	0
	20 (7.6%)
	1 (8.3%)

	Other/missing
	7 (2.6%)
	0
	6 (2.3%)
	3 (25.0%)

	Type of LRTI/pneumonia

	HAP
	81 (30.2%)
	3 (33.3%)
	85 (32.1%)
	6 (50.0%)

	VAP
	187 (69.8%)
	4 (44.4%)
	180 (67.9%)
	4 (33.3%)

	Missing
	0
	2 (22.2%)
	0
	2 (16.7%)

	Sample type

	Endotracheal Tube Exudate
	181 (67.5%)
	4 (44.4%)
	182 (68.7%)
	6 (50.0%)

	Bronchoalveolar lavage
	40 (14.9%)
	3 (33.3%)
	34 (12.8%)
	3 (25.0%)

	Non-directed Bronchoalveolar lavage
	4 (1.5%)
	0
	8 (3.0%)
	0

	Sputum
	36 (13.4%)
	2 (22.2%)
	33 (12.5%)
	0

	Other/missing
	7 (2.6%)
	0
	8 (3.0%)
	3 (25.0%)

	APACHE II score at ICU admission (adults) 
(Range: 0 (good) – 55 (poor)
N
Mean (SD)
Median (IQR)
N Missing
	

200
24.4 (9.3)
25 (16 – 31)
24
	

4
34.5 (4.4)
36 (32 – 37)
1
	

196
23.6 (7.9)
24 (17 – 29)
26
	

6
22.8 (5.7)
24 (17 – 28)
2

	PIM3 at ICU admission (children)
(probability of death: 0 – 1.0)
N
Mean (SD)
Median (IQR)

N Missing
	

44
0.1 (0.2)
0.1(0.0 – 0.1)
0
	

4
0.2 (0.4)
0.1 (0.0 -0.5)

1
	

42
0.1 (0.1)
0.1 (0.0 – 0.1)
1
	

2
0.1 (0.1)
0.1 (0.1 – 0.2)
2





Table S7. Organisms identified by PCR combined with standard of care tests in each study arm, based upon specimens taken at randomisation 
	
	Number of participants with organism or gene detected

	Organism*/Gene
	Intervention
(n= 276)
	Standard of care
(n = 269)

	Bacteria/Fungi
	
	

	Acinetobacter spp.
	3 (1.1%)
	3 (1.1%)

	Aspergillus fumigatus
	2 (0.7%)
	1 (0.4%)

	Escherichia coli
	44 (15.9%)
	34 (12.6%)

	Enterobacter cloacae complex
	27 (9.8%)
	30 (11.2%)

	Other Enterobacterales
	28 (10.1%)
	29 (10.8%)

	Haemophilus influenzae
	33 (12.0%)
	29 (10.8%)

	Klebsiella oxytoca
	13 (4.7%)
	17 (6.3%)

	Klebsiella pneumoniae
	33 (12.0%)
	44 (16.4%)

	Pseudomonas aeruginosa
	43 (15.8%)
	53 (19.7%)

	Staphylococcus aureus
	60 (21.7%)
	47 (17.5%)

	Serratia marcescens
	15 (5.4%)
	15 (5.6%)

	Stenotrophomonas maltophilia
	3 (1.1%)
	6 (2.2%)

	Streptococcus pneumoniae
	8 (2.9%)
	10 (3.7%)

	Other bacteria**
	17 (6.2%)
	15 (5.6%)

	
	
	

	Viruses (excluding SARS-CoV-2)
	
	

	Respiratory Syncytial Virus
	3 (1.1%)
	6 (2.2%)

	Seasonal coronavirus
	5 (1.8%)
	4 (1.5%)

	Rhinovirus
	11 (4.0%)
	8 (3.0%)

	Other respiratory virus
	4 (1.4%)
	11 (4.1%)

	
	
	

	Antibiotic Resistance Genes***
	
	

	mecA
	7 (2.5%)
	8 (3.0%)

	blaCTX-M
	7 (2.5%)
	4 (1.5%

	blaVIM
	0
	2 (0.7%)

	blaNDM
	0
	1 (0.4%)

	blaOXA-48
	1 (0.4%)
	1 (0.4%)


* Organisms represent potential pneumonia pathogens detected by either the Pneumonia Panel PCR or standard of care tests (culture, antigen testing, in-house viral PCR) from the study sample or from another respiratory sample taken on the day of randomisation. The organism counts represent a composite of all available results. Both Pneumonia Panel PCR and culture were performed on all samples; PCR was run retrospectively on control arm patients, with results available to the Stewardship Committee but not the treating physicians. If the same organism was detected by multiple methods on the day of randomisation it was only counted once. A participant may have tested positive for multiple potential pathogens. 8 organisms (1.5%) were identified by standard of care tests but missed by the Pneumonia Panel PCR, despite being present on the panel.
Note that SARS-CoV-2 testing results were recorded separately, as testing strategies varied according to the month of recruitment in the pre-pandemic and early pandemic phases. This information is omitted from this table and included as baseline data.
**This category includes both rare Pneumonia Panel PCR detections and culture positive results for organisms not on the panel. In total, 27 participants had an organism found by standard care culture that was not represented on the panel.
***Refers to antibiotic resistance genes detected from the study sample by Pneumonia Panel PCR. The remaining resistance gene targets present on the panel were not detected (blaIMP, blaKPC).


Table S8. Per participant respiratory diagnostic results obtained by PCR combined with standard of care at randomisation in each study group.
	
	Intervention (n = 276)
	Control
(n = 269)

	One pathogen group identified*
	
	

	Enterobacterales only
	59 (21.4%)
	59 (21.9%)

	Non-fermenter(s) only
	20 (7.2%)
	22 (8.2%)

	Respiratory bacteria(s) only**
	6 (2.2%)
	15 (5.6%)

	S. aureus
	22 (8.0%)
	10 (3.7%)

	Respiratory virus(es)
	6 (2.2%)
	13 (4.8%)

	Fungus
	1 (0.4%
	1 (0.4%)

	
	
	

	Two pathogen groups identified
	
	

	Enterobacterales and non-fermenters
	14 (5.1%)
	25 (9.3%)

	Enterobacterales and S. aureus
	10 (3.6%)
	16 (5.9%)

	Enterobacterales and respiratory bacteria
	9 (3.3%)
	10 (3.7%)

	Enterobacterales and any other organism
	5 (1.8%)
	8 (3.0%)

	Non-fermenter(s) and respiratory bacteria (s)
	2 (0.7%)
	2 (0.7%)

	Non-fermenter(s) and any other organism
	4 (1.4%)
	1 (0.4%)

	Respiratory organism(s) and S. aureus
	10 (3.6%)
	10 (3.7%)

	Respiratory organism(s) and any other organism
	9 (3.2%)
	1 (0.4%)

	S. aureus and respiratory virus(es)
	1 (0.4%)
	0

	
	
	

	Three or more pathogen groups***
	16 (5.8%)
	13 (4.8%)

	No pathogens identified
	82 (29.7%)
	63 (23.4%)



*Indicates that one or more potential pneumonia pathogens belonging to the same grouping were identified in the participant’s sample by Pneumonia Panel PCR and/or standard of care tests at randomisation. Both methods were performed on all samples. 
** Includes Haemophilus influenzae, Moraxella catarrhalis and Streptococcus species associated with pneumonia
*** “Pathogen groups” refers to the six groupings identified in the top part of this table under “one pathogen group”



Table S9. Adjusted analyses for clinical cure at 14 days post-randomisation 

	 
	Per Protocol Analysis (n =531)
Treatment effect estimates  
(Intervention vs. Standard of Care)*
 
	Intention to Treat Analysis (n = 533)
Treatment effect estimates  
(Intervention vs. Standard of Care)*
 

	 
	Difference in Proportions
(95% CI)
	Odds Ratio
(95% CI)
	Difference in Proportions
(95% CI)
	Odds Ratio
(95% CI)

	Unadjusted analysis 
(ITT: n=533
PP: n = 531)
	-0.06 (-0.15 – 0.02)
	0.68 (0.47 – 0.98)
	-0.06 (-0.14 – 0.02)
	0.69 (0.48 – 1.00)

	Adjustment using model 1**
ITT: n = 483
PP: n = 481
	-0.06 (-0.14 – 0.01)
	0.59 (0.39 – 0.91)
	-0.05 (-0.12 – 0.03)
	0.60 (0.40 – 0.92)

	Adjustment using model 2***
ITT: n = 532
PP: n = 530
	-0.08 (-0.15 – 0.00)
	0.64 (0.44 – 0.94)
	-0.07 (-0.15 – 0.01)
	0.65 (0.45 – 0.95)



*All models account for site as a random effect​
** Results are from models that included age, baseline SOFA/pSOFA (missing values imputed), COVID-19 and other infection (except HAP/VAP) in the 7 days prior to baseline. 
***Adjusted 2 excludes COVID-19.

Figure S1. Total consumption of selected antibiotic groups in each study group during up to 21 days following randomisation.  
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*Group composition; Aminoglycosides (amikacin, gentamicin), Penicillins and inhibitors (amoxicillin, co-amoxiclav, flucloxacillin, benzylpenicillin, phenoxymethylpenicillin, temocillin), 3rd and 4th generation cephalosporins (cefepime, cefotaxime, ceftazidime, ceftriaxone), Fluoroquinolones (ciprofloxacin, levofloxacin, moxifloxacin), Carbapenems (ertapenem, imipenem, meropenem), Piperacillin-tazobactam, Glycopeptides (teicoplanin, vancomycin). 
An adjustment has been made to account for differing numbers of participants per group.  
 
Table S10. Total DDDs for individual antibiotics* prescribed up to 21 days following randomisation, by participant group
	Antibiotic 
	Intervention Group
(n=264)
	N**
	Standard of Care Group
(n=262)
	N**

	Amikacin
	90.71
	39
	108.44
	48

	Amoxicillin
	28.83
	9
	36.67
	10

	Amoxicillin-clavulanate
	64.08
	27
	26.31
	13

	Azithromycin
	23.08
	6
	12.69
	8

	Aztreonam
	17.25
	2
	4.00
	1

	Cefepime
	5.00
	1
	9.75
	2

	Cefotaxime
	0.85
	3
	11.12
	6

	Ceftazidime
	224.25
	40
	201.22
	38

	Ceftazidime-avibactam
	72.29
	10
	42.08
	7

	Ceftolozane-tazobactam
	0.00
	0
	15.00
	1

	Ceftriaxone
	75.36
	10
	27.00
	5

	Cefuroxime
	28.95
	6
	7.85
	3

	Chloramphenicol
	1.00
	1
	0.00
	0

	Ciprofloxacin
	293.44
	63
	333.26
	56

	Clarithromycin
	21.64
	7
	10.00
	7

	Clindamycin
	59.08
	8
	30.21
	4

	Colistin
	0.00
	0
	0.00
	0

	Co-trimoxazole
	159.82
	22
	281.38
	24

	Daptomycin
	0.00
	0
	20.09
	2

	Doxycycline
	14.00
	2
	29.00
	4

	Ertapenem
	8.00
	3
	21.00
	6

	Erythromycin
	7.31
	5
	8.20
	8

	Fidaxomicin
	6.00
	1
	7.50
	1

	Flucloxacillin
	228.42
	20
	255.00
	16

	Fosfomycin
	59.75
	6
	51.25
	4

	gentamicin
	103.49
	34
	154.29
	39

	Imipenem
	0.00
	0
	0.00
	0

	Imipenem-cilastatin
	14.50
	1
	0.00
	0

	Levofloxacin
	43.00
	7
	0.00
	0

	Linezolid
	133.50
	22
	140.50
	19

	Meropenem
	650.53
	125
	712.24
	117

	Metronidazole
	90.32
	28
	108.10
	25

	Moxifloxacin
	0.00
	0
	4.00
	2

	Benzylpenicillin
	42.60
	4
	0.67
	1

	Phenoxymethylpenicillin
	9.66
	5
	0.00
	0

	Piperacillin-tazobactam
	476.10
	134
	505.94
	138

	Rifaximin
	34.83
	1
	45.83
	2

	Teicoplanin
	453.17
	45
	481.62
	50

	Temocillin
	19.75
	6
	35.25
	10

	Tigecycline
	20.00
	3
	47.50
	6

	Trimethoprim
	0.00
	0
	28.80
	1

	Vancomycin
	187.86
	39
	129.52
	31

	Total
	3768.41
	264
	3943.28
	262


*Antibiotics for all indications are included in this analysis. Some agents (e.g. daptomycin) were prescribed for other concurrent conditions, not HAP/VAP.
**Denotes number of participants in group receiving each individual antibiotic for at least one dose.

Table S11. Additional analyses for 28-day mortality from any cause (n = 545), Intervention = 85/272 (31.3% mortality), Standard of care = 75/255 (28.2% mortality)
	 
	Treatment effect estimates  
(Intervention vs. Standard of Care)*
 
	

	 
	Difference in Proportions
(95% CI)
	Odds Ratio (95% CI)
	Hazard Ratio (95% CI)

	Unadjusted analysis (n=538)
	0.05 (-0.01 – 0.11)
	1.18 (0.80 – 1.72)
	1.18 (0.87 – 1.61)

	Adjustment using model 1 (n=487) **
	****
	1.29 (0.82 - 2.04)
	1.30 (0.93 – 1.81)

	Adjustment using model 2 (n=536) ***
	****
	1.33 (0.88 – 2.00)
	1.30 (0.95 – 1.79)


*All models are ITT comparisons that account for site as a random effect​
** Results are from models that included age, baseline SOFA/pSOFA (missing values imputed), COVID and other infection (except HAP/VAP) in the 7 days prior to baseline.
***Adjusted 2 excludes COVID-19.
**** Adjusted models failed to converge


Table S12. Cause of death among participants in each study group who died within the 28-day study period, listed by COVID-19 status at randomisation. 

	 
	Intervention Group
(n = 85)
	Standard of Care Group
(n = 75)
	 

	 
	Confirmed COVID-19 disease at randomisation (n = 49)
	No COVID-19 at randomisation or unknown COVID-19 status (n = 36)
	Confirmed COVID-19 disease at randomisation (n= 46)
	No COVID-19 at randomisation or unknown COVID-19 status (n = 29)

	Sepsis
	1
	2
	0
	4

	COVID-19
	29
	2
	32
	2

	Multi-organ failure
	14
	9
	9
	6

	Cardiac arrest
	2
	4
	0
	0

	Chronic myeloid leukaemia
	0
	1
	0
	0

	HAP or VAP
	0
	2
	1
	1

	Aspiration pneumonia
	0
	1
	0
	0

	Pneumonia
	0
	4
	1
	4

	Traumatic brain injury
	0
	2
	0
	1

	Stroke
	0
	0
	0
	2

	Congenital neuropathy
	0
	1
	0
	0

	Chronic lung disease
	0
	1
	0
	0

	Post-operative haemorrhage
	0
	1
	0
	0

	Acute kidney injury
	0
	0
	1
	0

	Hypoxic brain injury
	0
	0
	0
	1

	Ischaemic bowel disease
	0
	0
	0
	2

	ARDS
	1
	2
	1
	2

	Hydrocephalus
	0
	0
	0
	1

	Lymphoma
	0
	0
	0
	1

	Neuroblastoma
	0
	0
	0
	1

	Opiate overdose
	0
	1
	0
	0

	Left ventricle thrombus
	0
	1
	0
	0

	Unknown
	2
	2
	1
	0

	Pulmonary embolism
	0
	0
	0
	1

	Total
	49
	36
	46
	29

	
	
	
	
	
	
	


Table S13. Adjusted analyses and imputations for SOFA scores

	Baseline scores [mean (SD)]

	
	Intervention
	Standard of Care 

	Baseline SOFA (not imputed)
	6.9 (3.0)
(n=208)
	7.4 (3.0)
(n=214)

	Baseline SOFA (missing GCS imputed with normal values)
	6.8 (3.0)
(n=223)
	7.1 (3.0)
(n=222)

	Baseline SOFA (missing values imputed with mean values)
	6.8 (3.0)
(n=228)
	7.1 (3.0)
(n=226)

	Difference in Means [Intervention – Standard Care] (95% CI)

	ΔSOFA day 7 – randomisation*
	0.6 (0.004 – 1.1)
(n = 452)

	ΔSOFA day 7 – randomisation**
	0.5 (-0.04 – 1.1)
(n = 418)

	ΔSOFA day 7 – randomisation***
	0.6 (-0.01 – 1.1)
(n = 452)

	ΔSOFA day 14 – randomisation*
	0.2 (-0.5 – 0.9)
(n = 452)

	ΔSOFA day 14 – randomisation**
	0.3 (-0.4 – 0.9)
(n = 418)

	ΔSOFA day 14 – randomisation***
	0.2 (-0.05 – 0.8)
(n = 452)


* ITT comparison adjusted for baseline SOFA score, with site as a random effect
** ITT comparison adjusted for baseline SOFA score, COVID-19 at baseline, bloodstream infection and age
*** ITT comparison adjusted for baseline SOFA score, bloodstream infection and age



Table S14. Adjusted analyses and imputations for pSOFA scores

	Baseline scores [mean (SD)]

	
	Intervention 
	Standard of Care 

	Baseline pSOFA (not imputed)
	5.6 (3.1)
(n=24)
	5.5 (3.2)
(n=17)

	Baseline pSOFA (missing GCS imputed with normal values)
	4.7 (2.5)
(n=43)
	4.9 (2.1)
(n=36)

	Baseline pSOFA (missing values imputed with mean values)
	4.7 (2.3)
(n=48)
	4.9 (1.9)
(n=43)

	Difference in Means [Intervention – Standard Care] (95% CI)

	ΔpSOFA day 7 – randomisation*
	-0.1 (-1.2 – 1.0)
(n = 91)

	ΔpSOFA day 7 – randomisation**
	-0.6 (-1.8 – 0.7)
(n = 75)

	ΔpSOFA day 7 – randomisation***
	-0.1 (-1.2 – 1.0)
(n = 90)

	ΔpSOFA day 14 – randomisation*
	1.0 (-0.0002 – 2.0)
(n = 91)

	ΔpSOFA day 14 – randomisation**
	1.1 (-0.1 – 2.3)
(n = 75)

	ΔpSOFA day 14 – randomisation***
	1.0 (0.02 – 2.1),(n = 90)


* ITT comparison adjusted for baseline SOFA score, with site as a random effect
** ITT comparison adjusted for baseline SOFA score, COVID-19 at baseline, bloodstream infection and age
*** ITT comparison adjusted for baseline SOFA score, bloodstream infection and age

Table S15. Adjusted analyses and imputations for paediatric PELOD-2 scores

	Baseline scores [mean (SD)]

	
	Intervention 
	Standard of Care 

	Baseline PELOD-2 (not imputed)
	5.0 (2.0)
(n=21)
	5.7 (2.2)
(n=16)

	Baseline PELOD-2 (missing GCS imputed with normal values)
	5.0 (2.0)
(n=41)
	6.1 (2.5)
(n=35)

	Baseline PELOD-2 (missing values imputed with mean values)
	5.1 (1.9)
(n=48)
	6.0 (2.3)
(n=43)

	Difference in Means [Intervention – Standard Care] (95% CI)

	PELOD-2 day 7 – randomisation*
	0.5 (-0.6 – 1.6)
(n = 91)

	PELOD-2 day 7 – randomisation**
	0.2 (-1.0 – 1.4)
(n = 75)

	PELOD-2 day 7 – randomisation***
	0.5 (-0.6 – 1.6)
(n = 90)

	PELOD-2 day 14 – randomisation*
	0.4 (-0.7 – 1.6)
(n = 91)

	PELOD-2 day 14 – randomisation**
	0.4 (-0.9 – 1.7)
(n = 75)

	PELOD-2 day 14 – randomisation***
	0.4 (-0.7 – 1.5)
(n = 90)


* Analysis adjusted for baseline PELOD-2 score, with site as a random effect
** Analysis adjusted for baseline PELOD-2 score, COVID-19 at baseline, bloodstream infection and age
*** Analysis adjusted for baseline PELOD-2 score, bloodstream infection and age



Table S16. Antibiotics administered (regardless of indication) during the 21-day study period to participants who developed antibiotic-associated diarrhoea
	Intervention arm (n = 26)
	Standard of care arm (n = 14)

	Participant 
	Antibiotics administered
	Participant 
	Antibiotics administered

	1
	cefaclor, ceftriaxone, ciprofloxacin, metronidazole, piperacillin-tazobactam, vancomycin
	27
	cefaclor, clarithromycin, meropenem, piperacillin-tazobactam

	2
	ciprofloxacin, meropenem, piperacillin-tazobactam
	28
	amoxicillin, cefuroxime, ciprofloxacin, meropenem, metronidazole, piperacillin-tazobactam, teicoplanin, temocillin, vancomycin

	3
	amoxicillin-clavulanate, ciprofloxacin, piperacillin-tazobactam
	29
	amoxicillin-clavulanate, clarithromycin, piperacillin-tazobactam

	4
	amoxicillin-clavulanate, clarithromycin, meropenem, piperacillin-tazobactam
	30
	clarithromycin, doxycycline, gentamicin, meropenem, piperacillin-tazobactam, vancomycin

	5
	ceftriaxone, gentamicin, meropenem
	31
	piperacillin-tazobactam

	6
	amoxicillin-clavulanate, clarithromycin, doxycycline, meropenem, piperacillin-tazobactam
	32
	amoxicillin-clavulanate, ciprofloxacin, flucloxacillin, gentamicin, meropenem, penicillin, piperacillin-tazobactam, teicoplanin, tigecycline

	7
	meropenem, piperacillin-tazobactam, teicoplanin
	33
	meropenem, piperacillin-tazobactam

	8
	meropenem, piperacillin-tazobactam
	34
	meropenem, piperacillin-tazobactam

	9
	ciprofloxacin, meropenem, vancomycin, 
	35
	ciprofloxacin, gentamicin, meropenem, teicoplanin

	10
	amikacin, amoxicillin-clavulanate, flucloxacillin, linezolid, piperacillin-tazobactam
	36
	ciprofloxacin, meropenem, teicoplanin

	11
	piperacillin-tazobactam
	37
	ceftazidime, ciprofloxacin, clarithromycin, gentamicin, meropenem, metronidazole, piperacillin-tazobactam, teicoplanin

	12
	meropenem, moxifloxacin, piperacillin-tazobactam, vancomycin
	38
	doxycycline, gentamicin, meropenem, piperacillin-tazobactam, teicoplanin

	13
	amoxicillin-clavulanate, gentamicin, metronidazole, piperacillin-tazobactam
	39
	amoxicillin-clavulanate, cefotaxime, ciprofloxacin, meropenem, piperacillin-tazobactam, vancomycin

	14
	amikacin, amoxicillin-clavulanate, clarithromycin, flucloxacillin, gentamicin, levofloxacin, linezolid, metronidazole, piperacillin-tazobactam
	40
	co-trimoxazole, meropenem, piperacillin-tazobactam

	15
	ciprofloxacin, flucloxacillin, penicillin, piperacillin-tazobactam
	
	

	16
	ciprofloxacin, metronidazole, piperacillin-tazobactam, teicoplanin
	
	

	17
	ceftazidime, erythromycin, meropenem, teicoplanin
	
	

	18
	ceftazidime, ciprofloxacin, piperacillin-tazobactam, teicoplanin
	
	

	19
	amikacin, ceftazidime, ciprofloxacin, doxycycline, piperacillin-tazobactam, meropenem
	
	

	20
	amoxicillin, ceftriaxone, co-trimoxazole, meropenem
	
	

	21
	ceftriaxone, ciprofloxacin, gentamicin, meropenem, teicoplanin
	
	

	22
	co-trimoxazole, gentamicin, linezolid, meropenem, piperacillin-tazobactam, teicoplanin
	
	

	23
	erythromycin, gentamicin, meropenem, piperacillin-tazobactam
	
	

	24
	amoxicillin-clavulanate, clarithromycin, piperacillin-tazobactam
	
	

	25
	meropenem, piperacillin-tazobactam, vancomycin
	
	

	26
	piperacillin-tazobactam, vancomycin
	
	






Table S17 Adverse events recorded verbatim that were not classified as septic shock, antibiotic-induced diarrhoea, C. difficile infection, severe antibiotic hypersensitivity or secondary pneumonia 
a) Intervention 
	Event name 
	Grade 

	Epistaxis 
	Grade 3 

	ARDS 
	Grade 4 

	Rash 
	Grade 3 

	Shingles 
	Grade 2 

	Arrest cardiac 
	Grade 4 

	Death: Multi Organ Failure 
	 

	Haemorrhagic conversion stroke 
	Grade 3 


b) Standard of care 
	Event name 
	Grade 

	Embolism (air embolism from central line) 
	Grade 2 

	Skin rash 
	Grade 1 

	Death : Multiorgan failure secondary to cardiac failure (Ischaemic heart disease) 
	 

	Malignant ischemic stroke 
	Grade 5 

	COVID-19 respiratory infection, leading to death: Complication of COVID-19 pneumonitis 
	Grade 5 

	Bowel infarction 
	Grade 5 

	Hyperglycaemia 
	Grade 2 




[bookmark: _Hlk140331438]Table S18. Clinical cure at Day 14 post-randomisation by stewardship category 
	Number (%) of patients with clinical cure of pneumonia at 14 days post randomisation

	
	Intervention
(n/N (%))
	Standard Care (n/N (%))
	Difference (intervention – standard) (95% CI)*

	Stewardship achieved
	111/200 (55.5%)
	99/146 (67.8%)
	-12.3% (-22.5% – -2.1%)

	Stewardship not achieved
	37/62 (59.7%)
	68/114 (59.7%)
	0.03% (-15.1% – 15.2%)


* ITT and per-protocol comparisons give identical results. Results are from simple, unadjusted comparisons of proportions, without consideration of site or potential confounders.  

Table S19. Clinical cure of pneumonia at day 14 post-randomisation by algorithm adherence 

	 
	Algorithm adherence 
	Clinical Cure at Day 14

	Algorithm adherence 
	Intervention
(n =276 )
	Standard of Care
(n =269)
	Intervention
(n =268 )
	Standard of Care
(n =265)
	Combined 
(n = 533)

	Consistent with algorithm 
	58 (21.0%)
	31 (11.5%)
	36/55 (65.5%)
	29/31 (93.6%)
	65/86 (75.6%)

	Not consistent with algorithm 
	132 (47.8%)
	169 (62.8%)
	76/131 (58.0%)
	110/168 (65.9%)
	186/299 (62.2%)

	Not applicable * 
	86 (31.2%)
	69 (25.7%)
	40/82 (48.8%)
	32/66 (48.5%)
	72/148 (48.6%)


*Includes those with negative results also, 4 intervention-group participants and 6 standard-of-care group participants who had pathogens for which the algorithm did not specify a treatment strategy



Table S20. Sub-group analyses for antibiotic stewardship at 24h post randomisation (based on intention to treat groups)
	
	Intervention

	Standard of Care

	Treatment effect estimates
(Intervention vs. Standard of Care)


	
	n/N (%)
	n/N (%)
	Difference in Proportions
(95% CI)
	Odds Ratio (95% CI)

	Antibacterially appropriate and proportionate antibiotics at 24h (n = 531)

	      
	205/268 (76.5%)
	147/263 (55.9%)
	0.21 (0.13 – 0.28)

	2.57 (1.77 - 3.73)


	Adult vs. Child

	Adult
	173/223 (77.6%)
	123/219 (56.2%)
	0.21 (0.13 – 0.30)

	2.70 (1.79 – 4.08)


	Child
	32/45 (71.1%)
	24/44 (54.6%)
	0.17 (-0.03 – 0.36)

	2.05 (0.85 – 4.93)


	
	Interaction term P-value
	P = 0.659
	P = 0.578

	COVID-19 status*

	No infection at randomisation
	114/153 (74.5%)
	93/151 (61.6%)
	0.13 (0.03 – 0.23)

	1.82 (1.12 – 2.98)


	Infection at randomisation
	71/91 (78.0%)
	40/88 (45.5%)
	0.33 (0.19 – 0.46)

	4.27 (2.22 – 8.21)


	
	Interaction term P-value
	P = 0.023
	P = 0.041

	HAP vs. VAP

	HAP
	57/80 (71.3%)
	52/85 (61.2%)
	0.10 (-0.04 – 0.24)

	1.57 (0.82 – 3.02)


	VAP
	147/187 (78.6%)
	95 / 178 (53.4%)
	0.25 (0.16 – 0.35)

	3.21 (2.03 – 5.07)


	
	Interaction term P-value
	P = 0.083
	P = 0.079

	Sample type**
	

	BAL + NBL
	31/42 (73.8%)
	20/36 (55.6%)
	
	

	ETT +Sputum + other
	174/226 (77.0%) 
	127/227 (56.0%) 
	
	


* The method for determining SARS-CoV-2 status depended on the time of randomisation. Routine ICU SARS-CoV-2 screening data were collected for all patients after 2 July 2020. Prior to 16 March 2020, the study did not formally recruit COVID-19 patients, but we recognised that there may have been unknown cases of SARS-CoV-2 in early 2020. We have assumed all those recruited prior to 1 January 2020 were SARS-CoV-2 negative. Those recruited between 1 January 2020 and 16 March 2020 where no sample was available for testing have been treated as unknowns and are excluded here (n=48). 
** Due to low numbers in the BAL group these data are presented as a simple tabulation rather than a full analysis




Table S21. Sub-group analyses for clinical cure of pneumonia at 14 days (based on intention to treat groups)
	
	Intervention

	Standard of Care

	Treatment effect estimates
(Intervention vs Standard of Care)


	
	n/N (%)
	n/N (%)
	Difference in Proportions
(95% CI)
	Odds Ratio (95% CI)

	Clinical cure at 14 days (n = 533)

	      
	152/268 (56.7%)
	171/265 (64.5%)
	-0.06(-0.15 – 0.02)
	0.68 (0.47 – 0.98)

	Adult vs Child

	Adult
	117/224 (52.2%)
	136/222 (61.3%)
	-0.09 (-0.18 – 0.001)
	0.68 (0.46 – 1.00)


	Child
	35/44 (79.6%)
	35/43 (81.4%)
	-0.02 (-0.19 – 0.15)

	0.87 (0.28 – 2.66)


	
	Interaction term P-value
	P = 0.459*
	P = 0.688

	
	
	
	

	COVID-19 Status**

	No infection at randomisation
	106/152 (69.7%)
	114/151 (75.5%)
	-0.05 (-0.15 – 0.05)

	0.71 (0.42 – 1.21)


	Infection at randomisation
	27/91 (29.7%)
	39/90 (43.3%)
	-0.13 (-0.26 – 0.01)

	0.56 (0.30 – 1.05)


	
	Interaction term P-value
	P = 0.414
	P = 0.554

	HAP vs VAP

	HAP
	57/81 (70.4%)
	66/85 (77.7%)
	-0.07 (-0.20 – 0.06)

	0.74 (0.36 – 1.54)


	VAP
	95/187 (50.8%)
	105/180 (58.3%)
	-0.06 (-0.16 – 0.04)

	0.67 (0.44 – 1.04)


	
	Interaction term P-value
	P = 0.917
	P = 0.820

	Sample Type***

	BAL + NBL
	21/40 (52.5%)
	22/34 (64.7%)
	
	

	ETT + sputum +
	131/228 (57.5%)
	149/231 (64.5%)
	
	


* Results do not account for site due to issues with the fitting of this model
** The method for determining SARS-CoV-2 status depended on time of randomisation. Routine ICU SARS-CoV-2 screening data were collected for all patients after 2 July 2020. Prior to 16 March 2020, the study did not formally recruit COVID-19 patients, but we recognised that there may have been unknown cases of SARS-CoV-2 in early 2020. We have assumed all those recruited prior to 1 January 2020 were SARS-CoV-2 negative. Those recruited between 1 January 2020 and 16 March 2020 where no sample was available for testing have been treated as unknowns and are excluded here (n=49). 
*** Due to low numbers in the BAL group these data are presented as a simple tabulation rather than a full analysis



Figure S2. Estimates of difference in proportions (intervention minus standard of care) for clinical cure by site, with 95% confidence intervals  
[image: A graph of numbers and lines

Description automatically generated with medium confidence] 
Site 14 is excluded as it only randomised 2 participants into the trial 
Red line indicates pre-specified non inferiority margin. Results based on a per-protocol analysis
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