4.1. Critical Appraisal Results Using Mixed Methods Appraisal Tool 
	Study
	Study Design
	SCREENING QUESTIONS (for all types)
	2.1. Is randomization appropriately performed?
	2.2. Are the groups comparable at baseline?
	2.3. Are there complete outcome data?
	2.4. Are outcome assessors blinded to the intervention provided?
	2.5 Did the participants adhere to the assigned intervention?
	COMMENTS

	
	
	S1. Are there clear research questions?
	S2. Do the collected data allow to address the research questions?
	
	
	
	
	
	

	Anandaraj et al.
	Prospective, randomized, double-blind, placebo-controlled trial (single center)
	
Yes
	
Yes
	
Yes
	
Yes
	
No
	
Yes
	
Yes
	Single-center study, limiting generalizability.

	Johnstone et al.
	Randomized placebo-controlled multi-center trial
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	None

	Prasoon et al.
	Prospective, open label, double blinded, randomized, controlled study (single center)
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Single-center study, limiting generalizability.

	Tsilika et al.
	multi-centre, randomized, double-blind, placebo-controlled trial
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Premature termination due to COVID-19 reduced the sample size but did not significantly impact statistical power for the primary outcome (observed power = 72.2%). However, the smaller sample size may have limited the detection of smaller effects in secondary outcomes.
Single-center study, limiting generalizability.

	Tzikos et al.
	Multi-center, randomized, double-blind, placebo-controlled trial
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Post hoc analysis—this was not the primary outcome of the ProVAP trial.

	Zeng et al.
	Prospective, open-label, randomized, controlled, multicenter study
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	None



[bookmark: _GoBack]4.2. Critical Appraisal Results Using Mixed Methods Appraisal Tool 

	Study
	Study Design
	SCREENING QUESTIONS (for all types)
	2.1. Is randomization appropriately performed?
	2.2. Are the groups comparable at baseline?
	2.3. Are there complete outcome data?
	2.4. Are outcome assessors blinded to the intervention provided?
	2.5 Did the participants adhere to the assigned intervention?
	COMMENTS

	
	
	S1. Are there clear research questions?
	S2. Do the collected data allow to address the research questions?
	
	
	
	
	
	

	Alberda et al.
	Prospective study (Observational and Pilot Study) Case-controlled 
(Single center)
	Yes
	Yes
	Yes
	Yes
	Yes
	No
	Yes
	Non-randomized design introduces potential selection bias.
Small sample size and single center setting, limiting generalizability.
No confounder adjustments in the statistical analysis.

	Kenna et al.
	2 Retrospective cohorts 
(single institution)
	Yes
	Yes
	Yes
	Yes
	Yes
	No
	Yes
	A retrospective pre-post design lacks randomization and introduces selection bias.
No adjustment for confounders.
Single-center study, limiting generalizability.

	Saikrishna et al.
	Prospective non-randomized interventional study, single center 
(pilot study)
	Yes
	Yes
	No
	Yes
	No
	No
	Yes
	Non-randomized design introduces potential selection bias.
Baseline imbalance (chronic liver disease was higher in the probiotic group).
Baseline imbalances and non-randomized design reduce representativeness.Small sample size and single center setting, limiting generalizability.
No confounder adjustments in the statistical analysis.

	Sato et al.
	Single-center, before-and- after observational study
	Yes
	Yes
	Yes
	Yes
	Yes
	No
	Yes
	Before-and-after design lacks randomization and is prone to temporal bias.
No statistical adjustment for confounders
Single-center study, limiting generalizability.
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4. 1.  Critical Appraisal Results Using Mixed Methods Appraisal Tool   

Study  Study   Design  SCREENING   QUESTIONS   (for   all   types)  2.1.   Is   randomization   appropriately   performed?  2.2. Are the  groups   comparable  at   baseline?  2.3.   Are   there   complete   outcome   data?  2.4.   Are   outcome   assessors   blinded   to   the   intervention   provided?  2.5   Did   the   participants   adhere   to   the   assigned   intervention?  COMMENTS  

S1.   Are   there   clear   research   questions?  S2.   Do   the   collected   data   allow   to   address   the   research   questions?  

Anandaraj   et   al.  Prospective,  randomized,   double - blind,   placebo - controlled   trial (single  center)    Yes    Yes    Yes    Yes    No    Yes    Yes  Single - center   study,   limiting generalizability.  

Johnstone et  al.  Randomized  placebo - controlled  multi - center  trial  Yes  Yes  Yes  Yes  Yes  Yes  Yes  None  

Prasoon   et   al.  Prospective,  open label,   double   blinded,   randomized,   controlled   study (single  center)  Yes  Yes  Yes  Yes  Yes  Yes  Yes  Single - center   study,   limiting   generalizability.  

Tsilika et al.  multi - centre,   randomized,   double - blind,   placebo - controlled   trial  Yes  Yes  Yes  Yes  Yes  Yes  Yes  Premature termination  due to COVID - 19  reduced the   sample   size   but   did   not   significantly   impact   statistical   power   for the primary outcome  (observed  power =  72.2%). However,   the   smaller   sample   size   may   have   limited   the   detection of smaller  effects in secondary  outcomes.  

