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Figure S2: Risk of bias in the included studies for neonatal probiotic supplementation 
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Supplementary Figure S3: Funnel plot to show effect of probiotics for prevention of all-cause mortality during neonatal period. 
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Supplementary figure S4: Funnel plot to show effect of probiotics for prevention of necrotizing enterocolitis during neonatal period.
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Supplementary Figure S5: Effect of neonatal probiotics for prevention of incidence of neonatal sepsis 
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Supplementary table S1: Characteristics of included for vitamin A supplementation 
	Study 
	Country
	Study Design
	Description of Participants
(Give inclusion/Exclusion Criteria)
	% Female (N)
	Number of Participants in Intervention Group
	Number of Participants in Control Group
	Total Duration of Intervention
	Comparison? (E.g. placebo, etc.)

	Klemm RD 2008
	Bangladesh
	Double-masked cluster-randomized placebo-controlled trial
	Infants born to consenting mothers participating in the parent trial/infants who have died prior reciving vitamin a supplementation, those born outside studies area and those that could not be reached during first 30 days after birth
	49% (7800)
	7,953
	7984
	72 hours
	Placebo

	Malaba LC 2005
	Zimbabwe
	randomized, placebo-controlled, 2-by-2 factorial design trial
	Participants were eligible if they had no acutely life-threatning condition, infant was a singleton with birth weight 1500g,andthemotherplanned to stay in Harare after delivery
	48% (4436)
	4599
	4609
	72 hours
	Placebo

	Masanja H 2005
	Tanzania
	 Randomized double-blind, placebo-controlled trial 
	Newborns who were able to feed orally, the family intended to stay in the study area for at least 6 months, and if parents provided written informed consent to participate. Babies who were enrolled in other trials were excluded.
	47.6% (15216)
	15995
	16004
	72 hours
	Placebo

	Mazumder S 2015
	India
	Randomized double-blind, placebo-controlled trial 
	Eligible participants were neonates whose parents consented to participate, were likely to stay in the study area until at least 6 months of age, and were able to feed orally at the time of enrolment/Newborn babies who were unable to feed or whose feeding could not be assessed, or whose family did not intend to stay in the study area for at least 6 months, were excluded. 
	47.9% (21566)
	22493
	22491
	72 hours
	Placebo

	Rahmathulla 2003
	India
	Randomized, placebo controlled, community based trial
	Liveborn infants that resulted from all pregnancies within participating villages were eligible for participation. 
	48.6% (5651)
	5786
	5833
	72 hours
	Placebo

	West 2003
	Nepal
	Randomized,double-masked, placebo-controlled community trial
	Elligible participants included infants less than 6 months old/ Infants  6 mo of age were excluded.
	49.4% (5890)
	6082
	5832
	72 hours
	Placebo

	Benn 2008
	Guinea-Bissau
	Randomized placebo controlled trial
	Elligible participants included neonates who weigh at least 2500 g at presentation and no signs of overt illness or malformations.
	49.4% (2145)
	2145
	2200
	72 hours
	Placebo

	Benn 2010
	Guinea-Bissau
	Randomized, placebo, controlled, two by two factorial trial
	Elligible participants included neonates who weigh less than 2500 g at presentation and had no signs of severe illness or malformations.
	55.8% (959)
	854
	863
	72 hours
	Placebo

	Benn 2014
	Guinea-Bissau
	Randomized, double-blind, placebo-controlled trial
	Eligible participants were healthy normal-birth-weight neonates who were due to be administered BCG vaccine
	49% (2943)
	4026
	2022
	72 hours
	Placebo

	Sufi 2016
	Pakistan
	Community-based, placebo-controlled, cluster randomized trial
	 All live born infants within participating villages were potentially eligible for inclusion in the study. Infants with obvious congenital malformations and birth weight <1500 g were exclud
	48% (5286)
	5645
	5378
	72 hours
	Placebo

	Edmond 2015
	Ghana
	Randomized, double-blind, placebo-controlled trial
	The trial participants were at least 2 h old, identiﬁ ed at home or facilities on the day of birth or in the next 2 days, able to feed orally, likely to stay in the study area for at least 6 months, and at least one parent provided written informed consent for participation. 
	49% (11306)
	11474
	11481
	72 hours
	Placebo

	Humphrey 1996
	Indonesia
	Placebo-controlled trial
	All infants bom at Hasan Sadikin Hospital in Bandung, Indonesia, with weights greater than 1500g and no signs of life-threatening illness. Very low birth weight infants (<1500 gin) and those with life-threatening illness were excluded. 
	48% (992)
	1034
	1033
	72 hours
	Placebo

	Basu 2019
	India
	Randomized, double-blind, placebo controlled trial
	Inclusion: Inborn,VLBW(birthweight(BW)<1500g) neonates admitted in NICU and requiring respiratory support in the form of oxygen inhalation through nasal prongs or head box, CPAP, HFNC,or mechanical ventilation at the age of 24h                Exclusion:Neonates with major congenital malformation, any life-threatening condition where immediate oral feeding was contraindicated such as reversal of umbilical artery enddiastolic blood flow on antenatal Doppler, perinatal asphyxia with moderate to severe hypoxic ischemic encephalopathy, shock with escalating doses of vasopressors, recurrent seizures, and suspected inborn errors of metabolism.
	43.9% (86)
	98
	98
	Every other day
	Placebo

	Sun 2019
	China
	Randomized control trial
	Inclusion: infants admitted to the neonatal intensive care unit at a gestational age of ,28 weeks, ,96 hours of age. Exclusion:  Infants with  genetic metabolic diseases; congenital major abnormalities; congenital TORCH infections with overt signs at birth; terminal stage of illness (pH ,7.0 or hypoxia with bradycardia .2 hours); or the lack of parental consent
	35.1% (92)
	132
	130
	Daily
	Placebo (Soybean Oil)

	Ahmed 2019 
	Bangladesh
	RCT
	Inclusion criteria: "consent of the mother and willingness to have their infant participate; singleton birth at MCHTI clinic and eligible for vaccination according to the national and MCHTI clinic policy".

Exclusion criteria: "planned at home delivery because of the low likelihood of vaccination at MCHTI within 48 h of birth, (2) congenital disease or a serious infection showing that the infant was not healthy; infant with birth weight less than 1500 g and inability to enroll within 48 h of birth due to lack of timely notification or other exceptional circumstances".
	50%
	153
	153
	Single dose 
	Placebo (Soybean Oil)

	Girhidar 2019 
	India
	RCT 
	Inclusion criteria: All infants admitted to the neonatal intensive care unit with birth weight between 750 and 1250 grams and between 24 to 96 hours of life

Exclusion criteria: lethal congenital malformations, terminal illness characterized by shock or bradycardia for more than 2 hours, refusal of consent
	40
	61
	59
	28 days
	Placebo Normal saline 







Supplementary table S2: Characteristic of included studies: Probiotic supplementation during neonatal period 
	Study
	Country
	Study type
	Description of Participants
(Inclusion/exclusion Criteria)
	% Female (N)
(Give for total study population)
	Number of Participants in Intervention Group
	Number of Participants in Control Group
	Intervention Form                           (E.g. tablet, drop, syrup)
	Total Duration of Intervention
	Frequency of Intervention (E.g. daily, weekly, etc.)
	Dose
	Strain of Probiotic
	Comparison? (E.g. placebo, etc.)

	
	
	
	
	
	
	
	
	
	
	
	
	

	Amini 2017
	Iran
	Randomized clinical trial
	 All premature newborns (n = 115) weighting 750-1500 g or <32 weeks gestation who received antibiotics and total parenteral nutrition in NICU of Vali Asr Hospital were included. Premature babies less than 750 and more than 1500 grams and neonateswithcongenitalheartdisease,congenitalmalformations,andimmunesystemdeﬁciency,evenintheirfamily members, were excluded
	 
	60
	55
	Powder
	13 days
	8-10 times daily
	0.8-1g per day
	Strep thermophilus, lactobacillus rhamnosus, lactobacillus acidophilus, lactobacilus bulgaricus, bifidobacterium infantis, lactobacillus casei
	Enteral feed without probiotic

	Braga 2011
	Brazil
	RCT
	unclear, but "no major congenital malformations, life threatening chromosomal alterations, or congenital infections"
	51.5% (119) from I: 51.26% (61), C: 51.76% (58)
	119
	112
	powder in 3mL human banked milk
	day 2 of life to day 30 of life, NEC, discharge, or death
	daily
	3.5 x 10*7 L. casei and 3.5x10*9 cfu B. breve
	L. casei and B. breve
	3mL banked milk without probiotics

	Chowdhury 2016
	Bangladesh
	Randomized control 
	Preterm (<33 wks), VLBW (<1500gms) infants who are able to tolerate oral feeds and survive beyond 48 hrs. Babies with suspicion of clinical sepsis, presence of prenatal asphyxia, major congenital anomaly and babies who expired due to other neonatal illness were excluded 
	32.4% (33)
	60
	60
	Powder
	10 days
	daily
	3x10^9 CFU/day
	Bifidobactrium spp, lactobacillus
	Breastmilk without probiotic

	Cooper 2016
	South Africa
	multicenter RCT
	"healthy", full term (37-42 wks), HIV+ formula feeding mothers, <=3 days old, 2500-4500g, singleton birth; E: congenital illness or malformation affecting growth; significant perinatal disease, antibiotics in 1st 3 days of life, caregivers could not comply, or in another trial
	47.98 (202)
	207
	214
	powder mixed into formula
	enrollment to 6 months of age then received pro/prebiotic free formula
	multiple times daily with every bottle/feeding
	galactooligosaccharides an dmilk oligosaccharides total 5.8 +-1 g/100g of powder fomrula (8g/L liquid formula) + B. lactis CNCMI3446 1x10*7 cfu/g powder formula
	b. lactis
	placebo: formula without pre and probiotics

	Cui 2019
	China
	prospective, double-blinded randomized study
	quote: "Inclusion
criteria: formula-fed preterm infants admitted within
12 h of birth whose gestational age ≥ 30 and < 37
weeks; birthweight≥1500 g and ≤ 2000 g with vital sign

and hemodynamic parameters stable. Exclusion cri-
teria: congenital diseases, expected hospitalization less

than 2 weeks and maternal or neonatal antibiotics or
other probiotics before admission."
	51.61%
	45
	48
	oral drops
	minimum of 7 days
	5 drops daily
	1 × 10^8 colony-forming units
	L. reuteri
	placebo

	Demirel 2013
	Turkey
	prospective, blinded, rct
	I: <=32 weeks and birthweight <=1500g who survived to start enteral feedings. E: major congenital anomalies, lack of parental consent, death in first seven days after study start
	50.2% (136)
	135
	136
	mixed into breast milk or formula
	until discharge
	once a day
	250mg (5 billion cfu)
	S boulardii
	no addition to breastmilk/ formula

	Dashti 2014
	Iran
	prospective triple-blinded, interventional, randomized clinical trial
	
Quote: "Inclusion criteria were: birth weight of 700-1800 g, stable hemodynamic, be able to have enteral feeding, and written parental consent, exclusion criteria were: evidence or suspicion of congenital intestinal obstruction or perforation, prenatal or postnatal diagnosis of gastroschisis, large omphalocele, or congenital diaphragmatic hernia, and major congenital anomalies."
	45.60%
	69
	67
	standard milk supplemented with once a day probiotics supplement
	 
	once daily 
	quote: "Neonates weighing less than 1000 g were fed with a half of sachet once daily (5 × 108 CFU of probiotics), neonates weighing 1001–1500g were fed with 3/4 of a sachet once daily (7.5 × 108 CFU of probiotics), neonates weighing more than 1500 g were fed with a full sachet once daily (1 × 109 CFU of probiotics)."
	Lactobacillus acidophilus, Lactobacillus rhamnosus, Bifidobacterium longum, Lactobacillus bulgaricus, Lactobacillus casei, Streptococcus thermophilus, Bifidobacterium breve, and Bifidobacterium
	placebo

	Dilli 2015
	Turkey
	randomized, controlled trial
	quote: "VLBW infants with a gestational age of <32 weeks and a
birth weight of <1500 g, born at or transferred to the NICU within the first week of life and fed enterally before inclusion, were eligible. Infants with any disease other than
those linked to prematurity or congenital anomalies of the
intestinal tract, not fed enterally or who died before the sev-
enth day after birth, whose mothers had taken nondietary

probiotic supplements, and whose parents refused to partic-
ipate were excluded."
	46%
	300
	100
	1 sachet per day with breast milk or formula
	8 weeks or until death
	once daily 
	30 mg with 1 ml of sterile water or breast milk
	probiotic (Bifidobacterium lactis, 5  109 colony-forming units), prebiotic
(inulin, 900 mg), or synbiotic (Bifidobacterium lactis,
5  109 colony-forming units,)
	placebo

	Dutta 2015
	India
	randomized, controlled trial
	Inclusion Criteria:

(1) Neonates born at 27 to 33 weeks gestation in our hospital

(2) aged less than 96 hours of life

(3) who were likely to either remain admitted in hospital or reside within 30 km of the hospital for the next 28 days

(4) who were tolerating at least 15 ml/kg/day of milk feeds.

Exclusion Criteria:

(1) a gastro-intestinal malformation

(2) prior NEC or sepsis

(3) any life-threatening malformation that limited estimated life expectancy to less than a month
	35%
	114
	38
	Contents of the
probiotic sachet were mixed with milk in steel containers
with thorough aseptic precautions and immediately administered. The route of administration was a feeding tube in
those who were gavage fed (followed by a sterile water flush
to clear the feeding tube) or by a sterile spoon in those taking
oral feeds.
	21 days
	Once daily 
	3 groups with different doses
	. The probiotic sachets with a dose of 10 billion
contained a combination of Lactobacillus acidophilus (5,300
million), Lactobacillus rhamnosus (2,900 million), Bifidobacterium longum (700 million), and Saccharomyces boulardii
(1,100 million).
	Placebo

	Fernandez 2012
	Mexico
	prospective rct double blind
	I: <1500g, preterm; E: <1500g with low apgar <6 at 5min, GI malformations, genetic syndromes, asphyxia and IA-IB NEC (bell's)
	NA
	75
	75
	powder as suspension (1g packet in 3mL of breastmlk or preterm formula)
	3-114 days per table 2, definition NA, maybe start of enteral feedings until discharge including any paused days for enteral intolerance?
	daily
	L. acidophilus 1x10*9 cfu/g,, L rhamnosus 4.4x10*8 cfu/g, L casei 1x10*9 cfu/g, L plantarum 1.76x10*8 cfu/g, Bifido infantis 2.76x10*7 cfu/g, Streptococcus thermophilus 6.6x10*5 cfu/g
	L. acidophilus, L rhamnosus, L casei, L plantarum, Bifido infantis, Streptococcus thermophilus
	BM or formula without probiotics (placebo)

	 Güney-Varal 2017
	 
	Prospective, randomized control trial
	Preterm infants with a gestational age ≤32 week and a birth weight ≤ 1500 g at Uludağ University Medical Faculty Neonatal Intensive Care Unit (NICU)... The infants 
with: detected chromosomal abnormalities, previous gastrointestinal system surgery, a diagnosis of metabolic disease, babies lost in the first postnatal week and babies with severe sepsis episode were excluded from the study.
	42%
	76
	43
	Administered orally during feeding
	Until discharge from NICU
	Daily
	 
	Lactobacillus rhamnosus, Lactobacillus casei, Lactobacillus plantorum, & Bifidobacterium animalis
	Placebo: nonsupplemented breast milk

	Hariharaan 2016
	960
	NA
	Inclusion Criteria: "Infants with birth weight < 1250g, gestation <32 weeks"
	NA
	93
	103
	twice daily 
	6 weeks
	twice daily 
	2.5 X 109 UFC of each twice a day, from the 3rd day of life, for 6 week courses
	Intervention: Lactobacillus acidophilus, Bifidobacterium bifidum, Saccharomyces boulardii 2.5 X 109 UFC of each twice a day, from the 3rd day of life, for 6 week courses
	No probiotics 

	Hernandez-Enriquez 2016
	oaxaco
	randomised control
	 in preterm infants with very low birth weight (less than 1,500 g weight with gestational age of less than 34 weeks gestation
	 
	24
	20
	powder
	20 days
	daily
	Lactobacillus reuteri 5 drops, equivalent to 100 million colony forming units (1 × 108 CFU) .  newborns with weight less than 1,000 g them 3 drops were administered Lactobacillus reuteri (60 million CFU) 
	Lactobacillus reuteri 5 drops, equivalent to 100 million colony forming units (1 × 108 CFU) .  newborns with weight less than 1,000 g them 3 drops were administered Lactobacillus reuteri (60 million CFU) 
	no placebo

	Hussain 2016
	Pakistan
	Randomized control 
	Inclusion criteria: Pre-term neonates less than 36 weeks gestation, Low birth weight neonates< 2.5 Kg, Both genders, Both NG feed and bottle feed neonates, All neonates that were admitted at day 1 of life  Exclusion: Neonates less than 30 weeks low birth weight neonates, less than 1.5 Kg ,Neonate on mechanical ventilatory support, IUGR (gestational age>36 weeks and weight<2.5kg), Patients with congenital cyanotic heart diseases or has birth asphyxia and persistent cyanosis and need of oxygen inhalation. 
	45%
	150
	150
	powder
	5 days
	daily
	 
	Bifidobacteria
	No probiotic supplementation

	Kaban 2019
	Indonesia
	double-blind randomized controlled clinical trial
	quote: "This double-blind randomized controlled clinical trial compared the oral administration of
L. reuteri DSM 17938 or placebo to neonates with a gestational age of 28–34 weeks and a birth
weight of 1,000–1,800 g in a stable condition allowing the administration of oral and enteral
nutrition and was conducted at the Neonatology Unit, Department of Pediatric Health of
the Dr. Cipto Mangunkusumo Hospital from January to October 2017. The exclusion criteria
were absolute contraindications for feeding such as lower gastrointestinal tract obstruction,
massive gastrointestinal tract bleeding, NEC, sepsis and shock, and refusal of the infants'
parents to participate in the study."
	52%
	47
	47
	L. reuteri DSM 17938 (Interlac)
suspension
	at least 7 days or until the subject was discharged, experienced
NEC, or died
	five drops per day
	10^8 colony-forming
units/day, the recommended dose
	L. reuteri
	placebo

	Nandhini 2015
	India
	prospective rct double blind
	I: enterally fed, 28-34 weeks, bw>1000g; E: major congenital anomalies, surgical problems of the GI tract, severe birth asphyxia, early onset sepsis
	NA
	110
	110
	capsule into breastmilk
	7 days
	twice daily
	1 capsule BID: Lactobacillus acidophilus 700 mil Cfu; bifidobacterium longum 400 mil CFU, lactobacillus rhamnosus 400 mil CFU, lactobacillus plantaris 300 mil CFU, lactobacillus casei 300 mil CFU, l. bulgaricus 300 mil CFU, B. breve 300 mil CFU and 100mg fructo-oligosaccharide
	Lactobacillus acidophilus 700 mil Cfu; bifidobacterium longum 400 mil CFU, lactobacillus rhamnosus 400 mil CFU, lactobacillus plantaris 300 mil CFU, lactobacillus casei 300 mil CFU, l. bulgaricus 300 mil CFU, B. breve 300 mil CFU and 100mg fructo-oligosaccharide
	breastmilk without supplementation

	Niekerk 2015
	South africa
	Randomized control 
	Included- birth weight of  500g and  1250g; (ii) were either HIV-exposed or HIV-unexposed; and (iii) received breast milk (either from their mothers or donor breast milk). Excluded if they had major abnormalities such as gastroschisis, a large omphalocele or congenital diaphragmatic hernia.
	62% in HIV exposed, 46% in HIV unexposed
	91
	93
	powder
	4 weeks
	daily
	 L. rhamnosus GG [0.35 x10^9 colony-forming units (CFU)] and B. infantis (0.35 x10^9 CFU)
	 Lactobacillus rhamnosus GG and Bifidobacterium infanti
	Placebo

	Oncel 2014
	Turkey
	prospective rct double blind
	I: <=32week, <=1500g birthweight, survived to feed enterally; e: major congenital malformations
	48.5 (194)
	200
	200
	oil suspension
	first feed to death or discharge
	daily
	5 drops 
	Biogaia (l reuteri with 1x108 cfu total in five drops)
	placebo same oil without biogaia

	Panigrahi 2016
	India
	community-based, double-blind, placebo-controlled randomized trial 
	 Inclusion criteria included: neonate > 24 h and < 96 h old,  ≥ 2,000 g at birth, breastfeeding begun by 24 h of life, ability to tolerate oral feeds, informed consent by parent or guardian. Exclusion criteria were: evidence or suspicion of clinical sepsis before the infant was randomized, gestational age reported voluntarily by the mother to be < 35 weeks, infant > 96 h old, infant did not cry immediately after birth, mother had fever (> 38 °C) within 2 days of delivery, mother had foul-smelling amniotic  discharge within 2 days of delivery, mother had abdominal tenderness within 2 days of delivery, amniotic fluid was meconium-stained, infant was on  antibiotics, mother unlikely to stay in the village for 60 days, difficulty in carrying out study (maternal sickness etc.), or presence of major congenital anomalies (defined as any malformation that was felt to be life-threatening or that required surgical intervention). 
	49.21%
	2,278
	2,278
	Administered orally
	7 days
	Daily
	 
	Lactobacillus plantarum
	Placebo: 250 mg of maltodextrin

	Rehman 2018
	Pakistan
	randomised control
	preterm infants having gestation of 27 to 36+7 weeks; they were VLBW (< 1500g) and they survived to feed enterally
	60.3
	73
	73
	powder
	 
	daily
	 
	 
	placebo

	Rojas 2012
	Colombia
	multicenter, double-blinded, ran-
domized, placebo-controlled trial
	Preterm infants admitted to NICU, birth weight #2000 g, hemodynamically stable (blood pressure not requiring boluses or pressors), and #48 hours of age. Infants with evidence or suspicion of congenital intestinal obstruction or perforation, gastroschisis, large omphalocele, congenital diaphragmatic hernia, major congenital heart defects, or anticipated transfer to a NICU not participating in the study were excluded.
	50%
	372
	378
	drops
	until death or discharge from the NICU
	daily
	5 drops
	108 colony-forming units of L reuteri DSM 17938
	placebo

	Roy 2014
	India
	prospective rct double blind
	I: in NICU, stable oral feeding w/in 72 h birth, iconsent, <37weeks, <2500g, good renal and liver function, postnatal age <2week, no baseline fungal colonization from culture any site first 3 days of life, no antifungal px; E: major congenital malformation, risk factors for sepsis, signs of TORCH infection, cranial lesions on US, likely to die w/in 72 hours of birth, moms taking probiotics by capsule or powder
	73.2 (82)
	56
	56
	expressed breast milk orally or OG
	6 weeks or until dischrged and feeding
	daily
	6x 109 CFU lactobacillus: half a sachet of Lactobacillus acidophilus 1.25 billion, B. longum 0.125billion, B. bifidum 0.125billion, and B. lactis 1 billion / 1 gsachet
	Prowel: Lactobacillus acidophilus 1.25 billion, B. longum 0.125billion, B. bifidum 0.125billion, and B. lactis 1 billion / 1 gsachet
	sterile water in BM

	Saengtawesin 2014
	 
	Prospective, randomized control trial
	All preterm infants with gestational age less than or equal to 34 weeks and birth weight less than or equal to 1,500 grams were randomized by blocks of four into two groups, study and control group. Very low birth weight preterm infants who had severe birth asphyxia, chromosome anomalies, cyanotic congenital heart disease, congenital intestinal obstruction, gastroschisis, omphalocele, nil per oral >3 weeks and parents who declined consent for study were excluded from the study.
	50.00%
	31
	29
	Administered orally with breast milk or preterm formula
	6 weeks or until discharge
	Twice daily
	 125 mg/kg/dose 
	Infloran(1x10^9 Lactobacillus acidophilus and 1x109 Bifidobacterium bifida)
	Placebo: unsupplemented breast milk or preterm formula

	Samanta 2008
	India
	prospective rct double blind
	preterm (<32 weeks) VLBW (<1500g) born between Oct 2007-march 2008, started feed enterally, survived byond 48 hours of life; excluded "babies with major congenital and gi anomalies and babies who expired due to other neonatal illnesses"
	NA
	91
	95
	expressed breast milk
	until discharge
	twice daily
	2.5billion cfu each of 4 strains twice daily (125g/kg of milk or of bacteria?)
	Bifidobacteria infantis, Bifidobacteria bifidum, Bifidobacteria longum, Lactobacillus acidophilus
	breastmilk without supplementation

	Sari 2011
	Turkey
	randomised control
	Inclusion Criteria: Infants with of gestational age of < 33 weeks or birth weight of o1500 g.

Exclusion Criteria: Major congenital malformationsand lack of parental consent
	NA
	121
	121
	Administered with Formual milk or breastmilk 
	Until discharge
	daily
	"Lactobacillus sporogenes with a dose of 350 000 000 c.f.u. once a day until discharge"
	"Lactobacillus sporogenes 
	Standard of care 

	Serce 2013
	Turkey 
	randomised control
	Inclusion Criteria: "VLBW infants (gestational age ≤32 weeks; birth weight ≤1500 g) who survived to feed enterally were eligible for the trial"

Exclusion Criteria: "Infants who had severe asphyxia (stage III), major congenital anomalies, those who had been fasted for more than 3 weeks, died in the first postnatal 14 days and infants who used antifungal therapy were excluded"
	46%
	104
	104
	Intervention added to formula milk or breatmilk 
	Until discharge
	Twice daily 
	"The study group received Saccharomyces boulardii (50 mg/kg equal to 0.5 × 109 cell/kg per dose
	Saccharomyces boulardii
	placebo (distilled water; 1 mL per dose twice daily)

	Shadkam 2015
	Iran 
	randomised control
	Inclusion Criteria: "premature infants admitted at\ the neonatal intensive care unit (NICU) during October 2012-March 2013. Gestational age of infants was estimated at 28-34 weeks using theDubowitz method, and birth weight of infants was calculated to be 1000-1800 grams."

-Exclusion Criteria:"presence of disorders such as digestive obstruction, GI bleeding, gastroschisis, omphalocele, withdrawal syndrome, neonatal proven or clinical sepsis, congenital heart defect and asphyxia (degree II or III)"
	50%
	30
	30
	 
	Until full enteral feedings
	Twice daily 
	5 ml of  of 20 million live Lactobacillus reuteri protectis
	g Lactobacillus reuteri DSM 17938
	"placebo group received 0.5 ml of distilled water every 12 hours".

	Shashuhdar 2017
	India 
	randomised control
	Inclusion Criteria: "All neonates with a birth weight between 750 g to 1499 g admitted to the NICU"

-Exclusion Criteria: "Neonates with gastrointestinal anomalies, severe congenital malformation, and those not started on enteral feeds by day 14 of life were excluded".
	54%
	25
	32
	Liquid
	Until discharge
	Twice daily 
	dose of 1.25×109 CFU
	 Lactobacillus acidophilus, Lactobacillus rhamnosus, Bifidobacterium longum and Saccharomyces boulardii
	"The no probiotic group received only breast milk and served as the control".

	Sing 2017
	Nepal 
	randomised control
	Inclusion Criteria: Preterm babies admitted to the NICU

-Exclusion Criteria: "Sick infants (neonates with clinical or proven sepsis), those with congenital malformation especially (central nervous system) malformation and other such as gastrointestinal obstruction, gastrointestinal bleeding,gastroschisis, omphalocoele, congenital heart defect and birth asphyxia (grade III). Out born babies were also excluded in this study".
	54
	52
	52
	Given with Breastmilk 
	Until reaching full enteral feeds
	Twice daily 
	probiotics lactobacillus casei var. rhamnosis (LCR 35) 0.8 mg (half packet) dissolved in 2 ml of EBM in infant more than 1500 grams and 0.4 mg probiotics ( 1/4th packet) dissolved in 1 ml of EBM in infants less than 1500 grams
	lactobacillus casei var. rhamnosi
	"placebo as expressed breast milk only."

	Sinha 2015
	India
	randomised control
	Inclusion Criteria: infants aged 3 days, born in the hospitals weighing 1500–2500 g"

-Exclusion Criteria: "extremely premature infants (<34 weeks), sick infants, those with congenital malformations incompatible with life, and those with guardians not giving consent and belonging to out of study areas"
	52%
	668
	672
	 
	30 days
	daily 
	dose of 10 billion cfu
	(a mix of eight strains: Streptococcus thermophilus, Bifidobacterium breve, Bifidobacterium longum, Bifidobacterium infantis, Lactobacillus acidophilus, Lactobacillus plantarum, Lactobacillus paracasei and Lactobacillus delbrueckii spp bulgaricus
	 

	Tewari 2015
	India 
	randomised control
	Inclusion Criteria:"Preterm neonates <34 weeks admitted to the NICU"

-Exclusion Criteria:

"i. Extramural preterm neonates >10 day age with clinical or lab marker of sepsis.ii. Preterm babies with necrotizing enterocolitis (NEC) or an intestinal surgical anomaly.iii. Preterm babies with a lethal congenital anomaly, dysmorphism or aneuploidy."
	49
	123
	121
	with the enteral feeds through orogastric tube 
	Postanatal age of 6 weeks
	 2x109 spores in 5 ml minibottle in a dose of 2 ml per-oral every 8 hours mixed with the enteral feeds through orogastric tube 
	 2x109 spores in 5 ml minibottle in a dose of 2 ml per-oral every 8 hours 
	Bacillus clausii
	"Babies in the placebo group received sterile water, 2 ml per-oral every 8 hours mixed with feeds"

	Xu 2016
	China
	randomised control
	Inclusion Criteria: "hospital-born formula-fed infants with a gestational age of 30-37 weeks and a birth weight between 1500 and 2500 g".

-Exclusion Criteria:"severe neonatal pathologies, such as severe birth complications, GI malformations, chromosomal abnormalities, known immunodeficiency, hydrops fetalis, central venous catheter, antifungal drugs, and probiotics."
	50%
	63
	62
	Adminsited separately from the formula 
	he study period ended at the 28th day after birth or when the infant was discharged from the hospital. Minimum duration of intervention was 7 days
	Twice daily 
	50 mg/kg.
	Saccharomyces boulardii CNCM I-745
	" Nothing was administered to the control group"










Supplementary table S 3: Subgroup analyses for probiotic supplementation during neonatal period 
	Outcome or Subgroup
	No. of Studies
	Effect Estimate: relative Risk
	Test for Subgroup Difference

	All-cause mortality: Subgroup analysis: Settings

	Hospital based
	22
	0.78 [0.65, 0.94]
	p value=0.31
I2= 0 %

	Community based
	3
	1.25 [0.51, 3.05]
	

	All-cause mortality: Subgroup analysis: Type of Probiotics

	Preparation contain a single strain of Probiotics
	9
	0.80 [0.61, 1.05]
	p value= 0.95
I2= 0 %

	Preparation contained multiple strains of Probiotics
	12
	0.80 [0.58, 1.09]
	

	Preparation contained Synbiotics (Prebiotics + Probiotics)
	5
	0.69 [0.29, 1.61]
	

	All-cause mortality: Subgroup analysis: Type of participants

	Study include preterm/low birth weight babies
	24
	0.79 [0.65, 0.95]
	p value= 0.47
I2= 0 %

	Study included term infants only
	1
	1.38 [0.31, 6.08]
	

	All-cause mortality: Subgroup analysis: Type of feedings

	Baby received breastmilk only
	14
	0.81 [0.62, 1.05]
	p value=0.44
I2= 0 %

	Baby received formula milk only
	1
	1.38 [0.31, 6.08]
	

	Baby received both breastmilk and formula milk
	8
	0.69 [0.48, 0.99]
	

	Type of feeding was unclear
	3
	1.33 [0.63, 2.81]
	

	All-cause mortality: Subgroup analysis: Probiotics Preparation

	Preparation contained Lactobacillus
	10
	0.82 [0.63, 1.05]
	p value=0.47
I2= 0 %

	Preparation contained Bifidobacterium
	1
	0.43 [0.17, 1.09]
	

	Preparation contained both Lactobacillus and Bifidobacterium
	13
	0.71 [0.47, 1.08]
	

	Preparation contained Saccharomyces boulardii only
	2
	1.12 [0.46, 2.71]
	

	Necrotizing Enterocolitis: Subgroup analysis: Probiotic preparation

	Preparation contained Lactobacillus
	13
	0.39 [0.25, 0.61]
	p value= 0.05
I2= 60.5 %

	Preparation contained Bifidobacterium
	1
	0.20 [0.09, 0.47]
	

	Preparation contained both Lactobacillus and Bifidobacterium
	14
	0.49 [0.36, 0.68]
	

	Preparation contained Saccharomyces boulardii only
	2
	0.94 [0.45, 1.95]
	

	Necrotizing Enterocolitis: Subgroup analysis: Type of feeding

	Baby received breastmilk only
	13
	0.43 [0.31, 0.59]
	p value=0.74
I2= 0 %

	Baby received formula only
	1
	0.21 [0.03, 1.76]
	

	Baby received both breastmilk and formula milk
	9
	0.55 [0.33, 0.92]
	

	Type of feeding was unclear
	7
	0.41 [0.17, 1.00]
	

	Necrotizing Enterocolitis: Subgroup analysis: Type of Probiotics

	Preparation contained a single strain of Probiotics
	12
	0.48 [0.30, 0.76]
	p value=0.50
I2= 0 %

	Preparation contained multiple strains of Probiotics
	15
	0.48 [0.35, 0.67]
	

	Preparation contained Synbiotics (Prebiotics + Probiotics)
	3
	0.28 [0.12, 0.67]
	

	Neonatal Sepsis: Subgroup analysis: Probiotic preparation

	Preparation contained Lactobacillus
	11
	0.74 [0.62, 0.87]
	p value=0.79
I2= 0 %

	Preparation contained Bifidobacterium
	1
	0.81 [0.60, 1.09]
	

	Preparation contained both Bifidobacterium and Lactobacillus
	6
	0.83 [0.68, 1.02]
	

	Preparation contained Saccharomyces boulardii only
	3
	0.73 [0.57, 0.94]
	

	Neonatal Sepsis: Subgroup analysis: Type of feeding

	Baby received breastmilk only
	8
	0.71 [0.61, 0.83]
	p value= 0.04
I2= 65 %

	Baby received formula milk only
	2
	0.59 [0.22, 1.56]
	

	Baby received both formula and breastmilk only
	6
	0.77 [0.65, 0.90]
	

	Type of feeding was unclear
	4
	0.95 [0.82, 1.09]
	

	Neonatal Sepsis: Type of Probiotics

	Preparation contained single strain of Probiotics
	8
	0.84 [0.74, 0.96]
	p value= 0.21
I2= 35 %

	Preparation contained multiple strains of Probiotics
	9
	0.81 [0.68, 0.97]
	

	Preparation contained Synbiotics (Prebiotics+Probiotics)
	4
	0.67 [0.54, 0.83]
	

	Neonatal Sepsis: Subgroup analysis: Settings

	Hospital Based
	19
	0.83 [0.76, 0.91]
	p value=0.19
I2= 42 %

	Community based
	2
	0.67 [0.49, 0.91]
	
















Supplementary table S 4: Table of excluded studies 
	Study 
	Reason for exclusion

	Abdulkadir 2016 [1]
	Study conducted in a high income country (UK

	Abrahamse-Berkeveld 2016 [2]
	Study conducted in a high income country (Germany and Italy)

	Abrahamsson 2005 [3]
	No relevant outcomes were found

	ADAPTS trial 2019 [4]
	Wrong settings: Ongoing study in Australia

	Agarwal 2003 [5]
	No relevant clinical outcomes were reported

	Agarwal 2017 [6]
	Study conducted in a high income country (Australia)

	Ahmadipour 2019[7] 
	Study conducted to treat neonatal Jaundice.

	AhmadpourKacho 2005[8] 
	No relevant outcomes were reported

	Al-Hosni 2012 [9]
	Study conducted in a high income country (USA)

	Ala-Houhala 1988 [10]
	Study conducted in a high income country (Finland)

	Allen 2010 [11]
	Study conducted in high income country (UK)

	Armanian 2014 [12]
	Study participants were given only Prebiotics and no probiotics

	Arthur 1992 [13]
	Study population did not include Neonates

	Aryayev 2018 [14]
	Study conducted in high income country

	Athalye-Jape 2018[15] 
	Study conducted in high income country

	Awad 2010 [16]
	Study was retracted

	Ayah 2007 [17]
	Vitamin A was given at 14 weeks

	Aydin 2012 [18]
	Population included children with Congential Heart disease only

	Baglatzi 2016 [19]
	Study conducted in a high income country

	Bakker 2005 [20]
	Study continued supplementation of probiotics for 4 months

	Bakker Zierikzee 2005 [21] 
	Study conducted in a high income country (Netherland)

	Bin-Nun 2005[22]
	 Study conducted in Israel

	Bocquet 2013 [23]
	Study conducted in a high income country (France)

	Bora 2019 [24]
	Study compared two forms of the same intervention

	Cekola 2015 [25]
	Study conducted in a high income country (USA)

	Chabra 2013 [26]
	Study conducted in a high income country (USA)

	Chandel 2017 [27]
	No relevant clinical outcomes were available

	Chi 2019 [28]
	No clinical outcomes were available

	Chouraqui 2008[29]
	 Study conducted in a high income country (France)

	Chrzanowska-Liszewska 2011[30]
	 Study conducted in a high income country (Poland)

	Chua 2017[31]
	 Study conducted in a high income country (Netherland)

	Corkins 2001[32] 
	Study conducted UK

	Costalos 2003 [33]
	Study conducted in a high income country (Greece)

	Costeloe 2016 [34]
	Study conducted in a high income country (UK)

	Coutsoudis 1996 [35]
	No clinical outcomes were available

	Dani 2002 [36]
	Study conducted in high income country

	Darboe 2007 [37]
	Study conducted on wrong study population (infants)

	Delimont 2019 [38]
	Study conducted on older children and used Sorghum-Based and Corn-Based Fortified Blended Foods

	Delvin 2000 [39]
	Study conducted in a high income country (US)

	Deng 2010[40]
	 No abstract or full text available and no relevant outcomes were available.

	Denkel 2017[41] 
	Study conducted in a high income country (Germany)

	Deshpande 2016 [42]
	Study conducted in high income country

	Diaby 2018[43] 
	Observational study assessing the coverage of vitamin A supplementation

	Dilli 2013[44] 
	Study conducted on wrong patient population (infants with congenital heart diseases)

	Elom 2019 [45]
	Wrong study population

	Escribano 2018[46]
	 Study conducted in a high income country (Spain)

	Galderisi 2016 [47]
	The study investigated glucose monitoring and not the dextrose gel

	Garg 2017 [48]
	Wrong study design (retrospective cohort study)

	Garland 2011 [49]
	Study conducted in a high income country (Australia)

	Garofoli 2014[50]
	Wrong setting

	Gomber 1996 [51]
	Wrong study design

	Gomez-Rodriguez 2019[52] 
	Compared two different regimens of probiotics. No placebo group was included.

	Gonchar 2016[53] 
	No relevant outcomes were available. Study only available in the form of abstract. Authors were contacted for full text but no response

	Guo-Qiang 2016[54] 
	Wrong study design

	Hammerman 2007[55] 
	Wrong intervention

	Harris 2016[56] 
	Study conducted in New Zealand

	Hays 2015[57] 
	Study conducted in a high income country

	Hoy-Schulz 2016[58] 
	Study conducted on wrong patient population

	Hoyos 1999[59]
	 Wrong study design

	Hua 2014[60] 
	Only abstract available and no relevant clinical outcomes were available

	Huang 2016[61] 
	No relevant outcomes were available

	Hunter 2012[62] 
	Wrong study design

	Härtel 2019[63] 
	The study is being conducted in a high income country (Germany)

	ICGPD 1996[64] 
	Study conducted in a high income country (Italy)

	ICGPD 1996a[64] 
	Study conducted in a high income country (Italy)

	Idindili 2007[65]
	 Study conducted on wrong patient population

	Indrio 2008[66] 
	Study conducted in a high income country

	IRCT 2015 [67]
	Wrong comparison

	Jacobs 2017 [68]
	Study conducted in a high income country

	Janvier 2014 [69]
	Study conducted in a high income country

	Kahbazi 2019[70] 
	Wrong study population

	Kanic 2015[71]
	 Study conducted in a high income country

	Karthikeyan 2017[72] 
	Study conducted in a high income country

	Kiatchoosakun 2014[73]
	 No relevant outcomes were available

	Kirkwood 2010[74] 
	Wrong study design

	Kliegman 2005[75] 
	Wrong study design

	Koksal 2015[76] 
	Only abstract was available and no analyzable data were reported

	Kukkonen 2008[77] 
	Wrong study design

	Leele 2015[78] 
	Study conducted in a high income country (Singapore)

	Li 2019[79] 
	The intervention continued for 4 months

	Lin 2009[80]
	 Study conducted in a high income country (Taiwan)

	Long 2018[81]
	 Study conducted in a developed country

	Lozano 2008[82] 
	Study conducted in a high income country

	Lund 2014[83] 
	The control group did not receive the placebo but polio vaccine. It is difficult to tease out the effect of vitamin A supplementation vs. No vitamin A supplementation.

	Lundelin 2017[84] 
	Study conducted in a high income country

	Mactier 2012[85]
	 Study conducted in a high income country

	Maldonado-Lobon 2015[86] 
	Study conducted in a high income country

	Manzano 2017[87]
	 Study conducted in a high income country (Spain)

	Manzoni 2006 [88]
	Study conducted in a high income country (Italy)

	Manzoni 2009 [89]
	Study conducted in a high income country (italy)

	Marissen 2019[90] 
	This is an ongoing study in Germany which is a high income country.

	Martins 2009 [91]
	Wrong study population

	Materna 2010 [92]
	Study conducted in a high income country

	McCulloch 2012[93]
	 Study conducted in a high income country (UK)

	McKinlay 2016[94] 
	Study conducted in a high income country

	Meyer 2014 [95]
	Study conducted in a high income country (Germany)

	Mg 2011[96]
	 Study conducted in a high income country (Italy)

	Mihatsch 2010[97] 
	Study conducted in a high income country (Germany)

	Millar 2017[98] 
	Study conducted in a high income country

	Moles 2015[99]
	 Study conducted in high income country

	Nadella 2019[100]
	Wrong intervention

	Nct 2006[101] 
	Study conducted in high income country

	Nct 2016 [102]
	Wrong settings

	Papagaroufalis 1991[103]
	 Study conducted in high income country (Greece)

	Papagaroufalis 2014[104]
	 Study conducted in high income country (Greece)

	Patole 2016[105] 
	Study conducted in a high income country (Australia)

	Pearson 1992[106] 
	Study conducted in a high income country (USA)

	Plummer 2018[107] 
	Study conducted in a high income country (Australia)

	Puccio 2007[108]
	 Study conducted in a high income country (Italy)

	Qiao 2017[109] 
	No relevant outcomes were available

	Radke 2017[110] 
	Study conducted in a high income country (Germany)

	Raguž 2016[111] 
	Wrong study design

	Rakshasbhuvankar 2017[112]
	 Study conducted in a high income country (Australia)

	Rawat 2016 [113]
	Study conducted in the USA

	Repa 2015[114] 
	Study conducted in a high income country (Austria)

	Robbins 1993[115] 
	wrong comparator

	Rodriguez-Herrera 2019[116]
	 Study conducted in a high income country

	Rodríguez 2015[117] 
	Study compared two forms of Probiotics and no comparison with placebo was available

	Rohan 2016[118] 
	Study conducted in a high income country (UK)

	Rouge 2009[119] 
	Study conducted in a high income country (France)

	Rubaltelli 2000[120] 
	Study conducted in a high income country (Italy)

	Sadowska-Krawczenko 2012[121] 
	Study conducted in a high income country (Germany)

	Samuels 2016 [122]
	Study conducted in a high income country (Netherland)

	Shenai 1987[123]
	 Study conducted in a high income country (USA)

	Smilowitz 2017 [124]
	Study conducted in a high income country (USA)

	Storm 2019 [125]
	Study conducted in a high income country USA

	Stratiki 2007[126]
	 Study conducted in a high income country (Greece)

	Strus 2018[127] 
	Study conducted in a high income country (Poland)

	Ter 2017[128] 
	Study conducted in Australia

	Thanhaeuser 2014 [129]
	Study conducted in a high income country (Austria)

	Totsu 2014[130] 
	Study conducted in a high income country (Japan)

	Tyson 1999 [131]
	Study conducted in a high income country (USA)

	VAST study[132] 
	Study included children 6 months and older

	Venkatarao 1996 [133]
	Infant received vitamin A at 6 months

	Vlieger 2009 [134]
	Study conducted in high income country (Netherland)

	Wardle 2001 [135]
	Study conducted in high income country (UK)

	West 1991[136] 
	Study included children 6-59 months of age

	Yang 2011 [137]
	Full text not available and no abstract was available either so no relevant outcomes were available
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