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Text S1: Search strategies for databases through November 6, 2020.  
Medline Strategy using PubMed 

(((("Probiotics"[Mesh] OR "Synbiotics"[Mesh] OR "Prebiotics"[Mesh] OR Probiotic*[tiab] OR 
synbiotic*[tiab] OR prebiotic*[tiab]))) AND ((infant*[tiab] OR baby[tiab] OR babies[tiab] OR 
newborn*[tiab] OR neonat*[tiab] OR neo nat*[tiab] OR child*[tiab] OR toddler*[tiab] OR 
adolescen*[tiab] OR teen*[tiab] OR teenager*[tiab] OR youth[tiab] OR juvenile*[tiab] OR 
"Infant"[Mesh] OR "Child"[Mesh] OR "Adolescent"[Mesh]))) NOT (("Animals"[Mesh] NOT 
("Animals"[Mesh] AND "Humans"[Mesh]))) 

CINAHL Strategy 

(((MH "Probiotics"OR MH "Prebiotics") OR ( TI ( probiotic* OR synbiotic* OR prebiotic* ) ) 
OR ( AB ( probiotic* OR synbiotic* OR prebiotic* ))) 

AND 

( ((MH “Infant” OR MH “Infant, Newborn" OR MH “Child” OR MH “Child, Preschool” OR 
MH “Adolescence”) ) OR ( TI (infant* OR baby OR babies OR newborn* OR neonat* OR neo 
nat* OR child* OR toddler* OR adolescen* OR teen* OR teenager* OR youth OR juvenile*) ) 
OR ( AB (infant* OR baby OR babies OR newborn* OR neonat* OR neo nat* OR child* OR 
toddler* OR adolescen* OR teen* OR teenager* OR youth OR juvenile*) ))) 

NOT 

(MH “Animals” AND (MH "Animals" AND MH "Humans")))) 

Limiter: Exclude MEDLINE records 

Cochrane CENTRAL Strategy 

1 MeSH descriptor: [Infant] explode all trees 

2 MeSH descriptor: [Child] explode all trees 

3 MeSH descriptor: [Adolescent] explode all trees 

4 infant*:ti,ab OR baby:ti,ab OR babies:ti,ab OR newborn*:ti,ab OR neonat*:ti,ab OR neo 
nat*:ti,ab OR child*:ti,ab OR toddler*:ti,ab OR adolescen*:ti,ab OR teen*:ti,ab OR youth:ti,ab 
OR juvenile*:ti,ab 

5 #1 OR #2 OR #3 OR #4 

6 MeSH descriptor: [Probiotics] explode all trees 

7 MeSH descriptor: [Prebiotics] explode all trees 

8 MeSH descriptor: [Synbiotics] explode all trees 

9 probiotic*:ti,ab OR prebiotic*:ti,ab OR synbiotic*:ti,ab 

10 #6 OR #7 OR #8 OR #9 
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11 MeSH descriptor: [Animals] explode all trees 

12 MeSH descriptor: [Humans] explode all trees 

13 (#11 NOT (#11 AND #12)) 

14 #5 AND #10 NOT #13 

15 "accession number" near pubmed 

16 #14 NOT #15 

Scopus Strategy 

TITLE-ABS ( probiotic*  OR  prebiotic*  OR  synbiotic* )  AND  TITLE-ABS ( infant*  OR  
baby  OR  babies  OR  newborn*  OR  neonat*  OR  "neo nat*"  OR  child*  OR  toddler*  OR  
adolescen*  OR  teen*  OR  youth  OR  juvenile )  AND NOT  INDEX ( medline )   

Embase Strategy 

1 'probiotic agent'/exp OR 'prebiotic agent'/exp OR 'synbiotic agent'/exp 

2 probiotic*:ti,ab OR synbiotic*:ti,ab OR prebiotic*:ti,ab 

3 #1 OR #2 

4 'infant'/exp OR 'newborn'/exp OR 'child'/exp OR 'toddler'/exp OR 'adolescent'/exp OR 
'adolescence'/exp OR 'juvenile'/exp 

5 infant*:ti,ab OR baby:ti,ab OR babies:ti,ab OR newborn*:ti,ab OR neonat*:ti,ab OR 'neo 
nat*':ti,ab OR child*:ti,ab OR toddler*:ti,ab OR adolescen*:ti,ab OR teen*:ti,ab OR youth:ti,ab 
OR juvenile*:ti,ab 

6 #4 OR #5 

7 #3 AND #6Pr 

8 #7 NOT ([animals]/lim NOT [humans]/lim) 

9 #8 NOT [medline]/lim 

LILACS 

 (mh:(probiotics)) OR (mh:(prebiotics)) OR (mh:(synbiotics)) OR ((ti:(probiotic*)) OR 
(ti:(prebiotic*)) OR (ti:(synbiotic*)) OR (ab:(probiotic*)) OR (ab:(prebiotic*)) OR 
(ab:(synbiotic*))) AND ((mh:(Infant)) OR (mh:(Child)) OR (mh:(Adolescent)) OR ((ti:(infant* 
OR baby OR babies OR newborn* OR neonat* OR "neo nat*" OR child* OR toddler* OR 
adolescen* OR teen* OR youth OR juvenile )) OR ((ab:(infant* OR baby OR babies OR 
newborn* OR neonat* OR "neo nat*" OR child* OR toddler* OR adolescen* OR teen* OR 
youth OR juvenile ))))) AND NOT ((mh:(Animals)) AND NOT ((mh:(Animals)) AND 
(mh:(Human)))) 
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Text S2: Extended data input details 
If a study had multiple intervention arms and the only difference between the arms were the 
strain of the probiotics used, the intervention arms were combined and compared against the 
control group. This was done to avoid double counting the control group. If a study had run two 
different arms with both a treatment and control group, those arms were taken individually and 
split in our meta-analyses. This was done for 2 studies[1,2]. Some studies had data given data in 
different forms. If the data was not able to be entered into RevMan, it was converted. All 
conversions were done in RevMan besides when data was presented as median (IQR or range). 
We used a reputable calculator to convert data to a RevMan acceptable form[3].  
 
Text S3: Results: Study Locations 
Nine studies were conducted in the United States[4-12]. Six studies were conducted in Spain[13-
18] and France[19-24]. Five studies were conducted in Germany[21,25-28], India[29-33], and 
Turkey[34-38]. Four studies were conducted in China[39-42], South Africa[1,2,43,44], and Italy[45-
48]. Three studies were conducted in Finland[49-51], Greece[52-54], Israel[55-57], and the United 
Kingdom[58-60]. Two studies were conducted in Australia[61,62], New Zealand[61,63], 
Netherlands[21,64], Indonesia[65,66], Iran[67,68], Poland[69,70], and Japan[71,72]. One study each 
was conducted in Mexico[73], Portugal[73], Croatia[74], Estonia[75], Austria[26], Serbia[26], 
Philippines[76], Sweden[77], Switzerland[78], Taiwan[79], Thailand[80], and Vietnam[81]. 
 
 
Table S1. Excluded studies and reasons for exclusion 
Study Name Reason for Exclusion 
Abdulkadir 
2016[82] 

No relevant outcomes were reported 

Abramova 
2015[83] 

Wrong intervention (not probiotics) 

Actrn 2019[84] Trial not yet finished 
Actrn 2020[85]  Trial not yet finished  
Aflatoonian  
2019[86] 

Wrong study population (malnourished)  

Akar 2017[87] Incompatible study design 
Aydin 2012[88] No relevant outcomes were reported 
Baglatzi 
2016[89]  

Incorrect intervention and comparator pairing (no control group, only an 
observational reference is included that was not randomized) 

Bakker-
Zierikzee 
2005[90] 

No relevant outcomes were reported 

Bakker‐
Zierikzee 
2006[91] 

No relevant outcomes were reported 

Barclay 2003[92] Abstract only; which contained limited data 
Berggren 
2003[93] 

No relevant outcomes were reported 

Binns 2007[94] No relevant outcomes were reported 
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Bocquet 
2013[95] 

Incorrect intervention and comparator pairing (no probiotic intervention) 

Braga 2011[96] No relevant outcomes were reported 
Campeotto 
2011[97] 

Unable to locate full study 

Campoy 
2018[98] 

Wrong intervention (not probiotics) 

Castanet 
2020[99]  

Wrong intervention 

Cazzola 
2010[100] 

No relevant outcomes were reported 

Cazzola 2010 
(abstract)[100] 

No relevant outcomes were reported  

Chandel 2010 Study not locatable  
Chau 2015[101] Typo in results and could not contact authors  
Chen 2010[102] No relevant outcomes were reported 
Chi 2019 No relevant outcomes were reported 
Chou 2010[104] Incompatible study design 
Chubarova 
2017[105] 

No relevant outcomes were reported 

Cooper 2015 Study not locatable  
Costeloe 
2015[106] 

No relevant outcomes were reported 

Cox 2010[107] No relevant outcomes were reported 
Ctri 2009[108] Trial not yet finished 
Ctri 2010[109] Trial not yet finished 
Ctri 2012[110] Trial not yet finished  
Ctri 2012[111] Trial not yet finished 
Ctri 2017[112] Trial not yet finished  
daCostaRibeiro 
2015[113] 

Wrong intervention (prebiotics) 

DiPierro 
2020[114] 

No relevant outcomes were reported 

Drks 2018[115] Trial not yet finished 
Dupont 
2010[116] 

Incorrect intervention and comparator pairing 

Famouri 
2014[117] 

Wrong study population (malnourished)  

Firmansyah 
2011[118] 

Wrong intervention (containing LCPUFA + synbiotics)  

Fisberg 2000 Study not locatable  
Fisberg 2002[73] Wrong study population (malnourished)  
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Fleming 
2015[119] 

No relevant outcomes were reported 

Fonolla 
2017[120]  

No results reported in abstract, full study not found, similar population as 
reported in Gil Campos 2012 

Galpin 2005[121] Wrong patient population 
Garland 
2011[122] 

No relevant outcomes were reported 

Gibson 
2009[123] 

Wrong intervention (containing LCPUFA + probiotics)  

Gomez-
Rodriguez 
2019[124] 

Incorrect intervention and comparator pairing (both groups received 
probiotics) 

Gonchar 
2015[125] 

Primary language translation error  

Gonchar 
2016[126] 

Primary language translation error  

Grenov 
2017[127] 

Wrong study population (malnourished)  

Greuter 
2020[128]  

Wrong study design (meta-analysis)  

Hariharan 
2016[129] 

No relevant outcomes were reported 

Hartel 2014[130] Incompatible study design (observational) 
Hartel 2017[131] Incompatible study design (observational) 
Hascoet 2007 Study not found 
Hishiki 
2020[132]  

Wrong intervention (heat killed)  

Hojsak 
2016[133] 

No relevant outcomes were reported 

Holscher 
2012[134] 

No relevant results were reported 

Hu 2010[135]  No relevant outcomes were reported and primary language translation error 
Hurkala 
2020[136]  

No relevant outcomes were reported  

Irct2012102095
68N 2013[137] 

Trial not yet finished  

Irct2016061128
386N 2016[138] 

Trial not yet finished  

Isolauri 
2000[139] 

No relevant outcomes were reported 

Isrctn 2005[140] Trial not yet finished  
Isrctn 2008[141] Trial not yet finished 
Isrctn 2012[142] Trial not yet finished 
Jones 2012[143] Wrong study population (adults)  
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Jones 2018[144] Wrong study population (greater than 5 years old)  
Jprn 2015[145] Trial not yet finished 
Kara 2019[146] Wrong study population (malnourished)  
Kerac 2009[147] Wrong study population (malnourished)  
Kianifar 
2018[148] 

Incorrect intervention and comparator pairing (intervention includes 
synbiotics + vitamins but not found in control placebo) 

Kim 2010[149] No relevant outcomes were reported 
Kitajima 
1997[150] 

No relevant outcomes were reported 

Kon 2014[151] Incompatible study design 
Kuitunen 
2009[152] 

Duplicate study population as included study (Kukkonen 2008) 

Langhendries 
1995[153] 

No relevant results were reported 

Lazou Ahren 
2020[154] 

No relevant outcomes were reported  

Lee le 2015[155] Incorrect intervention and comparator pairing: Both groups contained 
probiotics, experimental group also contained GOS and FOS 

Lin 2005[156] No relevant outcomes were reported 
Mai 2020[157]  Wrong study design (not an RCT)  
Maldonado-
Lobon 2014[158] 

Incompatible study design 

Maldonado-
Lobon 2015[159] 

Incompatible study design (more observational than a randomized control 
trial, this is a long term follow up study that was initially RCT)  

Manzoni 
2011[160] 

Wrong interventions (testing more than just probiotics - lactoferrin also 
included) 

Marangione 
2008 

Study not locatable  

Marissen 
2019[161]  

Only a trial protocol and clinical trial still active  

Materna 
2010[162] 

Trial not yet finished 

Merenstein 2010 
(a)[163] 

No relevant outcomes were reported 

Merenstein 2010 
(b)[164] 

No relevant outcomes were reported 

Meyer 2015[165] Incompatible study design (not randomized controlled trial) 
Modi 2010[166] Wrong intervention (prebiotics only)  
Muraro 
2012[167] 

No relevant outcomes were reported 

Nakamura 
2010[168] 

Wrong intervention (prebiotics only)  

Nct 2008[169] Wrong outcomes  
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Nct 2009[170] Wrong intervention 
Nct 2010[171] Wrong outcomes 
Nct 2010[172] Wrong outcomes  
Nct 2011[173] Wrong comparator 
Nct 2011[174] No results 
Nct 2012[175] No results  
Nct 2012[176] Wrong intervention 
Nct 2012[177] Wrong outcomes  
Nct 2013[178] Wrong comparator 
Nct 2013[179] Trial not yet finished 
Nct 2014[180] Wrong outcomes  
Nct 2014[181] Trial not yet finished 
Nct 2014[182] Trial not yet finished 
Nct 2014[183] Trial not yet finished  
Nct 2014[184] Wrong outcomes 
Nct 2014[185] Wrong outcomes 
Nct 2014[186] Wrong outcomes 
Nct 2015[187] Wrong outcomes 
Nct 2015[188] Wrong outcomes 
Nct 2016[189] Trial not yet finished 
Nct 2017[190] Wrong intervention  
Nct 2018[191] Trial not yet finished 
Nct 2018[192] Trial not yet finished  
Nct 2018[193] Trial not yet finished  
Nct 2019[194] Trial not yet finished 
Nct 2019[195] Wrong intervention 
Nct 2019[196] Trial not yet finished  
Nct 2020[197] Wrong intervention 
Nopchinda 
2002[198] 

Wrong study design 

Ntr 2008[199] Trial not yet finished 
Ntr 2008[200] Trial not yet finished 
Ntr 2010[201] Wrong intervention  
Oberhelman 
1999[202] 

No relevant outcomes were reported 

Pastor-
Villaescusa 
2020[203] 

Wrong patient population 

Patole 2016[204] Incorrect intervention and comparator pairing (both groups receive 
probiotics) 
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Pecquet 
2012[205] 

Wrong intervention (not probiotics) 

Pehlevan 
2020[206] 

No relevant outcomes were reported  

Picaud 2020[207] Wrong intervention (no probiotics)  
Rinaldi 
2012[208] 

No relevant outcomes were reported (primary outcome is NEC, as full text 
is unavailable, unable to confirm whether relevant outcomes are reported) 

Rinne 2005[209] Wrong intervention (no probiotics) 
Rodriguez-
Herrera 
2019[210] 

Wrong intervention (prebiotics only) 

Rojas 2012[211] No relevant outcomes were reported 
Rubaltelli 
2000[212] 

Wrong outcomes  

Sadowska-
Krawczenko 
2012[213] 
  

No results were reported 

Saran 2002[214] Incompatible study design 
Sari 2012[215] Duplicate study population as included study, Sari 2010 
Sazawal 
2010[216] 

Wrong outcomes 

Scalabrin 
2017[217] 

Duplicate study population as included study, Scalabrin 2009 

Serce 2013[218] No relevant outcomes were reported 
Silva 2008[219] Incompatible study design 
Strong 2015[220] No relevant outcomes were reported 
Strus 2018[221] No relevant outcomes were reported 
Szajewska 
2013[222] 

No relevant results were reported 

Tewari 
2015[223] 

No relevant outcomes were reported 

Totsu 2018[224] Duplicate study population as included study, Totsu 2014 
Urbanska 
2016[225] 

No relevant outcomes were reported 

Vakiliamini 
2020[226]  

No relevant outcomes were reported  

Van Niekert 
2015[227] 

Relevant outcomes only reported in subset of patient population (patients 
with NEC) 

Vandenplas 
2017[228] 

Incompatible study design 

Veereman-
Wauters 
2011[229] 

Wrong intervention (prebiotics only) 
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Victoria 
2017[230] 

Unable to locate full study 

Vray 2018[231] Wrong intervention (not probiotics) 
Wall 2019[232] Incorrect intervention and comparator pairing (differences in formula 

composition) 
Wu 2020[233] No relevant outcomes were reported  
Yamasaki 
2012[234] 

Wrong comparator group (both groups received probiotics within different 
time windows after birth, and there is no control group) 

Ye 2009[235] Trial not yet finished 
Zhang 2017[236] Incorrect intervention and comparator pairing (control does not contain 

mosapride while experimental containing mospride + probiotics) 
Ziegler 
2007[237] 
  

Wrong Intervention (prebiotics only)  

Ziegler 2007 
(abstract)[237] 
 

Wrong intervention  

 
Table S2. Participant characteristics in the included studies from low- and middle-income 
countries 
      
Author Setting Country Inclusion Criteria  Average 

age at 
enrollment  

Nutritional 
Status 

Agustina 
2013 

Community Indonesia Apparently healthy 
infants, not being 
breastfed (and if 
consuming milk, 
calcium intake was 
<75% of the age-
specific recommended 
daily allowances) were 
eligible 

59.4 
months +/- 
14.3 
months 

healthy 

Amini 2017 Hospital Iran All premature 
newborns weighing 
750 - 1500 g or less 
than 32 weeks’ 
gestation who received 
antibiotics and total 
parenteral nutrition in 
NICU of Vali Asr 
Hospital (Tehran, 
Iran). 

<1 month premature/ 
LBW 

Batac 2005 Community Philippines Healthy infants with a 
Z score >-3 SD 

12.5 
months 

healthy 
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between 11-15 months 
old. 

Cooper 
2016 

Hospital South 
Africa 

Healthy, full-term, 
newborn infants 
(between 37 weeks and 
42 weeks gestation), 
≤3 days old, weighing 
between 2500 g and 
4500 grams, being a 
singleton birth); 
recruited from HIV-
positive mothers who 
had elected to feed 
their child exclusively 
with formula 
beginning from birth 

<1 month healthy 

Cui 2019 Hospital China Formula-fed preterm 
infants admitted within 
12 hours of birth 
whose gestational age 
≥30 and <37 weeks; 
birthweight ≥1500g 
and ≤2000g with stable 
vital sign and 
hemodynamic 
parameters. 

<1 month premature/ 
LBW 

Demirel 
2013 

Hospital Turkey Preterm infants of 
gestational age ≤32 
weeks and birthweight 
≤1500 grams who 
survived to start enteral 
feeding 

<1 month premature/ 
LBW 

Dilli 2015 Hospital Turkey Very Low Birth 
Weight infants (with a 
gestational age of <32 
weeks and a birth 
weight of <1500 
grams) who were born 
at or transferred to the 
NICU within the first 
week of life (fed 
enterally prior to 
inclusion) were 
included. 

<1 month premature/ 
LBW 

Guney 
Varal 2018 

Hospital Turkey Preterm infants with a 
gestational age of ≤32 

<1 month premature/ 
LBW 
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weeks and a birth 
weight of ≤1500 
grams. 

Jalali 2020  Hospital Iran Preterm infants born at 
< 36 weeks, birth 
weight 1000 to 2500 gr 
and postnatal birth 
weight less than or 
equal to two weeks 
with intestinal feeding. 

<1 month healthy 

Li 2019 Hospital China Infants with gestational 
age of 37–42 weeks at 
birth, birth weight 
>2.500 g and <4.000 g, 
absence of chronic 
illness, with a parent or 
legal representative 
who could speak and 
understand Chinese 
were eligible: 
-For the formula-fed 
group: healthy infants 
of mothers who could 
not or voluntarily 
completely refrained 
from breastfeeding at 
inclusion (infant age 
21 ± 7 days) 
-For the breastfed 
group: having been 
exclusively breastfed 
from birth and mothers 
intending to breastfeed 
>80% to age at least 4 
months 

<1 month healthy 

Mitra 2014 Community India Healthy full-term 
infants were eligible. 

<1 month healthy 

Panigrahi 
2017 

Community India Eligible infants needed 
to be at least 2000 
grams at birth, 
breastfed by 24th hour 
of life, and able to 
tolerate oral feeds. 
Informed consent by 
parent or guardian. 

<1 month healthy 
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Panigrahi 
2008 

Hospital India Healthy newborn 
infants (>35 weeks of 
gestational age and 
>1800 grams weight at 
birth) were eligible for 
enrollment. Inclusion 
criteria included all of 
the babies delivered in 
the unit (including 
those by caesarean 
section) that were >12 
and <72 hours old, 
were not taking 
antibiotics at time of 
enrollment, had little 
likelihood of receiving 
antibiotics later in the 
hospital stay, and were 
able to tolerate oral 
feeds and the 
establishment of 
breast-feeding before 
enrollment. 

<1 month healthy 

Saengtawes
in 2014 

Hospital Thailand Preterm infants with 
gestational age less 
than or equal to 34 
weeks and birth weight 
less than or equal to 
1,500 grams were 
eligible.  

<1 month premature/ 
LBW 

Sari 2010 Hospital Turkey Preterm neonates with 
a gestational age <33 
weeks or birth weight 
<1500 grams, who 
survived to feed 
enterally were eligible 
for enrollment. 

<1 month premature/ 
LBW 

Sazawal 
2010 

Community India Children 1 to 3 years 
old, likely to remain in 
the area, not 
experiencing severe 
malnutrition, and 
nonallergic to milk 
were elibible. 

22.55 
months 

healthy 
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Serce 2013 Hospital Turkey Very Low Birth 
Weight infants (with a 
gestational age ≤32 
weeks; birth weight 
≤1500 grams) who 
survived to feed 
enterally were eligible 
for the trial. 

<1 month premature/ 
LBW 

Sur 2011 Community India Eligible children, aged 
1–5 years, were 
enrolled with verbal 
consent of parents for 
participation of their 
children in the study. 
They were enrolled 
through a demographic 
census conducted at 
the initiation of the 
study. The census was 
used to define 100 
contiguous 
geographical clusters 
that served as the unit 
of randomization. 
About 40 children 
were included in each. 

35.89 
months 

healthy 

Surono 
2011 

Community Indonesia To be eligible, healthy 
children required 
informed consent. 
Eighty one apparently 
healthy preschool 
children (39 boys and 
40 girls, between 15 
and 54 months age, 
mean age 33 months) 
who lived in Teluk 
Naga sub District, 
Tangerang, Banten 
Province, Indonesia 
were eligible and 
enrolled.  

33 months healthy 

Urban 2008 Hospital South 
Africa  

Normally grown (birth 
weight 2500–4200 
grams), term (gestation 
37–42 weeks) male or 
female infants born to 

<1 month healthy 
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HIV-infected women 
who had elected not to 
breast-feed were 
eligible to enroll.  

Van 
Niekerk 
2014 

Hospital south 
Africa  

Consecutive HIV-
positive or HIV-
negative mothers who 
gave birth to a 
premature baby with a 
birth weight between 
500 and 1250 grams at 
TBCH and consented 
to participate in the 
study were eligible to 
enroll. Only mothers 
who decided to 
breastfeed after 
counseling, regardless 
of their HIV status 
were included. HIV-
positive mothers who 
were on the prevention 
of mother-to-child 
transmission treatment 
schedule received 
nevirapine and 
zidovudine as well as 
those who received 
highly active 
antiretroviral therapy 
(HAART) were 
enrolled in the study, 
as well as HIV-
exposed infants that 
received antiretroviral 
(ARV) medication. 

<1 month premature/ 
LBW 

Velaphi 
2008 

Hospital South 
Africa  

To be eligible, the 
infant’s mother was 
diagnosed with HIV by 
standard HIV testing 
and decided on 
exclusive formula-
feeding for 4 months 
and the infant was born 
at term (37– 42 
weeks), had a normal 

<1 month healthy 
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birth weight (2500 – 
4200 grams), and the 
infant was 1 week of 
age at time of 
enrollment. In cases of 
multiple births 
enrollment occurred 
only if all siblings met 
the inclusion criteria. 

Xiao 2019 Hospital China To be eligible to enroll, 
infants were of single 
birth at gestational age 
≥37 weeks (i.e. non-
preterm infants), birth 
weight >2,500 grams; 
appropriateweight 
between P20-P80 at 
the inclusion visit, in 
accordance with the 
weight percentile 
standards for children 
up to 6 years old in the 
Shanghai urban areas. 
Additionally, formula 
feeding had to 
represent >80% of 
daily food intake at the 
inclusion visit. There 
had to be an absence of 
gastrointestinal 
diseases within 1 
month prior to the 
inclusion visit as well 
as parents agreement to 
use one of the 
recommended infant 
formulas (i.e. without 
probiotics, without 
fructooligosaccharide, 
with less than 2 grams 
of 
galactooligosaccharide
/100 grams).There also 
had to be a capacity of 
the parent or legal tutor 
to understand the 

4.89 
months 

healthy 
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protocol and fill out 
the infant’s diary and 
consent form had to be 
signed by at least one 
of the parents or by the 
legal tutor properly 
informed of the study. 

Xu 2016 Hospital China To be eligible to enroll, 
infants had to be 
hospital-born formula-
fed, with a gestational 
age of 30---37 weeks 
and a birth weight 
between 1500 and 
2500 grams. 

<1 month premature/ 
LBW 

Xuan 2013 Community Vietnam To be eligible, infants 
had to be between 18 
and 36-months-old, 
were not being 
breastfed, had no 
congenital or chronic 
diseases, and were not 
consuming any 
commercial products 
containing probiotics 
or prebiotics during the 
study period. 

30.12 
months 

healthy 

 
Table S3. Participant characteristics in the included studies from high income countries 
      
Author Setting Country Inclusion 

Criteria  
Average age 
at 
enrollment  

Nutritional 
Status 

Abrahamse-
Berkeveld 
2016 

Hospital Germany Infants younger 
than age 35 
days who are 
exclusively 
formula-fed and 
of normal birth 
weight for 
gestational age 
and sex (birth 
weight between 
the 10th and 
90th percentile 
according to 

<1 month healthy 
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local standards 
on weight-for-
gestational age 
values).  

Ahrens 2018 Community Germany, 
Austria, 
Serbia 

Healthy term 
newborns <28 
days of life with 
gestational age 
of 37 weeks and 
birth weight 
between 2500 
and 4500 grams. 

<1 month healthy 

Al-Hosni 
2011 

Hospital US All premature 
infants with 
birth weight 501 
to 1000 grams, 
who were 
appropriate for 
gestational age 
(AGA), and less 
than or equal to 
14 days of age 
at the time of 
feeding 
initiation. 

<1 month premature/ 
LBW 

Allen 2010 Community UK Women aged 16 
years or older 
with a normal 
singleton 
pregnancy 
attending 
antenatal clinics 
in hospitals or 
general practice 
surgeries. 

<1 month healthy 

Aloisio 2018 Community Italy Healthy infants 
within 15 days 
from birth and 
born adequate 
for gestational 
age. 

<1 month healthy 

Bazanella 
2017 

Community Germany Healthy term 
infants born by 
vaginal or 
cesarean 
delivery and 

<1 month healthy 
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breastfed, 
formula-fed, or 
mixed-fed 
(breast and 
formula in 
parallel). 

Bin-Nun 2005 Hospital Israel Preterm 
neonates, <1500 
grams birth 
weight, who 
were admitted 
to the neonatal 
intensive care 
unit of the 
Shaare Zedek 
Medical Center 
between 
September 2001 
and September 
2004, and who 
began feeding 
on a weekday, 
were recruited 
for study on the 
day that they 
were to begin 
feeds. 

<1 month premature/ 
LBW 

Cekola 2015 Community US Healthy, full-
term (≥37 
weeks gestation; 
≥2500 and 
≤4500 grams 
birth weight), 
singleton-birth 
infants of any 
ethnicity who 
had been 
exclusively 
formula-fed for 
at least 3 days 
prior to 
potential 
enrollment 

<1 month healthy 
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Chouraqui 
2008 

Hospital France Infants that 
were healthy, 
full-term 
(gestational age 
between 37 and 
42 weeks), ≤14 
d old, 
singletons, and 
weighed 
between 2500 
and 4500 grams; 
recruited from 
mothers who 
had chosen not 
to breastfeed 
and had decided 
to feed their 
infants 
exclusively with 
formula from 
the time of 
enrollment until 
infants were at 
least 16 weeks 
old 

<1 month healthy 

Chrzanowska-
Liszewska 
2012 

Hospital Poland Preterm 
neonates with 
birth weight 
>1000 grams, 
gestational age 
<32 weeks with 
absence of any 
disease other 
than those 
linked to 
prematurity, and 
commencement 
of enteral 
formula feeding 
before 
enrollment 

<1 month premature/ 
LBW 

Costalos 2003 Hospital Greece Infants had a 
gestational age 
between 28 and 
32 weeks and 
did not have 

<1 month premature/ 
LBW 
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major 
gastrointestinal 
abnormalities; 
they were not 
receiving 
antibiotics or 
antifungals and 
they were not 
receiving breast 
milk. 

Costeloe 2016 Hospital UK Infants born 
between 23 
weeks and 0 
days, and 30 
weeks and 6 
days of 
gestation from 
24 hospitals 
within 60 miles 
of London were 
eligible. 

<1 month premature/ 
LBW 

Dekker 2009 Community New 
Zealand  

Infants with 
asthma, hay 
fever or eczema 
treated by a 
doctor in either 
biological 
parent. 

<1 month healthy 

Escribano 
2018 

Hospital Spain Healthy-term 
newborns (≥37 
weeks), with 
normal birth 
weight (3rd to 
97th percentiles 
for gestational 
age), normal 
growth curve 
(according to 
current Spanish 
references) and 
at ≤3 months of 
age at 
enrollment were 
eligible. They 
had to be 
exclusively 

<1 month healthy 
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formula-fed at 
enrollment, with 
≤30 days of 
breastfeeding 
(stopped at least 
15 days before 
inclusion), and 
≤48 hours of 
feeding with 
pre- or 
probiotic-
supplemented 
infant formulas 
(with a washout 
period of 7 days 
with control 
formula). 

Gil-Campos 
2012 

Hospital Spain Healthy, one-
month-old 
infants who 
were 
exclusively 
formula-fed. 

1 month healthy 

Harvey 2014 Community US Full-term 
infants aged 
from birth to 15 
days that could 
receive study 
formula as their 
sole source of 
nutrition 
throughout the 
study duration. 

10.55 months healthy 

Hays 2015 Hospital France Infants with a 
gestational age 
at birth of 
between 25 
weeks and 31 
weeks, with a 
birth weight of 
between 700 g 
and 1600 g were 
eligible if 
admission to a 
participating 
unit within 

<1 month premature/ 
LBW 
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seven days of 
life and enteral 
feeding was 
initiated before 
the fifth day of 
life 

Hojsak 2010 Community Croatia Children 
attending day 
care centers in 
Zagreb area 
whose parents 
or legal 
guardians 
provided written 
informed 
consent (and 
also who did not 
meet any of the 
exclusion 
criteria). 

52.75 months healthy 

Indrio 2008 Hospital Italy Healthy preterm 
infants who are 
appropriate for 
gestational age, 
with normal 
Apgar scores 
were enrolled 
on days 3 to 5 
of life. 

<1 month healthy 

Jacobs 2003 Hospital Australia, 
New 
Zealand 

Infants born 
<32 completed 
weeks’ 
gestation and 
weighing <1500 
grams were 
eligible for 
enrollment 
within 72 hours 
of birth. 

<1 month premature/ 
LBW 

Kankaanpa¨a¨ 
2002 

Community Finland Infants referred 
to a pediatric 
clinic on the 
basis of atopic 
eczema (all 
fulfilled the 
Hanifin criteria 

5.2 months healthy 
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for atopic 
eczema). All the 
infants were 
exclusively 
breastfed before 
the eczema 
symptoms 
having had no 
exposure to any 
infant substitute 
formula. 

Kukkonen 
2008 

Community Finland Mothers were 
eligible if at 
least one parent 
of the unborn 
child had a 
physician-
diagnosed 
allergic disease, 
as evaluated in 
telephone 
interviews by 
trained 
personnel. 

<1 month healthy 

Lin 2008 Hospital Taiwan Very Low Birth 
Weight preterm 
infants 
(gestational age: 
<34 weeks; 
birth weight: 
<1500 grams) 
who survived to 
feed enterally 
were eligible. 

<1 month premature/ 
LBW 

Luoto 2010 Community Finland Pregnant 
women with at 
least one close 
relative (mother, 
father or 
sibling) with 
atopic 
dermatitis, 
allergic rhinitis 
or asthma were 
eligible. 

<1 month healthy 
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Maldonado 
2010 

Hospital Spain 6-momth old 
children who 
were fed 
exclusively with 
formula at the 
moment of 
recruitment 
were eligible. 

Study says 6-
month-old 
children were 
included in 
study, but 
data is based 
on 
consumption 
from t0 to t6 

healthy 

Maldonado 
2012 

Community Spain Families that 
lived in 
proximity to the 
hospitals whose 
mothers had 
delivered their 
babies at the 
hospital and/or 
made regular 
visits to the 
pediatrician 
were considered 
for the study 
and contacted 
by the research 
nurse during 
scheduled visits 
to the hospital. 
Before the 
inclusion, 
infants received 
a physical 
examination and 
their clinical 
records were 
consulted for 
previous 
diseases and 
pharmacological 
treatments. 
Healthy 6-
month-old 
infants who 
were 
exclusively 
formula fed 
were recruited. 

6.5 months healthy 
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Maldonado 
2019 

Community Spain Healthy infants 
one-month of 
age who were 
exclusively 
feeding with 
infant formula 
were included in 
the study after 
the parents or 
caregivers gave 
written consent. 

<1 month healthy 

Manzano 
2017 

Community Spain Healthy, full-
term (> 37 
weeks gestation 
at birth) and 
aged between 3 
to 12 months 
were eligible for 
recruitment. 

6.375 months healthy 

Meli 2014 Hospital Italy Age ≤14 days at 
enrollment, 
weight 2500–
4500 g, 
gestational age 
≥37 weeks at 
birth, and 
singleton 
pregnancy 

<1 month healthy 

Millar 1993 Hospital UK Preterm infants 
with a 
gestational age 
of 33 weeks or 
less who were 
admitted to the 
neonatal unit of 
the Princess 
Anne Hospital, 
Southampton 
between 
September 1, 
1991 and 
January 31, 
1992 were 
studied. 

<1 month premature/ 
LBW 

Mohan 2008 Hospital Germany  Preterm infants 
born with a 

<1 month premature/ 
LBW 
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gestational age 
of 37 week were 
eligible. 

Oshiro 2019 Hospital Japan Infants born 
between 24 and 
31 weeks of 
gestation and 
with body 
weights <1,500 
g who had been 
admitted to the 
NICU 

<1 month Premature/ 
LBW 

Papagaroufalis 
2014 

Hospital Greece Only infants 
whose 
parents/legal 
guardians had 
decided to 
exclusively feed 
them formula at 
the time of 
recruitment and 
had signed the 
informed 
consent 
document were 
assessed for 
eligibility to 
enter the trial. 
Those fulfilling 
all the inclusion 
criteria and 
having none of 
the exclusion 
criteria were 
enrolled in the 
study. Inclusion 
criteria were 
being healthy, 
being born at 
term (>37 
weeks), being 
>72 hours old at 
the time of 
enrollment, 
being under the 
care of a 

<1 month healthy 
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pediatrician or 
other qualified 
healthcare 
professional, 
and having had 
>1 post-natal 
visit with a 
healthcare 
provider. 

Puccio 2007 Community Italy Full-term, 
newborn infants 
whose mothers 
had decided not 
to breast feed 
beyond the 14th 
day of birth 
were enrolled 
and randomly 
assigned to one 
of two groups of 
69 infants each. 
At the time of 
enrollment, the 
infants had to be 
14 days old, 
weigh 2500 – 
4500 grams, and 
be singletons. 

<1 month healthy 

Radke 2017 Community Germany, 
France, 
Netherlands  

Being fullterm 
(between 37 and 
42 weeks 
gestation); less 
than 14 days old 
at the time of 
enrollment; 
weighing 
between 2500 
and 4500 grams; 
and having their 
legal 
representative’s 
informed 
consent were 
eligibility 
requirements.  

<1 month healthy 
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Ringel-Kulka 
2015 

Community United 
States 

A child must 
have attended 
the CCC at least 
5 days a week 
for >4 hours a 
day. Given the 
increase in 
infectious 
illness 
experienced by 
children in child 
care settings, 
restricting to 
children 
enrolled 5 days 
a week 
increased the 
potential for 
observing an 
effect of 
synbiotics on 
incidence or 
duration of 
illness. Children 
were required to 
be healthy at the 
time of 
enrollment. 

29 months Healthy 

Rouge 2009 Hospital France A gestational 
age <32 weeks, 
a birth weight 
<1500 grams, a 
postnatal age ≤2 
week, the 
absence of any 
disease other 
than those 
linked to 
prematurity, and 
the start of 
enteral feeding 
before inclusion 
were eligibility 
requirements.  

<1 month premature/ 
LBW 
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Roze 2012 Hospital France Infants were 
eligble if they 
had a 
gestational age 
>37 weeks, a 
postnatal age 
less than 3 days, 
and were fed 
from birth with 
probiotic- and 
prebiotic-free 
infant formula, 
and without 
human milk 
before 
inclusion. 

<1 month healthy 

Saavedra 2004 Community United 
States 

All parents of 
children aged 
between 3 and 
24 months 
attending 27 
daycare centers 
from the 
metropolitan 
area of 
Baltimore were 
approached for 
participation. 
Children/infants 
were selected on 
the basis of their 
parents’ 
willingness to 
participate in 
the study. 

6.73 months healthy 

Scalabrin 
2009 

Community United 
States 

infants included 
in the study 
were of 38 to 42 
weeks 
gestational age, 
with birth 
weight ≥2500 
grams and 
solely formula-
fed at least 24 

<1 month healthy 
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hours prior to 
randomization. 

Simeoni 2016 Community Switzerland Healthy infants 
(of mothers who 
did not 
breastfeed in the 
control and 
intervention 
groups, but 
brreastfed 
infants were 
used a reference 
group). They 
had to be full 
term infants (≥ 
37 weeks 
gestation; ≤ 42 
weeks 
gestation). The 
birth weight 
needed to be 
between 2500g 
and 4500 grams. 
For the Formula 
fed groups, the 
infant's mother 
had elected, 
before the 14th 
day of their 
child's life, not 
to continue 
breastfeeding 
(no 
breastfeeding 
after the 14th 
day of the 
child's life). For 
the Breastfed 
group, the 
infant's mother 
had elected to 
fully breastfeed 
her baby, from 
enrollment to at 
least 3 months 

<1 month healthy 
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of age. 
Additionally, 
the study 
needed to obtain 
infant's legal 
representative's 
informed 
consent. 

Smilowitz 
2017 

Community United 
States 

Women 21 to 
45 years of age, 
in their third 
trimester of 
pregnancy or 
had delivered an 
infant within the 
past 4 days who 
were planning 
to exclusively 
breastfeed their 
infants for at 
least the first 3 
months 
postnatal were 
eligible to 
enroll. 
Additionally 
they must have 
lived in a 
developed 
nation for the 
past 10 years, 
did not plan to 
administer 
probiotic 
supplements to 
their infants 
during the study 
duration unless 
they were 
allocated to the 
B. infantis 
group. They 
must not have 

<1 month healthy 
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been diagnosed 
with any 
chronic 
metabolic 
disease or 
obesity, and 
were non-
smokers. Infant 
gestational age 
at birth was ≥37 
weeks, and they 
were without 
medical 
complications at 
birth (such as 
respiratory 
distress 
syndrome, birth 
defects, and 
infection). 
There must have 
been no 
exposure to any 
oral or 
intravenous 
antibiotics 72 
hours postnatal, 
and no 
consumption of 
infant formula 
24 hours prior 
to the Day 7 
postnatal at-
home lactation 
consultation 
visit. Infants 
must have been 
0-7 days old, 
delivered by C-
section or 
vaginal 
delivery, born 
>37 weeks 
gestation, 
without medical 
complications 
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that would 
preclude 
breastfeeding or 
alter gut 
microbiota. 

Stratiki 2007 Hospital Greece  To be eligible, 
infant 
gestational age 
had to be 
between 27 and 
37 weeks, and 
they had to be in 
a stable state, 
formula fed and 
not suffering 
from major 
deformities, 
such as 
congenital heart 
defects or bowel 
atresia. 

<1 month premature/ 
LBW 

Szajewska 
2017 

Community Poland Full-term 
infants aged ≤28 
days, delivered 
vaginally 
between 38 and 
42 weeks of 
gestation, with a 
birth weight 
>2,700 g and 
<4,200 grams, 
weaned 
completely from 
breast milk to 

<1 month healthy 
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infant formula 
at 28 days of 
age, and with 
parents or the 
subject’s legal 
representatives 
able to speak 
and understand 
Polish were 
elligible to 
enroll in the 
study. 

Taylor 2007 Hospital Australia Infants of atopic 
women 
(maternal atopy 
was defined as a 
doctor-
diagnosed 
clinical history 
of asthma, 
allergic rhinitis, 
or eczema plus 
a positive skin 
prick test (SPT) 
to 1 or more 
common 
allergens (house 
dust mite, grass 
pollens, cat, 
dog, feathers, 
molds, and 
cockroach 
extracts)) were 
eligible to 
enroll.  

<1 month healthy 

Thibault 2004 Community France Only healthy 
infants were 
included and 
eligible to enroll 
(age range, 4–6 
months), The 
infants had 
regular contact 
with other 
children in day 
care centers or 

4.9 months healthy 
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were living at 
home with two 
or more young 
siblings. 

Totsu 2014 Hospital Japan Very low birth 
weight infants 
(birthweight 
<1500 g) who 
were born or 
transferred 
within 24 h to 
the participating 
hospitals during 
the period from 
January 2010 to 
March 2011 
were eligible to 
enroll. 

<1 month premature/ 
LBW 

Underwood 
2009 

Hospital USA Eligible infants 
were less than 
35 weeks 
gestation, had a 
birth weight of 
750-2000 grams 
born in or 
transferred to 
University of 
California Davis 
Medical Center 
within first 
week of life less 
than eight days 
of age at the 
time of 
enrollment.  

<1 month premature/ 
LBW 

Vendt 2006 Community Estonia Twenty healthy 
term infants (60 
boys) aged from 
0 to 2 months 
on formula for 
at least half of 
their daily 
feedings were 
eligible to 
enroll. An infant 
was recruited 

1.33 months healthy 
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into the study 
only then when 
the amount of 
breast milk was 
still insufficient 
after a week of 
trying to breast 
feed.  

Vlieger 2009 Community Netherlands To be eligible, 
infants had to be 
born after 37 
weeks of 
gestation and 
had to be aged 
<7 days at the 
time of 
enrollment. 

<1 month healthy 

Weizman 
2005 

Community Israel Healthy term 
infants, 4 to 10 
months old were 
eligible to 
enroll. 

6.8 months healthy 

Weizman 
2006 

Community Israel Full-term 
healthy infants, 
aged 3–65 days, 
from similar 
socioeconomic 
areas were 
eligible to 
enroll.  

<1 month healthy 

Wejryd 2019 Hospital sweden Infants between 
gestational 
week 23+0 and 
27+6 and a birth 
weight less than 
1000grams were 
eligible for 
enrolment 
within three 
days after 
delivery. 

<1 month premature/ 
LBW 

Ziegler 2003 Community USA To be eligible to 
enroll, they had 
to be male and 
female infants 
with birth 

<1 month healthy 
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weight between 
2500 and 4500 
grams. 

 
Table S4. Treatment and comparison characteristics in the included studies from low- and 
middle-income countries  
Author Type of 

Interventi
on (E.g. 
Probiotic 
suppleme
ntation or 
Synbiotics
?) 

Probiotic 
Strain  

Interventi
on Form: 
syrup/liqui
d/drop (1), 
tablet (2), 
powder (3)  

Total 
Duratio
n of 
Interve
ntion 
(weeks) 
(try to 
round 
to 
whole 
numbe
rs) 

Freque
ncy of 
Interve
ntion 
(E.g. 
daily, 
weekly, 
etc.) 

Dose of 
probiotic 
(CFU 
preferred
)  

Compari
son: 
placebo 
(1), 
standard 
of care 
formula 
fed/brea
stmilk 
(2), no 
intervent
ion (3) 

Agustin
a 2013 

Probiotics Lactobacil
lus-casei, 
Lactobacil
lus-reuteri  

syrup/ 
liquid/ drop 

24 2x 
Daily 

5 x 10^8 
CFU 

placebo 

Amini 
2017 

Probiotics Lactobacil
lus-casei, 
Bifidobact
erium-
infantis, 
Lactobacil
lus-
bulgaricus
, 
Lactobacil
lus-
acidophilu
s, 
Lactobacil
lus-
rhamnosu
s, 
Streptococ
cus-
thermophi
lus 

powder 1 Daily 10^9 
CFU 

standard 
of care 
formula 
fed/ 
breastmil
k 
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Batac 
2005 

Probiotics Not 
specified  

not 
specified  

8 Daily  Not 
specified  

standard 
of care 
formula 
fed/ 
breastmil
k 

Cooper 
2016 

Synbiotics Bifidobact
erium-
animalis-
subsp.-
lactis 

powder 26 ad 
libitum 

10^7 
CFU/g 

standard 
of care 
formula 
fed/ 
breastmil
k 

Cui 
2019 

Probiotics Lactobacil
lus-reuteri  

syrup/ 
liquid/ drop 

1 Daily 10^8 
CFU 

standard 
of care 
formula 
fed/ 
breastmil
k 

Demirel 
2013 

Probiotics Saccharo
myces-
boulardii 

not 
specified  

6 Daily 5 x 10^9 
CFU 

standard 
of care 
formula 
fed/ 
breastmil
k 

Dilli 
2015 

Probiotics, 
Synbiotics 

Bifidobact
erium-
animalis-
subsp.-
lactis 

powder 5 Daily 5 x 10^9 
CFU 

placebo 

Guney 
Varal 
2018 

Synbiotics Lactobacil
lus-
rhamnosu
s, 
Lactobacil
lus-casei, 
Lactobacil
lus-
plantarum, 
Bifidobact
erium-
animalis 

syrup/ 
liquid/ drop 

52 Daily L. 
rhamnosu
s (4.1 x 
10^8 
CFU), L. 
casei (8.2 
x 10^8 
CFU), L. 
plantarum 
(4.1 x 
10^8 
CFU), B. 
animalis 
(4.1 x 
10^8 
CFU) 

standard 
of care 
formula 
fed/ 
breastmil
k 
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Jalali 
2020  

Probiotics  Lactobacil
lus 
rhamnosu
s, 
Bifidobact
erium 
infantis, 
and 
Lactobacil
lus reuteri 

powder 1 Daily Lactobaci
llus 
rhamnosu
s (1× 
10^10 
colony-
forming 
unit 
[CFU]/m
L), 
Lactobaci
llus 
reuteri 
(2×10^9 
CFU/mL)
, and 
Bifidobac
terium 
longum 
subsp. 
infantis 
(1.5 × 
10^9 
CFU/mL) 

standard 
of care 
formula 
fed/ 
breastmil
k 

Li 2019 Probiotics Lactobacil
lus-
paracasei-
ssp.-
paracasei 

powder 17 Daily 1 x 10^8 
CFU/L 

standard 
of care 
formula 
fed/ 
breastmil
k 

Mitra 
2014 

Probiotic Lactobacil
lus-
reuteri, 
Bifidobact
erium-
animalis-
subsp.-
lactis 

powder 24 Not 
specifie
d 

Not 
specified 

standard 
of care 
formula 
fed/ 
breastmil
k 

Panigra
hi  2017 

Synbiotics Lactobacil
lus-
plantarum 

syrup/ 
liquid/ drop 

9 Daily 10^9 L. 
acidophil
us, 10^9 
B. 
bifidum 

placebo 

Panigra
hi 2008 

Synbiotics Lactobacil
lus-
plantarum 

syrup/ 
liquid/ drop 

1 Daily 10^9 cells placebo 
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Saengta
wesin 
2014 

Probiotics Lactobacil
lus-
acidophilu
s, 
Bifidobact
erium-
bifidum 

powder 6 Daily 10^9 L. 
acidophil
us, 1 x 
10^9 B. 
bifidum 

standard 
of care 
formula 
fed/ 
breastmil
k 

Sari  
2010 

Probiotics Lactobacil
lus-
sporogene
s 

syrup/ 
liquid/ drop 

6 Daily 3.5 x 
10^8 
CFU 

standard 
of care 
formula 
fed/ 
breastmil
k 

Sazawal 
2010 

Synbiotics Bifidobact
erium-
animalis-
subsp.-
lactis 

powder 52 Daily 1.9 x 
10^7 
CFU 

standard 
of care 
formula 
fed/ 
breastmil
k 

Serce 
2013 

Probiotics Saccharo
myces-
boulardii 

powder 6 2x daily 0.5 x 
10^9 
CFU/kg 
per dose 

placebo 

Sur 
2011 

Probiotics Lactobacil
lus-casei 

syrup/ 
liquid/ drop 

12 Daily 6.5 X 
10^9 
CFU 

standard 
of care 
formula 
fed/ 
breastmil
k 

Surono 
2011 

Probiotics  Enterococ
cus-
faecium 

powder 13 Daily  2.31x10^
8 CFU 

placebo 

Urban 
2008 

Probiotics  Bifidobact
erium-
animalis-
subsp.-
lactis 

powder 24 Daily  Not 
specified 

standard 
of care 
formula 
fed/ 
breastmil
k 

Van 
Niekerk 
2014 

Probitoics Lactobacil
lus-
rhamnosu
s, 
Bifidobact
erium-
infantis 

syrup/ 
liquid/ drop 

4 Daily  3.5*10^1
0 CFU 

placebo 
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Velaphi 
2008 

Probiotics  Bifidobact
erium-
animalis-
subsp.-
lactis 

powder 24 Daily  Not 
specified 

standard 
of care 
formula 
fed/ 
breastmil
k 

Xiao 
2019 

Probiotics Bifidobact
erium-
infantis, 
Bifidobact
erium-
bifidum, 
Lactobacil
lus-
helveticus 

powder 4 Daily  1.425 × 
10^8 
CFU of 
each B. 
infantis 
R0033 
and B. 
bifidum 
R0071, 
and 
9.6×10^9 
CFU of 
L. 
helveticus 
R0052 

placebo 

Xu 
2016 

Probiotics Saccharo
myces-
boulardii 

not 
specified  

4 2x 
Daily  

10^9 
CFU 

no 
interventi
on 

Xuan 
2013 

Synbiotics  Lactobacil
lus-
paracasei, 
Bifidobact
erium-
longum 

powder 20 Daily  10^8 
CFU 

standard 
of care 
formula 
fed/ 
breastmil
k 

 
Table S5. Treatment and comparison characteristics in the included studies from high 
income countries  
Author Type of 

Interventi
on (E.g. 
Probiotic 
suppleme
ntation or 
Synbiotics
?) 

Probiotic 
Strain  

Interventi
on Form: 
syrup/liqui
d/drop (1), 
tablet (2), 
powder (3)  

Total 
Duratio
n of 
Interve
ntion 
(weeks) 
(try to 
round 
to 
whole 
numbe
rs) 

Freque
ncy of 
Interve
ntion 
(E.g. 
daily, 
weekly, 
etc.) 

Dose of 
probiotic 
(CFU 
preferred
)  

Compari
son: 
placebo 
(1), 
standard 
of care 
formula 
fed/brea
stmilk 
(2), no 
intervent
ion (3) 
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Agustin
a 2013 

Probiotics Lactobacil
lus-casei, 
Lactobacil
lus-reuteri  

syrup/ 
liquid/ drop 

24 2x 
Daily 

5 x 10^8 
CFU 

placebo 

Amini 
2017 

Probiotics Lactobacil
lus-casei, 
Bifidobact
erium-
infantis, 
Lactobacil
lus-
bulgaricus
, 
Lactobacil
lus-
acidophilu
s, 
Lactobacil
lus-
rhamnosu
s, 
Streptococ
cus-
thermophi
lus 

powder 1 Daily 10^9 
CFU 

standard 
of care 
formula 
fed/ 
breastmil
k 
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Batac  
2005 

Probiotics Not 
specified  

not 
specified  

8 Daily  Not 
specified  

standard 
of care 
formula 
fed/ 
breastmil
k 

Cooper 
2016 

Synbiotics Bifidobact
erium-
animalis-
subsp.-
lactis 

powder 26 ad 
libitum 

10^7 
CFU/g 

standard 
of care 
formula 
fed/ 
breastmil
k 

Cui 
2019 

Probiotics Lactobacil
lus-reuteri  

syrup/ 
liquid/ drop 

1 Daily 10^8 
CFU 

standard 
of care 
formula 
fed/ 
breastmil
k 

Demirel 
2013 

Probiotics Saccharo
myces-
boulardii 

not 
specified  

6 Daily 5 x 10^9 
CFU 

standard 
of care 
formula 
fed/ 
breastmil
k 

Dilli 
2015 

Probiotics, 
Synbiotics 

Bifidobact
erium-
animalis-
subsp.-
lactis 

powder 5 Daily 5 x 10^9 
CFU 

placebo 

Guney 
Varal 
2018 

Synbiotics Lactobacil
lus-
rhamnosu
s, 
Lactobacil
lus-casei, 
Lactobacil

syrup/ 
liquid/ drop 

52 Daily L. 
rhamnosu
s (4.1 x 
10^8 
CFU), L. 
casei (8.2 
x 10^8 

standard 
of care 
formula 
fed/ 
breastmil
k 
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lus-
plantarum, 
Bifidobact
erium-
animalis 

CFU), L. 
plantarum 
(4.1 x 
10^8 
CFU), B. 
animalis 
(4.1 x 
10^8 
CFU) 

Jalali 
2020  

Probiotics  Lactobacil
lus 
rhamnosu
s, 
Bifidobact
erium 
infantis, 
and 
Lactobacil
lus reuteri 

powder 1 Daily Lactobaci
llus 
rhamnosu
s (1× 
10^10 
colony-
forming 
unit 
[CFU]/m
L), 
Lactobaci
llus 
reuteri 
(2×10^9 
CFU/mL)
, and 
Bifidobac
terium 
longum 
subsp. 
infantis 
(1.5 × 
10^9 
CFU/mL) 

standard 
of care 
formula 
fed/ 
breastmil
k 
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Li 2019 Probiotics Lactobacil
lus-
paracasei-
ssp.-
paracasei 

powder 17 Daily 1 x 10^8 
CFU/L 

standard 
of care 
formula 
fed/ 
breastmil
k 

Mitra 
2014 

Probiotic Lactobacil
lus-
reuteri, 
Bifidobact
erium-
animalis-
subsp.-
lactis 

powder 24 Not 
specifie
d 

Not 
specified 

standard 
of care 
formula 
fed/ 
breastmil
k 

Panigra
hi  2017 

Synbiotics Lactobacil
lus-
plantarum 

syrup/ 
liquid/ drop 

9 Daily 10^9 L. 
acidophil
us, 10^9 
B. 
bifidum 

placebo 

Panigra
hi 2008 

Synbiotics Lactobacil
lus-
plantarum 

syrup/ 
liquid/ drop 

1 Daily 10^9 cells placebo 

Saengta
wesin 
2014 

Probiotics Lactobacil
lus-
acidophilu
s, 
Bifidobact
erium-
bifidum 

powder 6 Daily 10^9 L. 
acidophil
us, 1 x 
10^9 B. 
bifidum 

standard 
of care 
formula 
fed/ 
breastmil
k 
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Sari  
2010 

Probiotics Lactobacil
lus-
sporogene
s 

syrup/ 
liquid/ drop 

6 Daily 3.5 x 
10^8 
CFU 

standard 
of care 
formula 
fed/ 
breastmil
k 

Sazawal 
2010 

Synbiotics Bifidobact
erium-
animalis-
subsp.-
lactis 

powder 52 Daily 1.9 x 
10^7 
CFU 

standard 
of care 
formula 
fed/ 
breastmil
k 

Serce 
2013 

Probiotics Saccharo
myces-
boulardii 

powder 6 2x daily 0.5 x 
10^9 
CFU/kg 
per dose 

placebo 

Sur 
2011 

Probiotics Lactobacil
lus-casei 

syrup/ 
liquid/ drop 

12 Daily 6.5 X 
10^9 
CFU 

standard 
of care 
formula 
fed/ 
breastmil
k 

Surono 
2011 

Probiotics  Enterococ
cus-
faecium 

powder 13 Daily  2.31x10^
8 CFU 

placebo 

Urban 
2008 

Probiotics  Bifidobact
erium-
animalis-
subsp.-
lactis 

powder 24 Daily  Not 
specified 

standard 
of care 
formula 
fed/ 
breastmil
k 

Van 
Niekerk 
2014 

Probitoics Lactobacil
lus-
rhamnosu
s, 
Bifidobact
erium-
infantis 

syrup/ 
liquid/ drop 

4 Daily  3.5*10^1
0 CFU 

placebo 

Velaphi 
2008 

Probiotics  Bifidobact
erium-
animalis-
subsp.-
lactis 

powder 24 Daily  Not 
specified 

standard 
of care 
formula 
fed/ 
breastmil
k 
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Xiao 
2019 

Probiotics Bifidobact
erium-
infantis, 
Bifidobact
erium-
bifidum, 
Lactobacil
lus-
helveticus 

powder 4 Daily  1.425 × 
10^8 
CFU of 
each B. 
infantis 
R0033 
and B. 
bifidum 
R0071, 
and 
9.6×10^9 
CFU of 
L. 
helveticus 
R0052 

placebo 

Xu 
2016 

Probiotics Saccharo
myces-
boulardii 

not 
specified  

4 2x 
Daily  

10^9 
CFU 

no 
interventi
on 

Xuan 
2013 

Synbiotics  Lactobacil
lus-
paracasei, 
Bifidobact
erium-
longum 

powder 20 Daily  10^8 
CFU 

standard 
of care 
formula 
fed/ 
breastmil
k 

        

 
Table S6. Pooled analysis based on probiotic strains: Low- and middle-income countries   

Weight 
 

Height 
 

Head 
Circumference 

 
BMI 

 
Weight for 
Length 

Probiotic  Number 
of 
Studies  

Effect 
Estimate 
(95% CI)  

Number 
of 
Studies  

Effect 
Estimate 
(95% CI)  

Number 
of 
Studies 

Effect 
Estimate (95% 
CI)  

Number 
of 
Studies  

Effect 
Estimate 
(95% CI)  

Number 
of 
Studies  

Effect Estimate 
(95% CI)  

Bifidobacterium-
breve 0  0  0  0  0  
Bifidobacterium-
animalis-subsp.-
lactis 6 

0.13 (-0.05, 
0.30) 6 

0.10 (-0.01, 
0.21) 5 

0.04 (-0.10, 
0.19) 2 

0.01 (-0.27, 
0.28) 1 

0.16 (-0.02, 
0.33) 

Lactobacillus-
fermentum 0  0  0  0  0  
Saccharomyces-
boulardii 3 

0.87 (-0.43, 
2.16) 1 

0.50 (0.10, 
0.89) 1 

0.56 (0.16, 
0.96) 0  0  

Lactobacillus-
reuteri 1 

1.50 (1.04, 
1.96) 1 

0.76 (0.34, 
1.18) 1 

0.58 (0.17, 
1.00) 0  0  

Bifidobacterium-
longum-subsp.-
infantis 0  0  0  0  0  
Lactobacillus 
rhamnosus 0  0  0  0  0  
Bacillus-coagulans 

0  0  0  0  0  
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Not specified 
1 

1.37 (0.77, 
1.97) 1 

0.39 (-0.15, 
0.93) 0  0  0  

Lactobacillus-
paracasei-ssp.-
paracasei 1 

0.00 (-0.20, 
0.20) 1 

0.07 (-0.12, 
0.27) 1 

0.00 (-0.20, 
0.20) 0  0  

Lactobacillus-
salivarius 0  0  0  0  0  
Lactobacillus-
plantarum 2 

0.33 (-0.36, 
1.02) 0  0  0  0  

Bifidobacterium-
longum 0  0  0  0  0  
Lactobacillus-
sporogenes 1 

0.06 (-0.20, 
0.33) 0  0  0  0  

Lactobacillus-casei 
0  0  0  0  0  

Enterococcus-
faecium 1 

0.25 (-0.19, 
0.69) 0  0  0  0  

Lactobacillus-
acidophilus 0  0  0  0  0  
Bifidobacterium-
bifidum 0  0  0  0  0  
Lactobacillus-
casei, 
Lactobacillus-
reuteri 1 

0.09 (-0.12, 
0.31) 1 

0.12 (-0.09, 
0.34) 0  0  0  

Bifidobacterium-
animalis-subsp.-
lactis, 
Streptococcus-
thermophilus 0  0  0  0  0  
Lactobacillus-
rhamnosus, 
Bifidobacterium-
infantis 2 

-0.16 (-0.45, 
0.13) 2 

0.00 (-0.29, 
0.29) 2 

-0.34 (-0.71, 
0.03) 0 0 

Bifidobacterium-
breve, 
Streptococcus-
thermophilus 0  0  0  0  0  
Lactobacillus-
rhamnosus, 
Bifidobacterium-
animalis-subsp.-
lactis 0  0  0  0  0  
Lactobacillus-
paracasei-ssp.-
paracasei, 
Bifidobacterium-
animalis-ssp.-lactis 0  0  0  0  0  
Bifidobacterium-
animalis-subsp.-
lactis, 
Bifidobacterium-
longum 0  0  0  0  0  
Lactobacillus-
paracasei, 
Bifidobacterium-
longum 0  0  0  0  0  
Lactobacillus-
acidophilus, 
Bifidobacterium-
bifidum 1 

0.26 (-0.25, 
0.77) 0  0  0  0  

Bifidobacterium-
spp., 
Lactobacillus-
acidophilus 0  0  0  0  0  
Lactobacillus-
fermentum, 
Bifidobacterium-
breve 0  0  0  0  0  
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Lactobacillus-
reuteri, 
Bifidobacterium-
animalis-subsp.-
lactis 1 

0.02 (-0.23, 
0.27) 0  0  0  0  

Bifidobacterium-
longum, 
Lactobacillus-
rhamnosus 0  0  0  0  0  
Lactobacillus-
rhamnosus, 
Bifidobacterium-
longum-subsp.-
infantis 0  0  0  0  0  
Bifidobacteria-
infantis, 
Streptococcus-
thermophilus, 
Bifidobacteria-
bifidus 0  0  0  0  0  
Bifidobacterium-
longum, 
Lactobacillus-
rhamnosus, 
Lactobacillus-
paracasei 0  0  0  0  0  
Bifidobacterium-
infantis, 
Streptococcus-
thermophilus, 
Bifidobacterium-
animalis-subsp.-
lactis 0  0  0  0  0  
Lactobacillus-
rhamnosus, 
Bifidobacterium-
breve, 
Propionibacterium-
freudenreichii-ssp. 
-shermanii 0  0  0  0  0  
Bifidobacterium-
infantis, 
Lactobacillus-
helveticus, 
Bifidobacterium-
bifidum 1 

0.12 (-0.22, 
0.46) 1 

0.26 (-0.08, 
0.60) 1 

-0.16 (-0.50, 
0.18) 1 

-0.13 (-0.47, 
0.21) 0  

Lactobacillus-
rhamnosus, 
Lactobacillus-
casei, 
Lactobacillus-
plantarum, 
Bifidobacterium-
animalis 0  0  0  0  0  
Lactobacillus-
salivarius, 
Lactobacillus-
paracasei, 
Bifidobacterium-
animalis-subsp.-
lactis, 
Bifidobacterium-
bifidum 0  0  0  0  0  
Bifidobacterium-
bifidum, 
Bifidobacterium-
breve, 
Bifidobacterium-
longum, 0  0  0  0  0  
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Bifidobacterium-
longum-
subspecies-infantis 

Lactobacillus-
rhamnosus, 
Lactobacillus-
acidophilus, 
Bifidobacterium-
longum, 
Bifidobacterium-
bifidum, 
Bifidobacterium-
animalis-subsp.-
infantis 0  0  0  0  0  
Lactobacillus-
acidophilus, 
Lactobacillus-
rhamnosus, 
Lactobacillus-
bulgaricus, 
Lactobacillus-
casei, 
Bifidobacterium-
infantis, 
Bifidobacterium-
breve, 
Streptococcus-
thermophilus 0  0  0  0  0  
Streptococcus-
thermophilus, 
Bifidobacterium-
breve, 
Bifidobacterium-
longum-subsp.-
longum, 
Bifidobacterium-
longum-subsp.-
infantis, 
Lactobacillus-
acidophilus, 
Lactobacillus-
plantarum, 
Lactobacillus-
paracasei, 
Lactobacillus-
delbrueckii-subsp.-
bulgarius 0  0  0  0  0  
Lactobacillus-
casei, 
Bifidobacterium-
infantis, 
Lactobacillus-
bulgaricus, 
Lactobacillus-
acidophilus, 
Lactobacillus-
rhamnosus, 
Streptococcus-
thermophilus 1 

-0.22 (-0.58, 
0.14) 0  0  0  0  

Pediococcus-
pentosaceus, 
Leuconostoc-
mesenteroides, 
Lactobacillus-
paracasei-ssp.-
paracasei, 
Lactobacillus-
plantarum 0  0  0  1 

-0.05 (-0.26, 
0.17) 1 

0.16 (-0.02, 
0.33) 
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Table S7. Pooled analysis based on probiotic strains: High income countries   

Weight 
 

Height 
 

Head 
Circumference 

 
BMI 

 
Weight for 
Length 

Probiotic  Number 
of 
Studies  

Effect 
Estimate 
(95% CI)  

Number 
of 
Studies  

Effect 
Estimate 
(95% CI)  

Number 
of 
Studies 

Effect 
Estimate (95% 
CI)  

Number 
of 
Studies  

Effect 
Estimate 
(95% CI)  

Number 
of 
Studies  

Effect Estimate 
(95% CI)  

Bifidobacterium-
breve 4 

0.05 (-0.05, 
0.14) 3 

-0.02 (-0.22, 
0.18) 3 

'-0.57 (-2.06, 
0.91) 0   0   

Bifidobacterium-
animalis-subsp.-
lactis 5 

0.02 (-0.30, 
0.35) 3 

-0.06 (-0.34, 
0.22) 2 

0.18 (-0.40, 
0.75) 0   0   

Lactobacillus-
fermentum 3 

0.02 (-0.15, 
0.20) 3 

-0.10 (-0.31, 
0.11) 3 

0.03 (-0.14, 
0.21) 0   0   

Saccharomyces-
boulardii 1 

0.44 (0.01, 
0.88) 0  0   0   0   

Lactobacillus-
reuteri 4 

-0.04 (-0.25, 
0.17) 2 

-0.04 (-0.43, 
0.35) 3 

0.05 (-0.16, 
0.27) 1 

0.00 (-0.50, 
0.50) 1 

0.14 [-0.20, 
0.47] 

Bifidobacterium-
longum-subsp.-
infantis 2 

-0.02 (-0.28, 
0.25) 1 

0.01 (-0.31, 
0.33) 1 

0.06 (-0.26, 
0.38) 1 

0.01 (-0.31, 
0.32) 0   

Lactobacillus 
rhamnosus 5 

-0.02 (-0.20, 
0.15) 3 

-0.08 (-0.27, 
0.11) 2 

-0.03 (-0.34, 
0.29) 1 

-0.11 (-0.48, 
0.26) 0   

Bacillus-coagulans 
0  0  0   0   0   

Not specified 
0  0  0   0   0   

Lactobacillus-
paracasei-ssp.-
paracasei 1 

0.21 (-0.09, 
0.51) 1 

0.18 (-0.12, 
0.48) 1 

0.42 (0.12, 
0.72) 1 

0.19 (-0.11, 
0.49) 0   

Lactobacillus-
salivarius 1 

0.35 (-0.09, 
0.79) 1 

0.15 (-0.29, 
0.59) 1 

0.40 (-0.05, 
0.84) 0   0   

Lactobacillus-
plantarum 0 0 0   0   0   
Bifidobacterium-
longum 1 

0.07 (-0.34, 
0.47) 1 

0.01 (-0.39, 
0.42) 1 

0.18 (-0.22, 
0.58) 0   0   

Lactobacillus-
sporogenes 0  0  0   0   0   
Lactobacillus-casei 

0  0  0   0   0   
Enterococcus-
faecium 0  0  0   0   0   
Lactobacillus-
acidophilus 1 

-0.09 (-0.38, 
0.21) 1 

-0.06 (-0.36, 
0.24) 0   0   0   

Bifidobacterium-
bifidum 1 

-0.08 (-0.34, 
0.17) 0  1 

-0.15 (-0.41, 
0.10) 0   0   

Lactobacillus-
casei, 
Lactobacillus-
reuteri 0  0  0   0   0   
Bifidobacterium-
animalis-subsp.-
lactis, 
Streptococcus-
thermophilus 1 

-0.02 (-0.40, 
0.36) 1 

0.10 (-0.28, 
0.48) 0   0   1 

-0.05 [-0.43, 
0.33] 

Lactobacillus-
rhamnosus, 
Bifidobacterium-
infantis 1 

0.09 (-0.30, 
0.49) 0  0   0   0   

Bifidobacterium-
breve, 
Streptococcus-
thermophilus 1 

0.08 (-0.05, 
0.21) 1 

0.02 (-0.11, 
0.15) 0   0   0   

Lactobacillus-
rhamnosus, 
Bifidobacterium-
animalis-subsp.-
lactis 2 

0.03 (-0.16, 
0.22) 1 

0.11 (-0.09, 
0.30) 1 

0.18 (-0.02, 
0.37) 0   0   



 55

Lactobacillus-
paracasei-ssp.-
paracasei, 
Bifidobacterium-
animalis-ssp.-lactis 1 

-0.09 (-0.53, 
0.36) 1 

0.01 (-0.43, 
0.45) 1 

-0.01 (-0.45, 
0.43) 0   0   

Bifidobacterium-
animalis-subsp.-
lactis, 
Bifidobacterium-
longum 1 

-0.26 (-0.58, 
0.06) 1 

-0.11 (-0.43, 
0.21) 1 

-0.35 (-0.67, -
0.03) 0   0   

Lactobacillus-
paracasei, 
Bifidobacterium-
longum 0  0  0   0   0   
Lactobacillus-
acidophilus, 
Bifidobacterium-
bifidum 1 

-0.09 (-0.28, 
0.10) 0  0   0   0   

Bifidobacterium-
spp., 
Lactobacillus-
acidophilus 0  0  0   0   0   
Lactobacillus-
fermentum, 
Bifidobacterium-
breve 1 

-0.02 (-0.29, 
0.25) 1 

0.06 (-0.21, 
0.33) 1 

-0.27 (-0.54, 
0.01) 0   0   

Lactobacillus-
reuteri, 
Bifidobacterium-
animalis-subsp.-
lactis 2 

-0.26 (-0.53, 
0.01) 1 

0.04 (-0.51, 
0.58) 1 

-0.50 (-1.06, 
0.05) 0   0   

Bifidobacterium-
longum, 
Lactobacillus-
rhamnosus 2 

-0.11 (-0.40, 
0.18) 1 

-0.16 (-0.51, 
0.19) 1 

-0.10 (-0.45, 
0.24) 0   0   

Lactobacillus-
rhamnosus, 
Bifidobacterium-
longum-subsp.-
infantis 1 

0.42 (-0.01, 
0.86) 1 

0.26 (-0.17, 
0.69) 1 

0.41 (-0.02, 
0.85) 0   0   

Bifidobacteria-
infantis, 
Streptococcus-
thermophilus, 
Bifidobacteria-
bifidus 1 

0.43 (0.10, 
0.76) 0  0   0   0   

Bifidobacterium-
longum, 
Lactobacillus-
rhamnosus, 
Lactobacillus-
paracasei 1 

0.16 (-0.14, 
0.47) 1 

0.27 (-0.04, 
0.57) 1 

-0.02 (-0.33, 
0.29) 1 

0.25 (-0.05, 
0.56) 0   

Bifidobacterium-
infantis, 
Streptococcus-
thermophilus, 
Bifidobacterium-
animalis-subsp.-
lactis 1 

0.01 (-0.11, 
0.13) 0  0   0   0   

Lactobacillus-
rhamnosus, 
Bifidobacterium-
breve, 
Propionibacterium-
freudenreichii-ssp. 
-shermanii 1 

0.00 (-0.13, 
0.13) 1 

-0.06 (-0.19, 
0.07) 1 

-0.06 (-0.19, 
0.07) 0   0   

Bifidobacterium-
infantis, 
Lactobacillus- 1 

-0.18 (-0.50, 
0.14) 1 

-0.19 (-0.51, 
0.13) 1 

-0.02 (-0.34, 
0.30) 0   0   
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helveticus, 
Bifidobacterium-
bifidum 
Lactobacillus-
rhamnosus, 
Lactobacillus-
casei, 
Lactobacillus-
plantarum, 
Bifidobacterium-
animalis 0  0  0   0   0   
Lactobacillus-
salivarius, 
Lactobacillus-
paracasei, 
Bifidobacterium-
animalis-subsp.-
lactis, 
Bifidobacterium-
bifidum 1 

-0.16 (-0.38, 
0.06) 0  0   0   0   

Bifidobacterium-
bifidum, 
Bifidobacterium-
breve, 
Bifidobacterium-
longum, 
Bifidobacterium-
longum-
subspecies-infantis 1 

0.10 (-0.74, 
0.94) 1 

-0.08 (-0.48, 
0.32) 0   0   0   

Lactobacillus-
rhamnosus, 
Lactobacillus-
acidophilus, 
Bifidobacterium-
longum, 
Bifidobacterium-
bifidum, 
Bifidobacterium-
animalis-subsp.-
infantis 1 

0.03 (-0.54, 
0.60) 0  0   0   0   

Lactobacillus-
acidophilus, 
Lactobacillus-
rhamnosus, 
Lactobacillus-
bulgaricus, 
Lactobacillus-
casei, 
Bifidobacterium-
infantis, 
Bifidobacterium-
breve, 
Streptococcus-
thermophilus 0  0  0   0   0   
Streptococcus-
thermophilus, 
Bifidobacterium-
breve, 
Bifidobacterium-
longum-subsp.-
longum, 
Bifidobacterium-
longum-subsp.-
infantis, 
Lactobacillus-
acidophilus, 
Lactobacillus-
plantarum, 
Lactobacillus-
paracasei, 0  0  0   0   0   
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Lactobacillus-
delbrueckii-subsp.-
bulgarius 

Lactobacillus-
casei, 
Bifidobacterium-
infantis, 
Lactobacillus-
bulgaricus, 
Lactobacillus-
acidophilus, 
Lactobacillus-
rhamnosus, 
Streptococcus-
thermophilus 0  0  0   0   0   
Pediococcus-
pentosaceus, 
Leuconostoc-
mesenteroides, 
Lactobacillus-
paracasei-ssp.-
paracasei, 
Lactobacillus-
plantarum 0  0  0   0   0   

Table S6 and S7 displays the growth outcomes and the probiotic strains represented in each 
outcome. We included the number of studies that used each strain for a particular outcome, and 
also the effect estimate with 95% CI. NA= not applicable.  
 
Figure S1. Funnel Plot: Effect of probiotics on growth: Low- and middle-income countries: 
Weight  

 
 

Figure S2. Funnel Plot: Effect of probiotics on growth: High income countries: Weight  
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Figure S3. Funnel Plot: Effect of probiotics on growth: Low- and middle-income countries: 
Head Circumference 

 
 
Figure S4. Funnel Plot: Effect of probiotics on growth: High income countries: Height 
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Figure S5. Funnel Plot: Effect of probiotics on growth: High income countries: Head 
circumference 

 
 

Figure S6. Risk of bias in the included studies from low- and middle-income countries for 
effect of probiotics on the outcome of weight for age 
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Figure S7. Risk of bias in the included studies from low- and middle-income countries for 
the outcome of height for age 
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Figure S8. Risk of bias in the included studies from low- and middle-income countries for 
the outcome of head circumference 



 62

 
 
Figure S9. Risk of bias in the included studies from low- and middle-income countries for 
the outcome of sepsis  
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Figure S10. Forest Plot: Effect of use of probiotics on head circumference in children 0-59 
months of age from low- and middle-income countries  

 
 
Figure S11. Forest Plot: Effect of use of probiotics on BMI in children 0-59 months of age 
from low- and middle-income countries  
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Figure S12. Forest Plot: Effect of use of probiotics on weight for height in children 0-59 
months of age from low- and middle-income countries  

 
 
Figure S13. Forest Plot: Effect of use of probiotics on adverse events: Sepsis, in children 0-
59 months of age from low- and middle-income countries 

 
 
Figure S14. Forest Plot: Effect of use of probiotics on adverse events: Vomiting, in children 
0-59 months of age from low- and middle-income countries  

 
 
Figure S15. Forest Plot: Effect of use of probiotics on adverse events: Diarrhea, in children 
0-59 months of age from low- and middle-income countries  

 
 
Figure S16. Forest Plot: Effect of use of probiotics on weight for age in children 0-59 
months of age from high income countries  
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Figure S17. Forest Plot: Effect of use of probiotics on height for age in children 0-59 
months of age from high income countries 
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Figure S18. Forest Plot: Effect of use of probiotics on weight for length in children 0-59 
months of age from high income countries  

 
 
Figure S19. Forest Plot: Effect of use of probiotics on head circumference for age in 
children 0-59 months of age from high income countries  



 67

 
 
Figure S20. Forest Plot: Effect of use of probiotics on BMI in children 0-59 months of age 
from high income countries  

 
 
Figure S21. Forest Plot: Effect of use of probiotics on adverse events: Sepsis, in children 0-
59 months of age from high income countries 
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Figure S22. Forest Plot: Effect of use of probiotics on adverse events: Vomiting, in children 
0-59 months of age from high income countries  

 
 
Figure S23. Forest Plot: Effect of use of probiotics on adverse events: Diarrhea, in children 
0-59 months of age from high income countries  

 
 
Figure S24. Forest Plot: Effect of use of probiotics on adverse events: Abdominal pain, in 
children 0-59 months of age from high income countries   
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Figure S25. Forest Plot: Effect of use of probiotics on adverse events: Flatulence, in 
children 0-59 months of age from high income countries  

 
 
 
Figure S26. Risk of bias in the included studies from high income countries for effect of 
probiotics on the outcome of weight for age 
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Figure S27: Risk of bias in the included studies from high income countries for effect of 
probiotics on the outcome of height for age 
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Figure S28: Risk of bias in the included studies from high income countries for effect of 
probiotics on the outcome of weight for length  

 
 

Figure S29: Risk of bias in the included studies from high income countries for effect of 
probiotics on the outcome of head circumference 
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Figure S30: Risk of bias in the included studies from high income countries for effect of 
probiotics on the outcome of BMI 

 
 
Figure S31: Risk of bias in the included studies from high income countries for effect of 
probiotics on the outcome of sepsis  
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Figure S32: Subgroup and Sensitivity analyses in high income countries   

 
 
 
 

 
 
 

 

Number of Studies P robiotics C ontrol Total I2 Effect Estimate (95% CI)
Primary Analyses

Weight 51 5759 5073 10832 7.30 0.01 (–0.04–0.05)
Height 32 3350 2768 6118 0 –0.01 (–0.06–0.04)
Weight–for–length 2 146 109 255 0 0.06 (–0.2–0.31)
Head Circumference 28 2655 2117 4772 84.65 –0.04 (–0.2–0.11)
BMI 5 415 305 720 0 0.09 (–0.06–0.25)

Secondary Analyses 
Probiotics vs. Synbiotics 

Weight 
Probiotics 39 4440 3853 8293 8.62 0.01 (–0.04–0.06)
Synbiotics 12 1319 1220 2539 10.67 0 (–0.08–0.09)

Height 
Probiotics 22 2242 1747 3989 0 0 (–0.07–0.06)
Synbiotics 10 1108 1021 2129 19.91 –0.01 (–0.12–0.1)

Weight–for–length 
Probiotics 2 146 109 255 0 0.06 (–0.2–0.31)
Synbiotics 0 0 0 0 0 0 (0–0)

Head Circumference
Probiotics 18 1547 1096 2643 35.32 –0.01 (–0.11–0.09)
Synbiotics 10 1108 1021 2129 93.88 –0.12 (–0.51–0.27)

BMI
Probiotics 4 242 252 494 0 0.04 (–0.13–0.22)
Synbiotics 1 173 53 226 0 0.25 (–0.05–0.56)

Single vs. Multiple Strains
Weight 

Single Strain 28 2283 2302 4585 0 0.02 (–0.04–0.07)
Multiple Strains 23 3476 2771 6247 20.13 0 (–0.07–0.06)

Height 
Single Strain 18 1143 1175 2318 0 –0.03 (–0.12–0.05)
Multiple Strain 14 2207 1593 3800 0 0.01 (–0.06–0.07)

Weight–for–length 
Single Strain 1 68 69 137 0 0.14 (–0.2–0.47)
Multiple Strains 1 78 40 118 0 –0.05 (–0.43–0.33)

Head Circumference
Single Strain 17 1038 1062 2100 89.85 –0.02 (–0.3–0.26)
Multiple Strains 11 1617 1055 2672 45.47 –0.06 (–0.18–0.06)

BMI 
Single Strain 4 242 252 494 0 0.04 (–0.13–0.22)
Multiple Strains 1 173 53 226 0 0.25 (–0.05–0.56)

Nutritional Status
Weight 

Healthy 35 3638 3067 6705 0 –0.01 (–0.06–0.04)
Premature/LBW 16 2121 2006 4127 40.94 0.04 (–0.05–0.14)

Height
Healthy 28 3079 2594 5673 0 –0.01 (–0.06–0.04)
Premature/LBW 4 271 174 445 0 0.01 (–0.19–0.2)

Weight–for–length
Healthy 2 146 109 255 0 0.06 (–0.2–0.31)
Premature/LBW 0 0 0 0 0 0 (0–0)

Head Circumference 
Healthy 23 2265 1831 4096 86.54 –0.07 (–0.25–0.11)
Premature/LBW 5 390 286 676 67.81 0.05 (–0.24–0.35)

BMI 
Healthy 5 415 305 720 0 0.09 (–0.06–0.25)
Premature/LBW 0 0 0 0 0 0 (0–0)

Age
Weight 

0–<6 Months 46 5162 4691 9853 6.82 0.02 (–0.03–0.06)
6–<60 Months 5 597 382 979 0 –0.09 (–0.22–0.04)

Height
0–<6 Months 28 2889 2444 5333 0 –0.01 (–0.06–0.05)
6–<60 Months 4 461 324 785 0 –0.03 (–0.18–0.11)

Weight–for–length
0–<6 Months 1 68 69 137 0 0.14 (–0.2–0.47)
6–<60 Months 1 78 40 118 0 –0.05 (–0.43–0.33)

Head Circumference
0–<6 Months 26 2411 1975 4386 85.79 –0.05 (–0.22–0.13)
6–<60 Months 2 244 142 386 0 –0.03 (–0.24–0.18)

BMI
0–<6 Months 5 415 305 720 0 0.09 (–0.06–0.25)
6–<60 Months 0 0 0 0 0 0 (0–0)

Risk–of–Bias Sensitivity
Weight 46 5359 4812 10171 5.60 0 (–0.04–0.05)
Height 28 3001 2543 5544 0 –0.01 (–0.06–0.04)
Weight–for–length 2 146 109 255 0 0.06 (–0.2–0.31)
Head Circumference 25 2334 1919 4253 86.35 –0.05 (–0.22–0.13)
BMI 4 242 252 494 0 0.04 (–0.13–0.22)

Graph–Data Sensitivity
Weight 45 5463 4761 10224 17.37 0.01 (–0.04–0.05)
Height 29 3161 2575 5736 0 –0.01 (–0.07–0.04)
Weight–for–length 2 146 109 255 0 0.06 (–0.2–0.31)
Head Circumference 25 2483 1942 4425 86.19 –0.06 (–0.23–0.12)
BMI 3 311 196 507 15.21 0.13 (–0.07–0.34)

Favors Control Favors Experimental

-1 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1
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