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Short title: Supplementation of infant formula with probiotics and/or prebiotics
METHODS 
Criteria for considering studies for this review 
Types of studies 

All relevant randomised controlled trials (RCT) and quasi-RCT (defined as studies in which the participants are allocated to different interventions using methods that are not random; for example, allocation may be based on the person's date of birth), or their systematic reviews/meta-analyses were considered for inclusion. Studies of cross-over design were excluded. 

Types of participants 

Participants had to be healthy term infants. Studies related to preterm infants were excluded (this topic will be covered in a separate report by the Committee).

Types of interventions 

Studies that compared use of infant formula (i.e., foodstuffs intended for particular nutritional use by infants during the first months of life and satisfying by themselves the nutritional requirements of such infants until the introduction of appropriate complementary feeding) or follow-on formula (i.e., foodstuffs intended for particular nutritional use by infants when appropriate complementary feeding is introduced and constituting the principal liquid element in a progressively diversified diet of such infants) supplemented with probiotics and/or prebiotics during the manufacturing process were the only studies included. Studies in which probiotics/prebiotics were introduced during the manufacturing process, but administered thereafter, for example in capsules, the contents of which were supplemented to infant formula, were excluded. Formulae manufactured from cow's milk proteins or any other proteins, and formulae based on protein hydrolysates were eligible for inclusion. 

For the purposes of this document, the definitions of probiotics, prebiotics, and synbiotics most commonly used in the literature were adopted. Therefore, probiotics are defined as microbial food supplements which, when administered in adequate amounts, have a beneficial effect on the host (
). Prebiotics are defined as non-digestible food ingredients that affect the host by selectively targeting growth and/or the activity of one or more bacteria in the colon that can improve health (
). Synbiotics are defined as a combination of prebiotics and probiotics that beneficially affects the host by improving survival and implantation of live microbial dietary supplements in the gastrointestinal tract (
). Fermented infant formulae (i.e., formulae that have been fermented with lactic acid-producing bacteria during the production process but do not contain significant amounts of viable bacteria in the final product due to inactivation of the fermenting bacteria by heat or other means) (
) are not considered in this review. 

Types of outcome measures

The primary interest was in clinically relevant efficacy outcomes, such as those related to a reduced risk of disease, as well as in outcomes related to safety. The latter include both growth parameters and adverse events, such as sepsis and/or death due to probiotic administration (
). In regard to growth, the Committee considered that any study evaluating growth should include at least the following growth parameters: weight, length, and head circumference. To assess growth, the duration of the study should be at least three months. As a minimum, the study should have a power to detect a difference in weight gain equal to 0.5 SD (Koletzko 2002
 Aggett 2001
). For completeness, studies that reported laboratory or immunological parameters were also considered. However, the Committee notes that these are only indirect markers of a health benefit, which may be relevant when associated with other parameters objectively assessed in RCT in target populations using a specific probiotic and/or prebiotic product.

Search methods for identification of studies

In January 2010, searches were performed of the Cochrane Central Register of Controlled Trials (CENTRAL, the Cochrane Library), MEDLINE, EMBASE, and the Cumulative Index to Nursing and Allied Health Literature (CINAHL) databases using search terms relevant to probiotics and/or prebiotics. No language restrictions were applied. The reference lists from identified studies and key review articles were scanned for other potentially relevant studies. Publications such as letters to the editor, abstracts, and proceedings from scientific meetings were excluded. No attempt was made to identify unpublished data. The search was carried out independently by 3 reviewers (AC, MP, HS). 
Data collection and analysis 
The reviewers initially screened the title, abstract, and keywords of every record identified with the search strategy. They retrieved the full text of potentially relevant trials and of records for which the relevance was unclear. The reviewers independently applied the inclusion criteria to each potentially relevant trial to determine its eligibility. If differences in opinion existed, they were resolved by discussion until a consensus was reached by all members of the Committee. 

Data extraction and management 

Data extraction was performed using standard data-extraction forms. For dichotomous outcomes, the total number of participants and the number of participants who experienced the event were extracted. For continuous outcomes, the total number of participants and the means and standard deviations were extracted. If feasible, the data were entered into Review Manager (RevMan) [Computer program. Version 5.0. Copenhagen: The Nordic Cochrane Centre, The Cochrane Collaboration, 2008] for analysis. Three reviewers (AC, MP, HS) independently extracted the data from the included studies. Discrepancies between the reviewers were resolved by discussion until a consensus was reached. 

Assessment of risk of bias in included studies 

The reviewers independently, but without being blinded to the authors or journal, assessed the risk of bias in the studies that met the inclusion criteria. The Cochrane Collaboration’s tool for assessing risk of bias was used, which includes the following criteria: adequacy of sequence generation, allocation concealment, and blinding of participants, personnel and outcome assessors; incomplete outcome data are addressed, free of selective outcome reporting, and free of other sources of bias. In all cases, an answer of ‘yes’ indicates a low risk of bias, and an answer of ‘no’ indicates a high risk of bias.
 

Data synthesis 

Statistical methods 

If appropriate, the data were analysed using Review Manager (RevMan) [Computer program. Version 5.0. Copenhagen: The Nordic Cochrane Centre, The Cochrane Collaboration, 2008]. Numbers needed to treat (NNT) were derived from the pooled RR using StatsDirect statistical software (version 2,7,2 [2008-09-06]). 

Subgroup analysis 

The following a priori separate types of analysis based on factors that could potentially influence the magnitude of the treatment response were performed: (1) Administration of probiotic/prebiotic-supplemented infant formula started early in infants (≤4 months of age, or ≤6 months provided that they have not started complementary feeding) and continued for at least 2 weeks; (2) Administration of probiotic/prebiotic-supplemented infant or follow-on formula beyond early infancy and regardless of the duration of the intervention; (3) Administration of probiotic/prebiotic-supplemented infant formula based on protein hydrolysates; (4) Probiotic strain(s) or prebiotic product. 
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Extensively hydrolysed formula supplemented with probiotics 

Scalabrin

Prebiotcs 
Alliet 2007
, Arslanoglu 2007
, Arslanoglu 2008
, Bakker-Zierikzee 20059, Bakker-Zierikzee 200610, Ben 2004
, Ben 2008
, Bettler & Fuler
, Brunser APJCN 200611, Brunser Pediatr Res 2006
, Costalos 2008
, Decsi 2005
, Fanaro 2005
, Haarman 2005
, Knol JPGN 2005
, Magne 2009
, Moro 2002
, Moro 2003
, Moro 2006
, Nakamura 2009
, Scholtens 2008
, van Hoffen 2009
, Ziegler 2007
. 

Extensively hydrolysed formula supplemented with prebiotics 

Moro 200645; Arslanoglu 200731; Arslanoglu 200832. 
Synbiotics 

Chouraqui 200813; Puccio 2007
; Vlieger 2009
. 

LIST OF TABLES
Table 1. Probiotic-supplemented infant or follow-on formula. Characteristics of included trials. 

Table 2. Probiotic-supplemented infant or follow-on formula. Characteristics of excluded trials.
Table 3. Methodological quality summary: review authors' judgments about each methodological quality item for each included study.
Table 4. Administration of probiotic-supplemented formula started in infants ≤4 months of age (or ≤6 months of age provided that they have not started complementary feeding) and continued for at least 2 weeks 
Table 5. Administration of probiotic-supplemented infant or follow-on formula at any other age and regardless of the duration of the intervention 

Table 6. Prebiotic-supplemented infant or follow-on formula. Characteristics of included trials. 

Table 7. Prebiotic-supplemented infant or follow-on formula. Characteristics of excluded trials. 
Table 8. Administration of prebiotic-supplemented formula started in infants ≤4 months of age (or ≤6 months of age provided that they have not started complementary feeding) and continued for at least 2 weeks 

Table 9. Administration of prebiotic-supplemented infant or follow-on formula at any other age and regardless of the duration of the intervention

Table 10. Administration of prebiotic in protein hydrolysates (In all trials: population – healthy term infant at high risk of atopy; intervention – extensively hydrolysed formula supplemented with GOS/FOS; duration of intervention – 6 mo).   

Table 11. Synbiotic-supplemented infant or follow-on formula. Characteristics of included trials. 

Table 1. Probiotic-supplemented infant or follow-on formula. Characteristics of included trials. 

	Reference (country)
	Participants (age at enrolment) 
	Intervention
	Comparison 
	Duration of intervention (follow-up)

	Bakker-Zierikzee 2005 (9) &  2006 (10)

 (The Netherlands) [The same study population – different outcomes]
	Healthy infants (within 3 d after delivery)
	· Bb12 6x109 CFU/100 ml (n=19) 

· GOS/FOS (6 g/l; 90%/10%) (n=19) 
	· IF (n=19)

· BF (n=63)
	4 mo (4 mo) 

	Brunser 2006 (Chile) (11)
	Healthy term infants, enrolled at 3.5 mo 
	L johnsonii La1 108 CFU/g (n=25)

FOS (n=32)
	FF (n=33)

BF (n=26)
	13 wk (15 wk) 

	Chouraqui 2004 (France) (12) 
	Infants <8 mo admitted to residential child care centre and expected to remain for at least 4 mo 
	Bb12 106 CFU/g + Str thermophilus + L helveticus (n=46)
	IF or FF (n=44)
	137 d in the experimental group vs. 148 d in the control group 

	Chouraqui 2008 (France) (13)
	Healthy full-term infants (≤14 d) 
	BL999 (1.29x108 CFU/100 ml) + LPR (6.45x108 CFU/100 ml) (n=60/37*) 

*at 4 & 12 mo, respectively
	IF (n=30/53)
	14-16 wk (4-12 mo) 

	Corrêa 2005 (Brazil) (14)  
	Inpatient children receiving antibiotics (6-36 mo) 
	B lactis 107 CFU/g + Str thermophilus 106 CFU/g (n=80)
	IF (n=77) 
	15 d (30 d) 

	Haschke-Becher 2008 (Chile) (15)
	Healthy term infants (16 wk of age) 
	L johnsonii La1 108 CFU/g (n=17) 
	FF (n=18)

BF (n=23)
	4 wk (4 wk)

	Langhendries 1995 (Belgium) (16)  
	Healthy term infants (at birth) 
	Str thermophilus + L helveticus + B bifidum (106 CFU/g) (n=20) 
	IF (n=20) 

BF (n=14)
	2 mo (2 mo) 

	Mah 2007  (Singapore) (17)  [The same study as Soh 2009  (23) – different outcomes]
	Infants with a family history of allergy, >35 wk of gestation 
	B longum BB536 1x107 CFU/g + LGG 2x107 CFU/g (min. 60 ml of formula= 109 CFU/d) (n=20) 
	IF (n=17)
	6 mo (12 mo)

	Maldonado 2009 (Spain) (18)  
	Children 6 mo 
	L salivarius CECT5713 2x106 CFU/g (n=40)
	IF (n=40)
	6 m (6 mo) 

	Nopchinda 2002 (Thailand) (19)  

[The same study population as Phuapradit  (20)] 
	Children 6-36 mo 
	· Bb12 (3x107 CFU/g) (n=51)

· Bb12 + Str thermophilus (3x107 CFU/g (n=54) 
	IF (n=43) 
	6 mo (6 mo) 

	Phuapradit 1999 (20) (Thailand) 

The same study population as Nopchinda (19) 
	Children 6-36 mo 
	· Bb12 (108 CFU/g) (n=62) 
· Bb12 + Str thermophilus (dose not reported) (n=56)
	FF (n=57) 
	8 mo (8 mo) 

	Saavedra 1994 (USA) (21)  
	Chronically sick hospitalised children 5-24 mo 
	B bifidum 1.9x108 CFU/g + Str thermophilus 0.14 x 108 CFU/g (n=29) 
	IF (n=26)
	Mean duration of formula consumption: 81 d

	Saavedra 2004 (USA) (22) 
	Children attending day care centres 3-24 mo 
	· B lactis Bb12 + Str thermophilus 1x107 CFU/g (n=39)

· B lactis Bb12 + Str thermophilus 1x106 CFU/g (n=39)
	Standard formula (n=40) 
	Mean duration of formula consumption: 210±127 d 

	Soh 2009  (Singapore) (23) [The same study as Mah (17)  – different outcomes]
	Infants with a family history of allergy (at birth) 
	B longum 999 1x107 CFU/g + L rhamnosus LPR 2x107 CFU/g (n=124)
	IF (n=121)
	6 mo (12 mo) 

	Urban 2008 (South Africa) (24)
	Infants born to HIV-infected mothers 
	· Acidified milk (28/43)

· Acidified milk + B lactis [B lactis Bb12 – personal communication] (29/45) 
	IF (n=28/43) 
	119 d (182 d) 

	Velaphi 2008 (South Africa) (25)
	Infants born to HIV-infected mothers 
	· Biologically acidified (n=29/48)

· Chemically acidified (n=34/51)

· Chemically acidified + B lactis CNCM I-3446 (n=31/53) 
	IF (n=38/50) 
	6 mo (182 d) 

	Vendt 2006 (Estonia/Finland) (26)  
	Healthy infants up to 2 mo 
	LGG 107 CFU/g (n=51/60) 
	IF (n=54/60)
	6 mo (6 mo) 

	Weizman 2005 (Israel) (27)  
	Healthy term infants 4-10 mo 
	· B lactis Bb12 1x107 CFU/g (n=71/73) 

· L reuteri ATCC 55730 1x107 CFU/g (n=65/68)
	Standard formula (n=58/60) 
	12 wk for each participant (12 wk) 

	Weizman 2006 (Israel) (28)  
	Healthy term infants <4 mo 
	· B lactis Bb12 1x107 CFU/g (n=20) 

· L reuteri ATCC 55730 1x107 CFU/g (n=20)
	Standard formula (n=19) 
	4 wk (4 wk)

	Scalabrin 2009 (USA) (29)
	Healthy term infants <14 d 
	· EH casein formula with LGG 108 CFU/g of formula powder (n=63/94)
· Partially hydrolysed whey/casein (60/40) formula with LGG (n=77/98) 
	EH casein formula (n=70/94)


	120 d (120 d; a subset of infants up to 150 d of age) 


AOS, acidic oligosaccharides; Bb12, B lactis Bb12; BL999, B longum BL999; BF, breastfeeding, CFU, colony forming units; EH, extensively hydrolysed; FF, follow on formula, FOS, long-chain fructooligosaccharides; GOS, short-chain galactooligosaccharides; IF, infant formula, LGG, L rhamnosus GG; LOS, lactulose; LPR, L rhamnosus LPR; PDX, polydextrose

Table 2. Probiotic-supplemented infant or follow-on formula. Characteristics of excluded trials. 

	Reference 
	Reason for exclusion 

	Brouwer 2006 (
)
	Population: infants with atopic dermatitis

Intervention:  extensively hydrolysed whey formula with LGG

	Brunser 1989 (
)
	Design: non-RCT

Intervention: fermented infant formulae without live bacteria

	Campeotto 2004 (
)
	Design: non-RCT

Intervention: fermented formula without live bacteria 

	Gibson 2009 (
)
	Intervention: formula with probiotics plus LCPUFA

	Hol 2008 (
)
	Population: infants with cow’s milk allergy

Intervention: extensively hydrolysed formula with a combination

of 2 probiotics (Lactobacillus casei CRL431 and Bifidobacterium

lactis Bb-12)

	Kirjavainen 2003 (
)
	Population: infants with atopic dermatitis

	Mullie 2004 (
)
	Intervention: fermented infant formula without live bacteria 

	Rautava 2006  & 2009(
; 
)
	Probiotics were not introduced during the manufacturing process, but thereafter, in capsules, the contents of which were supplemented to infant formula.

	Steenhout 2009 (
)
	Design: systematic review; included trials that were not randomized or had no probiotic supplementation 

	Thibault 2004 (
)  
	Intervention: fermented infant formula without live bacteria  

	Vlieger 2009 (
)
	Intervention: synbiotic formula vs prebiotic formula [included in synbiotic section]

	West 2008 (
)
	Intervention: probiotic supplemented cereal


Table 3. Methodological quality summary: review authors' judgments about each methodological quality item for each included study.
	Reference 
	Adequate sequence generation? 
	Allocation concealment? 
	Blinding?
	Incomplete outcome data addressed?
	Free of selective reporting?
	Free of other bias?

	PROBIOTICS
	
	
	
	
	
	

	Bakker-Zierikzee 2005; 2006 (9,10)
	Unclear
	Unclear
	Yes
	No
	Unclear
	Unclear

	Brunser 2006 (11)
	Yes
	Yes
	Yes
	Yes
	Unclear
	Unclear

	Chouraqui 2004 (12)
	Unclear
	Unclear
	Yes
	Unclear
	Unclear
	Unclear

	Chouraqui 2008 (13)
	Unclear
	Unclear
	Yes
	Yes
	Unclear
	Unclear

	Correa 2005 (14)
	Unclear
	Unclear
	Yes
	Yes
	Unclear
	Unclear

	Haschke-Becher 2008 (15)
	Unclear
	Unclear
	Yes
	Unclear
	Unclear
	Unclear

	Langhendries 1995 (16)
	Unclear
	Unclear
	Yes
	Unclear
	Unclear
	Unclear

	Mah 2007 (17)
	Unclear
	Unclear
	Yes
	Unclear
	Unclear
	Unclear

	Maldonado 2009 (18)
	Unclear 
	Unclear 
	Yes
	Yes
	Unclear 
	Unclear 

	Nopchinda 2002 (19)
	Unclear
	Unclear
	Yes
	No
	Unclear
	Unclear

	Phuapradit 1999 (20)
	Unclear
	Unclear
	Unclear
	Unclear
	Unclear
	Unclear

	Saavedra 1991 (21)
	Yes
	Yes
	Yes
	Yes
	Unclear
	Unclear

	Saavedra 2004 (22)
	Yes
	Unclear
	Yes
	Yes
	Unclear
	Unclear

	Scalabrin 2009 (29)
	Yes
	Yes
	Yes
	No 
	Unclear 
	Unclear

	Soh 2009 (23)
	Yes
	Unclear
	Yes
	Yes
	Unclear
	Unclear

	Urban 2008 (24)
	Yes
	Yes
	Yes
	No
	Unclear
	Unclear

	Velaphi 2008 (25)
	Unclear
	Unclear
	Yes
	No
	Unclear
	Unclear

	Vendt 2006 (26)
	Yes
	Unclear
	Yes
	Yes
	Unclear
	Unclear

	Weizman 2005 (27) 
	Yes
	Unclear
	Yes
	Yes
	Unclear
	Unclear

	Weizman 2006 (28)
	Yes
	Unclear
	Yes
	Yes
	Unclear
	Unclear

	PREBIOTICS
	
	
	
	
	
	

	Alliet 2007 (30)
	Yes
	Yes
	Yes 
	Yes 
	Unclear
	Unclear

	Arslanoglu 2007 (31)
	Yes
	Yes 
	Yes
	No 
	Unclear
	Unclear

	Arslanoglu 2008 (32)
	Yes
	Yes 
	Yes
	No
	Unclear
	Unclear

	Bakker-Zierikzee 2005; 2006 (9,10) 
	Unclear
	Unclear
	Yes
	No
	Unclear
	Unclear

	Ben 2004; 2008 (33,34)
	Unclear 
	Unclear  
	Unclear  
	Unclear 
	Unclear
	Unclear

	Bettler & Euler (35)
	Yes
	Yes
	Yes
	Yes
	Unclear 
	Unclear 

	Brunser APJCN (36)  
	Yes
	Yes
	Yes
	No 
	Unclear 
	Unclear 

	Costalos 2008 (37)
	Yes
	Yes
	Yes
	Yes
	Unclear 
	Unclear 

	Decsi  (38)
	Yes
	Yes
	Yes
	No 
	Unclear 
	Unclear 

	Fanaro 2005 (39)
	Unclear
	Unclear
	Yes
	Yes
	Unclear
	Unclear

	Haarman 2005 (40)
	Unclear 
	Unclear 
	Yes
	Unclear
	Unclear 
	Unclear

	Knol 2005 (41)
	Unclear
	Unclear
	Yes
	Yes
	Unclear
	Unclear

	Magne 2009 (42)
	Yes
	Yes
	Yes
	Yes
	Unclear
	Unclear

	Moro 2002  (43)
	Unclear 
	Unclear 
	Unclear
	Unclear
	Unclear
	Unclear

	Moro 2003 (44)
	Unclear
	Unclear
	Yes
	Unclear
	Unclear
	Unclear

	Moro 2006 (45)
	Yes
	Yes
	Yes
	Yes
	Unclear
	Unclear

	Nakamura 2009 (46)
	Unclear
	Unclear
	Yes
	Yes
	Unclear
	Unclear

	Scholtens 2008 (47)
	Yes
	Yes
	Yes
	Yes
	Unclear
	Unclear

	Van Hoffen 2009 (48)
	Yes
	Yes
	Yes
	Unclear
	Unclear
	Unclear

	Ziegler 2007 (49)
	Unclear
	Unclear
	Yes
	No
	Unclear
	Unclear

	SYNBIOTICS 
	
	
	
	
	
	

	Chouraqui 2008 (13)
	Unclear
	Unclear
	Yes
	Yes
	Unclear
	Unclear

	Puccio 2007 (50)
	Unclear
	Yes
	Yes
	Yes
	Unclear
	Unclear

	Vlieger 2009 (51)
	Yes
	Yes
	Yes
	Yes
	Unclear
	Unclear


In all cases, an answer of ‘yes’ indicates a low risk of bias, and an answer of ‘no’ indicates a high risk of bias
Table 4. Administration of probiotic-supplemented formula started in infants ≤4 months of age (or ≤6 months of age provided that they have not started complementary feeding) and continued for at least 2 weeks 

	OUTCOME 
	Reference
	Probiotic(s)
	Age at enrolment 
	Duration of intervention (follow-up)
	Effect (probiotic vs no probiotic)

	Growth parameters 
	Urban 2008 (24)
	Bb12 (in acidified milk) 
	At birth 
	4 mo (182 d)
	More rapid head growth (p=0.04);. Weight gain (p=0.06); weight for age, length for age and HC – NS. 

	
	Velaphi 2008 (25)
	Bb12 (in chemically acidified formula)
	At birth 
	6 mo (182 d)
	An improvement in z scores for all formulae. Weight for age (p=0.22), length for age (p=0.56), HC for age (p=0.66), or weight for length (p=0.13) – NS. 

	
	Weizman 2006 (28)
	Bb12 
	3 to 65 d (mean 18 d)
	4 wk (4 wk) 
	Final weight, length, and HC percentiles – NS. Small number of participants. Short follow-up.

	
	Langhendries 1995 (16)
	Bb12 + Str thermophilus + L helveticus 
	At birth 
	2 mo (2 mo) 
	Ns. No data on growth presented. Normal growth during the first 2 mo of life. Small number of participants. 

	
	Chouraqui 2008 (13) 
	BL999+LPR
	≤14 d 
	14-16 wk (4-12 mo)
	Differences in mean weight gain between the groups within the predefined equivalence boundaries of ±3.9 g/d.  

	
	Vendt 2006 (26) 
	LGG 
	≤2 mo of age (mean 40 d) 
	6 mo (6 mo) 
	Length and weight SDS (∆SDS) at the end of the study in LGG group vs control  (0.44 ± 0.37 versus 0.07 ± 0.06, p < 0.01 and 0.44 ± 0.19 versus 0.07 ± 0.06, p < 0.005).

	
	Weizman 2006 (28)
	L reuteri 
	3 to 65 d (mean 18 d)
	4 wk (4 wk) 
	Final weight, length, and HC percentiles – NS. Small number of participants. Short follow-up.

	Gastrointestinal infections 
	Velaphi 2008 (25)
	B lactis CNCM I-3446 (Bb12) (in chemically acidified formula)
	At birth 
	6 mo (182 d)
	NS. 

	
	Chouraqui 2008 (13)
	BL999 & LPR
	≤14 d 
	14-16 wk (4-12 mo)
	Diarrhoea during treatment: 4/64 vs. 3/59; RR 1.2 (0.3 to 4.8; NS). Diarrhoea during post-intervention: 5/37 vs. 13/30; RR 0.3 (0.12 to 0.7), NNT 4 (3 to 12).

	Respiratory symptoms 
	Velaphi 2008 (25) 
	B lactis CNCM I-3446 (Bb12) 
	At birth 
	6 mo (182 d)
	NS.



	Antibiotic use 
	Chouraqui 2008 (13)
	BL999 & LPR 
	≤14 d 
	14-16 wk (4-12 mo)
	RR 0.8 (95% CI 0.05 to 12). Wide confidence interval. 

	Colic, crying, irritability
	Weizman 2006 (28)
	Bb12 
	3 to 65 d (mean 18 d)
	4 wk (4 wk) 
	NS 

	
	Chouraqui 2008 (13)
	BL999 & LPR 
	≤14 d 
	14-16 wk (4-12 mo)
	NS

	
	Weizman 2006 (28)
	L reuteri 
	3 to 65 d (mean 18 d)
	4 wk (4 wk) 
	NS

	
	Vendt 2006 (26)
	LGG 
	<2 mo 
	6 mo (6 mo) 
	NS 

	Allergy 
	Soh 2009 (23) 
	BL999 & LPR 
	At birth 
	6 mo (12 mo)
	NS (Eczema, allergy sensitisation)  

	Stool frequency 
	Velaphi 2008 (25)
	B lactis CNCM I-3446 (Bb12) 
	At birth 
	6 mo (182 d)
	NS 

	
	Bakker-Zierikzee 2005 (9)
	Bb12 
	<3 d 
	4 mo (4 mo)
	NS 

	
	Chouraqui 2008 (13)
	BL999 + LPR
	≤14 d 
	14-16 wk (4-12 mo)
	NS

	
	Vendt 2006 (26)
	LGG 
	≤2 mo of age (mean 40 d) 
	6 mo (6 mo) 
	9.1 ± 2.6 vs.8.0 ± 2.8 

(p<0.05).

	Stool consistency 
	Bakker-Zierikzee 2005/6 (9,10)
	Bb12 
	<3 d 
	4 mo (4 mo)
	NS

	
	Weizman 2006 (28) 
	Bb12 
	3 to 65 d (mean 18 d)
	4 wk (4 wk) 
	NS

	
	Weizman 2006 (28)
	L reuteri 
	3 to 65 d (mean 18 d)
	4 wk (4 wk) 
	NS 

	
	Chouraqui 2008 (13)
	BL999 & LPR 
	≤14 d 
	14-16 wk (4-12 mo) 
	NS

	NON-CLINICAL OUTCOMES 



	Fecal bifidobacteria 
	Bakker-Zierikzee 2005 (9)
	Bb12 
	<3 d o
	4 mo (4 mo)
	NS 

	
	Langhendries 1995 (16) 
	B bifidum & Str thermophilus & L helveticus 
	At birth 
	2 mo (2 mo) 
	Colonisation with bifidobacteria at 1 mo, similar on probiotic group (12/20) vs breast-fed (8/14), but significantly higher (p<0.05) than in the group fed standard infant formula (4/20). Mean bacterial count of bifidobacteria – NS 

	
	Mah 2007 (17) 
	B longum BB536 & LGG 
	At birth 
	6 mo (12 mo) 
	More frequent detection of B longum during supplementation (p=0.005), but no difference after supplementation has ceased (p>0.05)

	
	Vendt 2006 (26)
	LGG 
	≤2 mo of age (mean 40 d) 
	6 mo (6 mo) 
	

	Fecal lactobacilli
	Mah 2007 (17) 
	B longum BB536 & LGG 
	At birth 
	6 mo (12 mo) 
	More frequent detection of L rhamnosus during supplementation (p<0.001), but no difference after supplementation has ceased (p>0.05)

	
	Vendt 2006 (26)
	LGG 
	≤2 mo of age (mean 40 d) 
	6 mo (6 mo) 
	More frequent colonisation with lactobacilli in the LGG group (76% vs 91%, p<0.05) 

	Stool pH
	Bakker-Zierikzee 2005 (9)
	Bb12 
	<3 d 
	4 mo (4 mo)
	Lower at the age of 10 days, but at week 4, 8, 12, and 16 – NS. 

	
	Langhendries 1995 (16) 
	B bifidum & Str thermophilus & L helveticus 
	At birth 
	2 mo (2 mo) 
	NS 



	Faecal sIgA 
	Bakker-Zierikzee 2006 (10)
	Bb12 
	<3 d 
	4 mo (4 mo)
	NS 

	SCFA 
	Bakker-Zierikzee 2005 (9)
	Bb12 
	<3 d 
	4 mo (4 mo)
	NS

	Lactate 
	Bakker-Zierikzee 2005 (9)
	Bb12 
	<3 d 
	4 mo (4 mo)
	NS 


Table 5. Administration of probiotic-supplemented infant or follow-on formula at any other age and regardless of the duration of the intervention 

	Outcome
	Reference 
	Probiotic(s)
	Effect

	Growth parameters 
	Chouraqui 2004 (12)
	Bb12 & Str thermophilus & L helveticus 
	NS. Adequate growth was recorded in all infants. Data not shown. 

	
	Nopchinda 2002 (19) 
	Bb12 

Bb12 & Str thermophilus 
	No significant differences in the rate of weight gain among the groups. The two groups that received probiotics had a significantly better length growth velocity toward the end of the intervention than did the control group. The difference was equal to about 0.5 SD. Poor quality of evidence. Large age range, from 6 to 36 months. Growth velocity and regulation of growth are different in young infants and toddlers.

	
	Saavedra 1994 (21)
	B bifidum & Str thermophilus 
	No data were presented on growth during the treatment period and the groups were not compared. All children maintained or improved their nutritional status during the study. 

	
	Saavedra 2004 (22)
	Bb12 & Str thermophilus 
	NS. No child’s growth points were below the 5th percentile of the National Center for Health Statistics reference at any time during the study.  

	
	Weizman 2005 (27)
	B lactis Bb12


	NS. Throughout the study, growth parameters (i.e., weight, length, and HC) were satisfactory, with no significant differences between groups. No data shown. 

	
	Brunser 2006 (11)
	L johnsonii La1 
	NS. No differences for weight, height, weight for height, weight for age, and height for age z-scores on the day of enrolment (data shown) as well as during the study (data not shown).

	
	Haschke-Becher (15) 
	L johnsonii La1
	NS. Length and weight did not significantly differ among groups at any visit (baseline and end of study), nor did length and weight gains (data not shown).

	
	Weizman 2005 (27)
	L reuteri
	NS. Growth parameters (i.e., weight, length, and HC) were satisfactory, with no significant differences between groups. No data shown. 

	
	Maldonado 2009
	L salivarius CECT5713 
	NS. 

	Gastrointestinal infections 
	Phuapradit 1999 (20)
	Bb12 
	Bb12 vs contr: 

Incidence of diarrhoea: 40/62 vs. 14/57; RR 2.6 (1.6 to 4.4); NNT 3 (2 to 5)

	
	Weizman 2005 (27)
	Bb12 
	Bb12  vs contr: 

· Episodes of diarrhoea: 0.13 [0.05– 0.21] vs 0.31 [0.22– 0.40], p<0.001
· Days with diarrhoea: 0.37 [0.08– 0.66]  vs 0.59 [0.34–0.84], p<0.001

	
	Correa 2005 (14)
	B lactis & Str thermophilus 
	Development of antibiotic-associated diarrhoea:

Exp vs. contr: 13/80 vs. 24/77 (p=0.044)

	
	Phuapradit 1999 (20)
	Bb12 & Str thermophilus 
	Incidence of diarrhoea:

Bb12 vs contr: 40/62 vs. 14/57; RR 2.6 (1.6 to 4.4); NNH 3 (2 to 5);

Bb12 + Str thermophilus vs contr: 29/56 vs. 14/57; RR 2.1 (1.3 to 3.6); NNH 4 (3 to 11). 

	
	Saavedra 1994 (21)
	B bifidum & Str thermophilus 
	Episodes of diarrhoeal disease:

Exp vs. contr: 2/29 vs. 8/26; RR 0.2 (0.06 to 0.8); NNT 5 (3 to 29). p=0.035 

	
	Saavedra 2004 (22)
	B lactis Bb12 & Str thermophilus 
	Number of episodes of loose or watery stools – NS; Number of episodes of emesis or fever with loose or watery stools – NS. 

	
	Chouraqui 2004 (12) 
	Bb12 & Str thermophilus & L helveticus 
	Bb12 vs. contr:

· Number of infants with diarrhoea: 13/46 (28.3%) vs. 17/44 (38.7%) (NS)

· Number of episodes/infant: 0.4 ± 0.9 vs. 0.5 ± 0.8 (NS) 
· Mean number of stools per day: 4 ± 1.6 vs. 3.9 ± 1.3 (NS) 

· Mean cumulative duration of diarrhoea: 5.1 ± 3.3 days vs. 7 ± 5.5 days (NS)

· Mean number of days with diarrhoea: 1.15 ± 2.5 vs. 2.3 ± 4.5 d (p=0.0002). 

· Daily probability of diarrhoea: 0.84 vs. 1.55 (p=0.0014) 

· Number of days with diarrhoea per child-year: 3.06 vs. 5.67 (p=0.0002)

	
	Brunser 2006 (11) 
	L johnsonii La1
	Number of diarrhoeal episodes – NS (p>0.05, data not shown).

	
	Weizman 2005 (27) 
	L reuteri ATCC 55730 
	L reuteri vs contr: 

· Episodes of diarrhoea: 0.02 [0.01– 0.05] vs 0.31 [0.22– 0.40], p<0.001

· Days with diarrhoea: 0.15 [0.12– 0.18]  vs 0.59 [0.34–0.84], p<0.001

	
	Maldonado 2009 (18)
	L salivarius CECT5713 
	L salivarius vs contr: 

Diarrhoea: 7/40 vs 26/40 (p<0.05) 

	Respiratory symptoms 
	Brunser 2006 (11) 
	L  johnsonii La1 
	Number of upper and lower respiratory infections – NS (p>0.05, data not shown).

	
	Weizman 2005 (27)  
	B lactis Bb12 

L reuteri 
	NS (Rate and duration of respiratory illnesses) 



	
	Maldonado 2009
	L salivarius CECT5713 
	L salivarius vs contr: 36 episodes of respiratory infections vs 53, p<0.05. 

	Antibiotic use 
	Saavedra 2004 (22) 
	B lactis Bb12 & Str thermophilus 
	Lower in both supplemented groups than in the placebo group (p<0.001)

	
	Weizman 2005 (27)
	B lactis Bb12 

L reuteri 
	The L reuteri group, compared with the Bb12 or control groups, had a significant decrease in the number of antibiotic prescriptions (p=0.037)

	Colic, crying, irritability
	Maldonado 2009 
	L salivarius CECT5713
	NS (spitting up, night awakenings, irritability, severe crying, constipation) 

	
	Saavedra 2004 (22)
	B lactis Bb12 & Str thermophilus 
	The 2 supplemented formulae (HS, LS) were well accepted and were associated with a lower frequency of reported colic or irritability than the placebo group (p < 0.001). 

HS group: 4.71 [4.25-5.19]

LS group: 4.42 [3.99-4.85]

Placebo group 5.7 [5.16-6.21]

	
	Weizman 2006 (28)
	B lactis Bb12 
	NS

	
	Weizman 2006 (28)
	L reuteri 
	NS 

	NON-CLINICAL OUTCOMES

	Faecal lactobacilli 
	Brunser 2006 (11)
	L johnsonii La1
	Probiotic formula increased faecal Lactobacillus counts (p<0.001); 88% of the infants in this group excreted live La1 in their stools at week 7 but only 17% at week 15. Regular intake of a formula containing La1 leads to faecal lactobacilli counts similar to those in BF infants.

	
	Maldonado 2009 (18)
	L salivarius CECT5713
	Probiotic formula increased faecal lactobacilli content (p<0.05)

	Faecal enteropathogens 
	Brunser 2006 (11)
	L johnsonii La1
	Absence of Salmonella, Shigella or enteroinvasive E coli (EIEC) in all study groups. 

Enteropathogenic E coli (EPEC) and C jejuni were isolated, but there was no significant difference among groups in their frequencies.

	SCFA 
	Maldonado 2009 (18)
	L salivarius CECT5713
	Acetate, propionate – NS. Butyrate – significantly higher in the probiotic group. 

	Urinary D-lactate/L-lactate excretion 
	Haschke-Becher 2008 (15) 
	L johnsonii La1
	After 4 weeks, urinary D –lactate excretion did not differ between the two formula groups, but was higher in both formula groups than in breast-fed infants

Urinary L-lactate excretion- NS

	Urinary creatinine concentration 
	Haschke-Becher 2008 (15)  
	L johnsonii La1
	NS




Table 6. Prebiotic-supplemented infant or follow-on formula Characteristics of included trials. 

	Reference (country)
	Participants (age at enrolment) 
	Intervention 


	Comparison 
	Duration of intervention (follow-up)

	Alliet 2007(Belgium/The Netherlands) (30) 
	Healthy term infants 
	· GOS/FOS (0.6 g/100 ml; ratio: 9/1 or 2) (n=86)
	· IF (n=90)

· BF (n=39)
	6 mo 

	Bakker-Zierikzee 2005 & 2006 (The Netherlands) (9, 10) [The same study– different outcomes] 
	Healthy infants (<3 d) 
	· GOS/FOS (6 g/L; 90%/10%) (n=19) 

· Bb12 6x109 CFU/100 ml (n=19) 
	· IF (n=19)
	4 mo (4 mo) 

	Bakker-Zierikzee 2005  (The Netherlands)
	Healthy term infants 
	· GOS 0.6 g/100 ml (n=17)
	· IF (n=17)

· BF (n=not known)
	4 mo 

	Ben 2004 (China) (33) 

[The same study as Ben 2008 (34)  – different outcomes] 
	Term infants enrolled within the first week after birth 
	· GOS (0.24 g/100 ml) (n=69)
	· IF (n=52)

· BF (n=26)
	6 mo (6 mo) 

	Ben 2008 (China) (34) 

[The same study as Ben 2004 – different outcomes] (33)
	Term infants; formula feeding within 4 wk after birth 
	· GOS (0.24 g/100 ml) (n=37)

· GOS & BF (n=58)
	· IF (n=45)

· BF (n=24)
	3 mo (3 mo) 

	Bettler & Euler 2006 (35)
	Healthy term infants
	· FOS 0.3 g/100 ml (n=101)

· FOS 0.15 g/100 ml (n=98)
	· IF (n=98)
	12 wk

	Brunser APJCN 2006 (Chile) (11) 
	Healthy term infants, enrolled at 3.5 mo
	· FOS 0.2 g/100 ml (n=32)

· L johnsonii La1 108 CFU/g (n=25) 
	· FF (n=33)

· BF (n=26)
	13 wk (15 wk) 

	Brunser Pediatr Res 2006 (Chile) (36)
	Infants 1-2 y after 1 wk treatment with amoxicillin for acute bronchitis 
	· Oligofructose + inulin (4.5 g/L) (n=64) 
	· FF (n=66)
	3 wk 

	Costalos 2008 (Greece) (37)
	Healthy term infants, enrolled ≤14 d  
	· GOS/lcFOS 0.4 g/100 ml (n=80)
	· IF (n=80)
	15 d

	Decsi 2005 (Hungary) (38) 
	Healthy term infants 
	· GOS/FOS 0.4 g/100 ml (90/10%) (n=14) (partial BF allowed)
	· IF (n=13)

· BF (n=42) 
	12 wk

	Fanaro 2005 (Italy) (39) 
	Healthy term infants 
	· GOS/FOS 0.6 g + AOS 0.2 g/100 ml (n=15)

· AOS 0.2 g/100 ml (n=16)
	· IF (n=15)
	6 wk 

	Haarman 2005 (Germany/The Netherlands) (40) 

[The same study as Knol 2005 – different outcomes] (41)
	Fully formula-fed term infants, aged 28 to 90 d
	· GOS/FOS 0.8 g/100 ml (90/10%)
	· IF 

· BF 
	6 wk 

	Knol 2005 (Germany/The Netherlands) (41) 

[The same study as Haarman 2005 (40) – different outcomes]
	Fully formula-fed infants aged 7 to 8 wk
	· GOS/FOS 0.8 g/100 ml (90/10%) (n=15/24)
	· IF (n=19/23) 

· BF (n=19/21)
	6 wk 

	Magne 2008 (France) (42) 
	Healthy full term partially breast-fed children 1 wk to 3 mo old 
	· BF + scGOS/lcFOS (n=27)

· BF + scGOS/lcFOS + AOS (n=27)
	· BF+ IF (whey) (n=28)


	2 mo

	Moro 2002 (Italy) (43) 

Moro 2003 (Italy) (44) 

2 publications 
	Term infants when the mother was unable or decided not to breastfeed 
	· GOS/FOS 0.4 g/100 ml (n=30)

· GOS/FOS 0.8 g/100 ml (n=27)
	· IF (maltodextrin as placebo) (n=33)
	4 wk

	Nakamura 2009 (USA) (46) 
	Healthy term infants 13 to 92 d
	· PDX + GOS (4 g/L) (n=27) 

· PDX + GOS + LOS 4 g/L (n=27)

· PDX + GOS + LOS 8 g/L (n=25)
	· IF (n=25)

· BF (n=30)
	28 d

	Scholtens 2008 (The Netherlands/Belgium) (47) 

[Part of a study by Alliet (30)]
	Healthy term infants 
	· GOS/FOS 6 g/L (90/10%) (n=22/89, exclusively formula fed at 26 wk)
	· IF (n=24/90, exclusively formula fed at 26 wk)  

· BF (n=31/39) 
	6 mo (26 wk) 

	Ziegler 2007 (49) 
	Healthy term infants <14 d  
	· PDX + GOS 0.4 g/100 ml (n=74) 

· PDX + GOS +LOS 0.8 g/100 ml (n=76)
	· IF (n=76)
	120 d 

	Arslanoglu 2007 (Italy) (31) 
	Term infants with a parental history of atopy 
	EHF whey + scGOS/lcFOS 8 g/L (n=102/129)
	EHF (maltodextrin as placebo) (n=104/130) 
	6 mo (6 mo)

	Arslanoglu 2008 (Italy) (32)
	Term infants with a parental history of atopy 
	EHF whey + scGOS/lcFOS 8 g/L (n=66/129)
	EHF (maltodextrin as placebo) (n=68/130) 
	6 mo (24 mo)

	Moro 2006 (Italy) (45)
	Term infants at high risk for atopy 
	EHF whey + GOS/FOS 0.8 g/100 ml (n=102/129)
	EHF (maltodextrin as placebo) (n=104/130)
	6 mo (6 mo)

	Van Hoffen (The Netherlands/Germany) (48)

[Part of a study by Moro Arch Dis Child 2006] (45)
	Term infants at high risk for atopy
	EHF whey + GOS/FOS 0.8 g/100 ml (n=41)
	EHF (n=43)
	6 mo (6 mo)


AOS, acidic oligosaccharides; BF, breastfeeding, EHF, extensively hydrolysed formula; FF, follow-on formula, FOS, long-chain fructooligosaccharides; GOS, short-chain galactooligosaccharides; IF, infant formula

Table 7. Prebiotic-supplemented infant or follow-on formula. Characteristics of excluded trials. 

	Study


	Reason(s) for exclusion

	Boehm 2002 (
) 
	Population: preterm infants

	Bongers 2007 (
) 
	Population: Children with constipation

	Cai 2008 (
)
	Study design: non-RCT

	Duggan 2003 (
) 
	Intervention: prebiotic supplemented cereal

	Euler 2005 (
)
	Study design: cross-over RCT 

	Fanaro 2009 (
)
	Population: 17% of included subjects were preterm infants

	Kapiki 2007 (
)
	Population: preterm infants

	Kim 2007 (
)
	Design: cross-over 

Intervention: inulin was not introduced during the manufacturing process, but thereafter. 

	Mihatsch 2006 (
)
	Population: preterm infants

	Moore 2003 (
)
	Intervention: prebiotic supplemented cereal

	Peters 2009 (
)
	Population: adults

	Savino 2005 (
)
	Population: infants with digestive problems

Intervention: infant formula containing partially hydrolysed whey proteins, prebiotic oligosaccharides, with a high (-palmitic acid content. 

	Savino 2006 (
)


	Population: infants with infantile colic

Intervention: infant formula containing partially hydrolysed whey proteins, prebiotic oligosaccharides, with a high (-palmitic acid content. 

	Schmelzle 2003 (
)
	Intervention: infant formula contained partially hydrolysed why protein, modified vegetable oil with high (-palmitic acid content, and starch; the control group received standard formula without any of these supplements. 

	Vlieger 2009 (51)
	Intervention: GOS

Comparison: synbiotic-supplemented formula [GOS + B animalis ssp. lactis ​ (Bb-12) + L paracasei ssp. paracasei (L casei CRL-431)]

	Waligora-Dupriet 2007 (
)
	Intervention: unknown if that was milk formula

	Yap 2008 (
)
	Prebiotics (inulin) were not introduced during the manufacturing process, but thereafter, added into the bottle of infant formula during preparation 


Table 8. Administration of prebiotic-supplemented formula started in infants ≤4 months of age (or ≤6 months of age provided that they have not started complementary feeding) and continued for at least 2 weeks 

	OUTCOME 
	Reference
	Prebiotic(s)
	Mean age at enrolment 
	Duration of intervention (follow-up)
	Effect (prebiotic vs no preebiotic)

	Growth parameters 
	Rao 2009 (
)
	Various 
	≤28 d
	≥ 2 wk
	9 RCT – NS. 

Weight gain: 4 RCT, n=436, WMD 1.07 g/d (0.14 to 1.99)

	
	Moro 2002

Moro 2003 (43, 44)
	GOS/FOS 
	At birth 
	4 wk
	NS

	
	Moro 2002

Moro 2003 (43,44)
	GOS/FOS  
	At birth 
	4 wk
	NS

	
	Costalos 2008 (37)
	GOS/FOS 
	<14 d
	15 days
	NS 

	
	Decsi 2005 (38) 
	GOS/FOS 
	At birth 
	12 wk 
	NS 

	
	Alliet 2007 (30)
	GOS/FOS 
	At birth 
	6 mo 
	NS

	
	Magne 2008 (42)
	GOS/FOS 
	1 wk to 3 mo 
	2 mo 
	NS

	
	Magne 2008 (42)
	GOS/FOS/AOS 
	1 wk to 3 mo 
	2 mo 
	NS

	
	Fanaro 2005 (39) 
	AOS 
	At birth 
	6 wk 
	NS 

	
	Ben 2004 (33)
	GOS 
	At birth 
	6 mo (6 mo)
	NS 

	
	Ben 2008 (34) 
	GOS 
	At birth 
	3 mo (3 mo) 
	NS 


	
	Vlieger 2009 (51)
	GOS 
	At birth 
	3 mo (6 mo) 
	NS 

	
	Bettler & Euler 2006 (35)
	FOS 


	At birth 
	12 wk 
	NS

	
	Nakamura 2009 (46)
	PDX/GOS (with/out LOS)
	13 to 92 d 
	28 d
	Not designed to evaluate growth as a primary clinical outcome. Statistically significant differences in mean weight- and length-for-age z-scores at enrolment and study day 28. For all groups, the mean weight- and length-for-age z-scores either remained the same or increased between enrolment and day 28. 

	
	Ziegler (49) 
	
	At birth 
	120 d
	NS 

	Tolerance (colic, crying, irritability, regurgitation, vomiting)
	Rao 2009 (81) 
	Various 
	≤28 d
	≥ 2 wk
	7 RCT: incidence of symptoms of intolerance (e.g., irritability, crying, vomiting) – NS. In 1 RCT (Ziegler), diarrhoea (18% vs. 4%; p=0.008), irritability (16% vs. 4%, p=0.03), and eczema (18% vs. 7%; p=0.046) more frequent in the prebiotic-supplemented groups (PDX+GOS ±LOS) compared to the unsupplemented group. 

	Allergy 
	Decsi 2005 (38) 
	GOS/FOS 
	At birth 
	12 wk 
	NS (symptoms diagnosed by ‘conventional questions’)

	
	Ziegler 2007 (49)
	PDX/GOS (with/out LOS)
	<14 d
	120 d
	NS. 16/150 vs. 5/76, RR 1.6 (95% CI 0.6 to 4.3) 

	Stool pH
	Rao. 2009 (81)
	Various 
	≤28 d
	≥ 2 wk
	7 of 8 RCT – reduced stool pH. Meta-analysis of 6 RCT: WMD -0.65 (-0.76 to -0.54) 

	
	Knol 2005 (41) 
	GOS/FOS 
	7-8 wk
	6 wk
	5.7 vs. 6.3 (p<0.001)

	Stool frequency 
	Rao 2009 (81)
	Various 
	≤28 d
	≥ 2 wk
	3 RCT: a higher frequency of stools (similar to the frequency in breast fed infants) 

	
	Knol 2005 (41)
	GOS/FOS  
	7-8 wk
	6 wk
	No data on the difference between the groups. 

	Stool consistency
	Rao 2009 (81)
	Various 
	≤28 d
	≥ 2 wk
	5 RCT: softer stools 

	
	Costalos 2008 (37)
	GOS/FOS 
	<14 d
	15 days
	Stool consistency score– median (range): 3 (2-3.5) vs. 3.1 (2.5-3.5); p=0.026 (score scale: 1-5). 

	
	Knol 2005 (41) 
	GOS/FOS 
	7-8 wk
	6 wk
	The median stool consistency for both groups was mushy/soft and this remained constant in both study groups. 

	Stool colonisation with bifidobacteria 
	Rao 2009 (81)
	Various 
	≤28 d
	≥ 2 wk
	6 RCT: significant increases in bifidobacteria counts; 3 RCT: a trend towards increases in bifidobacteria counts, and 1 RCT  – NS. 

	
	Haarman 2005 (40)
	GOS/FOS

( 9:1; 8g/1ml)
	7-8 wks
	6 wks
	Pre vs stand p=0.047

Pre vs BF p=0.041



	Stool colonisation with lactobacilli
	Rao 2009 (81)
	Various 
	≤28 d
	≥ 2 wk
	2 RCT: higher levels of lactobacilli; 1 RCT – NS. 

	Stool colonisation with pathogenic bacteria 
	Rao 2009 (81)
	Various
	≤28 d
	≥ 2 wk
	1 RCT: a trend toward a reduction in pathogenic bacteria; 2 RCT suggested a reduction of pathogenic bacteria; 3 RCT  – NS. 

	IgE (serum)
	van Hoffen 2009 (48)
	GOS / FOS 

(9:1; 8g/l)
	Max. 2 wk
	6mo
	NS


AOS, acidic oligosaccharides; FOS, long-chain fructooligosaccharides; GOS, short-chain galactooligosaccharides; LOS, lactulose; NS, not significant; PDX, polydextrose; RCT, randomised controlled trial

Table 9. Administration of prebiotic-supplemented infant or follow-on formula at any other age and regardless of the duration of the intervention 

	OUTCOME 
	Reference
	Prebiotic(s)
	Mean age at enrolment 
	Duration of intervention (follow-up)
	Effect (prebiotic vs no prebiotic) 

	Growth parameters 
	Brunser APJCN 2006 (11)
	FOS
	3.5 mo 
	13 wk (15 wk) 
	NS (data not shown).  

	Tolerance 
	Brunser Ped Res 2006 (36) 
	Oligofructose + inulin
	1-2 y (amoxicillin*) 
	3 wk 
	NS (data not shown) 

	Gastrointestinal infections
	Brunser Ped Res 2006 (36)  
	Oligofructose + inulin 
	1-2 y 
	3 wk 
	NS. 

4/64 vs. 7/66, RR 0.6 (95% CI 0.2 to 1.8) 

	Stool frequency 
	Brunser Ped Res 2006 (36)  
	Oligofructose + inulin 
	1-2 y (amoxicillin*) 
	3 wk 
	NS (data not shown) 

	Stool consistency
	Brunser Ped Res 2006 (36)  
	Oligofructose + inulin 
	1-2 y (amoxicillin*)  
	3 wk 
	NS (data not shown) 

	Stool colonisation with bifidobacteria 
	Brunser Ped Res 2006 (36)  
	Oligofructose + inulin 
	1-2 y (amoxicillin*)
	3 wk 
	Increased  levels of bifidobacteria early after the antibiotic therapy. 

	
	Brunser APJCN 2006 (11)
	FOS 
	3.5 mo 
	13 wk (15 wk) 
	Bifidobacteria as a percentage of the total bacteria population – NS; as a percentage of the total bacteria population detected by FISH – significant increase

	Stool colonisation with lactobacilli
	Brunser APJCN 2006 (11)
	FOS 
	3.5 mo 
	13 wk (15 wk) 
	NS


FOS, long-chain fructooligosaccharides; GOS, short-chain galactooligosaccharides; NS, not significant. 
*after 1 wk treatment with amoxicillin for acute bronchitis 

Table 10. Administration of prebiotic in protein hydrolysates (in all trials: population – healthy term infant at high risk of atopy; intervention – extensively hydrolysed formula supplemented with GOS/FOS; duration of intervention – 6 mo).   

	OUTCOME 
	Reference
	Effect (exp vs. cont group)

	Growth
	Moro 2006 (45)
	0-6 mo: Weight gain (g/d) 27.4 ±4.1 vs 26.4±3.7 

Length gain (cm/w) 0.75±0.14 vs 0.74±0.1 

HC (cm/w) 0.33±0.04 vs 0.34±0.05. NS 

	
	Arslanoglu 2008 (32)
	At 24 mo: Adequate and similar (data not shown) 

	Atopic dermatitis 
	Moro 2006 (45)
	At 6 mo:  10/102 vs. 24/104, RR 0.42 (0.2 to 0.84) 

	
	Arslanoglu 2008 (32)
	At 24 mo: 13.6% vs. 27.9%; p<0.05

	SCORAD 
	Moro 2006 (45) 
	At 3 and 6 mo – NS 

	Recurrent wheezing 
	Arslanoglu 2008 (32)
	At 24 mo: 7.6% vs. 20.6%; p<0.05

	Allergic urticaria 
	Arslanoglu 2008 (32)
	At 24 mo: 1.5% vs. 10.3%; p<0.05 

	Overall infections 
	Arslanoglu 2007 (31)
	At 6 mo: 21/102 vs. 47/104 (p=0.01) 

	
	Arslanoglu 2008 (32)
	At 24 mo:  Exp (n=66) 4.1 ± 3.1 vs. cont (n=68) 5.9 ± 4.1

	Upper RTI 
	Arslanoglu 2007 (31)
	At 6 mo: 14/102 vs. 30/104 (p=0.07)

	
	Arslanoglu 2008 (32)
	At 24 mo:  Exp (n=66) 2.1 ± 1.8 vs. cont (n=68) 3.2 ± 2.2; p<0.01 

	Lower RTI
	Arslanoglu 2008 (32)
	At 24 mo: Exp (n=66) 0.9 ± 1.1 vs. cont (n=68) 1.3 ± 0.8 

	Otitis media
	Arslanoglu 2007 (31)
	At 6 mo: 4/102 vs. 6/102 (p=0.6)

	Gastrointestinal infections 
	Arslanoglu 2007 (31)
	At 6 mo: 1/102 vs. 4/104 (p=0.18)

	
	Arslanoglu 2008 (32)
	At 24 mo: Exp (n=66) 0.4 ± 0.7 vs. cont (n=68) 0.6 ± 0.9 

	Urinary tract infections 
	Arslanoglu 2007 (31)
	At 6 mo: 2/102 vs. 7/104 (p=0.26)

	
	Arslanoglu 2008 (32)
	At 24 mo: Exp (n=66) 0.0 ± 0.0 vs. cont (n=68) 0.1 ± 0.5 

	Cumulative incidence of having at least 1 episode of any infection 
	Arslanoglu 2007 (31)
	At 6 mo: p<0.05 

	Cumulative incidence of any recurrent infection 
	Arslanoglu 2007 (31)
	At 6 mo: p<0.01

	Cumulative incidence of recurrent URTI 
	Arslanoglu 2007 (31)
	At 6 mo: p<0.05 

	Number of infections requiring antibiotic treatment
	Arslanoglu 2008 (32)
	At 24 mo: Exp (n=66) 1.8 ± 2.3 vs. cont (n=68) 2.7 ± 2.4; p<0.05 

	Fever episodes recorded by parents 
	Arslanoglu 2008 (32)
	At 24 mo: Exp (n=66) 2.2 ± 1.9 vs. cont (n=68) 3.9 ± 2.5; p<0.0001

	Vomiting, regurgitation, crying 
	Moro 2006 (45) 
	At 6 mo: Regurgitation and crying – lower in the prebiotics group; vomiting – NS 

	Stool frequency 
	Moro 2006 (45) 
	Higher frequency in the prebiotic group 

At 3 mo: 2.34 ± 0.8 vs. 1.55 ± 0.6 per day; p<0.0001

At 6 mo: 1.75 ± 0.6 vs. 1.5 ± 0.6; p=0.0059 

	Stool consistency 
	Moro 2006 (45) 
	Softer stools in the prebiotic group 

At 3 mo: 2.08 ± 0.5 vs. 2.82 ± 0.8; p<0.0001 

At 6 mo: 2.44 ±0.7 vs. 3.22 ± 0.9; p<0.0001 

	Stool colonisation with bifidobacteria 
	Moro 2006 (45) 
	( in prebiotic group at 3 and 6 mo 

	Stool colonisation with lactobacilli
	Moro 2006 (45) 
	NS at 3 and 6 mo 


FOS, long-chain fructooligosaccharides; GOS, short-chain galactooligosaccharides; NNT, number needed to treat; RR, risk ratio. 

Table 11. Synbiotics-supplemented infant or follow-on formula Characteristics of included trials. 

	Reference (country)
	Participants (age at enrolment) 
	Intervention 
	Comparison 
	Duration of intervention (follow-up)

	Chouraqui 2008 (France) (13)
	Healthy term infants (≤14 d of age) 
	· BL999 (1.29x108 CFU/100 ml) + LPR (6.45x108 CFU/100 ml)+ GOS/FOS (0.4 g/100 ml; 90%/10%) (n=54) 
· BL999 (2.58x108 CFU/100 ml) + ST11 (2.58x108 CFU/100 ml + GOS/FOS (0.4 g/100 ml; 90%/10%) (n=60) 
	IF (n=53)
	14-16 wk (4-12 mo) 

	Puccio 2007 (Italy) (50)
	Healthy term infants ≤14 days at entry 
	· BL999 2 x 107 CFU plus GOS/FOS (0.4 g/100 ml; 90%/10%) (n=42)
	IF (n=55)
	Until 112 d old

	Vlieger 2009 (The Netherlands) (51)
	Healthy term infants 
	· GOS 0.24 g/100 ml + B animalis ssp. lactis (=Bb12) 1x107 CFU/g + L paracasei ssp. paracasei (L casei CRL-431) 1x107 CFU/g (n=67)
	IF + GOS (n=59) 
	3 mo (6 mo) 


Bb12, B lactis Bb12; BL999, B longum BL999; CFU, colony forming units; FOS, long-chain fructooligosaccharides; GOS, short-chain galactooligosaccharides; IF, infant formula; LGG, L rhamnosus GG; LPR, L rhamnosus LPR.

Figure 1. Probiotic-supplemented formula for preventing gastrointestinal infections 
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