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1 | INTRODUCTION

In 2020, the International Scientific Association for
Probiotics and Prebiotics (ISAPP) defined synbiotics as
a mixture of live microorganisms and substrate(s) se-
lectively utilized by host microorganisms that confer a
health benefit on the host.! ISAPP also distinguished a
synergistic synbiotic, in which the prebiotic substrate is
selectively utilized by the co-administered micro-
organism(s), from a complementary synbiotic, where
the prebiotic component targets autochthonous micro-
organisms (the resident microbiota).! Infant formulas
containing synbiotics have been used for more than
15 years. In 2011, the European Society for Pediatric
Gastroenterology, Hepatology, and Nutrition
(ESPGHAN) published a systematic review and com-
ment by the Committee on Nutrition on the supple-
mentation of infant formula with probiotics and/or pre-
biotics.? Only three randomized controlled trials (RCTs)
evaluating four types of synbiotics were identified at
that time.®>™® Since then, several studies investigated
diverse synbiotics in infant formulas.® Additionally, two
systematic reviews were recently published.”® Given
these developments, the ESPGHAN Special Interest
Group on Gut Microbiota and Modifications (SIG-GMM)
has undertaken this updated technical review. Our aim
is to evaluate the recent evidence on the use of
synbiotic-supplemented formulas for infant nutrition,
possibly warranting an update of the relevant societal
clinical practice position paper.

2 | METHODS

The ESPGHAN SIG-GMM published five technical
reports to evaluate the safety and efficacy of infant
formula supplemented with probiotics, prebiotics, syn-
biotics, postbiotics, and human identical milk oligo-
saccharide with the following priority research ques-
tions: (i) “Are there, and if so, which clinically relevant
benefits have been demonstrated by the supplemen-
tation with any biotic to infant formula?” and (ii) “Should
biotics be added to infant formula? If yes, which specific

randomized controlled trials that evaluated the clinical effects of synbiotic-
supplemented infant formula in healthy full-term infants. The studies varied in
terms of synbiotic composition, study design, intervention duration, and out-
comes. Formulas supplemented with synbiotics studied so far were well tol-
erated and showed no significant difference compared to the non-
supplemented formulas in growth parameters, gastrointestinal symptoms, stool
characteristics, or safety. This technical review serves as the background for
formulating recommendations on the use of synbiotic-supplemented infant
formula in healthy infants studied so far.

anthropometry, biotics, breastfeeding, formula feeding, microbiome, nutrition

What is Known

* Synbiotics are a mixture of live microorgan-
isms and substrate(s) selectively utilized by
host microorganisms that confers a health
benefit on the host.

Synbiotic-supplemented infant formulas are
available for over 15 years, but their clinical
benefit is unclear.

What is New

* Sixteen randomized controlled studies show
that synbiotic-supplemented formulas are
well-tolerated and do not raise growth or
safety concerns.

A synbiotic-supplemented formula softened
stools compared to the control group, but
there is no obvious evidence of benefit on
infant crying or gastrointestinal symptoms.
Some trials reported reducedrate of infections
(gastrointestinal or respiratory) in the syn-
biotic group, although this result was
inconsistent.

biotic and for which indications?” The present technical
review aims to support the development of a position
paper on the use of synbiotic-supplemented infant
formula.

A literature review was conducted up to December
31, 2023, across Cochrane, DARE, CENTRAL,
PubMed, and EMBASE databases, along with sear-
ches on ClinicalTrials.gov. The search terms included
“synbiotic” OR “symbiotic” AND “formula” OR *“infant
formula” OR “infant nutrition.” Some studies preferred
to use the term “probiotic and prebiotic combination”
instead of “synbiotic,” so the articles our study group
found while preparing other “probiotic” and “prebiotic”
technical reviews were also looked at. Only English-
language papers were considered. Peer-reviewed
RCTs, meta-analyses, systematic reviews, and
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previous ESPGHAN recommendations were used in
the analyses. Reference lists obtained from the identi-
fied studies and key review articles, including previ-
ously published meta-analyses, were also evaluated.

We only included RCTs that evaluated healthy term-
born infants under 1 year old who were receiving infant
formula. We included studies that compared synbiotic-
supplemented infant formula with non-supplemented infant
formula or human milk in healthy infants. Synbiotics ad-
ministered as a supplement, not being part of the formula
composition when manufactured, were excluded. We also
excluded formulas that contained partially or extensively
hydrolyzed proteins. We excluded studies that dealt with
preterm infants, infants with any condition, such as cow
milk allergy, or any disease. We performed an initial
screening of the ftitles, abstracts, and keywords of each
identified record, and then retrieved the full text of poten-
tially relevant publications. At least two reviewers inde-
pendently assessed the eligibility of each potentially rele-
vant trial using the inclusion criteria. Figure 1 displays a
flowchart detailing the study selection process in accord-
ance with PRISMA guidelines.

Data extraction included study characteristics, synbiotic
composition, patient characteristics, intervention details,
and follow-up duration. The review focused on the follow-
ing clinical outcomes (if available): anthropometric mea-
surements, safety, tolerability, stool frequency and con-
sistency, infantle colic or crying, gastrointestinal
symptoms, infections and antibiotic use, and allergic

JECN
disorders. Microbiota composition was not a priority focus
of this technical report. The Cochrane Collaboration tool
was used to assess the risk of bias, which was evaluated
by three authors for each included study.® The ESPGHAN
SIG-GMM reports evidence and statements related to
each specific synbiotic. The modified Delphi process was
used to establish a consensus on the statements. all
members of the SIG anonymously voted on each state-
ment, scoring them between 0 and 9. A statement was
accepted when >75% of the members scored >6.

3 | RESULTS

Sixteen RCTs enrolled healthy infants (an inclusion crite-
rion) and reported clinical outcomes (Table 1). Additionally,
we identified one narrative review,® one recent systematic
review with network meta-analysis on infant formulas
supplemented with probiotics or synbiotics,” and another
systematic review and meta-analysis on infant formulas
supplemented with biotics and respiratory infections.® The
most commonly prebiotic component is represented by
long-chain (Ic) fructooligosaccharides (FOS) and short-
chain (sc) galactooligosaccharides (GOS) added to infant
formulas up to 0.8 g/100 mL. The risk of bias is reported in
Table 2.

The studies are herein presented and summarized
according to their specific probiotic and prebiotic
components.

o
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FIGURE 1 Flow chart of identification of studies. eHF, extensively hydrolyzed formula; pHF, partially hydrolyzed formula.

85UB017 SUOWIWOD 38D 8R! |dde ay) Aq peusenob afe sajonse O ssn JO'Sa|n Joy AeqauluQ A8|IM UO (SUOIIPUOD-PpUE-SLUB)/LL0D A | ImAle.q Ul juoy//:sdny) suonipuoD pue swie | 8yl 8es *[5z0z/£0/22] uo Ariqi auliuo As|im ‘ssded Ad 100, ud(/z00T 0T/10p/wod" Ao | 1M A g jeutuo//Sdny wolj papeojumod ‘0 ‘TO8YIEST



15364801, 0, Downloaded from https://onlinelibrary.wiley.com/doi/10.1002/jpn3.70031 by Capes, Wiley Online Library on [27/03/2025]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

SALVATORE ET AL.

‘s)yeam g1—9 pabe syuejul Ayyesy

Ul (1:6) SO-91/SODIS Yim uofyeuiquiod
ur ‘(u/ngo oL X | Jo Jw/ngo 0oL X |
Jayld) A9L-IN 848.q g JO S9SOp oM}

(8 = ) BINWJO} 0UOD

(/68 “1:6) SO4DI/SODIs + (MW 001
/N4 0L X L) AQL-IN 918.q °g :QUAS

yum sonolquis Buurejuod einwioy jueyul (z8=u) eInwloy UAS  G|0g Jequisides (/68 “1:6) SO40I/SODIS + (MW 001 104 aa puelreyl ‘0202
SHoOM 8 UE JO 1080 dlusbopiig sy} senjens o (18 =u) elnwio} puAs pue 10z Aely /N4 ,01 X L) AQL-IN 818.q °g :pUAS ‘fioyesoldx3g o, € 10 4nydIneyd
(0€ = u) eyl pasdAEp
Ajreuibea aoualsjal
paziwopuel-uoN
(06 = u) einwo}
1013u09 ‘(1.6 = u) onoigaid
‘(g =u) onoiquAs
“eusoeqopHIq uonoss-J Aq €10z |udy (/68 ‘1:6) SO401/SODs 1od aa puelreyl ‘2102
SHOIM g [E0} |E10} JO UOHEUIWIBIOP BUL  PaIsAllep s1odlans €61 pue L Log dunf  (TW00L/N4D g0k X G'2) A9L-IN 818.q g ‘Aaojesoldx3 g/ le 1@ EnyD
(S5 = u) eINW.O} |013UOD (/6% '1:6) SO4 & pue SOH
"SjuByUl JO 41| B} (2gv = u) einwioy (n40 ,01 %2 Aey ‘2002
skep gL jo stow ¥ isiy ey Bulnp ureb yBiom onoiquAs - '666-VVv4) 666719 Wwnbuo| ‘g 104 ‘ad » T8 3 01ond
(L9g = u) BINWIO}
oBoIqUAS 6002 JoquianON
"8yl o seah 181y syy Buunp seposide (292 = u) enwioy pue (/6 ¥ 11:6) SO4-SOH Jajusonnw soueld ‘€102
syjuow g| SNOIOBUI JO JBquINu uesw ay | onolqold 800z Aenuged  + (6/n4D ,01 X 1) 9FYE-IFINOND SHo®l g 104 ‘aa . [e 18 1enboog
(g2 =u) papseaig
(o = u) BjnwIO} |0J3U0D
(ey = u) BlnwWIO} Ul119J010B| BUIAOQ BAIlBN
onolquAS  01L0g Jequiedag (1S-,9 1S-.€ 'SO9 /B 9) ereswiad euisny
‘obe Jo syeam ¢ pue g 1e (seds) Jo (p¥ = u) BINWIO} o1 Aeym woly pajessusb song + (6/n40 Jajusonnw ‘909819 ‘@ouel] ‘0202
syeem g B/6rl) sjons| uesw unosjoidied [eds) 8y L onolqold 600z Jequisldes 0L X L2 ¥ LE) 9bPE-I-INOND SHoEl g 104 ‘aa ¢, [ 18 1eueiseD
(g9 = u) dnoib papseaig
"8jl] Jo Jeah | pue syuow 9 (202 =u) jonuo) (1s-.9 715-.€ ‘SOD /6 8) SpuelayieN 8y}
1841} 8y} Buunp JaAa) yim suonoaul (902 =u) enuIO} €102 JoquadaQ ajeawlad Asym wouy pajessusb SONG JajuaoiNw ‘aouel4 ‘Auewen) ‘/102
Syjuow g| [|e pue BayJeIp JO SOUBPIOUl UBdW BY | oBoIquUAS 03 800z 48900  + (B/N4D ,01 X L) 9¥vE-I-INOND SHoE| g 104 ‘aa 2,'[e 10 &pey
(6g =u) dnoib papseaig
"sjuejul (0g=u) j04u0) (1s-,9 “1S-.€ ‘SOD /6 8)
Ayyieay ui uonisodwod ejoigololw (g€ = u) ejnwuoy ajeawlad Asym wouy pajessusb SONG Jajuaoinw puejod ‘@ouel ‘9102
syuow ¢ B uo enwio} oi0IquAs e o Joedwi 8y onoIquis - +(6/n4D ,01 X |) 9¥¥E-IINOND SHoe| g 104 ‘dd ., [e 19 luodwIS
(y1g=u) j101u0)
(202 = u) enwio}
onoIquAs
siayiow anpisod
"syjuow f pue shep | -AIH Woly payniosl €102 1890100 (1s-.9 15-.€ ‘'S0 /6 8)
usamiaq (Aep/6) uieb ybiam Ajrep pue 8JaM SJUBJUI UIOgMBU pue ayeawlad Aeym woly paressuab SONG BOLJY UINOS ‘9102
syuow g} ‘sAep Q| 1e JUNod elIBI0BgOPHI] (B9 ‘wialny ‘AyyesH 8002 489010  + (6/n4D ,01 X L) 9¥vE-I-INOND SHoE| g 104 ‘ad o, T8 18 Jedoo)
uoneing awooino Atewid uoneindod Apnis pouiad Apnis sonoig ubisag uoneaiqnd

"Hodal [eoluyos) 8y} Ul PepNIoul 81eM S[el} 8} JO SOISU8loRIBYD Ulew 8y

L 379vl



15364801, 0, Downloaded from https://onlinelibrary.wiley.com/doi/10.1002/jpn3.70031 by Capes, Wiley Online Library on [27/03/2025]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

‘saplieyooesobijoojoeeb ureyo-poys ‘SOHIS {[el} pajjosjuod
paziwopuel ‘| QY ‘snjroeqojoejosiwi] ‘Wi ‘snyroeqoyoebry ‘61 ‘sepueyooesobijooloniy ureys-buol ‘SO49| snjjroeqiaseonoe] ‘o7 fsnjjioeqooe] 1 ‘sniia Aousioapounwiwl uewny ‘AlH ‘sepueyooesobijooloeleb ‘s
‘{sepleyooesobijooioniy ‘SO ‘puljg-aignop ‘gq wun Buiwioy Auojod ‘N4 yblem yuig ‘Mg ‘sepueyooesobijo paALep-Y|iw suIA0qg ‘SONG ‘whnuejoeqopyig ‘g ‘esoloe|Afels-,9 ‘“1S-,9 ‘esoioe|lAjels-,€ “1S-,€ suoneinaIqay

(S04) esojey ‘ve/e't DONDD

(211 =U) e|nwloy jou0D Hd snsouweyl Snjjjoeqioseooey
‘sypuow g1 ey} ui dnoib (2L =u) gnuuoy 6002 IUdy pue ‘$80E | INSQA SnieAes snoo020dels aoueld ‘€102
SyuoW g Yoea Ul eIpaw SIII0 8)nde JO 80UapIou| o0IqQUAS 2002 19qWIBAON ‘9672 DDN Snjiydowusy) snoo0oojdais 194 ‘aa 4z |8 18 UsyoD
(6G =) BINWJO} |0)UOD £00g Arenuer /62 SOH
"abe jo syuow ¢ (29 =u) enwioy pue (z1qg) spog| “dss syewjue "g + (L4 14D SpUBHBYISN 8YL ‘6002
syjuow 9 1e sisjeweled ymolb ul sesuslayiq 2I0IQUAS  $00g JeqwianoN  Jeseo 7) Bjieseoried “dss jeseoeied ] 104 51e 1o JabalIn
(6% =) eINWJO} 0)UOD SO49s %¥ ‘SOH %96 ‘€N
(8% = u) BInWIO} snueyul dsgns wnbuoy winusoeqopig Ja1uao1nw aouel4 ‘2102
syjuow 9 "abe Jo syuow 9 18 Ybiap onoIquAs —  2b/-SO7 snsouweyi snjjioeqieseooE] 104 ‘aa cz 18 18 920y
‘sieah 9 1e Buibew aoueuosal (0G = u) pepiseaig ureds ‘1202
onaubew [euonouny pue ‘sieak g pue  (G8=u) BINWIO} [0JjU0D) (131 onel) unur pue SOA “le o uuewlIdH 1202
¥ ‘SUIUOW LHOE ‘UIgL ‘WZ| ‘W19 Uty ‘PIg (g8 =u) einuuoy ® 27/-SO SNsouwRyJ SnjjioeqIeseonoe] “le o euanqgje)\-epanindes
sleah 9 ‘pug 1e woawdojansp aauboooinaN o10IqUAS - 0lg/Z 103D snuejur *dsgns wnbuoj g 194 ‘aa 026102 “[e 18 ZIng-018IN
(€S = U) BINWJO} |0UOD
(09 =u) eInuuo} (16 ¥ *1:6) SO498
onolqoid + S0D ‘L 11S reseoeied snjj1oeqoioeT
(09=u) EInuLIO ‘666718 wnbuo wnueoeqopy!g (243)
onolquAs 43 (16 “1:6) SO498 + SOO “(Hd)
‘obe Jo shkepg|| 0} | WOJ} Se|NWlIo} (G = u) BnWIO} 5002 pue d7 snsouwey snjjioeqoyoe7 (66619) aouel
syow gl Apmis 8y} pey sjuBjul Ul e JyBIBM onolquAs 143 $002 4eqo0 666719 wnbuo wnusorqopyld (143) 1od'aa ‘8002 ¢l 38 Inbeinoyo
(26 =u) eInwWlo} SO4/SOH INOYIM JO Yim
‘ay| Jo onolgaid e[nwIo} 8sn-o}-Apeal Jo 7 Jad N4D
Jeak 1s11) 8y} Buunp (soualaywinolid (06=u) BINWIO}  9L0Z YIBN PUB  LOL X | (6} SnjjlorqojoET) 614 Urens JayuLonnw puejod ‘2102
syjuow g peay pue ‘yibus| ‘wbrem Apoq) ymoln olj0IqUAS 1102 Aenuep  jeseoesed “dss jeseoeied snjj1oeqooe] 194 ‘ga o, I8 10 Bysmalezg
‘suonosjul (16 =u) ejnwio}
uowiwod Sss9| Jayjo pue ‘Areunn onoigald (qwo01/6€0) SOO
‘snno ‘Aiojesdsal ‘[eunsejulossed (26 =u) gjnuio} 6002 AInp noyum/yum (Aep uredg
syjuow 9 Buipnjour ‘suonosyul Jo BdUBPIOUI BY L onoiquis pue 8002 AN /N4D g0L X 2) 91251030 wnjuswisy 7 104 ‘ad ‘2L0g 4, e 10 opeuople
(09 =u) eINW.o}
d onolgaid (Qwoot/6 €'0) SOD
E ‘obe Jo syluow ¢ pue (L9=u) Binwio}  0L0Z Joquerdes INOUHM/UHM ureds ‘2102
w syluow 9  suleseq usamiaq ureb ybiom abeseny onolquAs  pue g00g ke (6/N4D ,01 X L) 91261030 wmuouus) 7 104 ‘ad 4|8 1o sodwed-19
m uoneing awooino Atewiid uonendod Apnmis pouad Apmis sonolg uBisaqg uonealqnd
>
= (penuUpUOD) L 379VL
n



SALVATORE ET AL.

-

TABLE 2 Risk of bias of included studies.

Random Blinding of Blinding Incomplete

sequence Allocation participants of outcome outcome Selective Other
Publication generation concealment and personnel assessment data reporting bias
Cooper et al."® Unclear High risk Low risk Unclear Low risk Unclear Unclear
Simeoni et al.!’! Unclear Unclear Low risk Low risk Low risk Low risk Low risk
Radke et al'? Low risk Unclear Low risk Low risk Low risk Unclear Unclear
Castanet et al."® Low risk Low risk Low risk Low risk Unclear Unclear Unclear
Bocquet et al.™ Low risk Low risk Low risk Low risk Low risk Low risk Low risk
Puccio et al.* Unclear High risk Unclear Unclear Unclear Unclear Unclear
Chua et al.’® Low risk Unclear Unclear Unclear Low risk Low risk Low risk
Phavichtir et al.'® Low risk Low risk Low risk Low risk Low risk Low risk Low risk
Gil-Campos et al.'”  Low risk Low risk Unclear Low risk Low risk Unclear Low risk
Maldonado et al.'® Unclear Low risk Low risk Low risk Low risk Low risk Low risk
Szajewska et al.'® Low risk Low risk Low risk Low risk Low risk Low risk Low risk
Chouraqui et al.® Unclear Unclear Low risk Low risk Unclear Unclear Unclear
Nieto-Ruiz et al.,?° Low risk Low risk Low risk Low risk Low risk Low risk Low risk
Sepulveda-
Valbuena et al.,?!
Herrmann et al.??
Rozé et al.2® Low risk Low risk Low risk Low risk Low risk Low risk Low risk
Vlieger et al.’ Low risk Unclear High risk High risk Low risk Low risk Unclear
Cohen et al.®* Low risk Low risk Low risk Low risk Unclear Unclear Unclear

3.1 | Bifidobacterium animalis ssp. adjusted mean lean mass (grams) at 12 months

lactis (CNCM 1-3446) and bovine
milk-derived oligosaccharides (BMOS)

Four double-blind RCTs have been published evaluat-
ing Bifidobacterium (B.) lactis CNCM 1-3446 in addition
to prebiotics.’®'® In four studies, the prebiotic com-
ponent was a mixture of BMOS generated from whey
permeate (containing GOS and other milk oligo-
saccharides, such as 3’- and 6’-sialyllactose [3’- and
6’-SL])'°""® In three studies, the probiotic and prebiotic
content used in the synbiotic formulation was the same
(B. lactis CNCM 1-3446 1x10” CFU and BMOS as
8g/L).">"2 Another RCT used the same synbiotic at
different concentrations of B. lactis CNCM 1-3446
(8.7+2.1x10* CFU/g powder formula) and BMOS
(6 g/L in reconstituted formula) with additional native
bovine lactoferrin (1 g/L)." In all studies, mean weight,
length, body mass index, and head circumference-for-
age z-scores were not significantly different between
the synbiotic and control formula groups.’®'® How-
ever, in one study, only in boys born by vaginal deliv-
ery, those consuming the synbiotic formula had a sig-
nificantly greater percentage of bone mineral content at
4 months (p=0.005), and a significantly greater

(p=0.002) compared to those consuming the control
formula.’® These studies found a lower consistency of
stools in the synbiotic group compared to the control
infants.’®""® No study showed a significant benefit in,
spitting up,'®"""2 or colic.'®"'® Radke et al.'? showed
no difference in flatulence between the synbiotic and
control groups during the 12-month study period, ex-
cept at 3 months: the proportion of infants who had
never flatulence was higher in the synbiotic-
supplemented formula group.

No study showed a different rate of infection
between the study groups. Overall, and regardless of
delivery mode, the mean number of infections, adverse
events and severe AEs was equivalent in the control
and the synbiotic groups.'®'213

3.2 | B. animalis ssp. lactis (CNCM
I-3446) and prebiotics (scGOS/IcFOS)

Boquet et al.’ tested the B. lactis CNCM 1-3446 (10’
CFU/g) associated with a mixture of GOS/FOS (9:1;
0.4 g/100 mL) in 261 neonates compared to 267 neo-
nates fed the probiotic formula, with the same amount
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of probiotic without prebiotic. Growth parameters were
not significantly different between the synbiotic and
probiotic formula groups. Tolerance, as measured by
daily stool frequency and consistency and overall
acceptance of the formula, was not different between
groups throughout the study. During the first year of life,
the number and site of infections and the mean fre-
quency of antibiotic use were not different between the
groups.™

3.3 | Bifidobacterium breve M-16V and
prebiotics (scGOS/IcFOS)

Six RCTs assessed the effect of B. breve M-16V as
supplemented in infant formula with the addition of a
prebiotic component.'® 1625728 However, four publica-
tions were excluded because the tested formula was
based on extensive®?2® or partially hydrolyzed pro-
teins®’ and another study because it reported only
additional data from a previous RCT on microbiota
composition.?® One included RCT recruited 153 new-
borns delivered by cesarean section randomized to
receive either the synbiotic formula (n =52) (infant for-
mula plus 0.8 g/100 mL scGOS/ICFOS and B. breve
M-16V, 7.5x10® CFU/100mL), prebiotic formula
(n=51) (infant formula plus 0.8g/100 ML scGOS/
ICFOS) or the control formula (n=50). Thirty subjects
(vaginally delivered) were included in the not-
randomized reference group until 16 weeks of age
(intervention period).’® The primary outcome was the
determination of total fecal bifidobacteria, but it also
included growth and safety outcomes.’ In another trial,
two groups of infants were fed the synbiotic formula
consisting of 0.8 g/100 mL scGOS/IcFOS and B. breve
M-16V at a dose of either 1x10* CFU/mL (Syn4)
(n=81) or 1 x10% CFU/mL (Syn6) (n =82) for 6 weeks
and compared for intestinal microbiota changes to a
control group fed a standard formula (n=84) and to
breastfed infants (n=43).'® Data on growth, stool fre-
quency consistency, and safety were also provided.'®
Growth parameters did not differ between the groups in
the two abovementioned studies.'®'® Fecal frequency
did not differ between the study groups, while fecal
consistency was significantly softer in the synbiotic
group during the intervention period in one study.'® The
percentage of patients experiencing any adverse event
was similar in the synbiotic and the control groups in
the two included studies.'>'®

3.4 | Bifidobacterium longum BL999
(BAA-999, BB536) and GOS/FOS

Puccio et al.* published in 2007 the first RCT evaluat-
ing the effect of an infant formula containing a probiotic
(B. longum BL999 at a dose of 2x10° CFU) and

TGN
prebiotics (90% GOS and 10% FOS, 4 g/L) compared
to infant formula, from 14 to 112 days of life. Growth
parameters as well as the incidence of adverse effects
did not differ between the groups. Compared to infants
fed a control formula (n=55), infants in the synbiotic
group (n=42) had a significantly increased stool fre-
quency (2.2+0.7 vs. 1.8+0.9 occurrences/day,
p=0.018), had less constipation (p=0.03) and less
respiratory tract infections (relative risk [RR]: 0.6; 95%
confidence interval [Cl]: 0.37—1.03). Stool consistency,
crying, colic, regurgitation, and vomiting showed no
statistically significant differences between the two
groups.*

3.5 | Limisolactobacillus fermentum
CECT5716 and GOS

We identified four papers (based on three RCTSs) test-
ing a synbiotic formula containing Lactobacillus (L.)
fermentum (currently named Limosilactobacillus fer-
mentum) CECT5716 and prebiotic GOS (0.3 g/100 mL)
in healthy infants.’”1829:39 However, one was excluded
because it was a follow-up study at 3 years of life®® and
another because tested protein hydrolyzed formulas.*°
In the study by Gil-Campos et al.,'” 61 infants were in
the synbiotic group and 60 infants were fed a control
formula for the first 6 months of life. The effect of a
follow-on formula with GOS (0.4 g/100 mL) plus L. fer-
mentum CECT5716 (2 x 108 CFU/day) was compared
to the follow-on formula with only GOS in 6 months old
infants (synbiotic group n =97, control prebiotic group
n=91) followed for 6 months.'® No significant differ-
ences in growth parameters were observed among
groups at any study points.’”"'® Stool frequency and
consistency, flatulence, regurgitation, sleeping hours
and behavior were similar in both groups during the
6 months study.'” The odds ratio (OR) of having at
least one gastrointestinal or respiratory infection was
0.36 (95% CI: 0.08-0.97) and 0.77 (95% Cl:
0.36-1.66), respectively, but the difference was only
significant (p =0.025) for gastrointestinal infections.
The incidence rate of gastrointestinal infections in
infants of the control group was three times higher than
in the synbiotic group (p=0.018)."” The number of
infants that needed to be treated to reduce one event of
diarrhea was 5. No difference was observed in febrile
episodes or antibiotic treatments.’”” In the other
included trial, the synbiotic formula significantly
reduced gastrointestinal infections by 46% (p = 0.032),
total respiratory infections by 26% (p=0.022), and
recurrent respiratory infections by 72%.'® No significant
differences were found for otitis, urinary tract, and other
infections possibly because of the low number of
events obtained in both study groups. Regarding anti-
biotic treatment and the number of fever episodes, no
significant differences between study groups were
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- [
observed. Events of diarrhea associated with antibiotic
treatments were detected in 17.5% of control infants
versus 9.6% of infants in the synbiotic group
(nonsignificant).’® No adverse effects associated with
synbiotic supplementation were detected during the

studies.'”18

3.6 | Lactobacillus paracasei ssp.
paracasei strain F19 plus FOS and GOS

One RCT evaluated an infant formula with FOS and
GOS (n=91) and .paracasei (current name Lactica-
seibacillus paracasei) ssp. paracasei strain F19 (10°
CFU) (n = 97) for the first 12 months of life.’® There was
no difference in the growth parameters and in the
adverse effects between the two groups. During the
study, a significant difference was reported in stool
consistency (reported as more “loose” stools) in the
synbiotic group compared with the control group.'®
There were no significant differences between groups
in days with fever, vomiting, eczema, gastrointestinal or
total respiratory infections, wheezing episodes, use of
antibiotics, unscheduled doctor's visits, and hospital-
ization. A significant reduction in the number of epi-
sodes of lower respiratory tract infections was found in
the synbiotic-supplemented formula group compared
with the prebiotic-supplemented formula group at
12 months (RR: 0.34; 95% CI: 0.13-0.85, number
needed to treat [NNT]: 10, 95% Cl: 5-57)."°

3.7 | Combination of mixture of
probiotics and prebiotics

We identified 10 studies evaluating the combination of
different strains of probiotics and prebiotics in infant
formulas. A summary of the characteristics and main
results of the studies are herein reported according to
the specific probiotic strains used.

3.8 | B.longum BL999 plus L.
rhamnosus LPR or L. paracasei ST11 and
scGOS/IcFOS

In one RCT, healthy full-term infants were fed with a
control formula or one of the following three experimental
formulas (all three containing B. longum BL999) from <2 to
16 weeks of age: BL999 (1.29 x 108 CFU) and L. rham-
nosus LPR (6.45x10® CFU); BL999 combined with L.
rhamnosus LPR plus 4 g/L of 90% GOS/10% scFOS, or
B. longum BL999 (2.58 x 108 CFU), L. paracasei ST11
(2.58 x 10® CFU), and 90% GOS to 10% scFOS (4 g/L).
Infants were evaluated at 2, 4, 8, 12, 16, and 52 weeks of
age.® Growth parameters were similar between infants fed
the synbiotic formulas and control groups. There was no

difference in digestive tolerance considered as the fre-
quency of flatulence, colic, spitting up, and vomiting
between the groups. Liquid stools occurred significantly
more frequently in the B. longum BL999-L. paracasei
ST11-GOS/SCFOS group than in both the control group
and the B. longum BL999-L. rhamnosus LPR group (OR:
2.79; 95% CI: 1.48-5.29, p =0.008). Stool frequency was
significantly higher in infants in the B. longum BL999-L.
rhamnosus LPR + GOS/scFOS group compared with the
control group (2.1 days vs. 1.6 days, p =0.03).® No differ-
ence in adverse effects between groups was reported.®
Another RCT tested B. longum BL999 plus L. rhamnosus
LPR and prebiotics (FOS and inulin), but it was excluded
from the analysis because it enrolled healthy 12-month-old
infants.®’

3.9 | Bifidobacterium infantis IM1 and
Lacticaseibacillus rhamnosus LCS-742
plus a mix of FOS and inulin

We identified eight publications (all about one study:
COGNIS study®®?%3273%) evaluating the effect of B. in-
fantis IM1 (B. longum subsp. infantis CECT 7210) and
Lacticaseibacillus rhamnosus LCS-742 plus a mix of FOS
and inulin (ratio 1:1) added to a formula containing long-
chain polyunsaturated fatty acid (LCPUFA), milk fat glob-
ule membrane (MFGM) gangliosides, nucleotides, and
sialic acid, enrolling 170 full-term infants aged 0—2 months
(85 in the experimental formula group, 85 in the control
formula) and 50 breastfed infants as reference group. The
primary aim of the COGNIS study was the assessment of
the neurodevelopment of children, while secondary out-
comes included behavior and temperament, cortical visual
evoked potentials, growth, infectious events, and the effect
of fatty acids and fatty acid desaturase polymorphisms.
According to our inclusion criteria, we evaluated three
publications from the COGNIS study.?®>*? No differences
in growth and neurodevelopment were found between
formula-fed groups from enrollment up to 18 months.2%2
Since the experimental formula was supplemented with
additional components that may influence the neurocog-
nitive effects that are beyond the scope of our paper, these
results will not be further discussed herein and have been
previously reported.®® At 12 months of age, significantly
fewer infections were reported in the synbiotic group
(0 =0.044), particularly respiratory (p =0.031) and gastro-
intestinal infections (p = 0.030), than in control groups.??

3.10 | L. rhamnosus LCS- 742 and B.
longum subsp infantis M63 and 96% GOS
and 4% scFOS

In one RCT, 48 neonates were fed from birth with a
synbiotic formula containing L. rhamnosus LCS-742
and B. longum subsp. infantis M63, 96% GOS and 4%
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sc-FOS, enriched with bovine a-lactalbumin, using a
native whey protein content with high a-lactalbumin
concentration (34% of soluble proteins) for 6 months.
The control group of 49 neonates was fed a standard
formula.?® There was no significant difference between
the experimental and the control groups in growth
parameters at 6 months. At 1 month, infants exhibited
less crying or fussiness in the synbiotic group than in
the control group (p=0.02). The synbiotic formula
showed a protective effect against the occurrence of
mild atopic dermatitis at 6 months of age.?

3.11 | L. paracasei ssp. paracasei and
B. animalis ssp. lactis plus GOS

One RCT randomized 126 newborns (7 days of age) to
receive an infant formula containing the prebiotic GOS
(0.24g/100mL) supplemented with L. paracasei ssp.
paracasei (1x10° CFU) and B. animalis spp. lactis
(1x10” CFU) (n=67) or the same prebiotic formula with
no probiotic supplementation (n=59) for 3 months.®> No
significant differences were observed in growth parame-
ters between the study groups at 3 and 6 months of life.
During the first 3 months, the synbiotic group had a higher
stool frequency (1.29 vs. 1.52 times/day, respectively;
p=0.04) and stool consistency score than the prebiotic
group (2.57 vs. 2.36, respectively, p=0.05). For both
parameters, no difference between groups was noted
later, during the observation period. There were no sig-
nificant differences between groups in crying and
sleeping hours. No difference was reported in the number
of parent-diagnosed infections, antibiotic use, visits to the
general practitioner, and adverse events.®

3.12 | Streptococcus thermophilus NCC
2496, Streptococcus salivarius DSM 13084,
L. rhamnosus LPR CGMCC 1.3724, and
Raftilose (FOS)

In one RCT, healthy infants aged 7—13 months deliv-
ered by C-section were randomized to receive either
the synbiotic (n=112) or the control follow-up formula
(n=112). The synbiotic formula contained S. thermo-
philus NCC 2496 (1x10” CFU), S. salivarius DSM
13084 (2.5x 10" CFU), L. rhamnosus LPR CGMCC
1.3724 (1 x 107 CFU), and Raftilose (FOS). No differ-
ence in the rate of infections and adverse events was
noted during the 12-month study period.?*

4 | DISCUSSION

Data regarding synbiotics added to infant formula in
presumed healthy infants are limited and heteroge-
neous by the population of infants recruited, outcomes,

e
type and dosage of synbiotics, and duration of mon-
itoring. The first RCT to address this issue was per-
formed by Puccio et al.* One recent systematic review
and network meta-analysis evaluating the health ef-
fects of infant formula supplemented with probiotics or
synbiotics in infants and toddlers, included seven
studies assessing synbiotics, but no separate evalua-
tion of the results of these trials was performed.’
Another systematic review on infant formula supple-
mented with prebiotics, probiotics or synbiotics focused
on incidence of respiratory tract infections in infants
and children.? However, only three studies using syn-
biotics (two enrolling infants) were included.® The aim
of this technical review was to summarize the currently
available data and assess the clinical effects, safety,
and tolerability of the combined administration of pro-
biotics and prebiotics in infant formula. Growth
parameters and adverse events were not different
between infants fed synbiotic formulas and control
formulas (Table 3, Statement 1). In most studies,
infants fed with a synbiotic formula showed softer
stools compared to the ones in the control group, likely
attributable to the prebiotic component (Table 3,
Statement 2). Also, there are no studies on the effect of
synbiotics on stool consistency in constipated infants.
However, at present, there is no evidence that synbiotic
formulas reduce infant crying or gastrointestinal
symptoms. It is important to underline that this technical
report did not consider studies that evaluated formulas
with hydrolyzed proteins for their possible different
digestive, motor, and immune effects (Table 3, State-
ment 3). Moreover, formulas with hydrolyzed proteins
often present other components (i.e., reduced lactose
or beta-palmitate) that can have a significant impact on
gastrointestinal symptoms, consistency and acidity of
stools, and different microbiota with possible clinical
relevance. Likewise, trials enrolling preterm infants or
subjects with comorbidities were also excluded from
the analysis.

A few studies evaluating different synbiotic-
supplemented formulas reported reduced rate of
infections (gastrointestinal or respiratory infections) in
the synbiotic group.*'7~'922 However, this result was
inconsistent among studies and age groups (Table 3,
Statement 4). In one study, the synbiotic (B. longum
BL999 [BAA-999, BB536]and GOS/FOS) group re-
ported less respiratory tract infections (RR: 0.6; 95%
Cl: 0.37-1.03).* L. fermentum CECT5716 and GOS
supplemented infant formula showed three times less
gastrointestinal infections than the control formula with
no difference in episodes of fever in one study'” and a
reduction by 46% of gastrointestinal infections, by 26%
of total respiratory infections and by 72% of recurrent
respiratory infections in another trial.'® Lactobacillus
paracasei ssp. paracasei strain F19 plus FOS and
GOS also significantly reduced the number of episodes
of lower respiratory tract infections compared with the
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TABLE 3 Statements.

Statements

Median/mean Votes

1 In presumed healthy infants, formulas with added synbiotics studied so far 9/8.9

8 (2x)/9 (18x)

have shown no differences in anthropometric parameters compared to

non-supplemented infant formulas.

2 Supplementation of infant formula with synbiotics studied so far suggests 9/8.6
softer stool consistency and more frequent defecation in presumed healthy

7 (2x); 8 (3x);
9 (15x%)

infants compared to the non-supplemented formula control group. However,
the clinical relevance of this remains uncertain and inconsistent among studies.

3 The synbiotics studied so far did not show any difference compared to the 9/8.8

6; 8; 9 (18x)

control group(s) in regurgitation, crying, fussiness, or colic in presumed

healthy infants.

4 There is insufficient data regarding a decreased prevalence of infections or 9/8.7

7 (2x); 8; 9 (17x)

reduced antibiotic use in infants receiving synbiotic-supplemented formula

studies so far.

5 All studies confirmed the safety and tolerance of synbiotic-supplemented formulas. 9/8.9

8 (2x); 9 (18x%)

However, no consistent clinical benefits were demonstrated in healthy infants

who received synbiotic-supplemented formulas.

prebiotic-supplemented formula group at 12 months
(RR: 0.34, 95% CI: 0.13-0.85, NNT: 10, 95% ClI:
5-57).'% At 1 year, Infants fed with B. infantis IM1 (B.
longum subsp. infantis CECT 7210) and L. rhamnosus
LCS-742 plus a mix of FOS and inulin added to a for-
mula containing LCPUFA, MFGM gangliosides, nucle-
otides, and sialic acid reported significant less respi-
ratory and gastrointestinal infections than the control
groups.??

5 | CONCLUSION

The ESPGHAN SIG-GMM considers the available data
suggesting that the tested synbiotic-supplemented
infant formulas are safe but calls for caution in over
interpretation of the clinical results (Table 3, Statement
5). In the future, the efficacy and safety of each syn-
biotic product should be further established. This
technical report serves as the background for formu-
lating recommendations on the use of synbiotic-
supplemented infant formula in healthy infants studied
so far.
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