" Review Article

Neonatal Med 2022 May;29(2):68-75
https://doi.org/10.5385/nm.2022.29.2.68
PISSN 2287-9412 . eISSN 2287-9803

neonatal

medicine

The Use of Probiotics in Preterm Infants

Hye Won Park, MD, PhD

Department of Pediatrics, Konkuk University Medical Center, Konkuk University School of Medicine, Seoul, Korea

ABSTRACT

Probiotics are live microorganisms that positively affect host health by altering the
composition of the host microbiota. Gastrointestinal dysbiosis refers to adverse
alterations of the intestinal flora and is associated with several diseases, including
necrotizing enterocolitis, late-onset sepsis in preterm infants as well as atopic disease,
colic, diabetes, and diarrhea in term infants. The risk factors for gastrointestinal
dysbiosis are preterm birth, cesarean section delivery, and formula feeding, in contrast
to term birth infants, vaginal delivery and breast milk feeding. Probiotics have been
used to restore synbiosis in infants with gastrointestinal dysbiosis. Probiotics inhibit
colonization of pathogenic bacteria in the gastrointestinal tract, thereby improving
the barrier function of the gastrointestinal tract, and the immune function. In preterm
infants, probiotics reduce mortality as well as rates of necrotizing enterocolitis and
late-onset sepsis. The combined use of probiotics such as Lactobacillus and Bifido-
bacterium and the combination of probiotics with prebiotics yield better outcomes in
the prevention of necrotizing enterocolitis than those achieved with a single pro- or
prebiotic strain. However, the routine use of probiotics has been hindered by the lack
of pharmaceutical-quality products, and a definite effect has yet to be demonstrated in
preterm infants with a birth weight <1,000 g. Therefore, to reduce the risk of necrotizing
enterocolitis in preterm infants, probiotics should be provided along with breast milk
and other strategies aimed at preventing gastrointestinal dysbiosis.
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A (necrotizing enterocolitis, NEC), -2 7] HidZ 53} <
HElo] Sl

Ao A= dysbiosis AEIE 548 AHZ S|EA]7]7] Ao =
FH}o] @ E] A (probiotics), L8] QB A(prebiotics) S-2 Al
Hio] @ 1 A(synbiotics)E AHESH=T, A3 %S FofoblS uf
39| A7l FoRt A%E Uetile doRle ES EH
o] QEAEITL 5lnf7, Leulo] @ Ak A Ao At T4
= Aok AollA A3t HA] g AR Hf SPad
(human milk oligosaccharide)& g3t ofe] e &1y
52 FEHH 5o o] djFot"?, Lejulo] QE A9} L2 H}o]
QE|A0] 23S Aluto] Q Bl AEkTL BT},

Algotol| A mAEo] A0 & Y= A7) thsfA= Az
W ejolr|RE =t Al&bE s 7He(in utero colonization
hypothesis)¥ A& WollAe 9] AES X517 &4 Al
52 24 A% BAY S o2 RE g YEITh= 7Hd(sterile
womb hypothesis) AFo]of| o} & =2to] ofz]7} Q012 AAY
oFe] 3t ol Hetals= Alet3-2 Altel whet A1A1s] ¥sk=
o, &4 2% A7 ghatole] e ©7]/d(aerobic) TE R
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anaerobe)°| & °|FH, 2t 24 F714dwtl olsf A Aba
BTt ASHHA A €7]A 1 obligate anaerobe) 0. & 1&0]
HsRgieHO. Aot A7)0l 7]l Z7F AW AlgEe] Afol7h 3.4
gt Got Al7]of] o541 Al TsHAA R E G w-Eo] Ad 1Tt Bl
SRS Hi 7l 3A173 0] HH AW AletEol QFgStE AL 7l 71
Aol ZolEA HoH0 2. 24 T AW AldEe Fsto] 93¢
= 8Rloll= A AR, ERE 2], Ao], YA AR 5ol 1o
3410119 whatol WBq FA|ENo] B9 FFo] thaketal,
O|& Al7]o] &7} o] FofA B, A4 AlatEoll Qs BAaE o
A9 Kshort chain fatty acid)oll 3 A3+ W pH7F WolA|H
A HAA Alate] Ag7o] A= o] 34 AEE F-AIsk7 1ol 25t
o}, SpA|RE, 719} W2 ml&of, B, AlGEA 5] A5
&= B4 Aleto] Ast7oll feltt @40 Eol AU At £+

(gastrointestinal dysbiosis)°] €7 G2 4= Qo119

D2 HIO|QE|A S| g1}

I Zuto] Q g AT} Yol A E3E YEFYE 7|32 Figure 191
A Bz A3} o], A Alet(pathogenic bacteria)?t §F2-2 74
A 02 AT Tt opu et 9l ApA| ol 2bd wf P 99t =84
£ Z95taL Qlo] Z2Hlo| Qg o] 9l5f) JFEIt A7}

pathogenic
bacteria

'

]

anti-inflammatory
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Figure 1. The mechanism of actions of probiotics in the intestine”; limiting
pathogenic bacterial growth (1-4), promote gut barrier function (5-7),
downregulate intestinal inflammation (8). 1, competitive adherence; 2, nutri-
tion competition; 3, production of organic acid and lowering luminal pH; 4,
production of antimicrobial materials (e.g., bacteriocin, defensin, etc.); 5,
increase mucin secretion; 6, increase tight junction protein production; 7,
promote enterocyte differentiation; 8, anti-inflammatory action (immuno-
globulin G [IgG]/IgA secretion and inhibit tumor necrosis factor-a transcrip-

tion).
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SF af ApAko 2 Qls Yokl g3 W pHe AU Aleto] 43
g ATl B QUET . ZRHlo] O Bl A A o] Y
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97 2(signaling pathway)®] of2] Gl = 2}-8-5t0] SF]
AFRIAF Y1Htumor necrosis factor-a, TNF-a), NF-kB 9] &
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g, HYA AHleto] TollfAR=EA(Toll like receptor, TLR)O] <1
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njsoh= TLR49] E/0] F7h| 0%l W, A9 AH7] 52
u|&3E AR 2 NEC HAY9] YEo] w2 o sfgsitt. i Al
@+ E4EY FHode BW AlES FolA Escherichia coll,
Klebsiella, Enterobacter ‘5 T-Proteobacteria’}7} Z715k=t|
3422 NEC Ao Al A+ ]2t r-Proteobacteria®l 427} Z7}st
1, Firmicutes -2 Bacteroides®] 57} B4l A4S Holtt,
5739 Hlgo] S7tot= Bl Al ExFFo] WS 1%
SAT9] HEZHE o]F= lipopolysaccharide?} A Z o] 9
A3t TLR4AE S4B A 2] A7) 50] &4 =HA o] Fi44
F7HE S S A7 DofutaL, o] % A& o|al 2 - g
A o= g A5RESol o A HARE EJ O & 5= NECE
A gstA Hop429,
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0|0t =ZEtof A 2] T2HIO|E[A Q| AL

Ojgofolla FE AMGEE LEHPIQEA H3E FolA &
H AotAsy|stE]o AP kAol diE =07t H #FEe
Lactobacillus reuteri DSM17938, L. rhamnosus GG, Lactoba
cillus acidophilus NCDO 1748, Bifidobacterium lactis (Bifido
bacterium animalis subsp. lactis) Bb-12, Bifidobacterium
longum (B. longum subsp. longum), Bifidobacterium infantis
(B. longum subsp. infantis) Bb-02, Bifidobacterium breve BBG-
001, Streptococcus thermophilus (Streptococcus  salivarius
subsp. thermophilus) TH-4, Saccharomyces bouladii ‘5°] )
o, Bifidobacterium bifidum &4 ©1& B. bifidum Bb-12&
YWY El= 9= B, lactis Bb-122, B. bifidum NCDO 1453+ B.
longum®. & &¥]31 it}

nj&olof| A ZEHlo] Q YAS Foisile o ATHAQl AgES
B3 A7EL ohe3 2k 20209 Sharif 5170] Hagh wer
A2 F 56719 529 v AR, 10,8127 9] AR that
o7 st AFE, 325 vRH/1,500 g v|T EAYoKvery preterm/
very low birth weight [VLBW] infant)7*¥} 285 u]%}/1,000 g
ulut ZXJoHextremely preterm/extremely low birth weight
[ELBW] infant)w-ol thal] 22 519 1554 (subgroup analysis)
2 A5}, Very preterm/VLBW infantstol A+ L& H[0] Q.
YAE ARGSE oA 18719 o] F A Al EE SHA7 A=
Foklou, NEC, AHY, 37 {859 ¥1e7t R-olsHAl 4skal
O, extremely preterm/ELBW infantE 4O §F A 0fA
£ NEC, AFY, £7] 183 5o s F 2t 9Jv| Q= &ols
Holz] okolttt. F2k9) iy A7} ofd #EAATE o R
& Olsen 5°99] #lERZA = F 1271 AAFolA4] w0l 10,800
o] EIE|Ql A, Sharif 5179] et vi/IA| 2 T2 Hfo] 0 E
2% NEC 24 Z4x(odds ratio [ORI], 0.55; 95% confidence
interval [CI], 0.39 to 0.78)2} AF&E AA(OR, 0.72; 95% CI,
0.61 to 0.85)°l= A& o|ut, 7] Hjd5o A= F3iet
FIE HolA] LIYTHOR, 0.86; 95% CI, 0.74 to 1.00). 20154
FE A7 R HEREA A 235 ohe] 1Ho R Y
EFH QS W preterm/VLBW infantE tiA o=z 3t A= B2+
9] w7y Aol FEAF HFoA NECo| aypao]lont,
extremely preterm/ELBW infantE T4l & 3t AFojA= o
ko] Ao A AakE HolA] ehgtom(Figure 2A), AFgol His]
A& extremely preterm/ELBW infantE thAC. 2 5t =
HE dof| A a15 Ho|R] Letth(Figure 2B).
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L2140} 2AS ZHoIM 2| T2 HIO| RE|A O] 51}

T Agd nzdbo| Qe A0 Fio Thdt i AT
% el ProPrems A7 1,09949] ml&obs o B
infantis, S. thermophilus, B. lactis (Z 1x 10’ colony forming
unit, CFU)E £3sto] Fojstal 37] figds TR v
AT, L2HPO|QEA ANGFOA 27| EFH Agol= At
E Holx] YA, stage 2 ]3] NEC HA¥o] 7rasiich. &
A7HA B AE AT F 7P 2 F29] A7l Costelo 529
PiPS trial2 B. breve BBG-001& AF&-512] NEC stage 2 °1F, &
7] j@F, Apdel gt a3Hg AT Egk, BE Ailo| s AR
T3} BIARE Afo]of] §-9]8F 2o & K o] x| ottt ProPrems ¢
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T} 8| 15tE o Costelo 599] A= AHE-H LEHlo] Q€
27+ EAA7L ol B. breve HEA|A|EH= FHo] thE)
AF-E0] wet T2 ulo] Q E]A0] NECO] thgt E3k= th2 A5t
F| - Patel 5190] 2016714 HEH F 33709] AF-E ddo=,
NECo] tjst Z2uto] Qg A0] G35 +2 BA519S w, 2005
W o]59] e LZulo] QElAL Ao NECO| tfaf 2144
o= odtg e HtHOR, 0.41 to 0.49). Costelo 5209] A
oA ZZuto] QE| A7} NECO] sl f-ojet A HolA] ekt
o}, AAHRI 4 B4 Aatoli= A P vXA] FATHOR,
0.53; 95% CI, 0.42 to 0.66). < Razak 527°] NECo] thst =
ZHlo] @ EjA ATto] Wk uby] o agh xR 5
AE ol Astl=t], 20209 Sharif 5'79] A3 AFATE v}

A N RR  [95% CI]
Non-RCT (Preterm/V)

Olsen, 2016 10800 Ll 0.55 [0.39,0.78]

Deshmukh, 2021 77018 L 0.6 [0.5,0.7]
RCT (Preterm/V)

Sawh, 2016 10520 L 0.53 [0.42,0.66]

Sun, 2017 8492 = 0.55 [0.43,0.7]

Thomas, 2017 7325 L 0.57 [0.43,0.74]

Sherif, 2020 10604 L 0.54 [0.45,0.65]
RCT (E)

Sawh, 2016 1618 L] 0.86 [0.64,1.16]

Thomas, 2017 1596 = 0.86 [0.64,1.16]

Sherif, 2020 1712 L 0.9 [0.68,1.21]
Non-RCT (E)

Deshmukh, 2021 8464 : Il | ; 0.59 [0.36,0.97]

0 0.5 i 15
<-----Favors probiotic-----  ----- Favors control----->
Risk Ratio

B N RR  [95% CI]
Non-RCT (Preterm/V)

Olsen, 2016 8139 L] 0.72 [0.61,0.85]

Deshmukh, 2021 70977 L] 0.77 [0.68,0.88]
RCT (Preterm/V)

Sawh, 2016 9507 L 0.79 [0.68,0.93]

Sun, 2017 7332 L] 0.78 [0.66,0.93]

Thomas, 2017 6954 L] 0.72 [0.57,0.92]

Sherif, 2020 10170 = 0.76 [0.65,0.89]
RCT (E)

Thomas, 2017 1121 L 0.78 [0.5,1.2]

Sherif, 2020 1661 L] 0.91 [0.71,1.16]
Non-RCT (E)

Deshmukh, 2021 8153 | : L) ] ] 0.77 [0.53,1.12]

0 0.5 q 1.5
<-----Favors probiotic-----  -----| Favors control----->
Risk Ratio

Figure 2. The effect of probiotics in recent meta-analysis of randomized or
non-randomized controlled trials between 2015 and 2021 for necrotizing
enterocolitis (A), and mortality (B). Abbreviations: RCT, randomized
controlled trial; Preterm/V, pteterm or very preterm/very low birth weight
infant); E, extremely preterm/extremely low birth weight infant; RR, risk

ratio; CI, confidence interval.
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FOo& sof 77t 1,800 HCR 3 o Ane] 7H A+
S2 F7}8l0] A BASI9S 1) muto] 849 NECO] thd)
oflg Evh= H3HglloH, oF 80,0008 o2 g 7 A+

(risk ratio [RR], 1.00; 95% CL, 0.95 to 1.06)E F25t%S uf =
ZHlo] Bl A= NECO] sl fofnet &3hs 2H4] obA HThRR,
1.00; 95% CI, 0.90 to 1.00). SFA|}, HERRA]17.200] 25}l At
A} 2271 9F 10,000 A= AL ARbetd tiAzAr =71 22 A
AF2 = AFE bTE7] 913 80,0002 tIAFO.E 3t 714} 1o]]
H] 3] A e =S}
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T ZEHPO|QE AR ozt mEHlo| QE|A] 23 I
goto] Hlwatsict. Chi 5209 AtolA AFgat NECE ofdst
7] fI8l A-EollA 7 ol AME #= Bifidobacterium &
%, Lactobacillus &%, 131l Bifidobacterium/Lactobacillus
SAAA A, APdoll M= fleFzwtat ¥lwste] Bifido
bacterium/Lactobacillus 2] Chi 5°99] 7RR, 0.56; 95%
CL, 0.34 to 0.84) Bvt ol 2}, Morgan 529 A7H(OR, 0.56; 95%
CI, 0.39 to 0.80) & E7oll A A0t NECO] HisiAl=, H1oF
232} vH)wsto] Bifidobacterium/prebiotics, Lactobacillus/
prebiotics, Bifidobacterium/Streptococcus, Bifidobacterium/
Lactobacillus Z3¥sto] A3 79 NEC oo aat&o]qict
30 Lactobacillus/prebiotics®@} Bifidobacterium/Lactobacillus
9] x3F2 A= v|WsIHE W= Lactobacillus/prebioticsE At
83t % Bifidobacterium/Lactobacillus®}; 8|15t NEC o5}
ol 5% &30 AtKRR, 0.13; 95% CI, 0.01 to 0.90)*°. Morgan
509l AFo|ME  Bifidobacterium/Lactobacillus ZFHOR,
0.35: 95% CI, 0.20 to 0.59)3+ B. lactis (OR, 0.31; 95% CI, 0.13
to 0.74)7} stage 2 ©14F2] NEC of|5of 714 a3t&ojlom, [,
reuteri (OR, 0.55; 95% CI, 0.34 to 0.91)2} L. rhamnosus (OR,
0.44: 95% CI, 0.21 to 0.90)% FHIE B ch HEFo] thal
A= Lactobacillus/prebiotics o], &4 AgoF =279t
A 9717 P20l = Bifidobacterium/Lactobacillus Z30] A3}3]
oJ AT,

ool whet 7 Bl mEHO|QEA 7} TREY], A
o, NEC, &5, & FHFIA7], dL71%F 5744 A&
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FE 1H6I9S te ARl sl Lactobacillus/Bifido
bacterium, Lactobacillus/prebiotics, Bifidobacterium/prebio-
tics EAA7F 7HF Aol AP, 181, Lactobacillus T
32 Bifidobacterium SEAA = AMGR B9= O E #4553
B W5l u] HILSHAY 32 [actobacillus/Bifidobacterium,
Lactobacillus/prebiotics, Bifidobacterium/prebiotics 2] H]
A=A Fot As ZAT.

Li2fE 710[=2tel 3 0] i

I ZHo| QEIA ARG tisl] 7 Ut A AAISHIL Q= 7ol
2l Am H i, vl Aolulsts]of A>3 ulat A& 0]kt A
oflA SRAEA] g2 AHolA YEZQ ZEHO|QE AL ARE-S
4514 ekgtom, 53] NECO| adaxt7h glld 1,000 g vt
9] mjgoto A Fofsh= A B& F6kA] gt Ayt 4xof
e8] A= 1,000 g o142 ml&otoll Al NEC o i8]
Fret @7 mEnfo] QYA ARE-S N Esf & &4 QLo uf
ZZHAE 1,000 g "[FH] ml&oof A 9] AEA A2 A7 8l
L= UL e L S = B e g el ) S e A e e
£ nj&ololA NECE oiol7] ol 4F w5l gtel 243
o7 ZHsla g9low, n= AS|EI|ME Lactobacillust
Bifidobacteriums Z3sto] AMSSIEE s oH, 4 A&
oA3}7|8t3]o A= L. rhamnosus GG ATCC531035 AR&-5HA
YW 32 B. infantis, B. lactis, S. thermophilus®] 3 373}
Ack. 8 aotasr|ekslet vjs A7 FIoA FE4HoR F
Asl= #F= L. rhamnosus GG ATCC53103, B. infantis Bb-
02, B. lactis Bb-12%it}.

I ZHo| QEIA Fo BiRio] tsfiAl= oA 7HA] AsiAl Hi= gl
O, 20201 Sharif 5'79] dlEREA o] 23E ATEAE &
A 3 Ao] A& A Fofshal 4 AlFol Adgle] 10%-10°
CFUE ool 1-23]& sto] Hoji oF7HYHF AfolAl= 345
oA 36577, T2 EL A7HA], -2 A% 2,000 g B W7HA]) =
of5}qlt}. ZEHPO|QEIAS Fofgt & 7} ol A el
=u7H] el A7k Qiao $9 AFolAMlE Lactobacillus/
Bifidobacterium ZZAAE Folgt & polymerase chain
reaction S A WY #5= & SIS W Fof 157 FH
E] o] 3} H]F ol Alo]of] oJu] Qli= XJo] & B i}, Tk A
oA = ZEH[o| QE| A FojF Bt of 2} H| R oo A & WAL
W 3l A7 Aol A= AT TEE I
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OD2HOIEA RH 2 BXE X FI1 0

x O

ILZHO|QEA Fo] & RAGORE= BRIEO| = pre
biotic oligosaccharideo| 23t EX#TH(bloating), F2AH
(flatulence), A}t 5-9] B4 EH7H(intestinal discomfort)& 2
o, {8 Aotastr 3|0 L. reuteri, L. acidophilus
9] 9= L. rhamnosus®t T2A A7 E/d0] = D-lactate
£ BT 5 loH, H|sotoa= ofA] T1 Qb o] AtE o]
A ol AMESHA] s AL YTt Z2ujo] Q Bl He}
| F5ol o% WS, 20l 23 mucormycosis’” 9t I
ZHlo] QEl A HIAREFo| A 9] WAL BP9 A7} glon, HlE
= 0%-0.2%" 4" %ick. A A% 325 viwk, E4A1F 1,500 g v
ZAote tigo R o Fy Hiojie® ZRulo]QEA Fojs)
7] 79 A|7]0] sjdF ST o= Ao 7t gl o, ZEH}o]
QA0 HHE HAF Ao A = SFE 7L IAY 52
NEC stage IIIb, ZP|&of 53 T E 0] Q132 H1stal ¢lof o]
23t AIFRIAE 7H4 fofofl A= ZEHPO|QEA ARG A] HEF
Ao 015 7] 20foF o2 AJARRIT), LEHO| QEIA ARG - 7
7] ol %o SlojAl= 7E Aot HlEREA] dAtollA] B AR
H|ARE-E Ato]of] 2fo] & Ho|A] QFQr}49,

a8

U8 Yol A 53] 1,000 g Bek] mlgolo] s meujol
2

QEAS] AEH AFE-S oA Y Yot B AAoA T2
Hlo] @ Bl A= NECO] ofdfol| a112{o]iet, &4 A% 1,000 g ©]

g EXorE e E NECE AYst] fIsiA ZrHlo|EAS
ARESHA El= A= - Lotastr|stalet vl 407 g
A TEH o= FHok= w59 L. rhamnosus GG ATCC53103,
B. infantis Bb-02, B. lactis Bb-127} 23Hd AAE AR&sl,
Lactobacillus &% - Bifidobacterium ©50.% Fojsl7]|H
th= Lactobacillus/Bifidobacterium €% 32 Lactobacillus/
prebiotics 22 Bifidobacterium/prebiotics EEA A7} 24 EH
o} obA 2 9] 9] A1 FO|REQIH A 9] 5]7HE WHA] Y2 AJEo]
™, AbE 5 EEANF T2HO| QE A0 T RAEEL H Ik
I Qlof ARBA] 95 3ttt 181, ZEHO|QEA ARG 0]€]
o= BRafet A G Al B2 wRE o2 35S 9
wWols =¥ 3 o]FofAokstlTt.
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