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The establishment and formation of normal intestinal microbiota in infants are effective for preventing
infectious diseases and atopic dermatitis. To clarify the establishment and formation of the intestinal
microbiota of healthy infants, vertical analysis is an appropriate method. To our knowledge, few long—term
studies have examined intestinal microbiota in Japanese infants. With the culture method, we found that
Enterobacteriaceae were predominant until the second day, and Bifidobacterium, Bacteroidaceae, and
Enterococcus appeared by the fifth day. Bifidobacterium continued to predominant until the age of 2 years.
With the species—specific polymerase chain reaction method, Bifibobacterium breve was detected at a high
rate until the age of 2 years. In 2—year—old children the intestinal microbiota and the distribution of
bifidobacterial species differed from those of adults. The factors that affected the establishment and formation
of intestinal microbiota were administration of an antibiotic, severe diarrhea, and allergic disease in infancy.
We obtained information about the establishment and formation of intestinal microbiota by vertical analysis
of intestinal microbiota until the age of 2 years. These research findings can be used to further examine
changes in intestinal microbiota with specific diseases.

(Tokyo Jikeikai Medical Journal 2012;127:17-26)
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Fig. 1. Characteristics of the subjects after the birth.



20 Al

FRELU 7= 303, SKREFRDINICE =il it L
T EAEZ, BT REA (KH:PO, NaH-
POs, L-T AT A Ve, Tween80, %K) T
105 HmRICL, ZOWD 1015 ARFN 28 L
g & Uz, FEZIRNEEHL & U T Blood-liver (BL)
FEREEH (H/KBSEE, 8 50), Eggerth-Gagnon (EG)
FERFEH (A )V, #HEL), Trypticase soy blood (TS)
FERIEM (HAXZ 2T vF 2V 2, B0,
Enterobacteriaceae O % R £ i & L T DHL % K 1%
M (B /KELEE, W), Bifidobacterium @ jE R £
i U TBSZEKE M, Bacteroidaceae O IR 5% Hi
& U TUNBGTZ KK, Eubacterium @ 2 3R 55 it
& U TESZEKXREM, Lactobacillus DIEIRFZH & L
TAVELBSEXREEM (HAXIZ b2 - T v F
V2, BE), L I FF—YEE Clostridium O %
PG E UONNER 2 vz, 2SR5 BT
0.05 ml g D FLEAM LT, TS, DHLFEEKEH!
TR G FIZT37 CT240 5 A8 [ HE %
L, TNLSOREREM TR v— « AT —
IV —)ViEIT T 37 CT A8 efiES & L 7=, B4,
Juz——#E, oGk, wikE, FRof
I, FRMELRE T TOEFRICE > THRELZY.
BERRICHW=RELIAME, BEBI2-80 COTF 1 —
T =P —HiZfRfEL, DNAGBRICHW .
2) #{EpH OHMIE

FEMFpHIX0.16M (LS N U 7 AJRHE T 10 577
R 2388 L 7, twin pH B-212 (i35 81ERT,
R ERAWTHEEL =,

3) BEkEMN S D DNA Hfif

EFEOICELFICHRBE NS EET L &
Bifidobacterium ® 1 10 = — % #J5§ L, BLIEKE:
I L TR Y v — « AF—ILT—)IKRIZT
37 CT48IsRIs & L 7=, 1#ikH7=0 11510
BRFEEE O BEL, FF328RikkZES/-. AFL=O
O = — 13, UltraClean Microbial DNA Isolation Kit
(MO Bio Lab., Solana beach, CA) % H»T, DNA
flii 217> /2. DNAIRIZABRICH NS XT,
—20 CTHRFEL 2.

4) #FE(E/ S O DNAHIH

## 30 mgZ 10 mM Tris-HCl, 50 mM EDTA,
pHB.0FEMHRICIRE L, T DIEMRE A WT2E
P U7z, OERMEBEIRIE, VYV F—L Ft
M T3, KB, 72708XRTFI—E Fkt

Fh

MISET, KB, N-7EFIVLTIF—F (&
LT3, B OEHEEEFEEZ AW TUEL Y.,
BRI L 7=k, 7o/ =)V ZoaRivA
EIZE D, DNAZHIH L7z, DNABERIZEARRIC
JAWBET, —20°CTRELRZ.
5) Bifidobacterium O EFE 534

MASY REBMLEZT IS4 —2HANT,
polymerase chain reaction (PCR) %12 & U Bifido-
bacterium HFEZMH U 7=. PCREMI, 1.5 %7
AN =27 ) TELQIKBRIZ, RMETFTTALT
et L, UV Transilluminator 2 fl WY CUVELE T
TN FOFEZBTL 2.

I #& S

1. f@HETRER

HEBEROEMI, HEOH2RADEMFET,
H#iv4 E 72135 THRAH U #MITARD, TS
IHT AR OFEpHE 2> 5 pHS N EZ8F L, FFT
HREOEMBENASN, AM6ZREs E#H AT
AHE P RADOHMEROBOEZD LD TS
. BNMEER, HHEOBRWEBXVEROL
WIEIZ/R U7z (Fig. 2). &% 2 GEHFIA, C, D)
Tld, H 1 T Enterobacteriaceae 2V HHIF L, H i
2E CTHEZTH>/=. HHinb £ TIZ Bacteroida-
ceae, Enterococcus, Bifidobacterium3HII L, Bi-

Sfidobacterium33EFGERFTh % Hind £ /2135 T
B8/ o /=, Lactobacillus V3 Hiin4, 5FE7=I13H
s 1 T H B9 B 2, Bifidobacterium & g L T
1000 5 1000 IEWEE Th o 7=. ZORHID
Bifidobacterium ® 5 G #1%, R ZEERELEZRE
GEFIA, D) T90%LLE, ANTHOEGIEWN
B GEGIC) T8EXMRETH >y, Him24 %
THEBITHR U, B&MERE Td % Veillonellae %
Clostridium @ I —# M TdH 275, Hbin6 LIE
O BB DY & W EIZ 5 o 7z,

2. BHEEIEFEIREICEE E &/ UI2iER
D HEEBOWE GEHB)

FAERMNS H it 6 F T ORI N E O
HBURPUE, e SBRLLU 7223, His 17»
5 31T T D Bifidobacterium @ 58 R 160 % &
Kino7z. F£7=, HEmSNS A6 £ TOREE
IN10Y gfBETH o 7203, HEbZEFERE L 2 BEn



2 5% T OFLEN TG P 5 D e Bh B

Infection —
12 A1
w
3
&
+ 10
5
w
i
2 8
T
3 —4— Entercbacteriaceae
3 —&— Hifidobacrerian
]
g g —o— Bactervidacese
& —4— Jacsobacillus
- —=— Entercaccus
X —-—- Veillonellze
— - %—- Clostridia lecithina se negativel
2
FecalpHE3 55 5.0 NT NT 53 54 51 55 »
2 ecal p 100 (%) A-2
5 12
o 80
F o4 10
R
3 60
i ®
] 40 | g Total bacterisl counts
X
g 4 20 | —a— Bifidobacterial rate
¥
- 2 ° NT; ot tested
10 2D 50 M IM ™ aM tzm 18 M
12 C-1
w
&
&
v 10
5
w
2
H
H —4— Entersbacteriaceae
g —&— Enferococcus
£ °® —— Buctemidaceas
2 —&— Fifidobacteriun
3 —— Zactahacilius
s 4 —-#—- Veillonellze
5 — O Peptococcasene
. —— Eubacteriun
FecalpH 6.1 61 NT NT 51 57 68 57 66
@ 100 (%) C-2
T o2
H 30
o, 10
2 a
28 60
g o8
ge
29 & 40
B 3 Totsl bacterisl counts
S
g 20 | —a— Bifidobacterisl rate
8
S o NT; not tested
10 2D 5D M M 6M M 1ZM 18 M
12 D-1
w
8
&
w10
a ——4— Entercbacteriaceae
- ——0— Eucteroidacese
3 —&— Entercoccus
z —&— Rifidohacreriun
£ ——— Edbacteriun
2 —&— Zactobacilles
5
5 —O— Peptococeaseae
] —-@— - Veillonellae
= —-%— - Clostridia lecithina s negative|
—x— Clostridia lecithina s2 positive
2
FecslpH 60 54 51 53 52 42 51 61 63 52 o
100 %) D-2
242
5 50
2 10
R 60
ge ®
% 55 40
5z 3 Total bacted
o 4 20
2 —4— Bifidobacterial rate
¥z o
5

Fig. 2. Changes in counts of individual bacterial groups (A-1, C-1, D-1) and fecal

pH and bifidobacterial rate (A-2, C-2, D-2) after the birth in healty infants.
Bifidobacterial rate; bifidobacterial counts/total bacterial counts (%), D;
day, M; month.
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Fig. 3. Changes in counts of individual bacterial groups (B—1, F-1) and fecal pH and bifidobacterial rate (B2,

F-2) after the birth in the constipated infant (B) and the infant with serious diarrhea (F).
Bifidobacterial rate; bifidobacterial counts/total bacterial counts (%), D; day, M; month.
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4. %HB#ICEIT 3 Bificobacterium EIED 5%
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H X9, HE2TB. breve DI 5B A H
IN/z. A3 TIEY bE—ERNEEDN B E
WHLNIR GEFIE) ZBRE, < OMOHERE
MBSIEB. breve S S N7z, BEAEDHED A
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ulatum group DIRHBHE N & < 72 7=,

—%, 109 g X U & W Bifidobacterium O 18 BB
Fra iU EE L2k E, Al TB. breve DE|
B7353%, B. bifidum DEIENA3% TH> 2. T
NLAKE, B. breve DE|GMNTENIC/IR D, BEAE,
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Table 1. Distribution of the species of Bifidobactrerum in infants

Feces (1 day~18months; n=8, 24 months; n=6) H

Isolated strains (>1 Og/g) 2

hee BiADO BiANG BiBIF BiBRE BiCATg BiDEN BiGAL BiINF BiLON BiADO BiANG BiBIF BiBRE BiCATg BiDEN BiGAL BiINF BiLON

1 day 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

2 days 113) 0 225 3(38) 225 0 0 1(13) 113) 0 0 133 267) 0 0 0 0 0
4orsdays  1(13) 0  3(38) 5(63) 225 0 0 225 225 0 0 0 22092 0 0 0 0 28

1 month 338) 0 3(38) 6(75) 1(13) 1(13) 0  2@25) 3(38) 0 0 17(53) 21(53) 13) 0 0 13 0
3 months 0 0 338 7(8%) 1(13) 1(13) 0  2(25) 4(50) O 0 24) 4276) 24) 0 0 0 9(l6)
6or7months 0 0 1(13) 8(100) 0  4(50) 0  2(25) 225) O 0 0 40(74) 0 12 0 0 13(24)
9 months 0 0 1(I13) 8(100) 1(13) 3(38) 0  2(25) 4(50) 0 0 0 5200 0 4(16) 0 0 16(64)
12 months 0 1(I13) 2(25) 8(100) 3(38) 4(50) 0  225) 5(63) 0 0 0 1534) 6(14) 3(7) 0 2(5) 18(4l)
18 months 0 0 1(I13) 8(100) 3(38) 3(38) 0  2(25) 6(75) O 0 0 1022) 1737) 12) 0 0 18(39)
24 months 0 0 1(17) 6(100) 4(67) 3(50) 0  2(33) 5(83) 0 0 0 25 21(57) 25 0 0 1232)

Y Detected samples (Detected samples/Total samples %)
? Identified strains (Identified strains/Total strains %)

BiADO; Bifidobacterium adolescentis , BIANG; Bifidobacterium angulatum , BiBIF; Bifidobacterium bifidum , BIBRE; Bifidobacterium breve ,
/

BiCATg; Bifidobacterium I terium c

group ( Bifidob

, Bifidobacterium pseudocatenulatum') , BIDEN; Bifidobacterium dentium

BiGAL; Bifidobacterium gallicum , BiINF; Bifidobacterium longun subsp. infantis , BILON; Bifidobacterium longun subsp. longum
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Fig. 4. Changes in counts of individual bacterial groups (E-1, G-1, H-1) and
fecal pH and bifidobacterial rate (E-2, G-2, H-2) after the birth in the
milk allergy infant (E), the infant had low quantity of weight increase in
the neonatal period (G), and the infant administered an antibiotic (H).
Bifidobacterial rate; bifidobacterial counts/total bacterial counts (%), D;
day, M; month.
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