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Abstract: Objective To compare the differential effects of Saccharomyces boulardii VS Bifidobacterium
tetravaccine on intestinal flora structure, fecal short-chain fatty acid levels and peripheral blood Treg/Th17 balance in
neonates with hyperbilirubinemia, and to evaluate their impacts on jaundice-related clinical outcomes and safety.
Methods A total of 120 neonates with hyperbilirubinemia admitted between March 2023 and November 2025 were
enrolled and randomly divided into two groups. Both groups received double-sided intensive phototherapy as the
main treatment. The observation group (60 cases) received Saccharomyces boulardii, and the control group (60
cases) received Bifidobacterium quadruple viable bacteria for 3 days. Daily transcutaneous bilirubin, total
phototherapy duration, total length of hospital stay, time from meeting phototherapy criteria to discontinuation, and
adverse events were recorded. Total bilirubin (TBIL) and indirect bilirubin (IBIL) were measured before intervention
and on day 7. The Shannon index, ACE index and B-diversity of intestinal flora were evaluated. Fecal short-chain
fatty acids (acetic acid, propionic acid, butyric acid) were detected. Peripheral blood regulatory T cells (Treg) and T
helper 17 cells (Th17) were measured by flow cytometry, and the Treg/Th17 ratio was calculated. Results The
observation group had shorter total phototherapy duration and shorter interval from meeting phototherapy criteria to
phototherapy termination (P < 0.05). There was no significant difference in total hospital stay between the two
groups (P > 0.05). After intervention, the levels of TBIL and IBIL in the observation group were lower than those in
the control group (P < 0.05), and the pre-post intervention differences of bilirubin indicators were greater in the
observation group (P < 0.05). After treatment, the Shannon index and ACE index of the control group were higher
than those of the observation group, with greater changes in the above indicators and beta diversity (P < 0.05). The
post-intervention levels of acetic acid, propionic acid and butyric acid in the observation group were lower, and the
pre-post differences in these short-chain fatty acids in the control group were greater than those in the observation
group (P < 0.05). The control group had higher Treg level and Treg/Th17 ratio but lower Th17 level, and presented
more obvious changes in Treg, Th17 and Treg/Th17 ratio before and after intervention (P < 0.05). The overall
incidence of adverse events in the observation group was higher than that in the control group (P < 0.05).
Conclusion On the basis of phototherapy, Saccharomyces boulardii further shortens phototherapy duration and the
time to discontinuation, and reduces TBIL and IBIL levels, but with a higher adverse event rate. Bifidobacterium
tetravaccine is more beneficial for improving the Shannon index, ACE index of intestinal flora and fecal SCFA
levels, and exhibits better immunological improvement including increased Treg, decreased Th17 and elevated Treg/
Th17 ratio.

Keywords: hyperbilirubinemia; neonate; saccharomyces boulardii; bifidobacterium tetravaccine; intestinal

flora; short-chain fatty acids; Treg/Th17 balance; phototherapy
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X R B33, w27 Bl HiR 1~6d, F3
(3.18 = 1.09)d; I #A 37 ~ 41 J4 , “F-14(38.95 £ 0.92) J ;
AR 2 550 ~ 3950 ¢, -5 (3 218.64 = 308.72) ¢
P — ekl A, 2 P uk e K50, 22 R RS 4#
B (P>0.05), HA ] otk ARWFG 2 BB BB F12
PR 01 24 HE (202301-003) .
1.2 WMANSHERRIRAE
121 wAntE OFE O LS 2 & i gE
ZiaTE R (2025) )OIRIZ Wi bR e, B DLRSS G IHLL R
Thim Ry 35 @l 2 AH R F S K B 6T B A, B
4% Z WOLEIT s @RI TR L B4 1 IR a5
WA, HRBIESE 3 d #3242 2B W T T L & R 4R
FEAH/ AP E M AEAS ; @B ILYE T AN F AR .
122 Herkroe O AR E K 2 e 0l 55 1F 5l i
PRAPAS J 300 P4 P BB 7 240 1l 5 WA B 12 Iy 34 1l
PEEUE, SR ENERN; QOBAUEEGNaER
T Ry = B RR I RRRE G 3 WAETE L) T A —
ol PEEL . IR FRIRAE IR % A R
AT 2 SRR EOE R U 5 ™ AR
MAE . R R AL R AIR YT s @R ML
WY . SRAEHE /N I 45 W 5 o e IR BT /N 45
i ge . WM MR IR &2 (0 ket o KT &
BB EE) LEEm7dENTH; @AARE
iz A W/ A ATz A 00, KD B2 Ratbit
FiR9T B R 0 3 T W Bl OF AR
PEGRBA . B RMEREEART . KISl R A
BER G 92 B B s sl 5 @ 8 L W 9 A HE 4t B i 4
(5] 1175 [7) 22
1.3 FHix

P2 B LA BE 5 304 32 4 FR R PRIE R S
=10 A AR ML SR 5 HEAE A5 LAl SRR YT, 8k
A5 W Az Ay PR AE K S8 IR ZT 2 (total bilirubin, TBIL) 7K
SO 6T 7 MK GBI AR L s IRZ0 2R iU E 12 3R 4
9 (2025) )47« A2 S5 24 h TBIL>102.60 wmol/L | i
£ J5 48 h TBIL>153.90 pmol/L . H 4= J5 72 h TBIL>
221.00 wmol/L . 4 J5 7 d TBIL>256.50 wmol/L i i3 3
FEIT o VR LA 6 32 (U K 460 ~ 490 nm , V-
475 nm) , T LA OS] 38 6 I7 % 22 M g, e R >
30 W/ (em? -nm ), [A] i 38 55 WUHR O 4723 B, O 4%
ML TR B E . TBIL<50.00 wmol/L B 15 5697 5 55
PR L FE W i 3 TBIL<34.00 wmol/L. 637

li], MR 4l 15 10 SR B H 28 J IR 21 3R KK, I XK I
B JRAF B0 IR SR 32 KR B0 FE AT R R %S,
BB LA AL B . FE B IRORYT SRR b, X R4
25 T BUBLAT B DU IR IS T A (BTN Oz R A= i 2h
[ 25 #E 5 S20060010, 0.5 ¢) F Al , 0.5 ¢/¥K , 1 ¥R/,
J7 R 3 ds WA 4y T A b IR mERE R (i
BIOCODEX , [ 2} #f 5 SJ20150051, 0.25 g) H i} ,
0.25 g/, 1R/ ITFHE 3 do

1.4 JEAEER

L4 AR R ERAHLRAFE KT b7
SV BRI ] ORI IR bR 2 A5 2 Y B[] R] B
142 Jezrd TP R&SEARA LD ST
TGS 7 R OR A ko, Ky TBIL. 0] 2 IR 41 %
(indirect bilirubin, IBIL) 7K.

143 MEEAF T THET(EOR) K THEH3
KR FEEARA o bR AR A Ja R RAK IR PR A7
Itis, 5i—T-80 CIRAFFFRE . FEHEEHEY
DNA J5 i 17 16S #% ¥ 14 #% # #% 2 (16S ribosomal
ribonucleic acid, 16S TRNA) JEH P B . B o £
FE Pk A 4R #8 %0 (Shannon) 5 3 B 7 35 4k 1T 48 4L
(ACE); RHBEESHREIHAT B Z LT

144  Epsstfshem TTEATCEEOR) KT
G5 3 RREFEMR, T-80 CIRAF. KRHAM
015 — 0T 15 6 ) R € i 7 (R 4l 5 00 3 A5 1R ik
HDME /R . NER . TRAKF-.

1.45 ShJE S & T 29 A6 (regulatory T cell, Treg)/
B BAME T 28 8217 (T helper 17 cell, Th17) o4& 435
T AT (55 0 K) ST M5 55 3 KR 4 R 2,
fiZ (ethylene diamine tetraacetic acid, EDTA) $t % 7 JH
KL o SR I A B ARG U AH DG A0 R = Treg
2 FR b7 4 (cluster of differentiation 4, CD4) /3L
5% 25 (cluster of differentiation 25, CD25 ) Y {4 )5 [F &2 18
75, 47 Ml 9 3k HE & 1 P3 (forkhead box protein P3,
FoxP3) (%, , % X & CD4* CD25* FoxP3* 4 ffl; Thl7
2R A BRI P9 PR 40 HEJS , 47 2R 1T CD4 J
JHL P 20 B A 2 —17A (Interleukin—17A, TL-17A) 4
FH TR A1 S IAZ 32 1K yt (RAR-related orphan receptor yt,
RORyt) Jt 4, % X & CD4* IL-17A* RORvyt" 41 Jifd ,
i5E Treg/Th17 HefH .
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1.5 SFitFERE

B 43 A1 R FH SPSS 25.0 G4 . 318 R
DIFG IS 8% (%) e , BB KRG 5 T 9ERt
PAIEL = ARt 25 o £ ) BP 80CR DU A28, 1Y
SO M(P,, PR, HEC ¢ K 36 sl Bk RTAS:
5. P<0.05hZERAGIRE L.

R

MAlGKREREE

I EYT BTG | BT IR bR A 05 24 1 B I ()
R, 1%, ZR¥UAERIT¥EX (P<
0.05); MY MK B, HIFikbs 2152
F%y B [ ) B O . P LA B B I LR AR, & KR
ZEFTGIFE L (P>0.05), WE1,

2

2.1

R2 WATHRIETBIL.BIL K FELLE

®1 BAKKERLEE (n=60,xxts)
TSR
415 7 R ’Wﬂ ﬂ;% th B s
pUEZSI | 31.11 £ 7.67 33.61+7.96 7.42+1.86
X B ZH 36.99 + 8.65 39.74 + 10.09 7.75 +1.69
1l 3.940 3.695 1.017
P{E 0.000 0.000 0.311

2.2 FATFFHEIETBIL.BIL KT/

W40 HUaT TBIL  IBIL FLd, 28 1 K 56, 22 571
Tg it E L (P>0.05) . M4l THi/57dTBIL,
IBIL b, & i, 2R WA SRITEE X (P<
0.05) ; Wi 2% 20 TBIL  IBIL 7K F 34 (K T X B4 . mi 4l
T HUHT JE TBILIBIL /) 25 A LL AL, & e ke 3, 25 73
H Gt 2F = (P <0.05) ; W< 20 TBIL . IBIL ) 22 (8
KIRFXF IR, W2,

(n=60, pwmol/L, X+s)

TBIL IBIL
215 = —
T FHiJE 7 d 24 R Rili] FHiE7d ZH
WWEL 274.61 +26.71 142.98 + 24.54 131.63 +26.27 248.75 + 30.36 119.88 + 15.91 128.87 +20.28
X HR 2 268.86 + 23.42 155.23 + 26.76 113.63 +25.56 250.99 + 29.58 140.77 +21.32 110.22 +22.46
tH 1.254 2613 3.804 0.409 6.083 4.774
P 0212 0.010 0.000 0.683 0.000 0.000

2.3 FWATHMRIEHEREIERMNTH

Wi 2H T #i BT Shannon 35 %% . ACE 35 %% . B Z
i, & Z ik, 27 WG EE L (P>0.05)
W 2H 1 il 5 3 dShannon $5%% \ACE FR 8 LU 4%, &2 Z /i
K55, 25 5 WA Gt 2E B L (P <0.05) 5 % B2 i
JF Shannon #5540 . ACE T8 803 i T WS4 . P2 T3
i J5 Shannon 76 50 . ACE F8 B0 ZH LWL, & 112 K

TEE  ACE 58y 2 E Y R TXF g . Wk 3,
2.4 WHETWHIEEEEEERBRNEZL

PR THAT SR NRR . TR, &t /z
Krge, 22 G2 E L (P>0.05) . P4l T U5
3d2FR NIR . THRKFIE, & /2 KK, 251
BT F R X (P<0.05) ;X YL T WG 2 N IR
TR ETWEN ., WHTHE SR N

¥, Z R G2 E L (P <0.05) ; % BB 4 Shannon iR T RRAY 2EMH LLAL , &1 1IZ K5, 22 3940 i it 2%
#3 MATHRAIEMHERBEREE (n=60, umol/L)
- Shannon 6% M(P,,,P..) ACEHEHL (x=s) BEFEHE M(P,,,P,,)
TR T3 d ZE{H Fwigr  FHE3d ZEE TR THE3d 72l
— 1.82(1.54,  2.19(1.95, 0.41(0.25, 67.13 = 92.06 + 2493+ 043(0.22, 0.41(0.32, 0.40(0.23,
2.04) 2.47) 1.24) 16.71 15.74 6.96 0.456) 0.52) 0.37)
— 1.72(1.54,  2.42(2.06, 1.62(0.48, 68.29 + 10281+ 3452+  0.43(0.23, 0.41(0.28, 0.38(0.21,
1.92) 2.58) 1.77) 14.13 19.68 8.23 0.45) 0.49) 0.40)
VAR 0.183 5.985 6.684 0.411 3.304 6.892 0.255 0.257 0.598
P& 0.855 0.000 0.000 0.682 0.001 0.000 0.723 0.359 0.455
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B (P<0.05); XMBATHEFLR, WR. T BRKFRZMESR T UG, k4,

F4 PATIRIEEREEEENRILE (n=60, pmol/L)

- 2 (x+s) W M(P,,.P,) THE M(P.P,)
: FHiG  FHUR3d M FHT FHiF3d £ F T FHiJF3d 2MH

WELL] 26.64 + 6.7537.59 + 7.97 10.95 + 3.44 2.93(2.41,3.65) 3.95(3.56,4.79) 1.05(0.67,1.41) 1.43(1.23,1.85) 2.13(1.79,2.41) 0.83(0.45,1.18)
XtHRZH 26.36 +7.9144.23 £9.31 17.87 +4.22 3.33(2.71,3.82) 4.54(4.05,5.17) 1.48(0.92,2.71) 1.59(1.22,1.79) 2.81(2.51,3.08) 0.98(0.67,1.58)
tIZAE 0.209 4.197 9.845 0.408 4.614 5.883 0.410 3.947 4.696
PfA 0.835 0.000 0.000 0.684 0.000 0.000 0.683 0.003 0.000

25 WHTWE 55 E M Treg. Th17 X Treg/ Treg . Th17 . Treg/Th17 W AE ¥ /& T X B4 . AL T

Th17 Lt {ERIZEL AT & Treg .\ Th17 , Treg/Th17 FL AR A 22 (H LL#E, &t/
Wi 2 T FUAT Treg .\ Th17 . Treg/Th17 HLfE FL#, &2 Z K, 2 5 WA Geit 5252 L (P <0.05) ; % 4 T

HZ KGR, 22 S GI#E X(P>0.05), PiglT  TUATJG Treg. Th17  Treg/Th17 b AH (19 25 B 34 K T W

WiJ5 3 d Treg . Th17 . Treg/Th17 LLAH i, 2 t/Z K %841, WS,

5, 2R G L (P<0.05) ; X B4+ s

x5 WAHAFHRIEINEML Treg.Th17 E Treg/Th17 Lb &% (n=60)

- Treg/(%, x + 5) Th17/[%, M(P,5,P..)] Treg/Th17 M(P,,,P,.)

FHiEG FHFE3d  %ME F R FHiE3 d 2l TR TG 3 d Z{H
WELA 5.83 £ 0.66 6.08 £0.71 0.36 +0.09 1.96(1.58,2.48) 1.66(1.63,2.42) 0.15(0.20,0.35) 3.75(2.15,4.66) 2.38(1.35,3.88) 1.37(1.24,1.57)
HHRZ] 5.91 +£0.68 6.34 +0.71 0.43 £ 0.08 2.01(1.64,2.62) 1.99(1.43,2.54) 0.26(0.24,0.47) 3.79(2.37,4.83) 2.88(1.95,4.37) 1.47(1.43,1.92)
IZAE 0.654 2.006 4.503 0.538 3.352 4202 0.211 3.570 4282
Pl 0.514 0.047 0.000 0.592 0.000 0.000 0.833 0.002 0.000
2.6 MAPREHILR AR OGS I [A] 2 B A5 O IS B AR 1) e ; [

PRZH AN R R A R A, 2 x ke, 2 OGP SRR IR A2 1k 5 1 3l T R I 2 s W fig

S G E L (°=4.904, P =0.027) ; WEAANR  FEWRLL R A S BEgE R AR, - A
R R T A, W6, FEHT A LR R AR P i/ T 32 310G . LR
TE N 18 N Y 22 255 E MR S0 b i s 31 5 A 1 0 4

[Fi] 2 i JHEAVE 258 32 1T i T A1 A T 5 5 ) B —

4 ipk s ek B B VERE R 1T I, s A N E RS AN R, 1Y
WMEELH 3(5.00)0  3(5.00) 2(3.33) 1(1.67) 9(15.00) 11 G g 3 7 i, DT B i R AR BR L R R TR 4T
XTHRZH 0(0.00)  0(0.00) 1(1.67) 1(1.67) 2(3.33) Z2HE IO A S S R A R A R S
s 922 T 25 T RE A A R 22 S RO Y G BEBR T . KL EE AR

3 Wit W (U Z R P . T ) TS A 5 L 1 i
A L IR LT 2 RE A I W R R R R o0 R M M A A I Ak ok 2 5 R IE T

[ 2 — , 2RO R R B R KR 3, IO O R -1 B E AR EH B 1
Thok B A e s i s T i, TR O A PR R BRI, AR AR TR AT R T AR Ak S T RE AR E
5T AL, N AW M R GEE . Wk MR, 5 Treg/Th17 - i 1 2 DI AR 5. O A LI %2
eI R IR SRR YT W R RO R RS T RE SIE G B, Treg M Th17 A5G HE
NHZT 2 5 A S HEM  (HAR o B AAEIRLL R TR B9 s 8728 1k AT GRSz e LA %t iz 18 2R 28 5 R E 1

376 WAHAARREMELLE [n=60, #](%)]
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IRBE A8 PR R PR, M AE R 2R
i % 15 R 1% ) Treg/Th17 SF- 457 A4 &5 # — A0 35 — 0 7~
AR AT R G VPAN A B T S8 K b I B AS [ D
5 A TR TE o BH 21 2 IfURE H 04 1 TR AE .

AT 5% 45 5 A B0, A P G TR B AT i — 2
4 YT B BOGYT IR bR A 25 R Rl L
T 5 7 d TBIL  IBIL 7K P 5% 5 XUEE AT p PO 3K o
A T2 T 18 T o 22 REE R 2 A B T I R
KT B ZAEELEAL N 5 4l R 2R LA 22 5, R
[Fi) o 24 25 A TR 76 I 2T 38 0 R 80 R 5 i A A AR gk
i b M A A 25 2R T AR R SRR
FHEEA R . BEAEAFSE B, 25 28 AR ROy i
Bl it A A T e AT IR 21 38 /KOF 9 46 J 7 B (), (R
WEFE B B AR R IR IR =S AR 2 K,
SR E TN BEFH 25 A R K — R I XL AR B BRI i
(b BLPENS LT R RS A TG AT A
TE I N AT B A= ) B — M T R 1 il 5 25 L Bk
Sk AT FE IR AR 3, DA T 384 588 i JFE A9 34 O 4iE K 2 9 3t
B DR, 3 o I T A AR A A T L BRI
B RE T, TR I 2T 2 PO ; 55 A= TR R AR I I pH
(B 2036 o 266 IO I e 5 3 3 1 |, D /D AT 38 48 g
I 5 A, £ AR TR A Al Bl 36 PR R I 32 5 1 s 20 L 38
TIHEAE AT 7R, D Bl g 27 2% 181 46 5 IR 21 38 76 i 3 45
R E] o DGR IR 21 3R 5% A6 S K Pk S A8 AR 9T
RHEH, 25 A RO O 2R 5 il sh i TR
I T BUE AN, DI R I I LL RN BT 50097
A S s ) 45 S0l R AIE 9 B, A PG B R
A 6T AT i s JE 21 3R T e O I g 3 TR 45
P A 2t L 5 AR 9 5K B Y TBIL L IBIL 7K
B B y7 A O B B) 46 4 AH — 3. 7E A iE AR
05 W, A 5T 45 R R, BLUIEE R R DY IBE TS B %
Shannon 1§ %4 . ACE 48§ % % 5 4% HE W5 12 31 T o6 0y 58
LB A2 ORI B R R O B A LR
IR ST 2 — , A8 = 2R FH ZLBE 5 B 2L AR R M 45 T
W, 7R (LA TR ) I REAR I i pH A, 30 461 25 14
O B, [ I 3 A SO IR TR A A Y
PRSP, (E PSR . T 1R 55 4 5% g 1Dy g 7K % 1 B8
WA o et il 07 T A AL S W T i T B D 4 o,
$EIR W 18 A A 1) T A L RS T ) Y B 5 T T
PRI FF 235 4 5 A0 T i o A EL A o TR 4 B
A5 AR B o Z2 R 5 06 BE s R 1 B T 6

JIEL 2T 22375 B3 A I PR 800 T e 32 16T i T 1 &
AR T8 R B A 75 2 S B MR IR AR X A TR 3R 1 A [
A NI G R P 7 iR (N ()7 N kA
RARLHERHLE™, FTEBILAE, B MR
2 WA T AR S 0 25 S AR DT R RN 34— 1
BRI 5 T R BT, EGitE ERIFAE
W, BT RE A2 BIRE A B D0 R BE 5 43 B 7 i R
Wi o AR REAF G5 R D5 T, AR S TS 3 d 4
Treg Tt 15 . Th17 FEAK  Treg/Th17 Ty, 32 Bk X R
20 72 Al i B2 SR, 4 s AR A HE R e T A2 A
Th17 AH JC 4 AE S 1 J7 T Al R BE B # . S BENE D7
T2 1 N Ay T R S e P AR A Y EE A o, T E
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