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Analysis of the predictive value of infant motor performance tests com-
bined with GMs and cranial MRI for neuromotor developmental outcomes
in preterm infants
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[ Abstract] Objective: To investigate the predictive value analysis of the Test of Infant Motor Performance ( TIMP) combined
with whole body motor assessments ( GMs) and cranial MRI for neuromotor developmental outcomes in preterm infants. Methods: 125
cases of preterm high-risk infants were selected for inclusion. TIMP test at corrected gestational age of 40 weeks and GMs test at correc-
ted gestational age of 46 ~56 weeks were performed on all included subjects,and cranial MRI was performed during the period. All in-
cluded subjects were followed up for 1 year and the occurrence of neuromotor dysplastic outcome was recorded. The results and predic-
tion accuracies of the three testing modalities were compared,and the consistency analysis was performed using the Kappa method,and
the predictive value of each testing modality for neuromotor outcome in preterm infants was analyzed using the subject’s working curve
(ROC). Results: A total of 17 adverse outcomes occurred ,including 4 cases of cerebral palsy and 13 cases of neuromotor retardation,
with an adverse outcome rate of 13. 60% . TIMP test results, GMs test,and MRI test results were all in fair agreement compared with
neurodevelopmental outcomes (0.4 < Kappa <0.75,P <0.05). The positive prediction rate of final results was higher for GMs than for
TIMP and combined tests,and for MRI tests were higher than for TIMP and combined tests ( P <0.05). The negative prediction rate of the

combined test was higher than the GMs (P <0.05). There was no significant difference in accuracy between TIMP,GMs,and MRI com-
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pared to the combined test (P >0.05). After ROC curve analysis,the AUC of TIMP test was 0. 872 ,sensitivity was 0. 882 and specificity
was 0. 861 ,the AUC of GMs test was 0. 755, sensitivity was 0.529 ,and specificity was 0.981 ,the AUC of MRI was 0. 839, sensitivity was

0.706,and specificity was 0.972,and the AUC of combined test was 0.931,with a sensitivity of 1. 000 and a specificity of 0. 861. Conclu-

sion: TIMP,GMs and cranial MRI testing all have high predictive value in predicting neuromotor outcomes in preterm infants, and the

combination of all three improves the predictive value of concomitant adverse neuromotor adverse outcomes in preterm infants.

[ Key words] Test of infant motor performance ; General motor assessment; Head magnetic resonance imaging; Early prediction;

Neuromotor development

UTAEAR , BE A Bl A BE 2 SE BOR R R 7 L AE IR
AT UL AR (EIG 0 N ORI A A Y R
FL R R R R 28 R 8 R N LA, B ) Ok kA
B, AT BUH AT R SR SO SRR AR, IR S
PRI S M 2208 B B R A, 2 O S G R S B,

S AL AR E B Y DR, SRR R
JLRER 23 RN R A2 K E 45, 3BT BUE I
HAEZEZ L HE | Bt a Re 04t Tk
BB B 2 & A R AT RS . Bk B
A 2P EAR R I ] T3 LM & kB 45 R ikt
TR, 4n Sk s MR A] X6 8 LA 3 45 7 J 3y e i 47 F
#r, 4 512 31 i fh ( general movements, GMs ) 7] X} £
P M2 K S RTINS T BN B
W], R B LAz 3 & I (test of infant motor
performance, TIMP ) I X% 28 )L #2247 Sy 47 0 & , )
Txr iz sk BIR G0 BILHE T RIHIRG] . 1% =M
I 77 =2 X T T 0 AR, 1EL i R DL IR 5 A e
= LA &k B 45 )R AR GG o SO WF I AR
TIMP Bt & GMs K=k fii MRI X /= LMz sh X &
45 Jmy i I AN 1A

| AMSH®

11—

VEEL 2021 4FE 5 H & 2023 4F 1 H 1l i a4 13
fat BE IR 1 125 18 7= m e JLVE A IR SEX 4. A
L, B 75 B, Lo vk 50 5 1 A G 6% (30. 98
+£2.02) & s ARG B (1 612.76 £530.90) g;
JRUEIR 113 1, Z AR 4TIk 12 6, AR BT 5% 4 B2 e 48
HFERSIAMERE, LR TR IEMRE: (1)
G 5 12 WT A o 2 %5 (b [V RE e BRE 2 48 M
(2022) 55— MR ) 7 M S AR U (2) M 4z B
KEIRGE ;R Gesell & F it RxHEILE B 1T
M, A RBILE B RS <75 45, W2 Wik & &R
2, BILE BRI >75 75, Mg W e,

BRI : (1) BILZRE MG W &, IR 28 A
W4 (2) BIL A 22 <37 /0 B & DA —
FirmfaHE, e EudE8 HNEYE HEL
P 58 38 25 5 I DI R 7T P S I B8 il 3l Bk s P
B Q)BILMENMEE 1 EL U LE; (4) BILS

IBEV AR 1 A2 s R F 45 s (5) 8L
B I A R AE - Fo o HEBR AR E : (1) FEA 5 Kk
& SE KRG A T i B 5l Rk st A% AR s Bl e £ 1k
S (2) AW S5 (3) Rk R U7 BN BEIC &
WFIE & TR A & 5 (4) FEA TR IEM & RGE IR .
1.2 A%

Xf i A AN RAE D IE iR i 40 J& I #E 4T TIMP
ML, A2 IE SR 46 ~ 56 JAl I i 4T GMs I3, Jf 7
199 18] A7 Sk 50 MRT ARG . Fiv A AR & S BT 1 4F

TIMP 3t : By 1 44 482 55 1 5 BURS AH 5C PEAl
VEBERSUE A 1Y L A 28 e A R B O, 78 SR LA IE TR
W% 40 J i gE AT TIMP 3, [6] B 5 4 D7 A o e sf
&, IR bR HEfL TR AL, M L E T 58
L B U I 1) PRE v () o I g 2 G R A R
S LG B R, 42 N2 Horb g
T H 3 29 3, Mg H 3L 13 350, 51 H 0 H A 5>
N0 ~6 7, WA H 4T 0 ~ 1 43, 5530 142 7
Ao W R a8 B R I o AR PG 2
K U BILFT AL T 53 BLEGH AT 43 4, 24 i Ak 7 0 5 %K
=25% If, WL Wiy k& RAF 4 Bk i 20 4L <
25% i W2 W KB AR

GMs I3« 76 J JL#T iE i % 46 ~ 56 J& i ik 17
GMs 35, SR FH b o Ak 1Y) sg A5 B it 3k A AR L 7R B8
] BN AR 0L R HE AT S AR . AR R B E R 10
~20 min, SRAR5E UG, B AS BE 3R GMs P A B¢ 5T
UEA 4 JL B 28 e S B B et 2B Lz sh D) e AT
VEAR o AR 2 B Ok R 0 B ] A N 2 8 B B B (2
AJG6~9 Hi®ES5~6 k), ANZizshf Bt
43 R 1E AN % 38 3 ( normal fidgety movement,
NF) . 3% M A % iz 3 (abnormal fidgety movement,
AF) M N4 38 B it Z (absence of fidgetymovement,
F-) HR 2 Wl AF K F- R 7R 520

MR A6 - 72 8 LB IE G % 56 J8 A, >k C A
{ifi Ingenia 3.0 T AZ#EILARAAT # MLk /it MRI A6 4r
Fe AL S RARDE TIWI(TR6. 6 ms, TE2 ms ) ; li{iz
T2WI(TR3 000 ms, TE280 ms) ,T2FLAIR ( TR4 800
ms,TE40 ms) ,DWI % (b {45 0 #1700 s/mm, TR
3 622 ms,TE22 ms., 4[4 200 x 170 , 3 v ¥ 2 1% .
J2JE 2 mm) . SWI ¥ 5] (TR31 ms, TE7. 2 ms, FA



MEH, % Bl sh R MRS 2 51z S IEAG Kk ORI B3 1177 L 2202 3l k& 46 J= R BU 40 E 1173

17°, 2 2 mm, )2 & - 1 mm SRR EC T WK, 56 1
230 x189) . HBILFEK A HT 30 min, ¥4 T 5% K&
A (0.5 mL/kg) W g , 7 %2 80 A BE J5 7 47 K
Ao A RIAAAERG AR5 0 A G I i s
REBUK, WIS Wik 5% o
1.3 MEIKHR

(WM kEFLE R OGorBILMa L EFE .
(2) W3R 45 2R 1 SR I P A = AR i = 0% G ) 45
RO HEAT B e, (3) W : LB =G
75 =2 W1
1.4 Sit=Zath

K HI SPSS 21. 0 AT 84l Ab 38 5 40 B o 4K
PR B (x 2 s) 2R, 20 R] B OR F SRR AR«
B s THBCRER L [ n( % ) 1 3o, 20 10] Lh 35 R FH 2l ST B
AKX K5 R Kappa 5 #E AT — B0t 4047, e %
W H TAEM L (ROC) 43 47 4% K I 75 2% B 7™ L il
KB R B RATMMIE, P<0.05 HERAL
e X,

2 H#R

2.1 MANGHEEHEBEARERER
IR G e kA 17 IS R 45 )5, Hodr 4 6

M 13 il iz sh A ERE, ARG R ELERRN

13.60% .

2.2 TIMP MiREREWMZEBEER —HESH
TIMP 25 5 B ILM & R F 45 R, —3%

PE—JB (0. 4 < Kappa <0.75) , EREH G & X

(P<0.05), W#E1,

x1 TIMPIMREREMBAETER—HHESW(n(%)]

R2 CMsMAEREMELZTLERILE[n(%)]

TIMP ] 32
LAY Sk
[E83 RE ait

R4 93(74.4) 15(12.0) 108( 86.4)
NS 2(1.6) 15(12.0) 17( 13.6)
&t 95(76.0) 30(24.0) 125(100.0)
Kappa {8 0.562

P1{E <0.001

2.3 CMs MIREREHELBTERILR
GMs ALz s Br B AF 8 ] ,F- 3 fii], GMs
ML 5 BB S R, — B — K (0.4 <
Kappa <0.75) , 2R B H T E X (P<0.05), IL
2,
2.4 MRIKMERSEHMELABEER—HESN
MRI 6 I 45 5 5 ph 28 kB 45 R A e, — 2ok —
(0.4 < Kappa <0.75) , ZR A G FE L (P <
0.05), WLz 3,

- GMs )3

EH S &t
L 106(84.8) 2(1.6) 108(86.4)
N 8( 6.4) 9(7.2) 17(13.6)
&1t 114(91.2) 11(8.8) 125(100.0)
Kappa {8 0. 600
P1{a <0.001

x3 MRIMXERSHELEEER—BESIH[n(%)]

W2 & 4R VLA

I L it
SR 105(84.0) 3(2.4) 108(86.4)
RE 5( 4.0) 12(9.6) 17(13.6)
At 110(88.0) 15(12.0) 125(100.0)
Kappa {§ 0.713
P {8 <0.001

2.5 ZEBRARNEREMELETER -
ST

SHEBARMAS RS BILME LT RMLL,
—HME— (0. 4<Kappa <0.75) , R A LI ¥ E
X (P<0.05), &4,

x4 ZERERNEREMEREER—HEFH[(%)]

MA KB LR wa

EH# FH it
BT 93(74.4) 15(12.0)  108( 86.4)
PN 0(0.0) 17(13.6) 17( 13.6)
&1t 93(74.4) 32(25.6)  125(100.0)
Kappa & 0.628
P {H <0.001

2.6 SR TS T E LR

Sy % B, GMs W3 (59 BH M 500 48 % - TIMP
B A il (x* =10. 790, P =0.001) , MRI 4 1l )
B T (6 25 T TIMP J 6 A A (y* = 8. 727 ,P =
0.003) ;2 Fisher H i MR B: M0 560 K L, = H 1A
W () A T 25 T GMs Wit (P < 0.05) ; oAk
Ty = 2 T 6 o R AR LL, 25 S 3 B SR R X
(P>0.05), WLES5,

x5 BWHENFXISHERELLR

o 7 2 PREEBNME (%) BIMESUE (% ) R (% )

TIMP ] i 86. 11(93/108) 88.24(15/17) 86.40(108/125)
GMs ] i 98.15(106/108) * 52.94(9/17) 92.00(115/125)
MRI 46 i 97.22(105/108) *  70.59(12/17) 93.60(117/125)
WA 86.11(93/108)*  100.00(17/17)* 88.00(110/125)

* P <0.05,%5 TIMP @ 3% b 4 ; #P < 0. 05,5 GMs M) 3 Jb 4% 5
AP <0.05,5 MRI #n b4



L FOM
1174 2024 49 A

JI L E 2B % R ( http : //noth. cbpt. cnki. net)
JOURNAL OF NORTH SICHUAN MEDICAL COLLEGE

Vol. 39,No. 9
Sep. 2024

2.7 EMRENERTHELZTERHNTNME
22 ROC fh £ 4> #4520, TIMP 332t i it 48 F 1
FL(AUC) =0.872, /&l 0. 882, Ff & &
0.861;GMs it iy AUC =0. 755, & JEE H 0. 529,
FE 5 RE 0. 9815 MRI [y AUC = 0. 839, fit & & Wy
0.706 ¢ 5 & N 0.972; = FH B A Kl 1) AUC =
0.931 , fRE Sy 1. 000, 4552 % 0.861, L3 6.

x6 BHRUNERMNHELRFTLERTMMNES

LiRllEAES AUCTE SEfE P 95%CH APREER MK HERE

TIMP i i 0.872 0.049 <0.001 0.775~0.968 0.743  0.882 0.861

GMs it 0.755 0.078 0.001 0.602~0.909 0.510 0.529  0.981
MRI 6 il 0.839 0.068 <0.001 0.706~0.972  0.678 0.706  0.972
BA 0.931 0.022 <0.001 0.887~0.974 0.861 1.000 0.861
3 itig

H Al PR 5 2% F A st = L 3 & 2R i
PratE AT PPAG A 458 45 4 L LA 5 301 I PR J7 T g
B AR 2 TR A N TR, 24 B LRI AR R TR,
WERT R R Y  H, e a A
RSO 7 28 Al T H A = L & % &
45 JRy A T L3 TR0 R I X S A A R R R
HEATBF XM T TR b K B A R RE KR B AT

GMs I3t 2 — Ff E 422 AP B2 3R 1 3 M 07 A 4%
AR, A AR G R e 28 5 B AN A S 05 RE RS
L BB A b TR s fE LA 2 R B 4 R, R B
ARG R, 2 GMs W K 45 A I PR O
FE 5 H i Z 00 X 52 S A A S 3RS I i) 2 R v A
98% o 53300 i 451 45 £ L AT MRI K I J5 2 Wi
RO R ASUTE W8 0 B T Ty R A ST I BE R AP B B
DAL at MR A6 900 o A e, (L 90300 Ay A R
TIMP it 2 Xf 22 )L % 35 Jiz 8 i A7 VRl B — P oy
B3 X AL TR IR S 34 JE 0 LB 2 0E A i 4
AT EIL, A A OSBRI E S B AR B B b
JIT T s AE AR AL, PR IE BT s e HOW G Bh 7 oK 53 A,
TIMP 3 H A B B0 AE ), ol 26 5™ L 2B T 1
JUE P EEAT IR, BB % 5 L 0 b 8 R B 4 DR iE AT T
W5 [F] A, TIMP W] 2545 2% RS L5 Fhiz 2h R B, 146
B SRR OV B VR A5 T RE A% 4 T DT Ak
WLE R F K, R B A 2 K A R B 4
T (45 8,5 57— J7 i, TIMP 1] K032 20 ) B Bk I | 1
AN IEWEAERR IR, IF B AR 1 3442 2 85 43 1) 7™ R
oA Wil iz 3h & B MO 2 1697 75 R 5 i B A &
EESEL Y,

AR Bon , TIMP il | GMs i i & MRI £

M4 58 24 % T 45 oA e — 2or: — g, 1 H & F G
MR Z W UER AR L B B 2257 Al ], i
fEo TIMP i = Z R 2 )Lz 3 R, se 4 &
VAL 2 L2 3 & B 7K F 5 GMs I3 0] 58 3 o 22 L
— iz Bl R I i X R R R B LA )
e O s MIRT ARG 000 D0 AT DA & £ A il &85 #) 1 2 B 1)
FEAGAT B X I S A A R B T, = s U
J7 S AEPEAL L LA 4 % F 45 R ik Y BA 45 A B
P B BRI AN SO PR R L R R E
g5 Jmy ik, AT 25 A N 22 Fh I T vk, DR B 4
WERG B E . R g R W, TIMP i K
GMs 3K & N R o] B 4 1 2F Ak & 8 JL B 46t 495 X
Ko 79— 7 i, AW ST & B0, GMs I 5K 1) BH P 3
g T TIMP KI5 43 K6 I 5 MRT A& 0 9 BH 4 3500 %
=5 T TIMP R 56 A # i = 38 156 A& R 0 B9 B 14 75100
FET GMs Wit . %45 R85 , AN [l 4 ) 7 240 o
BUARTA] RIS [ 6 0 7 28 485 A F F0 7 L 22
iZ B 45 JR 7 T AT B0 6 RN . % SO 45
Y [ FEIE B, GMs Je Sk /i MRT A 0w F = ) 4t 25
KBS R, WA R gy 8 A T AME . I, &
ROC 4k 43 45 %1, TIMP ,GMs Jz MRI 3 % i ]
FE)LER I R &z o N R4S R H A B 1 1 B
B U RCRE SR I B AR I B T I A SR
. PG IR b, AT 25 R — ok i 36 A T i
W= LS I & ph 28 sh AN 45 Ry, LI 4 v
7= LA I B

Zi I, TIMP .GMs K3k /it MR A 0 78 71 i) H y=
LA 3z 3h & B 45 s 5 T ¥ 5 A B 1Y 0 A0 M6,
SAE A N AT B R R LI R SsSB4
Jy ) TN A B

5% 3Lk

[1] &&E0. i, 258,55 Mg e A 7 5L LI 20
LR ME R I R YT RO Bl 22 R B B [ )] R R A e g
:,2020,48 (1) :42 - 44.

[2] Huang P,Qin X,Fan C,et al. Comparison of biological characteris-
tics of human umbilical cord wharton’s jelly-derived mesenchymal
stem cells from extremely preterm and term infants[ J]. Tissue En-
gineering and Regenerative Medicine,2023,20(5) ;725 —737.

[3] Liu Y,Li ZF,Zhong YH et al. Early combined rehabilitation inter-
vention to improve the short-term prognosis of premature infants
[J].BMC Pediatrics,2021,21(1) :269.

(4] BRUIBK, BMEM , 2/ NEE 45 WL L 3012 3l B B 42 5 s 3 i
o PTAG 5 Sk B MRT A 7 X 5L 7= LA 28 6 & 45 Jm) B F5000 4 i e
BT E)L R S 0),2023,2(19) 50 -52,58.

[5] Fenn-Moltu S, FitzGibbon SP, Ciarrusta J, et al. Development of
neonatal brain functional centrality and alterations associated with
preterm birth[ J]. Cerebral Cortex,2023,33(9) ;5585 - 5596.

[6] Ptak A, Debiec-Bak A, Stefafiska M. Assessment of viscoelastic

parameters of muscles in children aged 4-9 months with minor



M=,

% Bz o F I £ 4 B iz g 4G B Sk MR IR RO B LR 2852 B K A R R B 4 i

1175

[10]

[11]

[12

[

qualitative impairment of the motor pattern after vojta therapy im-
plementation[ J]. International Journal of Environmental Research
and Public Health,2022,19(16) ;10448.
PEBEEEESILEEE TR RS P EREARE &
/N U P M 0 e 52 % ol 2% % 2, i T O s R A2 R O 4 2
JUZE AT % 2 51 2x, 45 vl )ik 1 R 0 e 2 9 7 (2022) 55 —
woMEIE [T]. A S AL I R 2% 3, 2022, 37 (112) .
887 -892.

W RS, P A, 5F . R R R A A L IR 45 Sk ST MRT X
F BRI 012 W R & AT R BRI ], AT
N2 SRR 2R ,2021,30(1) 122 - 26.

AT, R AR, 5 3, 45, S100-B 7K 171 A 1 i 2 1 0 B
JURG 503 6 B2 WA (B LT ] 1B BE 2 B 2= 4 ,2024,39(2) -
218 -221.

Rasmussen MI, Hansen ML, Pellicer A, et al. Cerebral oximetry
monitoring versus usual care for extremely preterm infants:a study
protocol for the 2-year follow-up of the SafeBoosC-III randomised
clinical trial[ J]. Trials,2023,24(1) :653.

WRE, 24 TR, 55 Il TR IBE S MIRT X A A H 2 1 7L
Mk F RGBT ELT] Hl B2, 2023,42 (4)
338 -340.

Seesahai J, Luther M, Church PT,et al. The assessment of general
movements in term and late-preterm infants diagnosed with neo-
natal encephalopathy, as a predictive tool of cerebral palsy by
2years of age-a scoping review [ J]. Systematic Reviews,2021,10

(1) :226.

[13]

[14]

[15]

[16]

[17]

—
fo]
—

[19]

[20]

(Wr#5 H H9 :2024 - 03 - 26

Barbosa VM, Einspieler C, Smith E et al. Clinical implications of
the general movement optimality score:beyond the classes of rasch
analysis[ J]. Journal of Clinical Medicine,2021,10(5) :1069.
DeMauro SB,Bann C, Flibotte J, et al. Cranial ultrasound and mi-
nor motor abnormalities at 2 years in extremely low gestational age
infants[ J ]. Journal of Developmental and Behavioral Pediatrics,
2020,41(4) :308 -315.

EUR, A= E . R LM R H ISR [T]. L O g
34,2023 ,31(4) .404 -407 ,432.

WK, A, SN, A5 BLAE 3R B Alberta 2L
BHRREO ~4 A& EILP R HLT]. b E A4 O,
2023,38(9) :1635 - 1638.

Madayi A, Shi L,Zhu Y, et al. The Test of Infant Motor Perform-
ance (TIMP) in very low birth weight infants and outcome at two
years of age[ J]. Journal of Perinatology : Official Journal of the Cal-
ifornia Perinatal Association,2021,41(10) ;2432 —2441.

HOIE T S AR R R, A T B Lz B 2 B K 0 M AR
JLR Wiz 8 2 BAS s B [T ] Bl 25 72 B2 K %% 2 4R, 2024, 46
(6):515 -521.

JEIME AT PSS BRSE AL, AE . 2 B8 S BT AL 5 B LiE s R
D078 5 A L AP i — Bk 2 e (0] TR PR 4, 2023,
52(1) .11 -14.

W SCH , 8 . GMs JBUat WP AG 16 45 i i MRT X & @ B 2k L iz 3h
RE G RE TN AN H [ T]. 9740 B2 25 % B % 4, 2022,41(5) .
480 —484.

& 5] H 87 :2024 - 04 -26)

(b¥EE 1170 TT)

[5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

ZSFI B4k - http ://www. nsme. edu. cn

KR, B8 X 53R A T P BT o PR 2 R SR S [0 ]
SCREE I TR A (A2 SCRR) B2 AR ,2023,9(2) 169 - 174,
N2 B I FUAT 1R 45 AR R R BB ML RE ST [ D], BE R - 1l
R KA ,2012.

Munoz A, Hayward MR, Bloom SM, et al. Modeling the temporal
dynamics of cervicovaginal microbiota identifies targets that may
promote reproductive health[ J]. Microbiome,2021,9(1) :163.
Ay B A, 0, A6 L IR A A A Ml R i i T e 1o B
FEHRRLT]. BUEY 2 Je ik ,2022,42(4) <1 ~ 11,

Cunningham M, Azcarate-Peril MA | Barnard A, et al. Shaping the
future of probiotics and prebiotics [ J]. Trends in Microbiology,
2021,29(8) :667 —685.

Brito IL,Alm EJ. Tracking strains in the microbiome ;insights from
metagenomics and models[ J]. Frontiers in Microbiology,2016,7:
712.

Berghuis BA, Yu FB, Schulz F, et al. Hydrogenotrophic methano-
genesis in archaeal Phylum Verstraetearchaeota reveals the shared
ancestry of all methanogens[ J]. Proceedings of the National Acad-
emy of Sciences of the United States of America,2019,116(11) .
5037 -5044.

Almeida A ,Mitchell AL,Boland M, et al. A new genomic blueprint
of the human gut microbiota [ J ]. Nature, 2019, 568 ( 7753 ) :
499 -504.

HP, Forster

Browne SC, Anonye BO, et

‘ unculturable’ human microbiota reveals novel taxa and extensive

al. Culturing of

[14]

[15]

[16]

[17]

[18]

[19]

[20]

(Y %5 H #5 :2024 - 03 - 20

1EE T & S :hitp://noth. cbpt. enki. net

sporulation[ J ]. Nature,2016,533 (7604 ) 543 - 546.
Rajab S, Tabandeh F,Shahraky MK, et al. The effect of lactobacil-
lus cell size on its probiotic characteristics[ J]. Anaerobe, 2020,
62:102103.
Claus H, Ak¢a E, Debaerdemaeker T, et al. Molecular organization
of selected prokaryotic S-layer proteins[ J]. Canadian Journal of
Microbiology ,2005,51(9) ;731 —743.
Voss BJ, Trent MS. Structure ; peeling back the S-layer[ J]. Bio-
chemistry,2020,59(10) :1063 - 1064.
Wang W, Shao A, Feng S, et al. Physicochemical characterization
and gastrointestinal adhesion of S-layer proteins-coating liposomes
[J]. International Journal of Pharmaceutics, 2017,529 (1-2) .
227 -237.
Konstantinov SR, Smidt H,De Vos WM et al. S layer protein A of
Lactobacillus acidophilus NCFM regulates immature dendritic cell
and T cell functions[ J]. Proceedings of the National Academy of
Sciences of the United States of America, 2008, 105 (49 ).
19474 - 19479.
Prado AM, Geoghegan EM, Lepenies B, et al. Surface (S) layer
proteins of Lactobacillus acidophilus block virus infection via DC-
SIGN interaction[ J]. Frontiers in Microbiology,2019,10:810.
Palomino MM, Allievi MC, Gordillo TB, et al. Surface layer proteins
in species of the family Lactobacillaceae[ J]. Microbial Biotechnol-
0gy,2023,16(6) ;1232 - 1249.
&6 B #§:2024 - 04 -28)

fB 48 : xuebaochy@ 126. com



