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AT EIRE BB ARRE. LB 9] o BT EMRE o) A B AR, HIFREMREEH
WA R, [k 28 ket 7 & B4 £MRE V583 6 Bk A149, B4 BRI
RAEAROTE, MEZERERRELIH —FERGEARE A pH R, JFHATA LB AN T
ST, ABBZERARGEREY Fil, MNELERERAINTR &, Fit—F@ 67w
HEFEEEMRAMERE DN FAARFN LA ERE, [ER] HEHK A4 fIRBERETHA
0.001, B A 43 7% # Ak FH(Podoviridae) 49 S A A 45 4E. £ B 4K A149 R4 6978 78 B (20-50 °C)
A, 60 °Cill kA T, 70 °CAVA L7 A% E; £ pH4.0-10.0 5L B WA ZAE, £ pH 11.0
AR T, pHIKT 3.0 K& T 120 H 22K F. HHAK Al49 BRI (<5 min), RAEH
(%9 912 PFU/cell), AR AR S4u A £tk KB Ao KB, EWRINT A 2374 £ E £ KL 11 h,
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Biological characterization of phage A149 and evaluation of its
therapeutic effect in a mouse model intestinal infection with
vancomycin-resistant Enterococcus faecalis

WANG Wuhua?, ZENG Huiran!, WANG Yuan!, LI Xinyue!, LIU Longnan!, WANG Juan!,
ZHANG Xinglin!, MA Junfei*!

1 College of Medicine, College of Agriculture and Forestry, Linyi University, Linyi 276000, Shandong, China
2 Linyi Dongshan Hospital, Linyi 276000, Shandong, China

Abstract: [Background] Enterococcus faecalis is a Gram-positive facultative anaerobic
bacterium that can cause bacteremia, endocarditis, pulp infection, and urinary tract infection.
Due to the aggravated antibiotic resistance, phage therapy has become an alternative strategy for
treating E. faecalis infections. [Objective] To isolate virulent phages against E. faecalis and lay
a foundation for the development of phage therapy targeting E. faecalis. [Methods] In this
study, a phage A149 targeting vancomycin-resistant E. faecalis V583 was isolated, and it was
observed by transmission electron microscopy. The phage was then characterized in terms of the
optimal multiplicity of infection (MOI), one-step growth curve, thermal and pH stability, and
whole genome sequence. The lytic spectrum and anti-bacterial curve in vitro were measured for
the phage. Furthermore, the antibacterial properties of the phage were evaluated by treatment of
the mouse model of intestinal infection with vancomycin-resistant E. faecalis. [Results] A
phage A149 targeting vancomycin-resistant E. faecalis V583 was isolated, with the optimal
MOI of 0.001. It had the typical morphological characteristics of the Podoviridae family. Phage
A149 remained stable within a wide temperature range (20—50 °C), with a slight decrease in titer
at 60 °C and complete inactivation at 70 °C and above. Phage A149 survived stably within the
range of pH 4.0-10.0, with a slightly decreased titer at pH 11.0, and it was completely
inactivated below pH 3.0 or above pH 12.0. Phage A149 had a short incubation period (<5 min)
and a high burst size (about 912 PFU/cell). Its genome did not contain antibiotic resistance
genes or virulence genes. Phage A149 can effectively inhibit the growth of E. faecalis for 11 h
in vitro. It demonstrated the cleavage capacity of 86.4% for tested E. faecalis (51/59) and reduced
the count of E. faecalis by about 1.3 orders of magnitude in a mouse model of intestinal infection.
[Conclusion] Phage A149 demonstrates the potential for treating E. faecalis infection, which lays
a foundation for the development of phage therapy for the prevention and control of E. faecalis.
Keywords: Enterococcus faecalis; phage; biological characteristics; evaluation of antibacterial
effects in vitro and in vivo

KA (Enterococeus faecalis, Efs)&—F  SiE. PIBES . PRI RIS FUEGL St 1, Bl
B RBHE R DO AN, RS R EPUERN) M, B 25t 0 E,
WaiEH Tz e, SO WA E S JUHOR W U7l 5 R % BR 1A (vancomycin-resistant
A, B Efs Wil fE WL 8om e, SIERIM  Enterococcus, VRE)WH IR, Z51fiK VRE Jgl
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FIVRITH R T IRMEM, iR LI N K VRE
ETAFBEA TR, (HAl RFE AR K m
BFE], BUCAH VRE MISEAEIE, HA 5] 2 Fifh
NEBG R ERKEEP, Hit, FF&%E%T VRE &
UNENEE =AW SRy =1 - 38

M AT 1A 2 — i BB 615 J8% L I 24 £ 20 1T 1 s
B, ATDURE ) KRR E AR, FEIR T 24 7 JX
Yy 2 A AR PR A, WERIRE S
AT, R, X EZApITE | L4,
I HEA SHABTH A bR . PR AKEE
B PRSP RN T, SR —Fp o R S A
REHRIT . BT RER 5K . R
15 K RN 2 28 (0 45 45 Bl FEAS v 23 85 T & X
Efs 2R ZUERERA, I BAERINS R vh
FEBH M A A B TR AR PR M I S T A —
AROPPUR ], TR AR R R AR R A D T
FEJRYT B LA T IO AR PR M 0 e 00 ) e g
BEAR, T AT XA AN A ) TR AR R R ASE
T —RREF XTI T B R Efs V583 M ZIME:
Wi PR A, 0L e A 2 e, 5 B4 DR A
FEI5a0 0T, PR HAERSNRA N BT RE ST, LA
WM& Bfs BRI 1A A AT 725 B8 2 St

i R

1.1 #m

AT 0 AR ELAE 59 HRIEIG BR A
(Enterococcus faecalis) . 5 #k R 15 Bk W
(Enterococcus faecium) . 2 #f 4 ¥ €21 % BK &
(Staphylococcus aureus) . 2 #f BAZ 18 A= 2= i [
[ (Listeria monocytogenes) fl 2 ¥k K I T &
(Escherichia coli)¥ i Iiffi Ut K== B9 5 16 &
fa AT I BT DR, it 3 B R Efs V583
A M oyt SER TR sk 6-8 JE
% Specific Pathogen Free (SPF)Z% ) BALB/c />
W, Tresmisem s EFTARAA, WmIRT
e YT K 27 Bl ) S 56 5 b 1) TC e SRR BB M - 3
Yy S g o 1T KA AR T A 2 B 2 AL o
(5 : 202403-12), F5&shPEBEAIREH LK

43 B W B R B 7T KOk A IR YT T UG 3
1.2 EHE

Ji%i .0 #% W& (brain-heart infusion, BHI) A 1%
(g/L): 40K 17.5, BREAK 10.0, Efib#h
5.0, Na,HPO,-12H,0 2.5, #jZ§k¥ 2.0; BHIf
BAZE . BHI R Bk 5.0 g/L; BHI
R BE . BHI N7 INBER 15.0 g/L; ek
BRI A (g/L) : R MR 20.0, [ERERH 5.0,
AT 10.0, SEAb#R 5.0, EMHIF 1.0, 7
MREkE 0.5, SEALEN 0.25, FFEERREN 1.0, B
fIg 15.0.
1.3 EELFIF{LEE

JC T V4 W (sterile solution, SM)Z% i , 4= T
H W) T AR ()B4 FR 2 ) ; Phosphate Buffer
Saline (PBS)Z& tliif , Jt i R EFRIHE AR A
F); PEG-8000. CsCl, S fi e, FiHi T
A AR B A B 7 5 R dAZ R B BOA ) £
RIRAERHE AL BRA A . BB, FEI
INFE B DAL, Beckman A F]; 0.22 um 33
JESE, MilliPore A H]; A A K ML, B2
YR A
14 EEASESHEWK

I R AR ) 0 185 I Al AL 25 TR 5 2% i T 35 25 )
B, B 2.0 mL A975/K B35 100.0 pl A9
Tl 8% Bfs V583 i IR YIR A, A 2.0 mL
1y 2xBHI W7, 37 °C. 200 r/min 5537537 .
Bifi 5 B 1.0 mL (VR A TE 12 000 r/min [ 5%
PR S min, FHEIEA 0.22 pm B8R U8
T VR ) I AR DR e B AR 10 R A
RS 5 100.0 uL 18 FRWIR G, SEEN
BHI 2 B AR 1R ) 5 Al oSUZ 4, BB F 37 °C
Bi Rl . PRBUE B 58 . 1203 b 1Y) A I
HBEEELE T SM ik, S5EAEFNE
FHEWFIESIMA BHI W%, 37 °C. 200 r/min
B 7, 12 000 r/min &0 5 min Ji5 O3
UE R, TR RO R RS T R N2
Me, BEHE 3-4 K, HBIWERETRK/NEEE—,
BRA5 2 4tk S5 B e o 1
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1.5 BESTEREMWER

MR PERE 2240 A0 5 PEG-8000 S B A
WIRA, BT 4 CAFE A, FfiJS7E 12 000 r/min
BISAE T B0 5 min SRA5U1HE, A 2.0 mL /) SM
S v B UTHE, A 2.0 mL (ST AR
KRB R AR . B R4 WM A CsCl B W 5 78
4 °C, 5000 r/min B 2514 &0 20 min, Y4
Wi &), 5 PBS Rk A G &R, 19
FI) 4l £k i g T R URL o D IR B e €0 1k X I
AR BUR Y €5 15 min J5 & T35 5T L8 B gL,
1.6 & & X & & ¥ (multiplicity of
infection, MOI) AN E

BRI V583 IRl a e R
Wi i 5 W AT A YR L W R AR 8K (PF U/ 2400
BOE(CFU) N 10:1, 1:1, 0.1:1, 0.01:1 £1 0.001:1
B F TR A A 10.0 mL f BHI P, 37 °C,
200 r/min ¥ F 6 h, FfJ5 A HC 1.0 mL iAW
f£ 12 000 r/min B9 55T 250 5 min, WHOGE#
A 0.22 pum B IE I BUS A AUZ Mok
DU W AR A 85, ARG E 33 A T 3 IR
(Tpe o
1.7 —HEKZAINE

B 1.0 mL #5557 2 XEE K HA(ODeoo 400
0.6)1 V583 HIKAE 4 °C. 5000 r/min 15514
B0 10 min, 34 FWEW, A 1.0 mL JCIE PBS
PERDTVE 2 Wk, BEJS HRIAFRRJCTE BHI A
R IR AE MOI 4 0.001 5 EFEIKIRAT
BT 37 °CIHIRAR N B 15 min, Bfi5 KR AR
f£ 12 000 r/min B9 55T B0 5 min, 5 B
W, F 1.0 mL /9 BHI W7 ELTIEIFHERZ T
9.0 mL % BHI W, #&T 37 °C. 200 r/min
B & R 9% . 7E 5-30 min NARE 5 min B
FE 1R, 5 90 min EERR 10 min BURE 1 3K,
AN E S BRFSE 2 he BURE S BHIR A W AE
12 000 r/min 25F F &0 5 min, 33§ FE M
SEWE AR o BRI B ST 3 OFAT
SERY, A I DL R R B —
Kk

1.8 EEF pH R2EMANE

W1k BE A7 10° PEU/mL FIWE B4 A149 4351
WCAE 20, 30, 40, 50, 60, 70 FI 80 °CHIH K
WS 30 min A1 60 min J54BUE 100.0 pL
W R AR EA T 10 A5 A5 EUAR B, T RUZ A
EVEREIRREE, T 3 WBCEME, WL
ik B T W A A P i B AR A

B4V EE R 10° PFU/mL By W B 42 A149 4351
JCAE pH 2.0—14.0 ([8]F% 1.0)f% BHI W%+, 37 °C
BT 60 min J5 45 B 100.0 pL WEE AW IES T 10 175
R RE, FOSUZFAREE T8, A 3 I
SEYIE, WESATH] pH 25F T W AR5 A8 1k
1.9 MEEAEEBNF S

I8 R e 20 Wk T AR, B 600 L A N T A
W18 Hofm A 2.0 pL RNase A 5 1.0 uL DNase I
(BWER 1.0 pg/mLYHITAEIE, PR IR
PRI £ vl B ROV R AR R It % 2 b
TR AR A IR A B ml R T SR i
Z: B8 Han 28UV Jr 32 06 g B A 4 R DR B L
FEE 4T o SR A0 B 458 5 NCBI 5/
GenBank &5 5} PQ093902, fii ] BRIG %k f4:
EEXFA3HT5 A149 AR A% H Ath v B (AR S DR 4
1.10 R4 B WHItE

W T A 140 2R i Tl A V. 2 471 Ay W 7 4 K
XORSF IS5/ )7 91, 3632 )7 548 MAFFT
vIUSISF IR IR A149 K ZANASTR)FE AY B BR 1A
Wik AR T AT IR R R B
.11 HEHERNE

T I TR R A 149 T X ZRP AN 6275 59 Bk
2% 1% 3K T (Enter ococcus faecalis) . 5 ¥k PR i 3K I#
(Enterococcus faecium) . 2 4 ¥ €01 % BK &
(Staphylococcus aureus) . 2 # HLAZ 18 A= 2= i (G
I (Listeria monocytogenes) fl 2 ¥k K I 1 #i
(Escherichia coli)] ) 24 fif 1% . 45 b iR 4 e B R 1t
R, B 100.0 pL 478 535 & /9 BHI “F[E{A
LIIRIR A, 4ifE T2 BHI BIUAKE & I, #E
15 min J5, B 10.0 L W R AR 5 Tk 76 -4 |
37 CCHEFRI R, WETR B2 A A BE, B
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Jei A B2 AR i — 20 B UE , BE H B R B
WU Ry 2 440 O ] s R AR 4 o A RBP4 7
3K,
1.12  HIEH LN E

16 12 fLAR A 12.5 pl 953 i i 26 % Bk
W V583 BEFh B G & BHI Wia, i aEY
Jy 2.5x107 CFU, #H& MOI 43514 0.01, 0.1,
1. 10, 100 i AAHR % B RETR R A149, Ff
PR BARFUN 2.5 mL, AN I B 1A 1) — 41
VERXTIRLL, 4 MOIFATEE 3 K. ¥ 12 1L
M & T M A K A, & 30 min PUE 1K
W% E (ODegoo), Wil 16 ho
1.13 TR X 2EBA Pk B /N BR BA 18
BB RE T IEN
1.13.1 EPFRERFNDERBERBENENS

Z: BT 7 A T 28 B Bk A e /N R
AR R U BRI % 16 H 6-8 ik
SPF 2 1*) BALB/c /NRBENLATF 2 41, 3 3
B 1 A e g TR A R OIR ATEBR /D BUA N Y i
B, AL R B R R R AP A R
WL AR . Seib AT 3 d MIREPIAR
(AntiBiotics, Abx) (I &R 10.0 mg/H, HER
10.0 mg/H, & FVEHK 10.0 mg/ H, H figme
10.0 mg/ FOMEE |, Z G 7 HEEE 7 d IR A4
EK(Abx: T EZE 500.0 mg/L, #HEX
500.0 mg/L, ZFPUMK 500.0 mg/L, H fifgmk
500.0 mg/L), FH[E]3E R A TN /N BRE(E H
FIAE, SCHSEGEREECE o [IFE 2 d 5
100.0 pL i 7 1 %5 % Efs V583 & (1x10° CFU/mL)
XF 2 /NI TRE S, DAL B AR R
IR e W BR G R 4 R L i R, L]
et FH i 3o TRT 6 43 i 5 35 0 /) R 384 v i 3k AT
I EaE
1.13.2 ISR ERERE R DR IAIEE
BRR T M

TEERE R E E A (V583 HEH A 2 K),
SFSZEG /N 5x10° PRU/ H A TR IR A149
() BA Y E B AT , T BRI R) 59 2 i BHI 1A

DVE XTI, Z 58 KE 2 4/ B 2SE 1 7
WAER BRI IR ST B, AT I B A X 2%
o R R P T R AR o
1.14 Sitoth

KA GraphPad Prism 8 X S5 B ik
PG00, IRERFR 3 KEE LKL
IFRUEIR S, IR P R REUREN S H % B
e G

2 ERE54M

2.1 BEREE A149 R B4k 518518
mAER

DL 7 T 25 2 Efs V583 M1 £ TG K kE
AR HR B — BRI TR R, 483 U2 S 32 Yo s 7R
{RiEAT 3-4 walifb)s , ¥ HAr 4% 4 Enterococcus
phage A149. WK 1A /R, WEEIA A149 fmE
B A, JRIECRERE . s S H B h
P R (B 1B), IR & A149 HAG MR JH
FE Mg FE AR (Podoviridae) (U HFAE, Sk # H A 24
N 46.2 nm, RBIPEHKEZ 28.8 nm, MWIE
AWML, WEIK A149 1H)E T4 W Ik R
(Caudovirales)H i) 45 & I B AR .
2.2 EEEER A149 IR EREEH

R IR A149 518 EREH# M 10:1, 1:1,
0.1:1.0.01:1 F1 0.001:1 & FL 511435 TR & )5 37 °C
PHEEFE 6 h, RUZ AT TREAA LB T w4
FIRU . 25 NER 1 R, 24 MOI=0.001 i, I
PR A149 K 1 AE, 7Tik 1.0x10'° PFU/mL,
FFLL 0.001 A WETE AR A149 Al e fdIsge S 55
2.3 MEER A149 BI—S A Kz

WEP IR A149 By—2P A K il 2 45 5 an
K 2 Frn, WA A149 BIWR BI<S min, %67
8 5-30 min, Z4f# 24 912 PFU/cell, —4
45 AR 2924 30 min,
2.4 MBEFER A149 BORIREMF pH 72
E M

TEAS R VRLEE TN E W R R A149 IR 2
P, R NE 3A Frn, BRI A149 7EETE R
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1 ISR A149 IS A BEEK A149 B
IAIERE ; B WA A149 B5FHEEIE 210 000%),
Figure 1 The morphology of bacteriophage A149.
A: Plaques formed by phage A149; B: The morphology

of phage A149 (transmission electron microscope,
10 000x).

F1 IREE A149 HRERREBNE
Table 1 Determination of optimal multiplicity of
infection (MOI) of the phage A149

i A WERA ORI 6 hiH
Code  Bacteria Phage MOI 6 h titer
(CFU) (PFU) (PFU/mL)
1 1x108 1x10° 10 3.2x10°
2 1x108 1x108 1 5.6x10°
3 1x108 1x107 0.1 9.0x10°
4 1x108 1x10° 0.01 9.7x10°
5 1x108 1x10° 0.001 1.0x101°

TR TE (2050 O e fFiG, 60 °CH ik & 1
TR, 70 °C R VL B SE AR 06 5 STWERE K A149
AT pH T RE S T, 255 anl& 3B
FiRs, WREIR A149 16 pH 4.0-10.0 JEFEINEEE

2 IR A149 B — A%
Figure 2 One-step growth curve of the phage A149.

3 EEE A149 HNRERE M (AT pH R2E
£(B)

Figure 3 Temperature stability (A) and pH (B)
stability of phage A149.

FFi% , 7€ pH 11.0 BHE RS G B, pH ELT 3.0
BE T 12.0 BSR4k
2.5 IEEAREEREEBSH

W B R A149 1Y 43k AL 3 45 2R 8w
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(K 4), &FHEHAKE R 18 561 bp, FKHH
IR, G+C &1 33.13%. il id b
SN RTERE, RWIRRFE R A149 &4 26 M
TE WYL 5] 2 HE (open reading frame, ORF), 1M
CHITIBEM ORF A1 13 4>, HRRLAN 50%
(13/26), H: A3 ORF ol i B M & & A
(hypothetical protein). % Wi B {4 [ g 15 )7 5]
(coding sequence, CDS)#% IR J3 41| K & X [a] 2

138—2 349 bp, Frf ORF BN 17 778 bp, Kt
PRI 2H v L R %85 2 24935 31 95.78%

SIERZH BLASTn 4301 i, WEB K A149
TE 4328 B8 T 9% 5 S (Viruses) # #6525t
(Heunggongvirae) X% DNA &7zl J(Duplodnaviria)
A REWEFKI ] (Uroviricota) A FE Wi 1 14 24
(Caudoviricetes) {4 BV AR Rountreeviridae)
5% 7R 307 5 7 14 B (Sarlesvirinae) B 112 9 55 &

Hypothetical protein

Adaptor Ad4

Enterococcus phage A149

18 561 bp

Minor head protein

Tail protein

Holin ‘
Negative regulator of
beta-lactamase expression

4 BEEF A149 2 EEENF o0

B G+C content
G+C skew
B G+C skew (-)
B G+C skew (+)
Al149
B 100% identity
70% identity
50% identity
AE4-17
100% identity
70% identity
50% identity

Terminase

DNA
polymerase Ef7.3
. 100% identity

70% identity

50% identity
Efmus4

100% identity

70% identity

50% identity

HNH endonuclease

' Endolysin

Nucleotide kinase

NECIE] ol PRl TN B Ei e SIS AN D A N 4

W ) LB AR (GHC) mol%., ] AR & R (D) T B 41 (GHC) mol%; A7 S (i I Y
BOBERR G+C &M G-C/G+C, mANNRERCIMNT 0. L0, Wi, SE ., wEm 4 45
BN A149. AE4-17. Ef7.3 Fl Efmusd ENA P8, BEAREAR TAIERE s SRz v
OREERE, LEFREERNER, SO NBREEA.

Figure 4 Whole genome analysis of phage A149. From the inside to the outside: The innermost black circle
represents the size of genome; The green and purple circles stand for G+C skew of G—C/G+C (outward
means more than 0, inward means less than 0. The four circles in red, light blue, green and yellow differently
represent the genomic sequences of A149, AE4-17, Ef7.3 and Efmus4 (the identity of gene is based on the

shades of color); The outermost circle is the forward reading frame (red circle means annotated proteins and
green for hypothetical proteins).
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(Copernicusvirus). il /AT HE IR A149 5 H
fiby 3 ol TR A W T AR A HL A3 IR P IR (R 4, &
PUME TR A149 A4 JE R4 P 91 55 i BR v s 1
& AE4-17 (91.01%). Ef7.3 (95.94%)F1 Efmus4
(92.34%) B A B mmy AL AR, JoH R g
A A149 (5L R T 51 5 B B o 0 1 1A E67.3 119 3
K91 22 78 5%LA N, B & )& T R —Fh i s
PR PR A A

HRPEWE PRI A149 & (T DIRE TN SS 2, %
A B IR A149 FEDRZH ip A S5 s B AR 254 . LA
A2 TR S RAR S SER , TAE A3 R 81
KB IRE NS E AR 2L, Fr A
R A149 NSO YR R kA, ]
FAFRE AR 1 o

5 ETHEARKREATEIERFIINRELEN

2.6 BEEA A149 ARG A BN O

T 0 B AR R it T R I 3 R Y R Bk
HMWEon (K 5), BERE AR A149 5 AE4-17. Ef7.3
1 Efmusd SEVEREIRR RS R D, WiE T
MR AR (Podoviridae).
2.7 BEEIR A149 H9BYER N E

58 W TR A A 149 1% 22l 40 B 1) 2L A
G 2 Fin. WERER A149 XF 3SR H
B2 REYE, XTIk ZE B R A
86.4% I 78 25 #2(51/59) 5 XoF T il iak iy BR i B B
(0/5) 4 BT (O] A 3K (0/2) . BRAZ I A= 2= by
G (0/2) FI K B AT I (0/2) ¥ TC 2L T 1k o % 4
RRANER R A149 HATX ZE M BK B Fh A e 5
BT T AR

5 PSR SE I AL 8155

O3 FECFFORTIE R, BUEMEHE 100, AIERME; ARRURREBGIEE .

Figure 5 Phylogenetic tree based on amino acid sequence of large subunit of phage terminal enzyme.
Sequence number in parentheses: The sequence number of phage genome; The number on the branch:
Indicates the credibility, and the closer the value is to 100, the stronger the credibility; Tree scale: The

genetic distance.
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*2 IREA A149 HRFBFILNE
Table 2 The lysis spectrum of the phage A149

Bacteria Strain Lytic effect Bacteria Strain Lytic effect

Enterococcus V583 ++ S24E33 +

faecalis EfsDS01 ++ S24E39 ++
EfsDS02 ++ S24E44 +
EfsDS03 ++ S24E49 ++
EfsDS04 ++ S23E04 -
EfsDS05 + S23E08 ++
EfsDS06 + S23E10 ++
EfsDS07 ++ S23E17 -
DSF02 ++ S23E35 -
DSF04 + S23E37 -
DSF12 ++ S23E44 -
DSF16 + S23E47 +
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Figure 7 Therapeutic evaluation of phage A149 in a mouse intestinal VRE infection model. A: Therapeutic
flow chart of phage A149 in a mouse intestinal VRE infection model. =12, —10, =9, and —3 indicate at 12, 10,
9, and 3 days before VR-Efs V583 infection, respectively. Abx stands for AntiBiotics. B: Enterococcus count
in feces after phage A149 treatment. *: P<0.05; **: P<0.01; ns: No significant.
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