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Abstract ; This study explored the antibacterial effect of nisin ( NIS) combined with meropenem (MEM) on methicillin resist-
ant Staphylococcus aureus ( MRSA). The minimum inhibitory concentration ( MIC) was detected by micro broth dilution
method ,and the fractional inhibitory concentration index (FICI) was calculated by chessboard combined bacteriostasis test to
evaluate the inhibitory effect. Crystal violet staining test was used to quantitatively detect the effect of drug combination on the
biofilm formation of MRSA islates. Galleria mellonella model infected by different treated MRSA was established to compare
the survival rate. The results showed that the combination of MEM and NIS had synergistic inhibitory effects on the tested
three MRSA strains, and the FICI values were 0.375,0.5 and 0. 375 respectively. After 6 hours of treatment, both the combi-
nation group (MEM + NIS) and the NIS group could inhibit biofilm formation without statistical difference (P > 0.05). The
survival rate of G. mellonella showed that after five days,the survival rates of larvae infected by three MRSA strains were
30% ,80% ,and 30% respectively. For strain Yn2020051 and Yn2020078,the MEM + NIS group had higher survival rate
than that of NIS group, MEM group and positive control (PC) group (P <0.05).
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Inhibition zone diameter increase multiple of the MEM + NIS group compared to the MEM group of each strain
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Yn2020120 18 5 13 -0.28
Yn2020004 16 6 22 0.38
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Yn2020130 20 7 20 0
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2142 1( Continued Tab. 1)

A BB 42 Diameter of inhibitory zone(mm)

Hibk IR
Bacterial strain MEM NIS MEM + NIS Enlargement of inhibitory zone
Yn2020051 13 7 21 0.62
Yn2020043 15 5 18 0.20
Yn2020078 12 5 15 0.25
Yn2020083 22 15 27 0.23
Yn2020065 27 6 25 -0.07
Yn2020098 35 5 38 0.09
Yn2020050 23 7 22 -0.04
ATCC 25923 39 22 43 0.10

Yn2020004

1
Fig. 1
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Screening of MRSA strains by Disk Diffusion Testing
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Table 2 Determination of MIC and FICI of tested strain to drugs by chessboard method combined with antimicrobial test

4 PN / S
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Yn2020004 32 6.4 4 1.6 0.375 PrEVEF
Yn2020051 16 12.8 4 3.2 0.5 DrREIVER
Yn2020078 16 12.8 2 3.2 0.375 PhRIVER
ATCC 25923 8 12.8 2 6.4 0.75 AINER

R3 FRELEBEIFTEEFELYALET MRSA £ 6 h B EYEM G E

Table 3 Semi-quantitative biofilm inhibition rate of MRSA at 6 h under different treatments by crystal violet staining (% )

40 Wk Strain
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P<0.001
P=0.042 r 1
a J § I b P<0.001
] R0 1 P<0.001
o __r_l—\
mad T 0.4
o4 T T an
g 1 s ]
(=] J o o
© o O o2 __
00 T T T 0.0 T T T
CK NIS MEM MEM+ NIS CK NIS MEM MEM-+NIS
P<0.001
P<0.001 E=0i01L
L P=0.008
P<0.001 y P=0.005
o _ P<0.001 d N . P=0.007 X
0.6 —I— o
: 0.4
:"; 0.4 a
a ] a
o - O o2+
0.2~
0.0l T T 00 T T T
CK NIS MEM MEM+NIS CK NIS MEM MEM+NIS

2 HBRELRBEFTEETRAWAIEL MRSAK 6 h EMEERE
Fig. 2 The biofilm producing of MRSA at 6 h under different treatments measured by semi-quantitative crystal violet staining
7 :a. MRSA Yn2020004 ;b. MRSA Yn2020051 ;c. MRSA Yn2020078 ;d. S. aureus ATCC 25923,

2.4 KEEAETRITNWAST MRSA HF1  Yn2020078 FI ATCC 25923 F R 20 1 x 107
b BSE % B E Yn2020004 . Yn2020051,  CFU/mL, BERR AR 20 WL/ L, L%k i



Vol. 34 7

T - LR BE R TR R 156 5 2 5 1o o ik P 46075 b 5 980 5 ) 20 R o O3 T 17 AR

373

HEDNE TR il R I iy AR A 2. RIS R
i, Yn2020004 . Yn2020051 F1 Yn2020078 = 4 MR-
SA TR Bk F AR HE AR ATCC 25923 Jgk L (1) K i M5 17
MEM + NIS 4 4= 17 #5351k 30% (3/10) 80% (8/
10) .30% (3/10) F140% (4/10) ,NIS 41 (A= A% 4y
B4 10% (1/10) 20% (2/10) 10% (1/10) F1 20%
(2/10) \MEM 4 A543 51128 20% (2/10) (10%
(1/10) .0(0/10) F120% (2/10) , i PC 4L\ 1776 %
51K 10% (1/10) [ 10% (1/10) .20% (2/10) Fi

a 1
* NIS

o * MEM
f% 80 * MEM+NIS
2 * pC
5  — —
.Tg 6
E 50
- .
(I) 40 ‘
Ein [} " " T—
vy ¥ —
& 2 [

10

2 3
[5F1E] Time(d)

100
e ™ NIS
= " — + MEM
S wf F—1 MEM+NIS
3 = pC
g 7 . ‘ & NC
Z s " . 5
2w 5
T_E 304
& 204

104

5 1A] Time(d)

o

1735 % Survival rate(%)

=]

715 % Survival rate(%)

8 882888

20% (2/10) ., %t Yn2020051 , MEM + NIS £ Jk I i
4 AETE B T NIS 41 MEM 201 PC 40, 2% 5344
GiiterE X (F =5.439 P =0.001;F =4.767,P =
0.001;F =8.820,P <0.001) ; X} Yn2020078 , MEM
+ NIS ZH R HF IR )y de A7 35 % m 7 NIS 2H \MEM 24 Fl
PC A, ZRIAGITFE L (F=4.989,P <0.001;
F=5.167,P =0.001;F =3.934,P=0.004) , 447
2k WLIE 3,

* NIS

-+ MEM

A MEM+NIS
A PO

5 2 8 3
3 8 8 8
I

<+ NC

g 2
& 8 8
L

5§ 18] Time(d)

% NIS

-+ MEM

- MEM+NIS
e

“NC

3 8 8
L1

{ NI —

T T
2 3

[ 6] Time(d)

B3 NIS,MEMMEM + NIS.PC #1 NC A KB4 F A 75iE &
Fig. 3 Five-day survival rate of Galleria mellonella in NIS,MEM ,MEM + NIS,PC and NC groups
7 :a. MRSA Yn2020004 ;b. MRSA Yn2020051 ;¢. MRSA Yn2020078 ;d. S. aureus ATCC 25923,
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