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Application of foreign body infection models in the biofilm of
Staphylococcus spp.: a review

CHEN Zhaofang”', ZHANG Weina*', MENG Yong', DIAO Derui', LI Xiaoyuan',
WUYoucong*l’2
1 Integrated Laboratory of Pathogenic Biology, School of Basic Medical Sciences, Dali University, Dali 671000,
Yunnan, China
2 Department of Medical Microbiology and Immunology, School of Basic Medical Sciences, Dali University,
Dali 671000, Yunnan, China
Abstract: Persistent infection and drug resistance caused by the biofilm of Staphylococcus spp. have
always been a difficult problem in clinical treatment. The research on the molecular mechanism of
biofilm formation has become the key to the prevention and treatment of infections associated with the
biofilm of Staphylococcus spp.. The establishment of animal models of infection by Staphylococcus spp.
is conducive to the study of biofilm formation, diffusion, and pathogenesis and the in vivo evaluation of
the anti-biofilm effect of drugs. However, there are many influencing factors of biofilm formation in
animals, such as animal species, implantation material, inoculation site, infection dose, observation time,
and evaluation method. This study systematically summarized the animal models of biofilm infection by
Staphylococcus spp. in the past 40 years, focusing on the establishment methods, application scope,

advantages, and disadvantages of animal models, thereby providing a theoretical basis for the prevention

and treatment of biofilm infection by Staphylococcus spp..

Keywords: biofilm; infection model; Staphylococcus spp.

1943 4, 7RO H AR (A0 TR
D IFARA AR A ) A e XA, IR A
RS AR A AR M A A K, DAIAE DB (biofilm)
ATE e S A A ER A AR I A TR A — A
ZHER . BN A R, gME RN T
YRR, ZJarERANE N2 pE . Bk
MR 5 ) b 2 A MR B8 i B 2R s AR, 7
FEARIRN RGE . W 5r RGN 4 Jm R 5 484
ST, WEFIRFENMME ST 5
SAG 3% O B[R] N X 3 58 R ) F e 3 S B
ST, A Py AN B R U T R B R TR A A=
SR AEPIAARRRE . 25 R AN SO P
G TELEYM ORISR RTE B AR ) 152 48] 2 3R T 1Y
FLEFBORHLH Z—, WREAYRGT Rt m 5]
A AP M ¢ & 44 (implant-associated

infection, TADAYFEEFA, G0 THRES . fBik
ST L A AR ST R A N A ER
WAV ROE SR B A i e FE R T, AR TR
KA AT N MEHARTE], 3 1AL RAERN
2%—40%, HH, #Bid 50%A9 TAT Fh 3 2 Bk i %
Penlife, AR R E KBRS,

i 7 3K TR A ) R sh W B R R AR Y
IR N G RR L BOR L S AR B AE Y
HEEAE FHAICR 1) B a4 o VA8 A Ak At &
A2, iF 40 4k, HEBKE A
YIRS Sl PR A A 5t U T AR, (H
H T Jo— AR L 58S Ik K SEBR i 3h )
JERYLAFE IO R S DU A MR, TN
o5 7 7 3K TR A= W R IR e B g A AR S T R
Pe AR AT BEAL N R AR B (R 1),
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Table 1 Comparison of foreign body infection models to study Staphylococcal biofilm

BRREH] AR

Model type  Biological materials Animal species

LY

[ N L S B R VSR E PN
Strains, dosage and Application, advantages & disadvantages References
infective route

Central venous Silastic lumen-within-SD rats, mice,

catheter (CVC)lumen catheter
model

Blood-borme  Orthopedic-grade
orthopedic titanium Kirschner
implant wire (K-wire)
infection

model

Endocarditis  14-gauge teflon
model intravenous catheter

Urinary tract  Ureteral stent,
infection PU catheter
model

Periprosthetic Silicone intravenous

joint infection catheter, K-wire,

model stainless steel insect
pins

Subcutaneous 96-well microplate,

implant silicone rubber discs,

infection polyurethane triple

model lumen iv catheters,
tissue cage, teflon
catheter

Intraperitoneal Oreopoulos-

embedding  Zellerman catheter,

model silastic catheters,
96-well microplate

New Zealand
white rabbits

C57BL/6 mice

SD rats

Wistar rats,

C57BL/6 mice

C57BL/6 mice

New Zealand
white rabbits,
BALB/c mice,
CD-1 mice,
fisher rats,
guinea pig,
hamster

S. aureus (10°-10" CFU), RERSHER , PSS BRI TEPR N AE T AL [12]
S. epidermidis (10° CFU), &y Hud e, (AFARZLRE | BEEHL 5)
inoculating via CVC or 5 [ 8iMUAE A H k-
tail vein Accurately and truly reflect the biofilm
formation and diffusion process of bacteria in
vivo, but it has high technical requirements,
complicated operation, and forced to stop the
experiment due to animal sepsis
S. aureus (1x10" CFU),  AELIMATIE IAT K4 . &8 ISR, AT [13]
injecting via the posterior SEIAEWIIETE LAY LTI, S5 HAHN )y
orbital vein i, (ATFELERR A, HARZDRE
To mimic the occurrence, development and
outcome of the blood-borne 1Al real-time
monitor the biofilm formation, and the
detection is convenient, but it requires special
equipment and high technical requirements
HA-MRSA (10° CFU),  fEAr S ATER R 7E S A I [14]
injecting via the tail vein JSARRGIRE, (HalPstr e, stz
To mimic biofilm formation and dissemination
of Staphylococcus spp. in animals, but the
animal mortality is high and the tolerance is
poor
S. aureus (10°-10" CFU), Je# WHIIRARN AVEASTZ—, ATZR2 sl [15-16]
injecting through the BHEABEDE, AR, SCHIMR
bladder One of the most common clinical
interventional treatment, which can be
implanted percutaneous into bladder. The
operation is simple and practical
S. aureus (10*-10° CFU), AL , YLK AP Sy Sifhy, A [17-20]
MRSA (107/10° CFU),  PEbf; (AZNRHRR] R i TR R IR AR
local injection or cultured A& RE i, H/MRUILAE/D, Joikxt gy
in vitro before R TSN
implantation Infection rate is high, the infectious foci are
not eliminated by immune response, and the
repeatability is good. However, the dose of
bacterial inoculation is much higher than that
of in the reality of clinical infection. The
serum pharmacal concentration cannot be
dynamically monitored due to the less blood
volume
S. aureus (10'-10° CFU), SIIAIER, [Fl—3h¥al 2 gAY, [2-3,10-11,
S. epidermidis (10-10"  LMEWLEEZAUIN AL AR 14,21-25]
CFU), local injection or  Jif . #R/EfAif. &5HFaE
cultured in vitro before  The same animal can be implanted at multiple
implantation points because of its large size. Low cost,
simple operation, and stable results

C57BL/6 mice, S. aureus (10° CFU), S.  A[FZhIXHRIE B E AR, % S2E [11,26-27]
CF-1 mice, New epidermidis (10°-10°  PIBURYRCRIRA], CSTBL/6Y /NS %

Zealand white
rabbits

CFU), local injection or  AE 4 ¥ (A B4 BRI A IS 1 ke

cultured in vitro before  Immune responses to pathogens are different

implantation between different animal species, and effect of
biofilm infection in animals is different.
C57BL/6J mice are prone to chronic biofilm
infection of S. aureus
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VLS S 195 47 o e 1K T A 0I5 | S Y R e e
BEE HE A

1 o RREERPEA

1.1 RAPLEKSERRREER

HO K S 45 (central venous catheter, CVC)
WA EEY R SR, WG T
21 A A ) PSR e 4 JXURS:  Ulphani 55121 Se a7
W AR A IR T A Y B Y B CVC BREAY : R
B % 423 7 (rodent restraint jacket)”[# % SD
HEME R, 2 MEAMECE: CVC 16 A LI
ik, CVC [E TR 2eedes” b A 48h 5,
WL CVC 4N 4 8 (/i & 3K T SA-160 (100 pL,
10>-10* CFU), W 7E CVC H5 8 15 min J5
0.5 mL N.S #hyb Al ; B 5-8 d JaAbFE KR,
B Cve., KEMESSCO . . B BHFSME i
AT CFU TH5k; S5 AP, 4o (50 4 BRI hE
BB T CVC B B2 4 MR 7 1, I8 3 77 I
KEAGHE 2K A & A, T2 R bk i
SERL TR R P K BB U ILAE , 45 B R
A3 BRI, BERIZBIRI AT T CVC A OGS
e i K AR P FIGIT AT . Rupp 25 P8H] L
CVC & Ju 5 M F 58 7 240 B o] 2 Bl 6 P =
(polysaccharide intercellular adhesin, PIA)7EZR
B B BRI N AE D EOE B AE T, R R
M, FEEEIRE SE1457 (10" CFU)RYL)
7 2 SD REHA 5 HIEE AR CVC FIEMUE
PIRsE, 51 T AR (R 26 71.4%), T2 K i %
BREH SE1457-M10 RAEMREEHET Tn917 A
icad FEH , RRES K PIA)E Y4 H HA 1 K SD
REH B CVC MRS (AR 14.3%). 7351,
WAHBFFOE CVC RN R 7Y 2 1 4B
() 290 K B s bk, DA T B 9 46 0 i 2 3k
P . 3R R ER T L R AR R TR A A 22 T
BE TR S5 IR A P B B0 HL T S L AEA A )R

AT TE J380 A= WS A 155 O

B CVC AR Wy R e A5 1Y B M S e 4 T
TE RGP IE AR IR SO0, DL R A=
Wy ) & H A A B A, Rk 2
TP 24590 B0 AR NPT S Bt AR R RO .
BT ZERX S AT E RIS, RAEXERE R, A
) Jt B 0 AN ], RS 22 00K, A L)
Yy A RE IR 52 A1 I /DL I A T 4938 2% 1 E 30
1.2 MmiEM%ERHERR N RIRE

A B 7 e BB 200 11 A P A O il i 1t
FhBE AT, JUHIE B IME S A A S 5 8
WA PRI G Wang ZEUHEEST T A A ER A
ML ARG /N EUSRL: MM C57BL/6 /N
BRI J 45 A TR S B A i e 55 O W VTR, ey
e N B A REH(EAR 0.6 mm, KEE 9 mm),
AJF 21 d, ZHEJE bk BAT A ROt i 4
WA ER A SAP231 (107 CFU), 43 n]
AL A S8 (lumina II1 IVIS, PerkinElmer) Wil & 5
40 T AE 3h ) AR N G B 25 8 G (bioluminescence
imaging, BLI&# KA mE; SR, W
MAESS 35 3-28 K, /N T AR AYIBEAR ) BLI
Ao R E G T T ARICHE AW IR T AR B
MBEES BLI 5545 WIIEILES R, 1EE R
55 28 RACFE/INEL, BCE MO HA S K AT
CFU 1%k, KT ARM AW/ EUSRFR - F1 2
THLVEY R R E G T T ARTHAYFR T A
R XN JBR S , 7 2 3K T D 5 o AL M T A AL
P T ARIRAL, BEER S AT T BLI A= 9%
IR 2

LAk, Wang 45U M S A R HR 5 4
@ # % BRI TA 75 & (a-toxin) F1 & B [ 1
clumping factor A (CIfA) ) 5 5g FEHTIARTE /N FRUA
BB B AN G K A W IRE i b i T
TEVES AT 21 K45 TH0-TA FIHL-CIFA TiB)y
IHY7, SRS R BLIES . CFU HHECRI 4
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HAGILES; 45 R A IPL-TA FPi-CIfA B FifE
P 1A B S 2 0 ot s B R A B AR ) RS
KRG, TEAHAY) R WK, R
AEWIRETE B, T HL 2 R v BRI A A
R F o — (R, s S i kB 4 2R A=
Py R G 1) I 0 A 2R IS 24 0 e R A S e
filh o B YO A R G E R RS T WAk
RGLEA B ML R E TAT (9 & ARk AR,
I T SIS MK PN A TR A ) B I el A L 4
AT Ty (58, Teb sy, KRR T TAF
i, BLIZEY#EE R WIS, 4 F]F # MAE 5
M EPE TAT PFRFEEPE I | I6 97 RORPEAS K
LR SRR T NN
1.3 KEBEMOABREER

O W AR K 32 20 Ik AR ) 48 b S 4 2 5 | ke
RGN R A EE N K, Xiong &gy
T A VA A BR A O N A R R A . 28
kR O FE TR SD KR D=,
T I w2 3 3 KO L 5 R R R LR YR
B, EBE 3 d A, fREKE ST A A ER
B HA-MRSA 300-169 (10° CFU), LA & KB
OB RIERYY s BRYLS5 24 h, BERIZHYIAT 7
TR R (120 mg/kg)MIAYT, B HERS54E
WO A 47 3k DNABIL & [ Y B 70 B i 14
TRL1068 (15 mg/kg)BAI677, B E N.S
XPHRAL; BYLJE 7 d BB/, BUD . B OB
FIFLH L 513 34T CFU 315 458 8R, N.S
XA DINEAEY 2, WESE RS HL NS
LR EY R R, [RIE, B A9 SR
B (6/8); 5 N.S MLk, Tl &K pmiasry
ZH FEK A TRL1068 367 41 sh ) % 1) A= 4 2 i
B R, JUHORELS TRL1068 167 AU i
FEGWIEZE 3/10), 12H5E AU B A O7 b A 40 ) 45 2K
HTE SR NIE iAW) B e B o %2, (HR
RIET %, sz ki et

2 WRRAAREBRENRERER

PR 4 8 A 51 PR % J8 G (urinary  tract
infection, UTDAY FZFHE N, LHEAEFE P
BT A 5 | A2 PRI YLP), Cironi 251
ST T A T 00 2 K TR A BRI e Bk e A
Wistar K BURBS G T RS U0 2@ B,
5 G THUER U A A S PRAE B85 SEI AR A
il RNATIT #1il Bk (RNA 11T inhibiting peptide,
RIP) (1 pg/mL, #0525 B 0 AE P BSOE 1 S o
FA I RIE A, ARG A 4 B A A R
B SD B kE(2x107 CFU/mL), [RliH& & Hi 4 24
ST UL, FE IS TR 517 (10 mg/kg) Fl Bl A= Py e
JERYY s SRR 24 h 5 BUR TROFEAAG I R e 1
B AHAJG SR 5 REUH 3248445 CFU I8 45
B, SXIAME, RIP WdAEEH T
TRYT L SR TN R W bR A v A W 2kt 4 I 2 R
fIR(100—-1 000 %), JoHIE IS A RCR
He, fE B ERURbRA A TC RV AE K (N F
10 CFU/mL), 5 A3 53 20 B 1 6 BEZH 240

Yu ZGUCSR BN GBS SIS T T
C57BL/6 /NERAY T35 e Db B L5 2, R I AT
JIK AMP E6 S5H0ZKMHR 2 MG (X & i
FIATER DA . A 2 3K U Rl A B TR LA
KRBT Ge G tE . H ok, A a8y HoAlw IR
W CEIEAT I . RG2S AT 3D B 3h i Ok
B /N BB e i A A (i T O AR
FO I R GRS YA | A TR A 1R B
— JBEAN T | AT I IR 5 4 Bk R, sh
i 32 P 4, 3 T AR R R 2 B R e g A
PR ER

3 RRVEBRARRER

3.1 XTI E B RRRIRR
o 9 R A FE Rl JEK 4% (periprosthetic  joint

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



5326 (YIS Gk

Microbiol. China

infection, PJT)/&JCHT B HA G (I Z I K AE,
Carli %S T/NEL PIT BER . ¥ 5EHIE 3D
ITENIIER S SR A Y Ti-6Al1-4V (FHiA Hi2
40 pum AERTHORL), C57BL/6 /N BUAT B I% B i
Ui Ti-6Al-4V AHATAR, YIS RTER TR R
P A 4 #8549 BR 18 Xen 36 I8 #E(3x10° CFU),
XTHRAL A NS, REX/NREITE S B
AT X-Zk MU REAR SR, 725 2 5
6 JALFE/AINR, A AESE . AL AY)
AR, I I R SR AR W TR
THOL; SRR, A/ NRFARYMAE, £k
A RFRILAE, 5 N.S L HH, YL /NRATE
RIXE, DG fb e s B AR 2R 41, I
HH AR RAENR B TS, RS T A IR
B &R B WG, B E 6 HIJE
M.

M RIEAL A Y BN TR £ m,
ATt it A maiag | g RYEREYD
M GIE AL 8 A bt , R ae Lk R R
(4 PITABETRY . (EL( FH Ay B e 391 e v I R & A
TR B () B 72 77 (<100 CFU/m’), Ff75 B KA
WA S 5 I R B ) T i R ) ol T
32 NEEREANREIRE

Vidlak ZEUSTEE S T /N RUE BHE AP A ) i
JRYLIRY . C5TBL/6 /N BRI 5 17 PR N5 55 ¢
WUIFHA, BERR KA K (EF 0.6 mm,
K 8 mm)ifi ABENE, AJ5 50 A4 B 5
% BK # USA300-LAC ¥k . MW2 & ¥k i
UAMS-1 Wk, JFHENER IL-12 HE R
(IL-12p40 KO) B # #fF 58 2 Fh K [a] 4 Fh &
HH(10° 5{ 10° CFU/F)7EVES PIT BRI/ B A A
Jni ] 25T, AS[E A 4 A A BR
I RER I BES S PIT B/ SR L) A4 4 2 7
B R A ERTE B, AR R (10° CFU/H)ASRE
VB FU N RAE SN, F BN B Z2 R IR i 1k

21 fifl (myeloid-derived suppressor cells, MDSCs)
R D, AR A M AN B 2 R B, 2
PEAN TG RR s SRR (10° CFU/) BN A= )
JEEIE I, IFiF AN USRS S
{EIL-12p40 KO /) BB Y 55 B A TR/ BRURE TR A
o, wHmh e s AN BUARE SO . TR
TR D& i FRI A 2 R AW 3R T Y A= ) 2k
T IC R E 2R

Jorgensen 25U 2OV AD () B AN B AN AT
(Fi5EE T 1x10°CFU/mL MRSA M, 37 °Cif
B 24 G EHANURE, REATHHER
BIT, SiRAKMERGS 6 REVFILH, T1
TR R IR RER RIS B A B A R, EXE
AR Y ETCEm, B2 14 d 1936
SN RETE BR A VB . AL R AR T
REVEA A AR A YDA DG P | FRa e A%
T T I 8] 8 AT SO

4 AIWBEET)eRREER

41 FAZARKETEEZX

X4 B8 AU BOGH 78 2 (T T R A
ZBR T AL W) R YL S AL, I s AR
FT RN 3% B A R TR A N A W RO B 1Y)
s N THIVE 96 fLIEFRAR M BEIEFLIR (/N
AME 8 mm, WAL 6 mm, & 2 mm)&H, K
W J R A AT T 3 5 10 R R B, SR D A
G A, AR L% BRE (10° CFU/mL),
ARJG 24 h, 48 h JRifiEg &R, 72 h BUb
INEEHEAT TR TR, RSB BB, 45
SR, B L PR N AR R 2N ]
WA, I HIERA . R A YN
W T S RSNE SR AE AL, TR R
Jr 8 27 245 2 A P B PN T 3 TR 0P IR T R A B
2H . Wu 2P 260G I 26 fe A5 49 3R T srrAB
RAMRAN vraSR FEAS BRI PN A= Y BEIE LA DL
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B — R BT IR N A R A AR TE
BRSNS SRS AR RBRYE, 5
SEWME SN YETIA , BRERIR . 5 R
FE o 5 REIIBERIAR L, B 2 A RIRTE R R,
A Z p M E N, R —3h iR N W SR 2 4 b 3
K2, LABRAR Sh P4~ 14 2 55 5% A 34 D) 25 )5
42 NEETEEE

Nejadnik SEPUHEN7 /NS IR GLASE A . i
W (HAE 8 mm, JBJE 0.5 mm)FCIHE T4
A EREE Xen29 B HJCIE UYL, +
BALB/c/NRIE R ML ARERS 5, IR B 5 d,
WA HEREEE T RER, 5 d FEGTER
3, ARG LA TG kB 5 AR A W )
WHIREIR L, BB 5 d JRabseshdy, BURI AL
SR e A e g5 %M, AR m
Ab B B 1E 40 A P T REIR S EAE T, BAWY
il VA ) T 2 A B T G A T R 2 ) TR UK
e, BRI B 3Ll B AR A CE VIR
B AL R R B L I A 1 TAL, A7 S8R 9 A=
PIIE it fE . RS iEBUN, RE T2
HALFRR F B F

Jih, Engelsman ZEER AW & EHY
G WO T ER A Xen29 HEST T /N U W R Jk e
RO, )P e R AU CCD AR 4 1 75 % 6l
HA P A KA L, Simonetti ZE1 /N LY
PR ST H R IR RS, K5I RIP fi74:4) FS10
A BN ER R 4 MRSA 45 FEGE (RAR 7 3%
43 KEETHEEZX

Van Wijngaerden 2@y TR RS T 545
JRYLAR A . F Wistar KB T HLUE
BUEGE, BEARAN CEFKREA om,
34N, AR SEWSCE T 5 mL REHH
BRTEH1(0 °C, 2 h), FLAJGT 72 h 196 h Zb3Eh
Y, FEERATZ 2 cm AME—HiIm, B
SEETNS &, #Ei ey, R,

S TAT i fR/MEFP o 4(2.7-3.9) Log;o CFU {H,
BB BT HR G RNAE IR T7 AL/ B (n=12) [T
SE TR, B A BEAS 23 5 00 20 1 Y
e, KRBT R BRI | B4
PRI, IEAT IAL R AR IR IR R
IBFSE, PAEERARTEM 7S A0w, BE
SEHIAAL T AR R B IR IR R R T g
4.4 EPIR T RRRIER

B E RN TIKE . BUHEEM
LB BEAE R T AR teflon T
B.OERSEMHARERMNROEE, Wit
10 mm, #M% 12 mm, K 32 mm)&E 4 YH 8L
R 2 B0 ) S R e S P R B S 0 4 BT € 7
7] R DA RN /B3R R A A BRI A T Y, A A A
FUFRORTE, MR . AR | sk
TR A AN T R S5 i T ARAR Y
PRAE L2 40 ABEE 09 i T A P R TR
DRI, 78 S 7 35 B i TR 1) A ) B R e A Y
AR TS ] 922 400 ) ) (A b ZE KA ) DU F 44 N
HEYIBG TE R

5 BEEE

Gallimore ZPSUR 1 il BORE A (M4 3 mm,
AMZE S mm, 1 12 mm)EET T /) FRUIE e e
B HAWSEE TR KBS & KRE
29260/2503 B (10* CFU)H, 37 °CHFF 72 h,
DABA O 8 A S LE W B R T 1, KA A= it
HIREREAEHE T C5TBL/6 /NRIE IS, [ T I
BE, 3 /NHF 6 AN e B A 5 56 e Ao il
A, SRR, R 2 PRIG IR R LSH
ZRY W EAE, B 80%/NRIE YIS E
A 6 D G AAFAE 2R B 4G PR A 2k g
I UL 2 TR 2R A ER AN LA A A A S A7 JR
uo SXTRRZAARLE, 2 AP R /N R AT
JEL I 20 S T, FEA R, 2 e
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[ S RS bR 22 S RG24 S B
VEfRT o . BUASIRRR . SR )4, XK G s
M F B S B A — 2S5 M.
WA B AR S A CF-1 /NEUE KA
T4 4 B (O A BR 1A E2371 (10° CFU), Jﬂ:,u\
Yuiil i e 5 /N BU DI RE A W ) L P, ek
J5 3 d 45T A TUMA (B R KRB RIBYT, Bl
EREAREE RS DAY R, (HIRITF R
FRAR, AT AE B PR R A A IR /)N B B P 4
H IS ION 20%-30%EITZE 60%—75%) LA
kBT A R AME R, G 7R T 2L R
FEA 96 L IRl 5 N7 3 Re 5 20 3K T A= ) R Jeke e
SRR AT, (FRE s SR 52 2 4k A R
W, RUEBHEKZ, WIRKBMBEWE A
U BH 2 A WY A

6 HESRE

YNBSS ORI
T BN . X AR PR AE R . A
PRSI BSERIL T PR BIF 5 2 A DA 40 e A B S g
MBI A e i A B AR AR S
S BRI, LR N EBUR AL A T
FRUFER , DRI, S A0 TR A P R 1) Sh P
RURARIC I8 Y] o AR B0k A ] o S T 11
SENEANTR], R I 03 T 4 4 4 2K BT A ) J IR
QeshWIiny . SRR AL S e | wIRIE Rl R
fe lesi e AT IR | AR -E A
YRR BT R A B R JE O K . DA R 2y
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