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Abstract

The prevention and treatment of chronic refractory wounds have been the focus and difficulty in
wound research and clinical work. In recent years, research on this type of wound has shown that
various kinds of bacteria and micro-organisms exist in the form of biofilm continuously and they
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are mixed together to exist in order to adapt to the surrounding environment. And they can proli-
ferate and secrete toxic factors under the protection of biofilm. At the same time, they can enhance
their drug resistance, weaken the bactericidal effect of antibiotics, resulting in persistent wound
infection and healing difficulty. Therefore, in order to guide the prevention and treatment of
chronic refractory wounds better, this article reviews the classification of chronic refractory
wounds, the composition and formation mechanism of biofilm, the possible mechanism of biofilm
affecting wound healing, and the current clinical prevention and treatment of bacterial biofilm.

Keywords

Chronic Wound, Biofilm, Wound Repairing, Treatment

Copyright © 2021 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 3]

HAT, 18X @O BT 16 S22 T AL S A2 00, RO ArbR 2z “18tk” , F2
e TRl @A 7 IR HS A B E a7 E A M A W e g e R
oy F AR S IERIGITIE 3 /MG, QIS AR E A B @AW & v AR Z g A1), 15
A2 H LI A 4~6 JE N o] R 2 8 G T [2] . I PR M 8 0 ek e o e 0 v P06 PR K 3] 0 A
JikPE s BRI BT Bt B TR R . AR DL R A (R A L BEPETESE) 8 ANFRE[3].
MMES M QI SUE Z S AR, BT REAER S R 2R QIR G AR E 2 5 ik f 55 2
I BAH BEAE R, SIS Bk G i e I7 78+ 20 R . FARTE ISR S AEFARIGIT 752 B AR
I E L, W WEGYT . B 6UE SRR (Vacuum sealing drainage, VSD). i AYEURI AR A L A KA
TRAGWRIT . TAIRBAEST L. & /i 2% (Platelet-rich plasma, PRP) LA & 5 (Rl y6 97 %5 [4] -

SEIAT KRS, 12 M S QI TH KT RS B S 3 oA e i ol (iR B S 1B PHAE. & &,
VIR RES) AR 7 AR ANE R & 18R SH IR 28 40 i A5 2 R IR AR BLAE F A C[5]. Tt
TH]FF S B R AR AT EA B EZEFE R 2 —, HHEWRER, 60%~80%H& 450 H4H W)
I A SR [6] [71. Rk, CEWGPR AR, FRATSIFESr 1 A2 T AR A B ¥ T2 RSO L ) R0 240 BT 5 A 0 s
HAEMEILA TR, ISV it G FE p S AF B e T & .

2. HEEMIREXSHMK

20 = YU i (Bacterial biofilm, BF) KX — iR, ARGFIIHE ST A5 1 3E M BEASETAE B 2R T 77
B — R EARIRES . BRI AER (. B MBI PH DURSR S R 5) R AU, 4N T A
FE0 TBTEH, AN RIAEERORIR, B SR AR A IR B 2 SRR T, A LA A I SR ST A 1 14
By BEAE A AR ) R B SOCGARE B BR, BOR R E R BRI, ) 20 B s 1 ] ety
AN, TR SE A TGRS N R B8], A E L DI BOE RAEIEE, Rl R
PERGP A AT SR ARV TR B S F A AL AT B R LR AN
WO, WAEJE AN BL A AR 20 1 ZE A RVE RO T S9h, 36— TUPIABINEL
s B A BORAIESE,  5E LA 0 1 A V8 RS D A HE G TP RN B, A0 SR RRE 0 kgs, fF

][l

DOI: 10.12677/acm.2021.114241 1681 e R 2= 273k e


https://doi.org/10.12677/acm.2021.114241
http://creativecommons.org/licenses/by/4.0/

R &

SR SETETE RRE VR, RIS AT HOAN 2 HE i, T R RE B AR PR DL G S A SR B R, X —
AL, AR T A0 IR 775, AR — PR AR T 48 B i 24 4 1R T 5 BRI 9]

RIBT E A TE AR RE S, BAE R — AP T [RIR AR S 2 PR B . et IR . Ttk
IREECH B ATRAN G S AT PRt B o 2 J8 B A0 B e — PP B JURP A B A A7 . S, IS B U B
AR I T AR AP, B R EBURE . FIE O A BN R G I T R R R, AR
RIRERE . ERE . BRI IR 2R 5 B0 93.5%. 71.7%. 52.2% [10]. ZHE ML=, 4 SR
(Extracellular polymeric substance, EPS) LA S IR FEAH 252 A 6 i) 3= LA B 735 e rh A B A o A& — PRk
(= 4EPPIRGE R, AN & RS 2. SRR 4005 DNA (eDNA)ZIE R, B fae AP
gEf. RACEFRRERE. THEUEE BE S MERL. B4, ML R RS HERE, KEO L E
FRRES I, ARAAFLEAMG], G140 0 A5 K T A P (1% 2 078 1) 258 P 2 R A B P B e 1) = 22 W (.
i, Pel. Psl) [8], IXUSHFIRMIRMIAAAE LR TR EVIE AR, 32D AIRARR IR 1 1cHh -

3. HEE VIR O E A S R E R AL

FEAEYINRETE R > 20 G S I ST F 0 e PR TR 5 AT R i R AR PE T, SBBI @& @R . 4
& HETHTFRE , AWRESER O i & A L AT 80

3.1 RN REER, EESIEAREE

TE B TH 1) IE B AS S FE v, AL R Gk o P 4 50 0 i 55 A 7 W ) T 0 [ 4 ) A IR BB 2L 2,
NGB Ve, RIRRBOR BN N et D @4 . EreEalm S, bTFauEmsirfeE,
MU IE & G e il FE A 4], AT e s R S iR, AT S B0t i d & W E[12]. — 5T, Bl 28 v
MIABER RSB AL YIS 5T, AT LA N AR R N 38 R AR A E s 50— 7 TH,  TE4H B Ak
N (Quorum sensing, QS)FITAYE/E T, A= WRE A (P2 B8 7T 43 9h K B B 14 IR -1 (131, 457 Qa0 Al B o 1 -
M SRZEREAR, T ki, A RO VA ARG . S AR, SR EAN, Hidnia
e REZH 2R, 5 Bham B i J R Bk [14]: 408 i AT BR R AR IS v] & il o W LB 3R, JE T # B T -
B F A R A I e 5 3 LR T2 [15] [16].

3.2. BRI, SHOIERERR

VIR 5, B RO 250 B BT, AR, EXHPUR 259 K SR AR IR R ik By
T, PR TFIEAR I 3~4 f5[17]. SR, 20 ER A= 4 b 41 B 3 SR i 24 M AL O BT U o
TANTTI[18] [19] [20] [21] [22]: O 4HfsREfmafppsiiRd: Aot 2HE. EE. IR H R EE
ARG, HA RIFMRFRIER, SP0HE 20 LNV KR @ REIPUEZPER A Y
B MBI RNV A G, #50 F A (1 2 WEA) o1 ) 3 — P BRI BB WAL N8I, Ik 55 X RH
WHERIAGER: @ LIRAEIMER I KT FECT VRGBT 5, B 5 B 1 4 HE 2 25 TR 3R 08 o B
&, W EABHAHUREIER s @ W22 E KPR AAANEIR & A R0 7 [ eDNA,
Bl A R S 2 (0 ORI 253 K, R8s Rt . © BRACHFRAR . EA PR
TERCEIArR, SN T 38 N RIS, 040 T m e PR AROR R AR . P ) 7 2Ok D R BEE
(OTH AR, X B AT A RO G B- A LR SRR FOR AR R AR A

4. BT AREMER S EAr &k

SRE HATHTTUORE, A VB AL ] S B RS, & SEURMEAII AN, Hik, o
FIA LRI KA PiiaEge, R almmiasr AA EEE L.

DOI: 10.12677/acm.2021.114241 1682 I IR = =23t e


https://doi.org/10.12677/acm.2021.114241

ot
B
48

4.1. BRIATEER

FEMENE BT A A » B B T BT (14 JR & 5740 73 WA L SR SEA A 55 25 ] N A i R AT (R 7R 2
HRNFAAE . SRRy, DN VIR AT T2 DI, et ie . MRE. AR
SR BT RSEAH L, AT REs D AR, (Rt A ZF AL, REEEIH &S . TSGR FARIIE
BB (it 75 BOK TS ETHOR) il 1 B 5 UrT B R SR BBk, SR kel w2 kG,
MTIEQIIEE[23]. BERTARIEEIR H T LRI SCA L A R INE, (BAERKR AR, S s A
REARAE T AR K B, WAIEBIRSS D B2 UGE ). il hyrikss )7 AR RN RIG AL, (k@&
[24]. (BAEQUINER)Z )G, RGO, KEPEEPRS LR, B SEIAE SE R A s gL A
TRABZZR A RS, AR B2 5 B S I A P E s s a3, i fRyr e, Bih .

42. BENBEE

PUA IR AR KA 1 X — BT B, H T 20 5 A 0 B A28 o (R P B £ 4 1 D BB At
M 25 PE RIS 0, A PTAE R AR BRI OATHr 0. Bk, fEQImRYT . N8 745 & 4i i it 24 AL A A=
VIRREHGI T RS i, R GBS AU R EHUER I FETT 1, N AR P2 E T ROR
WS FRAE R (0 Z5[19]; S8k, el 20 G A R e R A7 A 2 R A T, e A B i TR B
277 SR B, SRR AR a0 AE < 2 R & BRI BB, TR S ARG S i
B AR B REHE N R KA [25] o ARV I DA Berb s, o T4 BT AN F &SI, DI AEST
PRI I LIS T, DU NIRRT RE I AT A 1 9 A AR SRS DUR B ImPR AR, AU
TRV, A0 AR R REBOR BB R, BARYE 2504 R B e R s LA R, fE
BB K AR PR LA T T AR B A 77 1 [26] o

4.3. QIEFHESES|RHRA

PEAER, %P SR TE G AR ARYETT TR 2 B FFEE SR S1HREOR , AR AT R i 61 T e
A5 80T A ) 4 R R P RS [27] o 5 H RTRIT SRR, BRI AP A 42 1 61 T S e 1)
PEREZONM T — RATEE AT, PRI 54 40w iR, K, RE XN TS ER QI 2
WEIFEAL, SO A AR, LA A7 28] BRibz 4h, FEQIH MRS FE R, TR AT 7E vh e i
FIRAGTAER, IR — P HEIR W AE ], HAEKPRTT RS, ROEE ARG, R A
F DT 51 AEC AR TR i 255 o

4.4. ERRETFREER

FENG R BTG YT o, A A EORH & PR 5 BT G i & itk e By AR [29].  H AT KRBT
TR, SAREOR AT A ROR KA R SR A . SR A RRE S, B RIFEPIRE . DoAY
YERI[30]. —J5tl, S ERBORIHE SR PR ey [ TG sE AR e, R I mAn i 5 A TR SRR S
— I, R TEAR TR AR R AR, TR B R ORI Ao S ERIORLANDOAT LA
IR S HABIGTT R & AU R, SPTRERIRE, A N 7k SRR B S R T iR SR B
T 1 T S PR AR 8 7 OB R A [31] . IR IRAT, BUIm AR T i RE s, AMUEEREAF KR
ARy ERFE T RS TEETT BERKIEER S, R ARBINERE R, IS 1+ 1 KT 1 i ek

4.5. HiRTAR

Bt A T AR DB LR . Ay SRR T A, VR 2 A VRO 4 i AR )
iy BORMRE B g NS AN TR T 56T . AT TEAR ], DR I 5T R S 1 4 B R PR

DOI: 10.12677/acm.2021.114241 1683 I IR = =23t e


https://doi.org/10.12677/acm.2021.114241

R &

SR (LA A B, BE DA AN E R i B R, DU TR SO A AR K
[32]. fEARGEER A, W T BT AR T, S TC R R 1R X AW b i 240 0 7 AR
AKAEM, XA e 5 BB B VERGE, ATROA VIS /AT 2R [33]. S34b, MBI MPva T il f2
OB R PURAR. MR IR, SR S TR S WU BRI A A MR AT — R B RR
YEFI[34] [35] [36]. S Horo(LEE H i MR 78 2 B, (H e MBI AR T 1R 4t 1B BB 57 1A .

5. 45

SRAE, A EVIRR IR R SN T G R AR s WA R IR AR R AT B B T 4
W, HACSICH VI A% BRI, ARG TS IR PR T AR, SATTE B0 28 Ge bty 5 4 4 1 A P A
PARSER BB Z I RE ARSI, JFRILIRTH I IME R R, Dt ke ik Gt i il S5 e T 3R s
UF 2 )ik .

SE K

[1] Frank, W., et al. (2008) Chronic Wound Care. The Lancet, 372, 1860-1862.
https://doi.org/10.1016/S0140-6736(08)61793-6

[2] xIfEE%. 18 EAIm e W S TR ). PR 518 E 244 (T R), 2013, 8(6): 8-12.

[B8] EH A, oA, 151 5 vk O T I 2 28 5 50 J G PR VP [J]. 45 512 5 2 & (B FIR), 2017, 12(4):
303-305.

[4] #F=kh, HEE, REuE, % PEEMAEE T SIT Bk KE]. ki &, 2018, 34(12): 868-873.

[5] . 15 e o ) Th T2 BOML A O St JE ], I PR & 3 24 4% 3K, 2020, 13(13): 177-180.

[6] Pozo, D. (2018) Biofilm-Related Disease. Expert Review of Anti-Infective Therapy, 16, 51-56.
https://doi.org/10.1080/14787210.2018.1417036

[7] James, G.A., Swogger, E., Wolcott, R., et al. (2008) Biofilms in Chronic Wounds. Wound Repair and Regeneration, 16,
37-44. https://doi.org/10.1111/j.1524-475X.2007.00321.x

8] TZMh mifkik. 40 A SO EIEGL]. ek deE, 2019(12): 842-847.
[9] 2BH, ZFEE, WAy, D-R& R e Rk A R R[], D s A, 2019, 10(1): 26-28.

[10] Bjarnsholt, T., Kirketerp-Maller, K., Jensen, P.@., et al. (2008) Why Chronic Wounds Will Not Heal: A Novel Hypo-
thesis. Wound Repair and Regeneration, 16, 2-10. https://doi.org/10.1111/j.1524-475X.2007.00283.x

[11] Cavaliere, R., Ball, J.L., Turnbull, L., et al. (2014) The Biofilm Matrix Destabilizers, EDTA and DNasel, Enhance the
Susceptibility of Nontypeable Hemophilus Influenzae Biofilms to Treatment with Ampicillin and Ciprofloxacin. Mi-
crobiology Open, 3, 557-567. https://doi.org/10.1002/mb03.187

[12] BRESE, 25k, 1800 DA B AE Y RRAR SRR B I S b S [J]. R4 34 2R, 2016, 51(12): 1483-1486.

[13] Askoura, M., Saleh, M. and Abbas, H. (2020) An Innovative Role for Tenoxicam as a Quorum Sensing Inhibitor in
Pseudomonas aeruginosa. Archives of Microbiology, 202, 555-565. https://doi.org/10.1007/s00203-019-01771-4

[14] Wood, T.L., Gong, T., Zhu, L., et al. (2018) Rhamnolipids from Pseudomonas aeruginosa Disperse the Biofilms of
Sulfate-Reducing Bacteria. NPJ Biofilms and Microbiomes, 4, 22. https://doi.org/10.1038/s41522-018-0066-1

[15] Oliveira, D., Borges, A. and Simdes, M. (2018) Staphylococcus aureus Toxins and Their Molecular Activity in Infec-
tious Diseases. Toxins, 10, E252. https://doi.org/10.3390/toxins10060252

[16] Rabin, N., Zheng, Y., Opoku-Temeng, C., et al. (2015) Biofilm Formation Mechanisms and Targets for Developing
Antibiofilm Agents. Future Medicinal Chemistry, 7, 493-512. https://doi.org/10.4155/fmc.15.6

[17] ZEAE(d, $ARSE. &M OMEERE R I FEF I ). PB4, 2020, 30(17): 2712-2716.

[18] Jolivet-Gougeon, A. and Bonnaure-Mallet, M. (2014) Biofilms as a Mechanism of Bacterial Resistance. Drug Discov-
ery Today: Technologies, 11, 49-56. https://doi.org/10.1016/j.ddtec.2014.02.003

[19] Z=Hr, 8ih, F108, % B2 2 LS SR st R[] T EBAE R R E, 2020, 45(2): 113-121.

[20] Taylor, P.K., Yeung, A.T. and Hancock, R.E. (2014) Antibiotic Resistance in Pseudomonas aeruginosa Biofilms: To-
wards the Development of Novel Anti-Biofilm Therapies. Journal of Biotechnology, 191, 121-130.
https://doi.org/10.1016/j.jbiotec.2014.09.003

DOI: 10.12677/acm.2021.114241 1684 e R 2= 273k e


https://doi.org/10.12677/acm.2021.114241
https://doi.org/10.1016/S0140-6736(08)61793-6
https://doi.org/10.1080/14787210.2018.1417036
https://doi.org/10.1111/j.1524-475X.2007.00321.x
https://doi.org/10.1111/j.1524-475X.2007.00283.x
https://doi.org/10.1002/mbo3.187
https://doi.org/10.1007/s00203-019-01771-4
https://doi.org/10.1038/s41522-018-0066-1
https://doi.org/10.3390/toxins10060252
https://doi.org/10.4155/fmc.15.6
https://doi.org/10.1016/j.ddtec.2014.02.003
https://doi.org/10.1016/j.jbiotec.2014.09.003

H %

[21]

[22]
[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]
[33]
[34]

[35]

[36]

Nagler, M., Insam, H., Pietramellara, G., et al. (2018) Extracellular DNA in Natural Environments: Features, Relev-
ance and Applications. Applied Microbiology and Biotechnology, 102, 6343-6456.
https://doi.org/10.1007/s00253-018-9120-4

Salisbury, A.M., Woo, K., Sarkar, S., et al. (2018) Tolerance of Biofilms to Antimicrobials and Significance to Antibi-
otic Resistance in Wounds. Surgical Technology International, 33, 59-66.

Kawecki, M., Mikus$-Zagorska, K., Glik, J., et al. (2015) The Efficiency of Burn Wounds Debridement with Use of
Hydrosurgery—Our Experiences. Polskiprzeglad Chirurgiczny, 87, 1-5. https://doi.org/10.1515/pjs-2015-0010

Bertesteanu, S., Triaridis, S., Stankovic, M., et al. (2014) Polymicrobial Wound Infections: Pathophysiology and Cur-
rent Therapeutic Approaches. International Journal of Pharmaceutics, 463, 119-126.
https://doi.org/10.1016/].ijpharm.2013.12.012

Tré-Hardy, M., Macé, C., El Manssouri, N., et al. (2008) Effect of Antibiotic Co-Administration on Young and Mature
Biofilms of Cystic Fibrosis Clinical Isolates: The Importance of the Biofilm Model. International Journal of Antimi-
crobial Agents, 33, 40-45. https://doi.org/10.1016/j.ijantimicag.2008.07.012

Cooke, J. (2014) When Antibiotics Can Be Avoided in Skin Inflammation and Bacterial Colonization: A Review of
Topical Treatments. Current Opinion in Infectious Diseases, 27, 125-129.
https://doi.org/10.1097/QC0.0000000000000044

TREVE, MERS, . VSD BA B E A RIS O BERM Meta 2 HT[J]. S5& L E, 2017, 23(20):
36-40.
Dale, A.P. and Saeed, K. (2015) Novel Negative Pressure Wound Therapy with Instillation and the Management of

Diabetic Foot Infections. Current Opinion in Infectious Diseases, 28, 151-157.
https://doi.org/10.1097/QC0.0000000000000146

Hampton, S. (2015) Managing Biofilm by Using Dressings. British Journal of Community Nursing, 20, 10-12.
https://doi.org/10.12968/bjcn.2015.20.Sup6.S10

Saeidinia, A., Keihanian, F., Lashkari, A.P., et al. (2017) Partial-Thickness Burn Wounds Healing by Topical Treat-
ment: A Randomized Controlled Comparison between Silver Sulfadiazine and Centiderm. Medicine, 96, E6168.
https://doi.org/10.1097/MD.0000000000006168

Valente, P.M., Deva, A., Ngo, Q., et al. (2016) The Increased Killing of Biofilms in Vitro by Combining Topical Silver
Dressings with Topical Negative Pressure in Chronic Wounds. International Wound Journal, 13, 130-136.
https://doi.org/10.1111/iwj.12248

FISSC, VR, SRR, 45, D-SEROG AN AR YISy BOVE IO BE FURE RE D] IR SEH ISR, 2021, 14(1):
115-117.

B, HBLE, ERRIG. 0 BOG R0 14N A MR AR BB T (3] BR SRR AU 4R, 2017, 30(10):
1112-1115

Pfalzgraff, A., Brandenburg, K. and Weindl, G. (2018) Antimicrobial Peptides and Their Therapeutic Potential for
Bacterial Skin Infections and Wounds. Frontiers in Pharmacology, 9, 281. https://doi.org/10.3389/fphar.2018.00281

Pires, D.P., Melo, L., Vilas Boas, D., et al. (2017) Phage Therapy as an Alternative or Complementary Strategy to
Prevent and Control Biofilm-Related Infections. Current Opinion in Microbiology, 39, 48-56.
https://doi.org/10.1016/j.mib.2017.09.004

Patange, A.D., Simpson, J.C., Curtin, J.F., et al. (2021) Inactivation Efficacy of Atmospheric Air Plasma and Airborne
Acoustic Ultrasound against Bacterial Biofilms. Scientific Reports, 11, Article No. 2346.
https://doi.org/10.1038/s41598-021-81977-z

DOI: 10.12677/acm.2021.114241 1685 e R 2= 273k e


https://doi.org/10.12677/acm.2021.114241
https://doi.org/10.1007/s00253-018-9120-4
https://doi.org/10.1515/pjs-2015-0010
https://doi.org/10.1016/j.ijpharm.2013.12.012
https://doi.org/10.1016/j.ijantimicag.2008.07.012
https://doi.org/10.1097/QCO.0000000000000044
https://doi.org/10.1097/QCO.0000000000000146
https://doi.org/10.12968/bjcn.2015.20.Sup6.S10
https://doi.org/10.1097/MD.0000000000006168
https://doi.org/10.1111/iwj.12248
https://doi.org/10.3389/fphar.2018.00281
https://doi.org/10.1016/j.mib.2017.09.004
https://doi.org/10.1038/s41598-021-81977-z

	细菌生物膜与慢性难愈性创面的研究进展
	摘  要
	关键词
	Research Progress of Bacterial Biofilms and Chronic Refractory Wounds
	Abstract
	Keywords
	1. 引言
	2. 细菌生物膜定义与组成
	3. 细菌生物膜影响创面愈合的作用机制
	3.1. 抑制机体免疫作用，延缓创面细胞修复 
	3.2. 增强细菌耐药性，导致创面持续感染 

	4. 基于细菌生物膜的创面治疗措施
	4.1. 清除坏死组织
	4.2. 合理应用抗生素
	4.3. 创面持续负压引流技术
	4.4. 使用银离子抗菌敷料
	4.5. 其他治疗方式

	5. 结语
	参考文献

