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Abstract: Chronic wounds are caused by bacterial infection and create major healthcare discomfort. 

Hence, an antibacterial material is needed to use in wound dressing. Traditional wound dressing 

materials are unable to meet the needs for antibacterial properties. For this reason, designing an 

antibacterial wound dressing is demanded to accelerate the healing period. Electrospun nanofibers 

offer a promising solution to the management of wound healing. Nanofibers provide wide options 

for loading antibacterial compounds into the web. This review gives us an overview of some recent 

advances of electrospun antibacterial nanomaterials in wound dressing. First, we provide a brief 

overview of the electrospinning process, nanofibers in wound healing and then discuss electrospun 

fibers by incorporating various antimicrobial agents used in wound dressings. In addition, we high-

light the latest research and patents related to electrospun nanofibers in wound dressing. This re-

view aims to concentrate on the importance of nanofibers for wound dressing applications and dis-

cuss functionalized antibacterial nanofibers in wound dressing. 

Keywords: nanofiber; nanomaterial; wound dressing; antibacterial; tissue engineering; biomedical; 

electrospinning. 
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Table S1. Patents from 2020 to 2021 for antibacterial electrospun wound dressings materials. 

Title Publication number Publication date References 

Electrospun Double-Layer Long-Acting Anti-

bacterial Medical Dressing and Preparation 

Method Thereof 

CN111012941A 2020-04-17 [1] 

Antibacterial Disinfection Nanofiber Medical 

Dressing 

CN111557790A 2020-08-21 [2] 

Polyvinyl Alcohol-Nano-Silver Dressing, Prep-

aration Method and Application Thereof 

CN111321514A 2020-06-23 [3] 

Preparation Method of Antibacterial Electro-

static Spinning Fiber Based on Polyion Liquid, 

Antibacterial Electrostatic Spinning Fiber and 

Application Thereof 

CN111636110A 2020-09-08 [4] 

Composite Dressing with Antibacterial Func-

tion and Preparation Method Thereof 

CN112169006A 2021-01-05 [5] 

Plant Extract-Containing Wound Dressing and 

Application Thereof 

CN112316196A 2021-02-05 [6] 

Preparation Method of Antibacterial 

PBC/PLA/TP Composite Dressing 

CN112831917A 2021-05-25 [7] 

Polyethylene-Vinyl Alcohol/Gelatin Composite 

Electrostatic Spinning Wound Dressing and 

Preparation Method Thereof 

CN112741926A 2021-05-04 [8] 

Preparation Method of Antibacterial 

PLA/PBC/CS Composite Dressing 

CN112831918A 2021-05-25 [9]

https://worldwide.espacenet.com/patent/search/publication/CN111012941A
https://worldwide.espacenet.com/patent/search/publication/CN111557790A
https://worldwide.espacenet.com/patent/search/publication/CN111321514A
https://worldwide.espacenet.com/patent/search/publication/CN111636110A
https://worldwide.espacenet.com/patent/search/publication/CN112169006A
https://worldwide.espacenet.com/patent/search/publication/CN112316196A
https://worldwide.espacenet.com/patent/search/publication/CN112831917A
https://worldwide.espacenet.com/patent/search/publication/CN112741926A
https://worldwide.espacenet.com/patent/search/publication/CN112831918A
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Antibacterial Elastic Composite Medical Dress-

ing and Preparation Method Thereof 

CN112755236A 2021-05-07 [10] 

Alginate Composite Dressing and Preparation 

Method of Composite Dressing 

CN112206342A 2021-01-12 [11] 

Functional Graphene-Based Fiber Hygienic 

Material 

CN111420112A 2020-07-17 [12] 

Medical Composite Nanofiber Dressing as 

Well as Preparation Method and Application 

Thereof 

CN111939307A 2020-11-17 [35] 

Electrostatic Spinning Membrane Capable of 

Releasing Nitric Oxide Based on Near-Infrared 

Response as Well as Preparation Method and 

Application of Electrostatic Spinning Mem-

brane 

CN111945301A 2020-11-17 [13] 

Multi-Component Double-Layer Composite 

Nano-Film Dressing and Production Method 

Thereof 

CN112569397A 2021-03-30 [14] 

Medical Composite Dressing for Wound Re-

pair and Preparation Method Thereof 

CN111529748A 

CN111529748B

2020-08-14 

2021-06-04 

[37] 

Composite Hydrogel Wound Dressing and 

Preparation Method Thereof 

CN111518288A 2020-08-11 [15] 

Polyvinyl Alcohol/Carboxymethyl Chitosan 

Nanofiber Medical Dressing as Well as Prepa-

ration Method and Application Thereof 

CN111118734A 

CN111118734B

2020-05-08 

2021-06-01 

[16] 

Antibacterial Healing-Promoting Nanofibre 

Scaffold and Nanofibre Scaffold Patch Made 

by Scaffold 

CN111701070A 2020-09-25 [17]

https://worldwide.espacenet.com/patent/search/publication/CN112755236A
https://worldwide.espacenet.com/patent/search/publication/CN112206342A
https://worldwide.espacenet.com/patent/search/publication/CN111420112A
https://worldwide.espacenet.com/patent/search/publication/CN111939307A
https://worldwide.espacenet.com/patent/search/publication/CN111945301A
https://worldwide.espacenet.com/patent/search/publication/CN112569397A
https://worldwide.espacenet.com/patent/search/publication/CN111529748A
https://worldwide.espacenet.com/patent/search/publication/CN111529748A
https://worldwide.espacenet.com/patent/search/publication/CN111518288A
https://worldwide.espacenet.com/patent/search/publication/CN111118734A
https://worldwide.espacenet.com/patent/search/publication/CN111118734A
https://worldwide.espacenet.com/patent/search/publication/CN111701070A
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Preparation Method of Cellulose Diacetate-

Based Three-Dimensional Scaffold with Both 

Antibacterial Property and Biocompatibility 

CN112064193A 2020-12-11 [18] 

High-Air-Permeability Degradable Drug-

Loaded Skin Wound Dressing and Preparation 

Method Thereof 

CN112807475A 2021-05-18 [19] 

Chitosan Cross-Linked Antibacterial Nano-

fiber Membrane and Preparation Method 

Thereof 

CN111334934A 2020-06-26 [20] 

Self-Assembled Nanofiber Dressing for Pro-

moting Vascularization Repair of Diabetes Ul-

cer, And Preparation Method and Application 

Thereof 

CN111588901A 2020-08-28 [43] 

Method for Preparing Antibacterial Gelatin 

Film Through Electrostatic Spinning 

CN112481711A 2021-03-12 [21] 

Preparation and Application of Hadscs-

Loaded Double-Layer Skin Bionic Hydrogel 

Composite Scaffold 

CN112675360A 2021-04-20 [22] 

Wound Protection Film for Preventing Pneu-

monia Virus Infection for Pediatrics and Prep-

aration Method Thereof 

CN111265709A 2020-06-12 [23] 

Photo-Crosslinking/Electrostatic Spinning 

Preparation and Application of Hydrogel 

Composite Scaffold with Double-Layer Skin 

Structure 

CN112569399A 2021-03-30 [24] 

Skin Wound Repair Plaster Loaded with Cell 

Regulatory Factor and Preparation Method of 

Skin Wound Repair Plaster 

CN112336908A 2021-02-09 [25] 

Drug Sustained and Controlled Release Plat-

form System with Dual Nano Composite 

Structure 

CN112353780A 2021-02-12 [48] 

Multifunctional Intelligent Composite Gel Ma-

terial as Well as Preparation Method and Ap-

plication Thereof 

CN111073196A 2020-04-28 [26]

https://worldwide.espacenet.com/patent/search/publication/CN112064193A
https://worldwide.espacenet.com/patent/search/publication/CN112807475A
https://worldwide.espacenet.com/patent/search/publication/CN111334934A
https://worldwide.espacenet.com/patent/search/publication/CN111588901A
https://worldwide.espacenet.com/patent/search/publication/CN112481711A
https://worldwide.espacenet.com/patent/search/publication/CN112675360A
https://worldwide.espacenet.com/patent/search/publication/CN111265709A
https://worldwide.espacenet.com/patent/search/publication/CN112569399A
https://worldwide.espacenet.com/patent/search/publication/CN112336908A
https://worldwide.espacenet.com/patent/search/publication/CN112353780A
https://worldwide.espacenet.com/patent/search/publication/CN111073196A
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Multifunctional Medical Material and Prepara-

tion Method and Application Thereof 

CN112546295A 2021-03-26 [27] 

Table S.2. Studies for antibacterial electrospun wound dressing materials in 2020-2021. 

Polymer Antibac-

te-

rial/other 

agents 

Type of bac-

teria 

Type of Elec-

trospinning 

Electrospin-

ning parame-

ters 

Highlights Refer-

ences 

Poly (vinyl alco-

hol) (PVA) 

Honey 

and cur-

cumin 

longa 

(turmeric) 

extrac 

Staphylococ-

cus aureus 

Needle elec-

trospinning 

12.3 kV, 23 kV, 

0.45 kW  

a flow rate of 

1.5 mL/h, 65% 

relative hu-

midity 

and at 27oC, 

distance of col-

lector 15 cm 

Because of the pres-

ence of antibacterial 

constituents in honey 

and turmeric extract, 

the developed samples 

formed inhibition 

zones of 29 mm and 38 

mm, respectively, 

whereas no inhibition 

zone was formed for 

the same bacteria when 

PVA nanofiber was 

used alone.  

[28] 

PVA Palmarosa 

oil and 

phyton-

cide oil 

Staphylococ-

cus aureus 

and Candida 

albicans 

Emulsion 

(single-noz-

zle elec-tro-

spinning) 

Feed rate; from 

0.2 to 1.8 ml/h. 

Voltage: 21-25 

kV. The needle 

gauges: 23 

(0.33 mm inner 

diameter.) and 

27 (0.20 mm in-

ner diameter . 

The tip-to-col-

lector distance 

:18 cm 

The palmarosa oil-con-

taining electrospun 

core/sheath structured 

PVA nanofibrous 

membranes have a 

high potential as bioac-

tive wound-dressing 

materials. 

[29] 

Polycaprolac-

tone 

(PCL)/PVA_Pec-

tin (PEC) 

Cheli-

donium 

majusL. 

(C. majus) 

Staphylococ-

cus aureus 

(S. aureus) 

and Pseudo-

monas aeru-

ginosa (P. ae-

ruginosa) 

Needleless 

emulsion 

electrospin-

ning 

Voltage: 80 kV, 

distance from 

collector: 15 

cm, Electrode 

rotation rate: 

55 Hz 

PCL/PVA-PEC nano-

fiber meshes have been 

found to have the po-

tential to be used to 

prevent bacterial 

wound infection and 

consequently acceler-

ate wound healing. 

[30] 

PCL Achy-

ranthes 

aspera 

(AS) and 

Datura 

metel 

(DM) leaf 

- Needle elec-

trospinning 

High-voltage 

DC power sup-

ply (14 kV), 

needle gauge: 

18-mm, feed

rate: 1.4 ml/h,

distance from

PCL-AS and PCL-DM 

nanofiber mats were 

found to have the abil-

ity to form mepidermis 

and granular tissue at 

an earlier stage of 

wound healing, 

[31]

https://worldwide.espacenet.com/patent/search/publication/CN112546295A
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collector; 12.5 

cm. 

according to histo-

pathological evaluation 

results. 

PVA/beta-Cydo-

dextrin 

(PVA/beta-CD) 

Silver na-

noparti-

cles (Ag 

NPs), and 

riboflavin 

(RF) 

Staphylococ-

cus aureus 

and Esche-

richia coif 

Needle elec-

trospinning 

Applied volt-

age:20 kV, 

Feed rate: 0.6 

mL/h, rotation 

speed: 1200 

rpm, syringe; 

21 gauge:  

It was concluded that 

Ag nanoparticles and 

RF implanted scaffolds 

could be an effective 

wound dressing mate-

rial. 

[32] 

Poly(L-lactide) 

(PLLA) 

Ofloxacin 

(OFLX) 

Staphylococ-

cus aureus 

and Esche-

richia coli 

Needle elec-

trospinning 

Voltage: 20 kV 

Feed rate: 0.4 

mL/h 

Distance from 

collector: 10 cm 

In vitro cell viability 

tests revealed that 

PLLA Nanofiber mats 

loaded with OFLX up 

to 5% w/w were viable. 

It has been demon-

strated that it is bio-

compatible and capa-

ble of cell proliferation. 

[33] 

Thermoplastic 

polyurethane 

(TPU), antibac-

terial N-hala-

mine incorpo-

rated polymer 

(AP) 

N-Hala-

mine

Gram posi-

tive S. aureus 

(ATCC6538), 

Gram nega-

tive E. coli 

(ATCC8739) 

and fungi in-

volved with 

Saccharomy-

ces cerevisiae 

(ATCC9763) 

and Asper-

gillus niger 

(ATCC16404) 

Needle elec-

trospinning 

Voltage: 1.5 

kV/cm 

Feed rate: 1.0 

mL/h 

Distance from 

collector: 10 cm 

It has been discovered 

that NMs can release 

Cl+ in a sustained man-

ner for approximately 

6 days, following the 

Weibull pattern, indi-

cating the desired sta-

bility. It was also deter-

mined that the NMs 

can be recharged using 

a simple chlorination 

process using diluted 

sodium hypochlorite 

solution, with a re-

charge efficiency of ap-

proximately 80% when 

compared to the origi-

nal one. 

[34] 

PVA/chitosan Kaolin Staphylococ-

cus aureus, 

Pseudomo-

nas aeru-

ginosa 

Needle elec-

trospinning 

Voltage:15-

18kV  

Feed rate: 

0.5ml/h Dis-

tance from col-

lector: 15 cm 

After 14 days, rats 

treated with kaolin-

containing mats were 

approximately 97.62 

percent +/- percent, 

compared to PVA/chi-

tosan and sterile gauze, 

which were 86.15 per-

cent +/- 8.11 percent 

and 78.50 percent +/-, 

respectively. It demon-

strated a significant 

wound closure of up to 

4.81 and 4.22 percent, 

[35]
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respectively. Histo-

pathological studies re-

vealed that the 

PVA/chitosan/kaolin 

group formed dense 

and regular collagen fi-

bers, whereas wounds 

treated with sterile 

gauze or PVA/chitosan 

scaffolds formed ran-

dom and loose colla-

gen fibers. 

PCL/gelatin B12 vita-

mine 

- Needle elec-

trospinning 

Voltage:20 kV 

Feed rate: 

1.0ml/h Dis-

tance from col-

lector: 15 cm 

Mandrel 

speed: 550 and 

600 rpm 

The study results 

showed that after 14 

days, vitamin B12-con-

taining dressing could 

significantly improve 

wound closure com-

pared to vitamin B12-

free scaffolds (92.27 +/- 

6.84 percent vs. 64.62 

+/- 2.96 percent ). 

[36] 

Poly(epsilon-ca-

prolactone) 

(PCL), quater-

nized chitosan-

graft-polyani-

line (QCSP) 

QCSP Staphylococ-

cus aureus 

(ATCC 

29213) and 

Escherichia 

coli (ATCC 

8379) 

Needle elec-

trospinning 

Voltage: 17 kV 

and −4 kV 

Feed rate: 

0,04.0ml/-1 

Distance from 

collector: 15 cm 

Gauge: 19 

PCL/QCSP15 (15 wt% 

QCSP in the sample) 

demonstrated a good 

balance of antibacterial 

activity and cell prolif-

eration, indicating that 

it significantly acceler-

ated wound healing in 

a mouse full-thickness 

wound defect model 

compared to commer-

cial dressing (Te-

gadermTM Film). and 

a nanofibrous mem-

brane made entirely of 

PCL (PCL/QCSP0). 

[37] 

Polylactic acid 

glycolic acid 

(PLGA)/silk fi-

broin (SF) 

Silk fi-

broin (SF), 

artemis-

inin 

(ART) 

- Needle elec-

trospinning 

Voltage: −1 kV, 

–20 kV

Feed rate: 0.8 

mL/h  

Distance from 

collector: 15 cm 

Gauge: 23 

Mandrel 

speed: 600 rpm 

In this study, it has 

been proven that the 

produced 

PLGA/SF/ART2 fibrous 

membranes have a 

good anti-inflamma-

tory effect. 

 [38] 

PLA Zinc oxide 

(ZnO) na-

noparti-

cles, 

Staphylococ-

cus aureus 

(Gram-

Needle elec-

trospinning 

Voltage: 20 

kV, flow 

rate:0.6 mL.h-

Antibacterial studies 

against Gram-positive 

Staphylococcus aureus 

and Gram-negative 

[39]
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tranex-

amic acid 

(TXA) 

positive, 

ATCC 25023) 

and Esche-

richia coli 

(Gram-nega-

tive, PTCC 

1399) 

1, tip-to-collec-

tor distance: 

10 cm, and col-

lector speed: 

100 RPM 

Escherichia coli 

showed a 98% reduc-

tion in colony forming 

units and a 75% reduc-

tion in colony forming 

units, respectively. 

In vivo studies in the 

rat model revealed that 

nanocomposite dress-

ing containing 

PLA/ZnO/TXA nano-

fibers aided wound 

healing. 

PU, PAN, SPA Polyhexa-

methylene 

guanidine 

hydro-

chloride 

(PHGC) 

Staphylococ-

cus aureus 

and Esche-

richia coli 

Needle elec-

trospinning 

Voltage: 20 

kV, flow rate: 

0.1 mL/min., 

tip-to-collector 

distance: 

18 cm 

The designed tri-

layered dressing exhib-

ited approximately 100 

percent antibacterial 

ability against Staphy-

lococcus aureus and 

Escherichia coli when 

the concentration of 

antibacterial agents 

polyhexamethylene 

guanidine hydrochlo-

ride (PHGC) was 0.06 

wt percent in the 

study.  

[40] 

Table S.3. Therapeutic agents used in nanofibers. 

Purpose Nanofiber Therapeutic agent used Reference 

Antibacterial Chitosan/PVA Lysozyme [41] 

Antibacterial Gelatin/polyurethane; gelatin; 

polyurethane; poly(ethylene-co-

vinyl 

alcohol) 

Silver [42–45] 

Antibacterial PCL; alginate/PVA ZnO [46] 

Antibacterial PLGA Cefoxitin sodium [47] 

Antibacterial Chitosan Gentamicin [48] 

Antibacterial Polyurethane/dextran; PVA/ 

poly(vinyl 

acetate) 

Ciprofloxacin HCl [49] 

Antibacterial Cellulose acetate/polyester ure-

thane 

Polyhexamethylene bigua-

nide 

[50] 

Pain management and 

antibacterial 

PLLA Lidocaine, mupirocin [51] 

Hemostasis PLLA Fibrinogen [42] 

Antioxidant PCL Curcumin [52] 

Angiogenesis Chitosan/PEO; HA/collagen VEGF [53] 

Angiogenesis, granula-

tion tissue 

Polyurethane; HA/collagen PDGF-BB [54]



Membranes 2021, 11, 908  9 of 11 

formation 

Keratinocytes migration 

and 

maturation, angiogene-

sis 

PCL–PEG/PCL; poly(l-lactic 

acid)-co-poly-(ε- 

caprolactone); HA/collagen; 

PCL/PEG 

EGF [55] 

Cell adhesion, prolifera-

tion, ECM 

secretion, re-epitheliali-

zation and 

skin appendages regen-

eration, 

angiogenesis 

PELA; HA/collagen Basic-FGF [56] 
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