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Optimizing the wound microbiota of pressure injuries by adjusting the wound
environment: Development of a wound biofilm control technology

Nakagami, Gojiro
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Pressure injury infection is one of major lethal complications, and control
of wound biofilm is important for prevention, but it is still extremely difficult. The objective of
this project was to further develop a method for rapid visualization and noninvasive removal of
wound biofilm that has been applied clinically, and to develop a technology for modifying the
pressure injury microbiota that form wound biofilm. Through this study, we found an effective
biofilm removal method using a non-contact ultrasound debridement device, and characterized the
microbiota that inhibit wound healing by microbiome analysis. This study contributed to the
establishment of a foundation for a new wound environment conditioning method consisting of biofilm
removal and correction of the wound microbiota.
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1. BFSERRAEY WOy 5

FIE T H AR MR T L2 B AICHIC THRIEL 9 2BMMEASE TH Y . KBOAH
ERIIRFIAGED 1.68% 0> LB RIRIR A2 A 2 —MIRPED 2.81% & mVIKEIZH D (HAE
W4, 2018), SO E NN DO OF 22 BN B, RICBIEORIEER K ENME- -8 L
TH, FERMICITRERABENPHZ D REENEVN 0D, TOTHEEBRIIEETHD,
WENBEL CLESTEGA IR BIEMT REGIHENRBERE TH D, HIBERENRFIET 5
EHMAED Y AT 2 THFICL, SHICHMIERAGEDIELT U A7 % 3051275 L0 IHIHERH
v (BragalAetal., 2013), #RIERGETHITRBHE OMETLHE#EE VWA D, £z, BRIKTIIRW
ARAICIRGUER 2 2 X 7202 b b b TR EE 3, HHEAZERT 2 SRR
MEENMEER->TEY, HHEOAIHEL LTEERY—F v FeloTnND,

PIE 2 ST X CORMEAIGIIZEOMEBEIC L > TEDLN TN D, DF D IHERYM D H,
1EH OVEHRFE TR A ET T 2 0 OiE W T, 18 F0sE ) & MERIREMED T o 22 o Tk
VLo TV D, BRIE YRR A E A5 13 B RN UEYE T 5 72 | BB Y O HIENZ 13 B % 5
WS ELPEFIEIESNTHY, BERENEMERFEIEDONT VAR ETLHIENIF L
25, E, AGEROZ =7y FE L THERZED TWDLIDONRANA T T ANV LTHD, A
T4 VA, AP EAET DY X B ERE L, NEICHE 2B AT Z & TIEEREND
MEZRELRNOELEOBERGERCEZELEIELHL0THY, ABERYEOARETHD &
EZHLNTWD,

AT T A NVBIHRTDIAE LT, HETA FT7A4TlE, XA A7 4 VA EREL, 2D
FEREZILICANA G T 4 VD ERETD (XA F T 4V AESSAE X 71 RS TV 5,
L2xL, NA T 7 4 )V ADRIEICIT., R AR & a2 SO D EF ISR S0
Btk i B 5720 Z OHEREIT F SITHL ED 22T - 72 (Schultz GS et al., 2017)
Z OMEE RIS R Ny R A R CIFRBEMICER i f[fE7e, A 47 4 LV A& AfbT 548
< H LW O 2 e (B) [y KA RTONRA AT 4 b DRHIZEE SO T Al K
YBT3 RAVDBR3E ] OB O T, EEFHAITHRE Lic, ZHIREREICSH 5314 47
ANV BT RER— b (= hakra—2 AT Ly) & 10 BAEBICALT L TizE L, £
U FERATLZET, b 2 o, ThbbRy RV A RTRAFT VLS TH D L
aAZPEE UL T AEIFTHY . v RTry T o v 7 LI TV D, 20X 2019 4 1
Hizkfish, " A7 42y — b LT TR TELS A STV, flziE,
Fox IR — VTR L2 A T 4 VAR EZ D E TR EZT 7 — R~ 4 5L 1 EHH
#% ORIEERE DA BICHEL 705 Z xS L7z (Nakagami G, et al., 2019), & HZiE, 731
F 7 4V ABEB I OFORBENBREETHIBENRT T — K~ ra Xy =YL LTHE
Mg 5L, 90 HLUHNORIBASENAEIRESND Z L2 5202 L7z (Mori Y, Nakagami G,
etal.,,2019), L2 L, ZOHEEZ AN TH TR TCOAMEDIRELEZP < Z LI TE o7z,
FoBEET 7Y — RIS 47 4 NV ARERICENL TS —J T, IR & 12V 2 H
MPEREELDHZELHY, BE~OAHOE TUEORMNH 5,

EBIC, XA AT 4V AFARB EOMEOEFT Y, >F VARKTHIERIC L - TEkEND, =
OAIHIEE # (XTEROBIE IR 5972 Z E Va5 CTH Y (Loesche M et al, 2017), /N1 47 ¢ )L
LEBRELTH, ZOMWRBIATH 2 BRME SR ESECAGRREERZ L2V X 51T
IE SN2 T USRAR 2 fRRIITN = 5720, L, BRTHIERE OB A ZI TR E < BYe3E
\CFES DR EDMEREZH LN TE TWARVONELRTH 5 (Kunimitsu M et al, 2021),
T 2RI TIE, OBV AA T T 4 VA ERETDHZ L, @A T 7 4 VL EED 7254
WMMEELZ ZIETHZ &, UE 2 DOENOLAAS FT7 4V AHEICH LT 7P e—F352 &
L L7,

2. WHEOEK

AWFFE T, BT BEASA A7 4 LV AORIE G IEEZ LT 5 2 L2 BRIC, 3% 1. &
U CRRI e A 47 gV ABREFEERR Lie CUIRL B o —, JEERFZE) . &Iz, #Fge2. &
L CHEE A E & OFAI T 53 2 AT 8 O RE B L OV OME# ORE 2~ (BRRT
7 - B ER),
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(1) WF7E1-1

BPERNGIZIIT 25 &7 4 NV ABRESPAIGIRIEICH T 2B EK T 7 U — R~ O R %
HZ T 5728, Preferred Reporting Items for Systematic reviews and Meta-Analyses
extension for. Scoping Reviews |[Zff-> CAa—E VL a—%2EfELTz, 7 —FX—RX X
Medline, PubMed, CINAHL, Cochrane Central & L 7=, %% — 7 — FiX(1. chronic wound*,
2. pressure ulcer®, 3. pressure injur*, 4. diabeticfoot ulcer*, 5. venous leg ulcer*, 6. arterial
ulcer®) AND (1. ultraso*, 2. debridement) AND (1. bacteria*, 2. biofilm) & U7-, JFE#mC & iE
BlE A2 RS L U, MFEiis O EBE OB ETHIBRIZ L e o7, 2 4087 L CoCik
BAZ Y —=2 T LT,

(2) WFJE1-2

A FT 4 VBT NRENCRET 2 HIEE BT 2720, £ T exvivoFERRE L TH > M LT
IEE FICART 2 (B, S IBR 2 BERE L, A A7 4 VA BRSNS T 4V DET IV EAE
L7, BT Mk L TR 2SR RS Rt (GREE, Wi, MREHE, v —7ME) T
i DRI FR 2 S U 7=, FERRI ORINEG E IRZ ORISR LT, Yo RTmy T 4 v 7 &5
B L. ZOYAIREED OB S T /A X OIERAE I R DA F 7 4 v AREREZ R
fili L 7=

(3) Wzt 2-1

AERANE 2 & AIETREEN & OBEAZH O T 5720, BERELZ R E LizhiaE 2k
— MFREZRFE LT, N—RA T A b 2 HE, t8E FEEEEA 77—/ THh 5 DESIGN-R®
DIFRINEAL L2 o Te BEI L T2 A &2 HEHaRE & L, B L7cAlm 2 iamemiE & Lz, AlE
ERVABHBE D AT 7 2 RELL . fliH) L7 #iE DNA 2 )R — 7 o —12 L % 16SrRNA
BARFREATICHE LT, 5 D BST — & 0 DAl 2 R L, MR E RIS 3D S SRR %
R L 7z, BIRES- A B R R R oo g s U 2 Weighted UniFrac dissimilarity index TP
L. Permutational multivariate analysis of variance % 3%t L 7=,

(4) HFJE 2-2

RIS 3 OB E S OREICB T 2EHEZHA LN T 5720, BAESRIZHL L 7-8)
METNVERFE L, BT T VITEMMABR LI ATERE L BICT v M DERIRLIZKZ
JE AR 7 4 LB 85 ¢ 72 FEFIERSE L, TR EBEEROBRT~B T2 2 & TIER L
T2 (T4 AL A VAR, 2y hr—/WEMEZ & £ LB $5iA e GETEMBE#EE) .
BITERIAE 225 4 B BICARTHAM A BRI L. AR P AOREAN & B - RBURIT 21T > 72,

(5) HFJE 2-3

EE R E A & A T 2R E S ST S VD RK A 5 0MC T 572, ANEERER 0 —
D ThHIAEBIETOT I VBEICHE B L, BRKHEOFEMIZESLS, 7 I 7 BEICHE L7
IHAZEA N OEIR AT 7 ORI G IEERF Lz, 7 v M2 xR EER L, AlfER% 1/
H ORI TEARTZICAIE N D AT 72BN LTz, AT 70 bAGB R Z it L, sl s =
~ 7T 74RO T I BERNE L, BONTRERND, T BRERITAET I B
DOFENG ZRTHXT I aEE Rz,

Studies identified through searching ‘

4 . E:I:%EEE% multiple databases (n = 1021)
( 1) E:I:%‘E 1 ] 1 (KataOka Y et al. ’ 202 1) Studies after du{licales removed
BUENRA T T ANV EGRETAHAHFEOMRBEZER/THZOD l (n=907)

Scoping review A —A L7 U T DEF v 2 KF L OEEEIL
[FRF7EE U CHEMm L, HRA RN FT7 4V ABREFEDOHFTY,

i reened Studies excluded
(n =907) (n =889)

Full-text articles excluded (n = 9)
- Outcomes not related to
bacteria or biofilm (n = 1)

- Ineligible publications (n = 8)

Full-text articles
assessed for eligibility
n=1

BEKRT 7 ) — F~v 2 W TREEDERNFELHEET L Z
ENRINCARTHL Z Lz qEH L,

B 1. RH—=2F Qe
(2) H%e 1-2 ¥ DR

FRIRE 2R L 2 DORR D/ NA A7 ¢ b LAFREEE A FEEE & 72 DR RE N1 47 4 L AE
TNEIER L, 2N TN ORIEZ IR & BEHTAL & Lz, IEf 30 B, FREHHE 4 cn/fd, 7'm
— 7 AE AR LT 90 FEICEE L, #5180 — LYV TEERRE % 3 Rt L7, &
FWRHZOETOr —AZB W CTIHERFOANG & LT AT 4 VA T FNHEL 7o
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(3) HF9E 2-1 (Kunimitsu M et al., 2022a)
T OEEPIED G E R o T, MR #E OB Z <3 B ZARIERIE Td 5 Weighted UniFrac
dissimilarity index o H Ml X E#EIARETIL 0.56 (IQR:0.52-0.67) . TREEAEETIX 0.29 (IQR:
0.22-0.35) ToH v, HEEHEO DR EE & ik U, MRS ALIEMER O ATREME S & o 72
(K 2A), & 512, Permutational multivariate analysis of variance {28\ C, {R@EMAET
VAN & R OIS A B 213207228 (p=0.639), A CIIAEEN AL
7= (p=0.047, 2B),

(A a
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0% PC1 - Percent variation explained 32 95%

z ¢ z ¢ A Skin samples of healing wounds
. »  Skin samples of hard-to-heal wounds
Infected Non-infected Healing B Wound samples of healing wounds
Hard-to-heal = Staphytococcus ®  Wound samples of hard-to-heal wounds

2. (ARISHEESLUVEIRBREEOHERICH T 5 TEHENEER 30 UETOMEE RL -, MEITHENEFEESET
T, REEDEIL-AIEFEEERD Weighted UniFrac dissimilarity index &L &BIZRLT=, W:BIER. S BIBEKE (B)
Weighted UniFrac dissimilarity index IZ&SWTEEZEI T EERLT=.

(4) W72 2-2 (Kunimitsu M et al., 2022b)

MRE & HICAIRA 72 i 2 38 72 o To iy, WIEMBEERE S iR L CT 4 ANA AT R
HECIIA BICRIFAE A~ O R ER DI L < | BIEIRIESEIE LTz, S BT, T4 ANA F v
AFEDO AR CIX, WIEHIEEERE & ik U CRIEINHIAIICRERE T 2 HIAEME T Mifu23 72 5o
7= (4 3), & ZC, il T Aia o BNl 528k 2 325 U 725 5, FEINH] + W e E it & i U
W+ B R, FEMHI+ 5 ¢ AL A 2B W+ 4 AN, G ABETIT A FHR R~
DIFHERDIZENZ < . IR EIE L=, LEX Y, FIEMEZEOARS Il T Mz
L Gl 72 RIED I S v, IER IR T D DIZx L, 7 o AN A 2 ZARRED M E # ORI T
WL HEE T MRS D22 SIS K0 IR RIES IR ST, EOREE. BRAREE DS X
B INTWDZ EDRIBI T,

PWD 0 PWD 1 PWD 2 PWD 3 PWD 4
> ’ /1
Commensal

e [
v % Commensal
o024 e Dysbiosis
Dysbiosis 0 v v Y
E g | . PWD 1 PWD 2 PWD 3 PWD 4
Commensal  Dysbiosis p* =
<0.001

4 (abundant) 0 3 (30.0%)

3 (moderate) 0 7 (70.0%)

2 (mild) 6 (60.0%) 0

1 (occasional) 3 (30.0%) 0

0 (few) 1(10.0%) 0

1. (A) RIS~ DHMBEZOBIEILRIERE 1 BBEIZEREL -, Commensal: B7EMAE&E. Dysibiosis: T4 RX/\1F X
##. PWD: Post-wounding day (BIEEAMNSOBEF) (B) BMERBICK T HENEIEEEDHTR. A x5
B EEARERENISOBEEETT . (O MPO RAZAV-REMEBEZEEFRAOTAFEB~OIFHEOZHED
BEEEMU =, I L2 AOMEEIZK>T 5 BB TEEMLT=. *Wilcoxon DIEHIFNRTE (D) 1 Foxp3 fuiAZE ALV -EiE
SRR EEEG, R —)L/A—F 50um ERT . BRI HIEE T #i



(5) 7L 2-3 (BIfE#eHa )

HIFE LT 2B 16 FIZEB T DA% 7 X/ BREI PR & bITIE b & 2/ h &< B
@< T X BENES D HEEMNLT 52 LN TE 2, WIS, ZOHEE AW TR TRk ET
L BIEREAMEANE 2 A T DEERE 25 & LTCRIRIHE 2 0 L7, TR, 416 &
CBWTT RV MREZIET D Z LR TE, SHRMVAESLAGIEM DO TV D
RIRIICI W T O WRER TIETH D Z L I HERB TE 72,

AWFZERFEDFE RIL, A A7 4V ABRER L OHIEE DO ZIEN D 72 D8 7= 72 AN B 52 1 5%
EORESLICTe T T2 B OB EICESTIHI LD L EZBND, 5RIINA T T 4V LOFHRN
FrER X OB E R OFIEIA ATEE/e T A ADBA%R % Be 7,
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