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[ Abstract]  Objective To investigate the effect of hypochloric acid on Escherichia coli biofilm
and the clinical efficacy of hypochloric acid for wounds with Escherichia coli infection. Methods One
strain of Escherichia coli with the strongest bacterial biofilm forming ability among the strains isolated from
specimens in 25 patients (16 males and 9 females, aged 32-67 years) from five clinical departments of the
940" Hospital of the Joint Logistic Support Force was collected for the experimental study from September to
December 2019. The Escherichia coli was cultured with hypochloric acid at 162.96, 81.48, 40.74, 20.37,
10.18, 5.09, 2.55, 1.27, 0.64, and 0.32 pg/mL respectively to screen the minimum bactericidal concentration
(MBC) of hypochloric acid. The Escherichia coli was cultured with hypochloric acid at the screened MBC for
2,5, 10, 20, 30, and 60 min respectively to screen the shortest bactericidal time of hypochloric acid. The
biofilm formation of Escherichia coli was observed by scanning electron microscopy at 6, 12, 24, 48, 72, and
96 h of incubation, respectively. After 72 h of culture, hypochloric acid at 1, 2, 4, 8, and 16 times of MBC
was respectively added to Escherichia coli to screen the minimum biofilm eradicate concentration (MBEC) of
hypochloric acid against Escherichia coli. After hypochloric acid at 1, 2, 4, and 8 times of MBEC and sterile
saline were respectively added to Escherichia coli for 10 min, the live/dead bacterial staining kit was used to
detect the number of live and dead cells, with the rate of dead bacteria calculated (the number of samples
was 5). From January to December 2020, 41 patients with infectious wounds meeting the inclusion criteria
and admitted to the Department of Burns and Plastic Surgery of the 940" Hospital of Joint Logistic Support
Force of PLA were included into the prospective randomized controlled trial. The patients were divided into
hypochloric acid group with 21 patients (13 males and 8 females, aged (46+14) years) and povidone iodine
group with 20 patients (14 males and 6 females, aged (45+19) years) according to the random number table.
Patients in the 2 groups were respectively dressed with sterile gauze soaked with hypochloric acid of
100 pg/mL and povidone iodine solution of 50 mg/mL with the dressings changed daily. Before the first
dressing change and on the 10" day of dressing change, tissue was taken from the wound and margin of the
wound for culturing bacteria by agar culture method and quantifying the number of bacteria. The amount of
wound exudate and granulation tissue growth were observed visually and scored before the first dressing
change and on the 3", 7", and 10" days of dressing change. Data were statistically analyzed with one-way
analysis of variance, Dunnett-¢ test, independent sample ¢ test, Mann-Whitney U test, Wilcoxon signed-rank
test, chi-square test, or Fisher's exact probability test. Results The MBC of hypochloric acid against
Escherichia coli was 10.18 pg/mL, and the shortest bactericidal time of hypochloric acid with MBC against
Escherichia coli was 2 min. Escherichia coli was in a completely free state after 6 and 12 h of culture and
gradually aggregated and adhered with the extension of culture time, forming a mature biofilm at 72 h of
culture. The MBEC of hypochloric acid against Escherichia coli was 20.36 wg/mL. The Escherichia coli
mortality rates after incubation with hypochloric acid at 1, 2, 4, and 8 times of MBEC for 10 min were
significantly higher than that after incubation with sterile saline (with ¢ values of 6.11, 25.04, 28.90, and
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40.74, respectively, P<0.01). The amount of bacteria in the wound tissue of patients in hypochloric acid
group on the 10" day of dressing change was 2.61 (2.20, 3.30)x10" colony forming unit (CFU)/g, significantly
less than 4.77 (2.18, 12.48)x10* CFU/g in povidone iodine group (£=2.06, P<0.05). The amounts of bacteria
in the wound tissue of patients in hypochloric acid group and povidone iodine group on the 10" day of
dressing change were significantly less than 2.97 (2.90, 3.04)x10° and 2.97 (1.90, 7.95)x10° CFU/g before
the first dressing change (with Z values of 4.02 and 3.92, respectively, P<0.01). The score of wound exudate
amount of patients in hypochloric acid group on the 10" day of dressing change was significantly lower than
that in povidone iodine group (Z=2.07, P<0.05). Compared with those before the first dressing change, the
scores of wound exudate amount of patients in hypochloric acid group on the 7" and 10" days of dressing
change were significantly decreased (with Z values of =3.99 and —4.12, respectively, P<0.01), and the scores
of wound exudate amount of patients in povidone iodine group on the 7" and 10" days of dressing change
were significantly decreased (with Z values of —3.54 and —-3.93, respectively, P<0.01). The score of wound
granulation tissue growth of patients in hypochloric acid group on the 10" day of dressing change was
significantly higher than that in povidone iodine group (Z=2.02, P<0.05). Compared with those before the
first dressing change, the scores of wound granulation tissue growth of patients in hypochloric acid group on
the 7" and 10" days of dressing change were significantly increased (with Z values of —3.13 and -3.67,
respectively, P<0.01), and the scores of wound granulation tissue growth of patients in povidone iodine group
on the 7" and 10" days of dressing change were significantly increased (with Z values of —3.12 and -3.50,
respectively, P<0.01). Conclusions Hypochloric acid can kill Escherichia coli both in free and biofilm
status. Hypochloric acid at a low concentration shows a rapid bactericidal effect on mature Escherichia coli
biofilm, and the higher the concentration of hypochloric acid, the better the bactericidal effect. The
hypochloric acid of 100 pwg/mL is effective in reducing the bacterial load on wounds with Escherichia coli
infection in patients, as evidenced by a reduction in wound exudate and indirect promotion of granulation
tissue growth, which is more effective than povidone iodine, the traditional topical antimicrobial agent.
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Jon 15 A5 R AL Ui BUIRES | 5L TBOTE 4 A O B R AR R IR L3R 00, R IE U AN R A W1 (EPS) B 1B 2 AU E TA 25 1C. 85 97 24 b, KI5 1
FRIR T ML, A D B0 EPS FEHE TR K 1D. 55 37 48 h, KGR A& W7 B 1 EPS 3E— 2D G &2 | B BCIRE5 4G 5 1E. B 9% 72 b, KIp A 7 £ 19
Kim EPS 2 K A BORIEHG [ 5 58 24082 IF. 55957 96 h, — 48 KW 5 4 17 A EPS h # # 7%

2.D0% . (46.2£2.7)% . (82.5+5.3)% . (95.8+
4.3) %, BRI 25 A Gi it 2 7 L (F=586. 65, P<
0.001);5 1.2.4.84% MBEC [y X & & 1 F 10 min
J& KM 3 A W AL T R 24 W v T AR R K AE
10 min J5 (¢ {E 43 5% 4 6. 11.25. 04,28. 90,40. 74, P<
0.001).

2.2 It RWF5E 45

2.2.1 A 4L b Y A 2 B H IR
245 i B T 414U 40 B AT (P>0.05) . 5 10 Kk 2h
A, R SR 20 A8 5 0 1 2H A TR A T I D T R A T
L1 (P<0.05) ,2 21 & B 1 41 20 40 1 2 35 5 1 IR
e 25 i 200 (P<0.01), L3 2.

2.2.2 Al B R 22 BB E R 2 T
K55 3.7 KA 2 i QI TE B BV o3 BAR T (P>
0.05) ;5% 10 KA 25 I, YOl R 41 A8 & B T 2 ) 2 0F
43 B 2 AR T R 4E R L4 (P<0. 05) . IR AR 24 Al R

—

10 pm 0-pm 10 pm
T 2T @5 SRR IE T, S (DA 35 T, B (04 3 08 1A AN 0 1A T 5 s e AR A ) 5 B e B2 (MBEC) 4 20.36 pg/mLL

B2 505k B R K TR 4 R 0 vk SRR A T 10 min J G RO R K W 38 A B2 WD RS TG 1k Ok 3 4 e SR AR B AR <60, I AR R
10 pmo 2A. 5 MBEC A9 R & BR 1E G , A6 T R A% 5 2B. 55 2 5 MBEC WG BR 1 G , JE T R4 8 2A FHi 52C. 55 4% MBEC IR S BR1E S
PO KA R 2B 52D 5 8 £ MBEC YR R AE IR L FE B S 55 18 2C Tt i 5 26 5 JC 1 A 3R R K AR IR B8 1 3 1 0 AIK T 141 2A

T2 2 ZH B A AT R A IR ) B AT U T AR

(M(Q,,0,)]
S ) AUPR 4T

g sk . . ZfH P
(x10°CFU/g) (x10* CFU/g)

WSATRH 21 2.97(2.90,3.04) 2.61(2.20,3.30) 4.02 <0.001
RYAEFM4] 20 2.97(1.90,7.95) 4.77(2.18,12.48) 3.92 <0.001

VAL 0.03 2.06
Pia 0.979 0.039

H:CFU TR W7

Y TR L2 R AR 3 R 2 B T B R S
U 25 1 AR AT (Z A1 53 500 2 -0. 71 .-0. 45, P{E 43 %]
0. 480.0. 655) , K SR AL B #5657 .10 KA 25 i 4]
102 5 PP 43 34 0T AT R 25 T (Z (8 5 0 R
-3.99.-4.12, P<0.001) , & 7 B i 41 f8 % 56 7.
10 K 46 24 i A 11 95 0 B 0F 43 35 B AR F o ke 24
AT (Z {84539} -3. 54 .-3.93,P<0.001) . W33,
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R3 24U QUTE R BB L BT lUEL
[, M(Q,,0,)]

O 3R TR 10K
4150 1% -
Hif 2y it 2y it e 25 it
WERTR 21 2(2,3) 2(2,3) 1(1,2)"  1(0,1)"
RYEFAMA 20 2(2,3) 2(2,3) 11,2 1(1,1)°
AL 0.14 0.30 0.55 2.07
P{E 0.891 0.762 0.584 0.038
T 5 41N U 25 i L #E,°P<0.01
2.2.3 BIMANFHALERNEL G 248%

TR 2 I RERS 3.7 K A% 24 s T Y 2 2 2R KT
A EIARIE (P>0.05) 3565 10 KR 250, Y SRR 4 iR 3
BT A 2 A8V R 4 B T R AR R A (P<
0.05) o 5 B UK 25 1 A He L Uk SR 41 R 23R 4 i A
YRR 3 R A 24 i B T 1A 2 20 8L AT 43 3 TE W
AR A (Z {5 20 % A -1.13.-0.82, P 1 7 B K
0.257.0.414) , &R 4 f8 35 55 7 . 10 2K 48 24 i) 1 1
P ZE AL 80 KA 4 2 A 8 5 (Z A 5 90 =3, 13,
-3.67,P<0.001) , 5 4t i L 21 J2 35 25 7 .10 K 2}
BB T 1A 2F 21 24 KP4 3 B 0 T e (Z (B 4300 R
-3.12.-3.50,P<0.001). W34,

a2 LH R B 1A BB M 24 TS A TR A 2 A U K
MRS L[5, M(Q,,0,)]

N HK B3R TR FI0OKR
2159 %L . . . .
2 EZiiny EZiiny e 25}
AR 21 1(0,1) 1(0,1)  1(1,2)*  2(1,2)"
I o A T 2 20 1(0,1) 1(0,1) 1(1,2)* 1(1,2)"
VAL 0.12 0.45 0.47 2.02
Pia 0.902 0.654 0.639 0.043

TE 5 4L AR 25T HE AL, " P<0.01

3 iFig

BT AR AR (g K ) 51 A
— Z B 20 M B T AT B 4 BT I A i 4 g e
A7 AT Bl 4 2 v i 240 TR IR 20 B A AR
AR A B R AR RS AR R s B AL 2P
B BB L 1x10° CFU B¢ 2 /024 1x10°CFU, 3%
1o 7K ST 1) 41 B B o7 T AR A IR I I LT B
M TR 2 ot ) T A G AR BELRS  48 h 4 209 1 4
BRI A7 faf — AR PROME S B gE R, 4 Bl Bk
T A B T 40 B A A AR AT BR . B, R
JO7 FH A FH e 1A 70 2 s 2 ) T 8 R e 1 k.
JUAE I JUAE Sk AT 470 1R 711) 9 PR A0 2% of i v
ER e R RN E o IB2 W O R W7 =X Ui il Pt

T E U E S U SR e A

Tii FFY 4R VG R 4 €0 A8 28 K AT i B T
K 35 T T 45 SR o ) TR ) 9 7 AL I R X R, A
SRy 3 T AR TT L TR WA B A B 2 B HE BT 2
MG, e 2 T BOME DU il i R e X g BHL AR
TOEE B8 WA A, IF Ry BT AR 3 R
T2 pl 0 40 B 25 0 1 R R A F T 7
PR 25 R W J7 3k 22— R 58 F Jm & R FH Bit 2k
R A Tk e b F T RE O A R B R AN
i 1 5 1 A AT BE R O T A R LA SR —
Tt 22 25 5000 Jm AR B T R

5 2k T A2 ) T S5 R 08 B A R E ) T
16 53 Jr 0 95 1) I AR P A EE MR AR O O R
— R R R C 4N A R R PR R 7
AR X B IR G st n] R v R A R R B A 4
A B TS BRI P AR R KA Ik
EN SRR N AR O) N N Er R S A RN
I RE VAN S i N ) e SO N |
JfLZE T2 Kim 55 AE UK S 40 i 5 K 5 5
b Al SRR S A BEAS 2 AR OE N B R A
Jifl 30 min 2 h 5, AW EE B A 40 0 B0 b R 4, Uk
AH YGRS AT 9 A A I R v
RE R ARBENDAEZAL W LA, B
PR A TR 3 3 258 A 5 T D 2R 4 T L 92 0 ) 2 A gk
A7 00 T A 2 B, AR AR RE R AR U W, B R R
T v i S ) AR Ko 8] T %) S 3R RT B

A 5% e At S5 25 IR ORI IR X K R A
TR MBC R d5 5 A% B o) (] 55 B A AR 9 285 512 A
R 72 hg ARSI EE 2 K 35 4 iR o8 & vk A &
G3 i EPS AL L SRR BE A i, WO R R K
BRAE A, 53896 h, — 64> K g % 7 B T th
MEPS H G 80 6, 1 IH R P Y A TR AR W BT B
SERN S R B S TR & DU - NI R R/
T2 T W5 K 25 A TR A D R L i A Ak 25 3R 18
71 Bifl 2 YRR TR VS VR B 1 S, BB TR 2 A T
HE v R SR T A AV B (20. 37 wg/mL) I RIVA i
K 35 75 W AR W) AR FH L 40. 74 wg/mL YA TR IR W
X K W 5 A T AR IR TR R B I 50% 0 IR R X
KN 35 A B 9 MBEC LA B S5 46 2K B S 8] Ry 11 R Hh ik
ST A RV R VR B R At 24 R U] 4R TR . I
5 2 T LK T 4 R A 0 T O 4 T LB S, AR 3
Tt 52 56+ A 1 1 % 2 ) A 4 1 A

I PR AFF 5 XoF Yk G R 20 5 5 A i) 2 J% e 1) e
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BHEA AL HER BHE NFHL KGN
PEATPEAG Fe s, 45 S 2 0, 2 26 B 3 B 1 41 20 40 7 i
TE W R AR ZG ) R0 7E 1x10° CFU/g KX DL F, T Wl kK
oyl g TR AR A Y fE L e 2 A
710 dJi5 , 2 41 A 3 A0 T 41 20 40 B 28 B A 9T R
U BB 2 Fh AN 25 xR B 3R A B R B T
3R 9T 389 47 55k, AE VR G R A 58 3 B e 4 T e ) g /D
T 3R 2 T AL 35 B R TR A RO A AT R KA
B0, 2R RIS I AR T R 2 I IR
e 25 7 498 /0 (A5 10 K4 25 B, ok AR 4 B
1A 5 W] A /0 T S A A B T A 2R S K
R R I & e L R e o 1 R R 4
VTR B P T A TR A T DA B EL AR A e A v O R 2E 4
SR A R B AL A7 B SO B A G T 3R A4 T A 2
TIE S X6 T 7L 3 4 A B A 5, X TR 2E AL S 18 5 A BE
AR,

25 LT IR, A5 A B Sk Yk SRR R B IR A
A BRSO g 38 A TR X A R KR, LR AL
G {H 32 A W) B EPS 15, 2% KA W) BOIR 285 K i
P A TR W SR R R B ey o IRV B2 (20. 37 pg/mL)
18 YR SRR X A K 5 A T A 0 T S B R R
ATEAEF H U 1 A% B8 1 528 0 B3 Al o L ik
AR MR T DU A B O MR . AR TR
(100 weg/mL) RE A B8 /> KWy 35 F 11 ek 2% 4] 1T 79 448
PRI B A7, 80 R RE L, DT 4% 1 T R e, R IR
BIHNE > 2R HE R 2F A S A, HOL AR
B A% G5 A1 FH B A 770 R 4k TR AL T (50 mg/m L) T4
SR, AR B 5 B fith 552 56 35 20 (SR AT T W SRR V5 W kT
AR A K i 5 A T A 0 TS ) e AT 2 56, A A 000 2R 4
T 5 X6 M 35 75 BRI AE AR T 250 L) S 2 Fh A H 25 40
PUAH VA A= W B RE T 0 22 50, 3 26 2 R) e R e BRI IR
PRI 2 Fh 2 AR O A A BUR AR R R IR . 5
A ASHIE S DR 5638 43 BT A A B4 I DR 91 5 b
FEAR KW TE 0 5 2 — 2D T SR XA Y
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FH I8 T i 1A 9 1611 %5
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