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Abstract
Background: Methicillin-resistant
Staphylococcus aureus (MRSA) infections are
prevalent among orthopaedic patients after
implant surgery. However, the available
treatments for MRSA are currently extremely
limited.

Case presentation: A 70-year-old patient
developed wound infections after undergoing
a bipolar hemiarthroplasty operation, which
MRSA

infections through bacterial culture. After 8

were subsequently identified as
weeks of vancomycin treatment, the infection
symptoms and bacterial culture showed no
improvement. However, the introduction of a
physical antimicrobial spray dressing (JUC)
resulted in noticeable effects after just one day
of treatment. Within a week, the wound
secretion significantly reduced, and complete
healing was achieved after three weeks of

treatment..

Conclusions: In this case, the application of a
spray (JUC)
proved to be significantly effective in treating
MRSA infections.

nanotechnology antibacterial

Keywords: Methicillin-resistant
Staphylococcus  aureus,  nanotechnology
antibacterial ~ spray, bacterial resistance,

physical antimicrobial method, case report

Background

According to 2015 U.S. National action
plan for combating antibiotic-resistant bacteria
[1], antibiotics have been instrumental in

saving millions of lives since their discovery.

However, the emergence of Dbacterial
resistance has rendered some bacterial
infections resistant to treatment.

Drug-resistant strains cause 2 million illnesses
and approximately 23,000 deaths each year in
the United States alone. The primary goal of
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this action plan is to reduce the incidence of
emergencies and serious threats concerning
infections of three drug-resistant strains,
including methicillin-resistant Staphylococcus
aureus (MRSA). A prior research reported that
MRSA accounts for 50% to 78% of all
infections [2]. At
present, vancomycin is the only effective

clinical treatment for MRSA, but there have

Staphylococcus aureus

been reports on the MRSA resistance to
vancomycin [3]. Therefore, it is of great
significance to find another effective method
to treat MRSA. Here, we present a case of
MRSA

vancomycin alone for 8 weeks, but was

infection that was refractory to
completely cured after 3 weeks of combined
use with a nanotechnology antibacterial spray
Juc).

Case presentation

On March 15, 2014, a 70-year-old man was
admitted to the hospital due to a left femoral
neck fracture. The patient underwent bioplar
hemiarthroplasty operation on March 20, 2014.
The detailed parameters for artificial femoral
head were as follows: double cup, size 48; size
head 28 mm;
(manufacturer: B.Braun Melsungen AG). The

of femoral stem: 10
patient had no history of MRSA infections.
After surgery, the patient received ceftriaxone
(trade name: ceftriaxone sodium, 1g, 2 times/d)
for 7 days to prevent infection. From March
21 to March 24, the body

temperature was normal, and his surgical

patient’s

wound was cleaned with hydrogen peroxide
solution and 3% boric acid solution everyday.
The wound was kept dry, and sterile dressing
was used for coverage.

The patient complained of wound pain
since March 25. On March 26, the patient’s
body temperature rose to 38.5°C. Based on the
symptoms, signs and laboratory results (CRP
4.38mg/dl; blood WBC 6,540/mm?) on March
26, the patient was diagnosed with bipolar

hemiarthroplasty infection, and -ceftriaxone
was replaced by levofloxacin (trade name:
lectacin) 0.5g, 2 times/day. At the same time,
for precise treatment, 80ml pus was extracted
on March 27 for bacterial culture and drug
sensitivity test. However, after 4 days of
treatment, there were no signs of improvement
in the infection. After discussions with the
patient and his family members, we removed
the implant on March 31 and performed
debridement to control the infection. After the
implant was removed, the body temperature
turned to normal. The bacterial culture results
on April 1 showed MRSA positive (Table 1).
From April 2, according to the standard, the
patient was treated for 8 weeks with
intravenous injection of vancomycin (serum
trough md/L,

concentration 38md/L), for MRSA eradication

concentration 7 peak
therapy. During the entire treatment of MRSA
infection, the patient was arranged in single
room. However, this still didn’t solve the
surgical site infection in the patient (Figure
1-1).

On May 20, 2014, due to vancomycin
expiration, it was replaced by levofloxacin.
2014,
no other

Two weeks later, on June 3,

vancomycin was resumed as
medication was available. Meanwhile, the
bacterial culture on June 2 and 19 showed that
there was still MRSA infection (Figure 1-2).
As a last resort, after debridement of the
surgical site, we sprayed nanotechnology
physical antimicrobial dressing (trade name:
JUC, manufacturer: NMS Technologies Co.,
Ltd.) 2 times a day from June 25. On June 28,
the amount, odor, color, and viscosity of the
wound exudates were obviously improved, the
wound began to shrink (Figure 1-3). On July 1,
the odor of discharge disappeared completely.
On July 3, the results of bacterial culture of
wound secretions were negative (Table 1).
Throughout the entire period of using JUC,
the patient had no skin itching, rash and other
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reactions, and the patient complained of
feeling good.

Vancomycin was used for the second time
from June 3 to July 11, 2014. JUC was used
from June 25 to July 15, 2014. The wound
healed completely on July 15. During the
subsequent eight-week follow-up, the wound
did not become reinfected.

Discussion and conclusion

MRSA is a multi-drug resistant (MDR)
bacteria. As MRSA is resistant to a variety of
antibiotics, such as methicillin, amoxicillin,
penicillin, etc., the drugs that can effectively
treat MRSA infection are extremely limited.
In 2011,
prepared by Infectious Diseases Society of

a Clinical Practice Guidelines

America (IDSA) shows that the most common
method for treating MRSA is the systemic
treatment of vancomycin, followed by
linezolid, Daptomycin, telavancin, etc. For
topical treatment, mupirocin ointment is often
of MRSA

Moreover, other literature

used for auxiliary removal
colonization [4].
also have confirmed vancomycin as the
preferred MRSA treatment method [5,6].
However, some experiments have shown that
a few Staphylococcus aureus are not
susceptible to vancomycin, and that long-term
use of vancomycin can also lead to
vancomycin-resistant Staphylococcus aureus
(VRSA) [7.8].
reported a 21.3% drug resistance rate of
MRSA to mupirocin [9].

In this case, after the diagnosis of MRSA

treated with

Additionally, Deeny et al.

infection, the patient was
vancomycin for 8 weeks (April 2 to May 20),
but the MRSA infection did not improve.
Subsequently, after switching to levofloxacin
ineffective, vancomycin was continued for 8
weeks (June 3 to July 11). From June 25, we
spraying JUC, a
‘nanotechnology physical

started product of
antibacterial

method’, on the surgical sites. Three days later,

the wound infection showed improvement,
and a week later, the results of the bacterial
culture turned negative. These results suggest
that JUC has a good inhibitory and killing
effect on MRSA.
findings also confirmed this

Importantly, previous
conclusion.
Ruttonjee& Tang Shiu Kin Hospital in Hong
Kong had used JUC alone for MRSA infection
on scalp injury, and had proved its efficacy in
killing MRSA [10]. JUC Spray Dressing is a
patented product under the ‘nanotechnology
physical antimicrobial method’, which is
composed of 2% organosilicone diquaternary
ammonium salt and 98% deionized water. The
main mechanism is that, when sprayed on
body surface, it forms positively-charged film
adsorb

(antimicrobial ~ nano-film) to

negatively-charged = microorganisms  and
causes their cell membrane rupture and die,
thus achieves physical antimicrobial purposes
[11-16].

The patients and their families expressed
profound gratitude for the treatment they
received. They fully acknowledged the limited
in the

ineffective,  and

alternatives available instance of

vancomycin  proving
understood that these alternatives offered
minimal therapeutic benefit. As for the JUC
topical spray treatment, it was perceived as
easy to administer, comfortable, and
reassuring. The efficacy of JUC surpassed
their expectations remarkably.

In summary, the use of a nanotechnology
antibacterial spray (JUC) has demonstrated
significant effectiveness in the treatment of
MRSA in current medical practice. Further
validation of this treatment method, through
individualized treatment plans and extensive,
multicenter clinical trials, is both necessary

and holds great potential significance.

Abbreviations
MRSA: Methicillin-resistant Staphylococcus
aureus; CRP: C-reactive protein; WBC:



232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275

American Journal of Therapeutics

White blood cell; MDR: Multi-drug resista
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Figure 1

Figure Legends:

Figure 1. Changes of surgical site infections. 1-1, Surgical site infection on May 14, 20

14, 8 weeks after treatment with vancomycin. 1-2, Surgical site infection on June 23, 201

4. 1-3, Surgical site infection on June 28, 2014, 3 days after using JUC.

Table 1: Patient Treatment Record Table

Time

Inspection Result

Treatment

Wound Recovery

2014/3/15

Admission

2014/3/20

Normal body temperature

Operation: bioplar he
miarthroplasty operatio
n

ceftriaxone (trade nam
e: ceftriaxone sodium
lg; time: 2 /d)

2014/3/21
-2014/3/2
5

Normal body temperature

ceftriaxone (trade nam
e: ceftriaxone sodium
lg; time: 2 /d)

Surgical wound was c
leaned with hydrogen
peroxide solution and
3% boric acid solutio

n

2014/3/26

Body temperature: 38.5°C

CRP 4.38mg/dl;
WBC 6,540/mm?
ESR 0 mm/hr

levofloxacin (trade na
me: lectacin) 0.5g, ti
me: 2 times/day

2014/3/27
-2014/3/3
0

Body temperature: 38.0~39.0°C

levofloxacin (trade na
me: lectacin) 0.5g, 2 t
imes/day
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2014/3/31 | Normal body temperature Bipolar artificial femo
ral head replacement
were removed
levofloxacin (trade na
me: lectacin) 0.5g, 2 t
imes/day
2014/4/1 Discharge bacterial culture: MR | levofloxacin (trade na
SA positive me: lectacin) 0.5g, 2 t
Drug sensitivity test results: imes/day
a. Penicillin G: R
b. Ciprofloxacin: R
c. Clindamycine: R
d. Erythromycin: R
e. Fusidic Acid: R
f. Gentamicin: R
g. Habekacin: S
h. Linezolid: S
i. Mupirocin: S
j- Oxacillin: R
k. Quinupristin / Dalfopristin:
S
1. Rifampicin: S
m. Teicoplanin: S
n. Telithromycin: R
0. Tetracyclin: R
p. Tigecycline: S
q. Trimethoprim / Sulfamethoxa
zole: S
r. Vancomycin: S
2014/4/2- vancomycin 2g, time: | Much bleeding with
2014/5/19 2 times/day the color of red b
meropenem (April 3-2 | lood, with large am
3) 3g.time: 3 times/d | ount of pus(See Fi
ay, for pneumonia. gure 1)
2014/5/20 | Discharge bacterial culture: MR | levofloxacin (trade na
-2014/6/2 SA positive me: lectacin) 0.5g, 2 t
imes/day
2014/6/3- | Discharge bacterial culture: MR | vancomycin 2g, time: | Still a lot of puson
2014/6/24 SA positive 2 times/day the wound(See Fi

gure 2)
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2014/6/25

2014/7/3 , Discharge bacterial c

vancomycin

2g, time:

2014/6/28, Significa

-2014/7/1 2 times/day ntly improved in te
1 ulture: MRSA negative Spray JUC, time: 2 ti | rms of discharge a
mes/day mount, odor, color,

viscosity, and the
wound start to shri
nk(See Figure 3)

2014/7/12 | 2014/7/15 Wound healed Spray JUC, time: 2 ti

-2014/7/1 mes/day

5
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RBP4 PG AR B (R AT BRI GY, TUC BRI AR P 5 ok, 2 S i
2, MM ZE, ARZYNETT, BUCEYIE 5k

B

—% 70 & BEAEN LA L E #
A5 LA S, 4l B 55 75 i
A0 PG R4 B (08 2 BR 1 (MRS AD SR e
KM EBRIAT 8 AJE, BYRER
AU TR TR G LR A 0 . Y
A5 BORHATT 1 KRG
— A QI Ay W S, =) S
4]

U)

N

I
= o

e

it

E]

MR 2015 G5 [ FH R PPt R
JiggtEATshitkl (1] . BRIPTER
THRKHE BN E il Lok, 24
I, AR, R 2R BB, L
M OV TT k. 253

BEMNEXERSER _—EHH A&
Wi, #123000 NFET:. X—AT3011 K
FEH AR E 2020 4, PRSI
AT A OB BRE (MRSA) =
Tl 247 ] JE e (1 5% 2 R ol A4
KA. David BF 7836 EAH SRR G, B4
E BT 0 B0 (0 3 A BRI IR e S
50~78% A MRSA[2]. H il KA 7
MRSA ME—H XKt ER, B,
C A MRSA X /5 % it 24 1) 4 i
[3]c A SCIR B 2 5% i B R IAT 8
Ji JE G T A R ) MRSA
T W BT AR R - BORHR TT = A
JGrReRE, PR IRTT B
FERIE .
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20143 H15H, —%70%%
O 55 P TR 70 T 30 T M AT N B
WAT 2014 42 3 H 20 HESZ XA
THEREHRAR, NTRELENS
Hanr: XM, K/ 48 55 HAE 10
fiths BEE SR/ 28 =Kk (77T %K
DAY o B A MRSA B
s FARE, BEELL 7 RMEH KA
HhRA (Rl 44 SRR 1g: IIH:
2 k/d) Mgy, f£3 H 21 H-24 H
], BFEERIEY, FARAME R
FH 3 S SRR 3% B BR VA T ¥4
QI RFFTR, KA TR BORE 55 .

BHEMNI A 25 HHFHERETFAR
QI KSR, JF B TE 26 HAKIR LTt
% 38.5°C. #R¥E 26 HIFl—KHIRER
RAEAISEE0 % 25 R (CRP 4.38mg/dl;
il WBC 6,540/mm3) , HEWIZW A
XU N LR Sk B ARGy, IFHs 3k
s B AR E (4
lectacin) 0.5g, Wf[A]: 2 ¥R/d 697 . [F]
i, T ERERYY, T3 H 27 Bl
H 80ml i B2 AT 41 T B 77 L2 24 0
. B, 897 4 KRa, BEHFRE
IR .. 5EERAFEH)E,
ATE 3 H 31 HEERR T A I #E4T
TH ORI, ARG AR
R IEH .4 A 1 HARE R R BN

MRSA [fHPE (K1)

M4 H 2 Hilg, %EhriE %2
TR 8 JA T R E KA
(6] 5 7 2 R ML 2 VR BE O Tmd /L, WK
FEN 38md/L) , SRIEATT FH A R4
TE R A IR B AR BRYVA T o TEMN H 4P
R 4 B €00 81 6T TR B R G (R BNV T
FEr, BE G HE R — A A
], AT, XABIRRBRMRE R T
RIEBALIEGE (figure 1-1) o

20145 H20H, HT A HER
O3 A IR, B 5 o fe P 7 LD
B. WG, 201446 H 3 HIREAH
HbEzR, FAEe H2H. 19H
BEAT AR B FR, 9 R A MRSA G
(figure 1-2) . MM 6 7 25 HIF4A,
X A8 1) 5 1 7 4 B G
ARl (FifL4: JUC, 477 K-
P A R PR A IR AR R 2
W, BT 6 A28 H, QUM WAHEH
B.ORBR. B R R GE,
B TFUE4E /N (figure 1-3) 3 7 H 1 H
SR SR e A A 7 A 3 HAITE
VAR BB I VTN X 7 6
(R D .

BB RN 2014 46 H 3
HEAZ 7 H 11 H, 11 JUC M 2014
o H25 AfEHZE 7 H 15 H, Al
T7H 15 Hels. 25 8 HkEY
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MRSA J&—FhZ B 245 M, T
MRSA XfB- N BEfR A Rz, H
THRIT MRSA B2 AEX 8D,
2011 3 G POR 72 (IDSA)D
i 5E 1 MRSA Ifi RS EFEffEd, H

RENKZERHATERE SR
57, HIRRRIZEME, XIEHR. &
PR, JREE HSEIL Y RS
BB MRSA sEfE[4]; HARAHHSCHR
WAESL T B R V%67 MRSA JF
V515,61 AH E M SLUG IR B /D 8 73 3
T & BRI R AR, K
USSR+ VINGAT TSI & )
A ERE (VRSA) 74:[7,8]: A—
J7TH, ¥ Deeny 25K 3, MRSA %}F
TLULE B ABAFLE 21.3% 1IN 255 [9].

A 8 AE L W MRSA )5,
KA AHBTERBIT T8 (4 H2
HZ%E 5 A 20 H) , MRSA 4Lt
BRI . Bl S PRI R T B
FIRIT T8 (M6 H3HZETH 11
HY , M6 H 25 HIFEEEAIRITTT
V2 B R W BB AR T T
JUC Wl FARERAL, 3 Ko Qi T B e 1

SUE A BTG, — R a0 2 A
YR Gy, BoR JUC TE #1043 K

MRSA A REFHYT R HBEIA
XS U I [ o Bt B FH JUC fig e —
Bk J7 4M% MRSA J&#4e, ZHERH JUC
A AR K MRSA, A58 5 1% SRR
ETEVRITAE R 7 M B — [10] .
JUC 15§ 55 OB “ Uit A= 1 ) 2275
B RMBCART G, 2 2% HLEE
WA 24 £RFH 98 %6 [ 25 B K
= LB BT 44 R T B AE FE A
CHUKBUBE DR W P17 6 EL AT
AP I A L 4 0 A 2B T, 3B 3
PERHUAEI B [11-16] .

&

IR BIETT R, BATRILT —
Ff MRSA W) EEAR 506 T BT ik, (H
A 5 BEAT BRI I PR AR TR KA A

Z IR, SRt — DR —
BRI INERA R, LRI 2 N2

W AP AE R BRI T &
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Figure 1-1: Surgical site infection
on May 14, 2014, 8 weeks
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Figure 1-2:
Surgical site infection
on Tune 23. 2014

Figure

-

1-3: Surgical site infection
on June 28, 2014

3 days after using JUC
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