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Abstract

Background: Catheter-associated urinary tract infection (CAUTI) is a common nosocomial device-associated
infection. It is now recognized that the high infection rates were caused by the formation of biofilm on the surface
of the catheters that decreases the susceptibility to antibiotics and results in anti-microbial resistance.
In this study, we performed an in vitro test to explore the mechanism of biofilm formation and subsequently
conducted a multi-center clinical trial to investigate the efficacy of CAUTI prevention with the application of JUC, a
nanotechnology antimicrobial spray.

Methods: Siliconized latex urinary catheters were cut into fragments and sterilized by autoclaving. The sterilized
sample fragments were randomly divided into the therapy and control group, whereby they were sprayed with
JUC and distilled water respectively and dried before use.
The experimental standard strains of Escherichia coli (E. coli) were isolated from the urine samples of patients. At 16
hours and 7 days of incubation, the samples were extracted for confocal laser scanning microscopy.
A total of 1,150 patients were accrued in the clinical study. Patients were randomized according to the order of
surgical treatment. The odd array of patients was assigned as the therapy group (JUC), and the even array of
patients was assigned as the control group (normal saline).

Results: After 16 hours of culture, bacterial biofilm formed on the surface of sample fragments from the control
group. In the therapy group, no bacterial biofilm formation was observed on the sample fragments. No significant
increase in bacterial colony count was observed in the therapy group after 7 days of incubation.
On the 7th day of catheterization, urine samples were collected for bacterial culture before extubation. Significant
difference was observed in the incidence of bacteriuria between the therapy group and control group (4.52% vs.
13.04%, p < 0.001).

Conclusions: In this study, the effectiveness of JUC in preventing CAUTI in a hospital setting was demonstrated in
both in vitro and clinical studies.
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Background
Catheter-associated urinary tract infection (CAUTI) is a
common nosocomial device-associated infection. Urinary
tract infection (UTI) accounts for up to 40% of nosoco-
mial infections and is one of the main types of health-
care-associated infections (HAI). About 80% of UTIs are
catheter-associated [1,2]. In the United States, approxi-
mately 95% of UTIs were associated with the indwelling
catheters [3], and interestingly, 15-25% of patients in
short-term hospital care need to be inserted with indwel-
ling urinary catheters [4]. Every year, there are more than
5 million patients necessitating catheterization therapy
[5] and approximately 1 million patients suffering from
CAUTI [6]. The findings of a European study indicated
that 5.4% of patients aged 65 or above required the use of
an indwelling urinary catheter [7].
CAUTI is a highly common infection and comes with

considerable risk. The duration of hospitalization owing to
CAUTI increased from 2.4 to 5.4 days in the United States
[8]. On average, the costs of diagnosing and treating
CAUTI is US$ 589, excluding extension of hospital costs
[9]. Taking into account the expenses of hospitalization,
the average cost increases from US$ 2,836 to 3,803
[10,11]. The Centers for Disease Control and Prevention
(CDC) pointed out that UTI leads to deaths of over 13,000
patients every year in the United States [12], indicating a
growing medical problem.
It is now recognized that the high infection rates were

caused by the formation of biofilm on the surface of the
catheters that decreases the susceptibility to antibiotics
and results in anti-microbial resistance [8,13,14]. The for-
mation of biofilm as a result of extracellular polysacchar-
ide matrix secretions from microorganisms has been
demonstrated in clinical studies. Bacterial biofilm is a spe-
cial honeycomb-shaped structure that forms a very com-
plex ecosystem; magnification of biofilm will reveal
microcolonies under the microscope [15-18]. Organisms
with biofilm can withstand shear force, pH changes, and
antimicrobial agents, and prevent macrophage phagocyto-
sis [13,19]. The proximity of cells allows more frequent
genetic information exchange than other free cells [20].
Therefore, antimicrobial resistance genes and strains can
be spread easily. With respect to catheters, the formation
of biofilm will protect the pathogenic bacteria residing at
the urinary tract from antimicrobial medicine and host
immune response [15]. It will then facilitate the growth of
bacteria which further complicates the problem of CAUTI
[13].
Recent research focused on the development of preven-

tive methods for biofilm formation and changes, includ-
ing furanone, furacilinum, silver-coated catheters, in
addition to other techniques. [21-24]. Johnson et al.
[21,2] discovered that catheters containing silver hydrogel
and nitrofurazone coating have excellent effects of

inhibiting biofilm formation, but no inhibitory effects for
Pseudomonas aeruginosa. According to the study con-
ducted by CDC, the results of a comparison of patients
inserted with silver-coated catheters and standard cathe-
ters for one week revealed no difference in bacteriuria
prevention [25]. Silver-bearing catheters can decrease the
effect of bacteriuria in a week after indwelling. Burton
et al.[8] discovered the new oPDM-plus-PS (N, N’-(1,2-
phenylene) dimaleimide [oPDM]-plus-protamine sulfate
[PS]) coating can inhibit Pseudomonas aeruginosa and
Staphylococcus epidermidis adhering to the catheters, but
now these coated catheters can only provide short-term
CAUTI prevention upon urinary catheter insertion [13].
Recently, Stickler et al.[26] revealed that bacteria on the
biofilm of catheters produced quorum-sensing signal that
can control the genetic expression of forming biofilm. If
the signal is blocked, the formation of biofilm can be
impeded. For example, the mutant Pseudomonas aerugi-
nosa in the absence of quorum-sensing signal was unable
to produce a three-dimensional biofilm [27]. An impor-
tant finding was established regarding iron and the for-
mation of biofilm. Clinical investigations have detected
that elements such as iron are necessary nutrients for
biofilm formation. The production of catheters without
iron is a new development, but it has not been tested in
clinical trials [13]. The use of probiotics can also be con-
sidered. Trautner et al.[28,29] observed that the rates of
pathogenic bacterial infection and CAUTI were reduced
if the catheters were inoculated with the non-pathogenic
Escherichia coli (E. coli). Although these methods are
considerable, there is no conclusive evidence and the
cost-effectiveness remains unclear.
The traditional use of JUC applied to the wounds of

post-surgery patients has proven to be effective in the hos-
pital and out-patient setting: application of JUC did not
result in drug resistance, nor stimulate serious adverse
reactions and reduced the average wound healing time of
patients [30]. JUC is composed by nano-manufacture tech-
nology, with nano-cations on the nano-scale molecular
structure produced and then prepared in water-soluble
spray [31]. JUC achieves antibacterial action on skin and
wound surface by physical mechanisms and can therefore
be regarded as a physical antimicrobial agent [31]. Upon
application, JUC prevents bacterial growth by forming an
invisible, positively charged protective film on the sprayed
surface, isolating and eradicating negatively charged patho-
genic micro-organisms including bacteria, fungi and
viruses [31,32].
There is no effective way to prohibit biofilm formation

clinically; therefore, there is still an unmet need for the
establishment of a new clinical application. In this study,
we performed an in vitro test to explore the mechanism
of biofilm formation and subsequently conducted a mul-
ticenter clinical trial to investigate the efficacy of CAUTI
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prevention with the application of JUC, a nanotechnology
antimicrobial spray.

Methods
In vitro testing
Bacteria
The experimental standard strains of E. coli were iso-
lated from the urine samples of UTI patients at the
Second Hospital of Lanzhou University. Bacteria were
cultured in Luria-Bertaini broth [33]. The bacterial sus-
pension was prepared and the bacterial concentration
was adjusted to 7.4 × 109CFU/ml.
Preparation of sample fragment
Siliconized latex urinary catheters were cut into sample
fragments and sterilized by autoclaving. The sterilized
sample fragments were randomly divided between the
therapy and control group, with 8 pieces of fragments in
each group. The sample fragments were respectively
sprayed with JUC and distilled water, and dried before use.
The E. coli suspension was injected into 24 well plates in
which the sample fragments were placed. The plates were
then incubated at 37 °C and washed with PBS solution
every 48 hours [34]. At 16 hours and 7 days of incubation,
the samples were extracted for confocal laser scanning
microscopy.
Confocal laser scanning microscopy
The cultured samples were soaked in 1 ml PBS solution.
After 50 μg/ml propidium iodide was added, the sam-
ples were left for dyeing in a dark area at 4°C for
15 minutes or at room temperature for 30 minutes. The
samples were then placed upside down on a glass slide
for observing the biofilm formation using laser scanning
microscopy [35,36].
Clinical trial
The clinical study commenced in March 2010 and was
completed in December 2011. Patients undergoing urolo-
gical surgery in need of indwelling urethral catheter and
more than 7 days of hospitalization were recruited. A
total of 1,150 patients (869 male and 281 female), aged
from 2 to 82 years, were accrued. Twenty-three hospitals
participated in this clinical trial, and every hospital
accrued 25 patients each to the control group and ther-
apy group. All patients were operated due to urological
diseases, including but not limited to urinary tract stones,
tumors, prostatic hyperplasia, ureteral stenosis and
hydronephrosis. Indwelling urethral catheter was neces-
sary for patients requiring over 7 days of hospital stay.
The midstream urine bacterial culture [15-17] was nega-
tive at the time of inclusion in the study. Exclusion cri-
teria of the study included patients with a long-term use
of balloon catheter, intermittent self-catheterization, pre-
vious treatment of percutaneous paracentetic suprapubic
cyctostomy and UTI patients. Patients were randomized
according to the order of surgical treatment. The odd

array of patients (575 cases) was assigned as the therapy
group (the JUC), and the even array of patients (575
cases) was assigned as the control group (normal saline).
Patients who were eligible for the trial were explained the
nature and purpose of the trial by the investigator, and
informed consent was obtained for inclusion in the trial.
The Ethics Committee of Tongji Hospital approved the
clinical study (Approval Number: 2010006D).

Study design
Therapy group
Prior to the insertion of the catheter into the ureter of the
patient at the time of surgery, JUC was sprayed on the sur-
face of the catheter to allow formation of a physical anti-
microbial membrane. After surgery, in addition to tradi-
tional nursing care, JUC was sprayed onto the skin and
mucous membrane around the urethral orifice, the cathe-
ter and the drainage tube attachment point. This was done
twice a day with 1 ml per spray (approximately 10 sprays)
until the catheter was removed on the 7th day.
Control group
The catheter was inserted during surgery. After surgery,
conventional nursing care with normal saline was per-
formed until the catheter was removed on the 7th day.
During the study, and according to routine clinical

practice, antibiotics were prescribed to patients after
surgery. The types, dosage and route of antibiotics pre-
scribed to the patients were carefully and strictly
recorded according to the class of antibiotics per institu-
tional guidelines (Table 1).
Class one, class two and class three antibiotics were

cumulatively given 521 (40.08%), 572 (44%) and 207
(15.92%) treatment times respectively. There were no
restrictions of use for class one antibiotics: they were pro-
ven to be safe and effective for long-term clinical applica-
tion with minimal effects on antimicrobial resistance.
The drugs belonging to class one are considered rela-
tively inexpensive antimicrobial agents. Class two anti-
biotics demonstrated properties of restricted use, with
concerned safety, efficacy, and antimicrobial resistance in
humans. In comparison, class two drugs were relatively
more expensive than the drugs of class one, non-
restricted use antibiotics. Class three antibiotics are
newly approved, antimicrobial agents with limited safety
and efficacy information. There were reported adverse
reactions with the use of class three antibiotics. Owing to
the concerned safety of class three drugs, they are not
recommended for use. Special attention should be made
for clinical use to avoid bacterial resistance to antimicro-
bial agents. Amongst the three classes of antibiotics, class
three are relatively more expensive in nature.
The clinical practice on the use of antibiotics differed

between all hospitals. A total of 150 patients required the
combination use of antibiotics, which were prescribed for
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0 to 7 days according to the condition of the patient. The
percentage use of class one antibiotics in Guangzhou
First Municipal People’s Hospital and The First Affiliated
Hospital of the Sun Yat-sen University was 97.92% and
94.12% respectively, but the use of class two antibiotics
was 97.40% in Daping Hospital of the Third Military
Medical University. No significant difference was
observed in the use of antibiotics between therapy and
control groups in each hospital. For example, in the
Second Hospital of Xi’an Jiaotong University, class one
antibiotics were given to 10 cases in both therapy and
control groups, class two antibiotics were given to 12 and
18 cases in treatment and control groups respectively,
and class three antibiotics were given to 8 and 6 cases in
treatment and control groups respectively. In the General
Hospital of Guangzhou Military Command of PLA, class
one antibiotics were given to 10 cases in both the therapy
and control groups, class two antibiotics were given to 13
and 16 cases in the treatment and control groups respec-
tively, and class three antibiotics were given to 4 and 3
cases in treatment and control groups respectively.
Despite the difference in the clinical practice on the use
of antibiotics between hospitals, the results were statisti-
cally meaningful.
After surgery, the body temperature and UTI symptoms

were recorded every day. After 7 days of catheterization,
urine samples were collected under aseptic condition for
bacterial culture before extubation [37].

Outcome assessment
The collected urine samples with colony count ≥ 103

CFU/ml was considered as CAUTI, based on the quanti-
tative urine culture. [9,38,39].

Statistical analysis
Parameters were compared using SPSS version 14.0. The
T-test was used to compare the incidence of CAUTI
between groups, where P < 0.05 was considered as sta-
tistically significant.

Results
In vitro test results
After 16 hours of culture, bacterial biofilm formed on
the surface of sample fragment in the control group.
The bacterial biofilm was dyed red by propidium iodide
fluorescent dye (Figure 1A). In the therapy group, no
bacterial biofilm formation was observed on the sample
fragments. Only small red dots representing a very small
number of free bacteria were observed under micro-
scope (Figure 1B).
After 7 days of culture, in the control group with dis-

tilled water, the surface of the sample fragments formed
a thick, uniform color, dense and darkly stained layer of
bacterial biofilm. Due to bacterial overgrowth, the bio-
film was cross-linked to form clumps of bacteria and
the surface of the sample fragments was rough and
uneven (Figure 2A). The surface of sample fragments in
the therapy group formed only a small amount of thin
membranous structure with smooth surface and light
color. No other abnormality was observed (Figure 2B).

Clinical trial results
Significant difference was not observed in demographics
including age, gender, etiology, and geographical distri-
bution between the two groups. On the 7th day of cathe-
terization, urine samples were collected for bacterial
culture before extubation. In the therapy group, positive
bacterial culture was detected in 26 (4.52%) cases, of
which 24 cases were E. coli, 1 case was Enterococcus fae-
calis and 1 case was smooth Candida. In the control
group, bacteriuria was detected in 75 (13.04%) cases, of
which 69 cases were E. coli, 2 cases were Enterococcus
faecalis, 2 cases were Enterococcus cloacae, 1 case was
Candida albicans and 1 case was Pseudomonas aerugi-
nosa. Detailed results were shown in Table 2. Among all
101 cases of infections, 93 (92.08%) cases were E. coli
infections, 3 (2.97%) cases were Enterococcus faecalis,
and 2 (1.98%) cases were Enterococcus cloacae. Signifi-
cant difference was observed in the incidence of

Table 1 Classification of antibiotics used in the clinical trial

Class Antimicrobial agents Types Usage
Frequency

Rate of
Usage

1 piperacillin, nafcillin, mezlocillin, azlocillin, ticarcillin, mezlocillin, amoxicillin, cefazolin, ceftazidime,
cefathiamidine, cefprozil, cefixime, cefotiam, ceftriaxone, cefaclor, Cefonicid sodium, cefamandole sulfate,

azithromycin, levofloxacin, ciprofloxacin,Lomefloxacin, enoxacin, gatifloxacin, amikacin, Amikacin’
Thiamphenicol, clindamycin

27 521 40.08%

2 ampicillin / sulbactam sodium, timentin / clavulanate, mezlocillin / sulbactam, amoxicillin / clavulanic acid,
amoxicillin / sulbactam sodium, piperacillin / sulbactam sodium, cefuroxime sodium, cefmenoxime,

cefotaxime sodium,cefpiramide, cefminox, cefodizime, cefpodoxime proxetil, cefetamet pivoxil, cefdinir,
aztreonam, latamoxef sodium, cefoxitin sodium, sparfloxacin, moxifloxacin, fleroxacin, antofloxacin

hydrochloride, tosufloxacin, etimicin, sisomicin, fusidate sodium, ornidazole

27 572 44%

3 Ceftizoxime, ceftazidime, ceftazidime, cefoperazone, cefoperazone / sulbactam sodium, ceftriaxone /
sulbactam sodium, ceftriaxone / sulbactam sodium, cefoperazone / tazobatan, cefepime, cefoselis,

imipenem / cilastatin, meropenem, Norvancomycin

13 207 15.92%
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bacteriuria between the control group and control group
(4.52% vs. 13.04%, p < 0.001).

Discussion
Types of bacteria
UTI is a major nosocomial infection. CAUTI is one of
the most common types of bacterial infections [1,2];
ample intestinal bacteria cultivates around the urethra
[3,38]. A majority of the short-term CAUTIs were
caused by a single strain of bacteria, such as E. coli, Pro-
teus mirabilis and Klebsiella pneumoniae, whereas long-
term CAUTI was caused by multiple microorganisms
[3,40,41]. Urethra pathogenic E. coli is the most com-
mon cause of CAUTI which constitutes 50% of hospital-
acquired UTIs [3,42]. In our study, similar results were

observed. E. coli infection was dominated by 92.08%,
while other bacteria such as Enterococcus faecalis and
Enterococcus cloacae constituted a minute proportion of
UTIs.

Prevention of catheter-associated infection
Twenty years ago, the U.S. CDC clearly emphasized that
hand hygiene, sterile catheterization and closed drainage
systems were the necessary elements in preventing
CAUTI [43,44]. Recently, the Healthcare-Associated
Infections Allied Task Force proposed several frame-
works, including infection surveillance, enhancement of
education and training in the prevention of CAUTI, the
use of appropriate technology for catheter insertion,
replacement of indwelling urinary catheter by condoms

Figure 1 Control and JUC group at 16 hours A: Control group at 16 hours (CSLM 200X). B: JUC group at 16 hours (CSLM 200X)

Figure 2 Control and JUC group at 7 days A: Control group at 7 days (CSLM 200X). B: JUC group at 7 days (CSLM 200X).
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and intermittent catheterization, immediate removal of
the catheter, and other frameworks to prevent the
occurrence of CAUTI [43,45,46].
The World Health Organization claimed systemic pro-

phylactic antibiotic, irrigation of bladder, instilling normal
saline or antibiotics, sterile drainage bag and other mea-
sures are ineffective in preventing the occurrence of
CAUTI [1]. The use of anti-microbial drugs, anti-microbial
drainage bag and irrigation of bladder can only temporarily
reduce the chance of bacteriuria [13]. Furthermore, some
studies have shown that the use of soap, skin cleansing
foam, povidone iodine or saline in perineal care do not
affect the incidence of CAUTI [47]. As for materials of the
catheter, the single biological surface coated with silicon,
polyurethane, synthetic biomaterials, or hydrogel material,
were not proven effective in the prevention of bacterial
colonization [5,16].
The formation of biofilm is regarded as one of the major

causes of anti-microbial resistance and refractory CAUTI
[13]. Therefore, the prevention of biofilm formation has
been the research focus toward reducing the incidence of
CAUTI. In this study, we investigated the use of new
nanotechnology anti-microbial spray JUC, composed of
organic silicon quaternary ammonium salt. JUC forms a
positively charged film which isolates and kills negatively
charged pathogenic micro-organisms including bacteria,
fungi and viruses. The physical attraction between the film
and the micro-organism would not lead to drug resistance
[30].
In the laboratory, the formation of biofilm can be

initiated by a small amount of bacteria. The bacteria
clump together and form bacterial colonies. It then starts
to form a biofilm. When the biofilm matures, it begins to
shrink and collapse [48,49]. In the in vitro study, the initial
stage of biofilm formation was observed at 16 hours of
bacterial culture in the control group. After 7 days of incu-
bation, aggregation of bacterial clumps was observed and
the surface of sample fragments was unevenly rough,
which illustrated the formation of mature biofilm. How-
ever, only few free bacteria, represented by red dots under
microscope, were also observed in the therapy group. A
thin membranous structure was observed which was at a
stage between the bacterial colony formation and the
initial formation of biofilm. The in vitro study clearly

demonstrated that the physical anti-microbial film formed
by JUC could prevent biofilm formation for 7 days upon
application, which was validated in the clinical study. A
significantly lower incidence of CAUTI was observed clini-
cally in the therapy group (4.52%) than in the control
group (13.04%), which further confirmed the effectiveness
of JUC in the prevention of CAUTI.

Comparison between clinical trials
The pre-operative use of anti-microbial drugs as an effec-
tive way for the prevention of bacterial infection is widely
accepted [50]. In many clinical trials, prophylactic anti-
biotics were commonly prescribed for the prevention of
infection in catheterized patients [5]. The UTI rate did
not exclude the factor of antibiotics use. In Tambyah’s
study [6], the mean antibiotics use was 1.6 ± 1.7 per
catheter-day, and the incidence of CAUTI was 14.9% in
the urology department. In the surgical unit, 1,162
patients were catheterized patients after surgery. The
onset of CAUTI was 6.4 ± 6.1 catheterized days, and the
incidence was 11.9% [6]. In Darouiche’s study [51], 124
patients were catheterized in place for 14 days with regu-
lar silicone bladder catheters or silicone bladder catheters
impregnated with minocycline and rifampin after radical
prostatectomy. All patients were given a single parental
dose of 1g cefazolin as prophylactic antibiotic before
anesthesia. The UTI rates measured 7 days after surgery
were 15.2% and 39.7% in patients with regular catheters
and medicated catheters respectively. The incidence was
much higher than the therapy or control group patients
of our study.
Compared to the study of 1,497 patients with an overall

incidence of CAUTI of 14.9% by Tambyah et al. [6], the
incidence of CAUTI was higher than the therapy group
(4.52%) and slightly higher than the control group
(13.04%) of our study. In Tambyah’s study, the patients
were catheterized with nitrofurazone-impregnated sili-
cone catheters, silver-polyurethane hydrogel catheters or
control catheters and obvious differences were not
observed in the incidence of UTI between medicated
catheters and control catheters. Despite the different
practices of the use of antibiotics between Tambyah’s
study and our study, it seems the duration and types of
post-operative antibiotics were not associated with the

Table 2 Comparison of post-operative urinary bacterial culture between the control and therapy group

Groups Number of
Case

Before
Surgery

Day 7 after
surgery

Types of bacteria

Escherichia
coli

Enterococcus
faecalis

Enterococcus
cloacae

Candida
albicans

Candida
glabrata

Pseudomonas
aeruginosa

Therapy 575 0 26 (4.52%)* 24 1 0 0 0 1

Control 575 0 75 (13.04%) 69 2 2 1 0 1

* P<0.001, statistically significant
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incidence of CAUTI. However, a significantly reduced
incidence of CAUTI was observed in the therapy group
of our study, indicating that the use of JUC, which was
effective in preventing the biofilm formation, could be
vital to lowering the incidence of CAUTI.

Conclusions
In the clinical trial, only 4.52% of the patients from the
therapy group were diagnosed with CAUTI, compared
to 13.04% from the control group. In vitro testing also
showed no obvious biofilm formation in the therapy
group sprayed with JUC after 7 days of bacterial incuba-
tion. Biofilm began forming after 16 hours of incubation
in the control group. The results from the clinical trial
and in vitro test demonstrated the effectiveness of JUC
in the prevention of CAUTI and formation of biofilm.
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摘要

背景：CAUTI是常见的院内器械相关感染。现发现导致其感染率居高不下的原因是导尿管表面形成的生物

膜阻碍了抗生素对细菌的作用，导致了抗微生物耐药性。在本研究中，我们进行了体外试验来研究生物膜

形成的机理，然后转向临床多中心研究，观察应用 JUC，一种纳米技术抗微生物喷雾剂预防 CAUTI的效果。

方法：将硅化乳胶导尿管切割为若干样品片段，并进行高压灭菌。把灭菌后的样品片段随机分为治疗组和

对照组，分别喷洒 JUC和蒸馏水，均干燥后待用。

实验用的大肠杆菌的标准菌株由患者尿液样本中分离获得。在培养 16小时和 7天时取出样本以备激光共聚

焦显微镜观察。

本临床研究共招募了 1150名患者。患者根据治疗入选的次序，随机分组，奇数组入选治疗组（JUC），偶

数组入选对照组（生理盐水）。

结果：经过 16小时培养，对照组样品片段表面形成细菌生物膜。治疗组样品片段上未观察到细菌生物膜形

成。7天培养后，治疗组未观察到细菌定殖的显著增加。

第 7天拔管前采集尿液作细菌培养。治疗组和对照组菌尿率有显著差异。(4.52% vs. 13.04%, p < 0.001)。

结论：在本研究中，JUC在医院环境中预防 CAUTI 的有效性在体外和临床研究中均得到证实。

*通信：wtyloo@gmail.com
24香港大学中医药学院，香港特别行政区。

全部作者信息见本文结尾。

背景

CAUTI是常见的院内感染，UTI 占院内感染

的比例高达 40%，成为院内感染（HAI）的重要原

因之一，约 80%的 UTI 与导尿管有关[1,2]。在美国，

约 95%的尿路感染与留置导尿管有关[3]。医院内短

期护理的患者中有 15-25%无法自主排尿的患者需

要留置尿管[4]。每年只在美国需插管治疗的患者就

超过 500万[5]，而患 CAUTI的患者则有 100万[6]。

而欧洲的研究表明，大于 65岁的老人使用留置尿

管比例是 5.4%[7]。

CAUTI是一种常见感染，引起的危害很大，在

美国 CAUTI使住院时间增加 2.4到 4.5天[8]，但因

诊断和治疗 CAUTI的平均花费为 589美元（不包

括延期出院的费用）[9]，加上住院等费用，每人平

均增加 2836~3803美元[10,11]。美国疾病预防和控制

中心（CDC）指出每年美国 UTI 导致超过 13000位

患者死亡[12]，因而 CAUTI对全世界的医疗有巨大

的影响。

现发现导致其感染率居高不下的原因是导尿

管表面形成的生物膜阻碍了抗生素对细菌的作用

[8,13,14]。研究表明生物膜是以细胞外基质围绕包裹细

菌形成。细菌生物膜为特殊的蜂巢形结构，有非常

复杂生态系统。生物膜的放大倍数会在显微镜下显

示微菌落[15-18]。形成生物膜后细菌可以抵御剪力、

pH变化、抗菌药物，并阻止噬菌作用 [13,19]。且遗

传信息交换的频率远远大于游离细胞[20]，因此耐抗

菌素的基因和菌株得以传播。一旦生物膜形成，就

会保护尿道病原菌对抗抗菌药物和宿主的免疫应

答，而从生长的细菌或者成熟的生物膜上脱落的子

细胞团，还能入侵其它的地方[15]。生物膜阻碍了抗

生素对细菌的作用，才导致 CAUTI难治[13]。
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现有的研究旨在预防、改变生物膜形成的新方

法，其中包括呋喃酮、呋喃西林、含银导尿管等

[21-24]。Johnson等人[21,2]发现含呋喃西林或含银水凝

胶涂层的导尿管在抑制生物膜形成方面有一定效

果，但是对对铜绿假单胞杆菌则没有作用[22]。美国

CDC的研究指出，表面有银涂层的导管与标准导尿

管在预防菌尿症上没有区别[25]，银合金导管在留置

1周内有减少菌尿症的作用。而 Burton等人[8]发现

新型 N,N-(1,2-亚苯基)双马来酰乙胺加硫酸鱼精蛋

白(oPDM-plus-PS)涂层可以抑制铜绿假单胞杆菌和

表皮葡萄球菌对导管的粘附[14]，但这些带涂层的导

管目前只能在短期导尿管植入中才能起到预防

CAUTI的作用[13] 。最近 Stickler等人[26]发现导尿管

上的生物膜细菌产生微生物的群体感应信号

(quorum-sensing signal)，可控制生物膜形成的基因

表达，如果破坏这些信号的产生，就能阻止生物膜

形成。例如，不能产生群体感应信号的绿脓杆菌的

突变柱无法成熟为 3维结构的生物膜[27]。还有人发

现一些元素如铁对生物膜形成是必须的营养，而去

铁导管也是发展的方向，但是现在还没有临床试验

[13]。益生菌也是一个研究方向，Trautner等人发现

利用非致病型大肠杆菌可以减少致病菌和 CAUTI

的感染率 [28,29]。虽然这些方法也有一定的前景，但

目前还没有确证，而且在成本-效果方面也有问题。

将 JUC用于术后患者伤口的传统应用已在医

院和门诊环境中被证明是有效的：应用 JUC 不会导

致耐药性，也不会引起严重不良反应，并缩短了患

者的平均创面愈合时间[30]。JUC采用纳米制造技

术，产生具有纳米级分子结构的纳米阳离子，然后

制备成水溶性喷雾剂[31]。 JUC通过物理机理达到

皮肤和伤口表面的抗菌作用，因此可以被视为一个

物理抗菌剂[31]。应用时，JUC 通过在喷洒表面形成

隐形、带正电荷的保护膜来防止细菌生长，隔离和

消除带负电荷的病原微生物包括细菌，真菌和病毒

[31,32]。

由于临床工作中还未出现有效阻止生物膜形

成的方法，我们力求在寻找一种革命性的有效阻止

生物膜的形成的创新方法。首先从由实验室物理抗

微生物膜体外细菌生物膜形成的机理，然后转向临

床多中心研究，观察其在中国地区临床试验中预防

CAUTI的效果。

方法

体外试验

细菌制备

实验用的大肠杆菌的标准菌株由兰州大学第

二医院临床尿路感染患者分离获得。将细菌在 LB

培养基中培养[33]。制备细菌悬液，并调整菌液浓度

至 7.4×109CFU/ml。

样品片段制备

将硅化乳胶导尿管切割为若干样品片段，并进

行高压灭菌。把灭菌后的样品片段随机分为实验组

和对照组各 8片，实验组表面分别喷洒 JUC长效抗

菌材料形成物理抗微生物膜，对照组喷洒蒸馏水，

均干燥后待用。将大肠杆菌菌液注入 24孔板，放

入样品片段，在 37℃恒温箱中孵育，每 48h更换

PBS液一次[34]。在培养 16小时和 7天时取出样本

以备激光共聚焦显微镜观察。

激光共聚焦显微镜观察

把培养的样本浸泡于 1mlPBS液中，加入

50ug/ml碘化丙锭 4℃避光染色 15min或常温染色

30min后取出，倒置于载玻片上，通过激光共聚焦

显微镜观察生物膜形成情况[35,36]。

临床试验

本研究开始于 2010年 3月，结束于 2011年 12

月。进行了泌尿外科手术，需留置导尿管及住院 7

天以上的患者被招募。共计 1150例患者（其中男

869例，女 281例），年龄 2-82岁。23家医院参与

了此次临床实验，每个医院对照组和治疗组各招募

25位患者。所有患者因泌尿疾病而进行手术，包括

但不限于尿路结石、肿瘤、前列腺增生、肾盂输尿

管狭窄和肾积水。对于需住院 7天以上的病人来说，

留置导尿管是必要的。入组时患者中段尿细菌培养

[15-17]阴性，且排除了长期使用气囊导尿管、自我间

歇导尿术、耻骨上经皮穿刺膀胱造瘘术的患者和有

UTI的患者。患者根据治疗入选的次序，随机分组，

奇数组入选治疗组（JUC）575例，偶数组入选对

照组（生理盐水）575例。两组在年龄、性别、发

病原因、地区分布等方面均具可比性，无显著性差

异（P>0.05）。研究者通过与每位患者或家属谈话，

在充分理解的基础上，签订知情同意书。本研究方

案由同济医院伦理委员会批准（批准号：

2010006D）。

研究设计

治疗组

手术中留置导尿，导尿前用 JUC长效抗菌材料

喷洒导管外表面，使导管表面形成物理抗微生物

膜。手术后在常规护理的基础上，再用 JUC喷洒尿

道口周围皮肤和粘膜、导尿管与引流管连接处，2
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次/日，1ml/次（掀压喷头约 10次），直到第 7天

导尿管拔除。

对照组

手术中留置导尿，手术后用生理盐水进行常规

护理，直到第 7天导尿管拔除。

所有受试者术后根据实际情况应用抗生素，并

按公共机构指南中规定的分级标准，仔细、严格记

录抗生素种类及用法用量（表 1）。一级抗菌药物

应用 521人次（40.08%），二级抗菌药物使用 572

人次（44%），三级抗菌药物应用 207人次（15.92%）。

一级抗生素非限制使用：经临床长期应用证明安

全、有效，对细菌耐药性影响小，价格相对较低的

抗菌药物。二级抗生素限制使用：与非限制使用抗

菌药物相比较，这类药物在疗效、安全性、对细菌

耐药性影响、药品价格等方面存在局限性，不宜作

为非限制药物使用。三级抗生素为新上市的抗菌药

物；其疗效或安全性任何一方面的临床数据尚较

少，已报告不良反应。由于对三级药物安全性的担

心，不推荐使用。临床需要加倍保护以免对抗菌药

物产生耐药性。三级抗生素在三种抗生素中价格最

贵。

每家医院在应用抗菌药物的种类和级别之间

有应用的差异，而且有 150例患者出现抗菌药物联

合用药的情况，根据患者情况选用抗生素抗菌药物

应用的天数为 0-7天不等。广州第一人民医院和中

山大学附属第一医院应用的抗菌药物中一级抗菌

药物各占其使用的 97.92%和 94.12%，而第三军医

大学第三附属医院大坪医院应用的抗菌药物中的

二级抗菌药物占绝对优势为 97.40%。但是每个医院

对照组和治疗组之间均无统计意义的差异。如西安

交通大学第二附属医院治疗组的一级抗菌药物对

照组和治疗组均有 10例使用，二级抗菌药物对照

组和治疗组分别有 12例和 18例使用，三级抗菌药

物对照组和治疗组分别有 8例和 6例使用。广州军

区广州总医院治疗组的一级抗菌药物对照组和治

疗组均有 10例使用，二级抗菌药物对照组和治疗

组分别有 16例和 13例使用，三级抗菌药物对照组

和治疗组分别有 3例和 4例使用。因而虽每个医院

应用的抗菌药物种类和等级不同，但具有统计意

义。

手术后，每日记录患者的体温、UTI 症状，受

试者于导尿管留置的第 7天拔管前在严格无菌操作

下采集尿液并作尿液的细菌培养[37]。

疗效评定

受试者手术后尿样本定量培养计数，菌落计数

≥103CFU/ml，判为 CAUTI[9,38,39]。

统计学方法

研究结果采用配对 T检验进行差异显著性分

析，应用 SPSS14.0统计软件包进行。

结果

体外试验结果

经过 16小时培养，对照组样品片段表面形成

生物膜，生物膜被碘化丙锭荧光染剂染为红色（见

图 1A）。治疗组样品片段上无生物膜形成，显微

镜视野中仅见少量游离细菌呈现出红色亮点（见图

1B）。

经过 7天培养，对照组样品片段表面形成较厚

的生物膜，其着色均匀、致密、深染，由于细菌过

度繁殖，交联聚集形成细菌团块，样品片段表面粗

糙，凹凸不平（见图 2A）。实验组样品片段表面

只形成少量微薄的膜状结构，表面光滑、色浅，其

余无异常（见图 2B）。

临床试验结果

两组受试者在第 7天拔管前采集尿液作细菌培

养，治疗组中有 26例出现菌尿症，其中 24例的阳

性细菌为大肠杆菌，1例为粪肠球菌，1例为光滑

念球菌，菌尿率为 4.52%；对照组中有 75例出现菌

尿症，其中 69例的阳性细菌为大肠杆菌，2例为粪

肠球菌，2例为阴沟肠肠球菌，1例为白色念球菌，

1例为铜绿假单胞杆菌，总菌尿率为 13.04%，详细

结果见表 2。在所有共计 101例感染情况中，大肠

杆菌感染占 92.08%，粪肠球菌占 2.97%，阴沟肠肠

球菌占 1.98%。治疗组和对照组菌尿率有显著差异。

(4.52% vs. 13.04%, p < 0.001)。

讨论

细菌种类

尿路感染是一种主要的院内感染。CAUTI是最

常见的细菌性感染之一[1,2]；尿道周围区域存在大量

的肠道细菌[3,38]，大多短期的CAUTI由单一的细菌

引起，例如大肠杆菌，奇异变形杆菌，肺炎克雷伯

菌，而长期的则有多重微生物引起[3,40,41]。尿道致病

的大肠杆菌是最常见，由其导致的CAUTI占50%的

院内获得性尿路感染[3,42]。在本研究中，我们也看

到类似结果，大肠杆菌的感染占绝对优势92.08%，

其它细菌有粪肠球菌和阴沟肠球菌等，都占的比例

很小。

预防导尿管感染的方法
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20多年前，美国 CDC就明确提出为了预防

CAUTI强调采用手部卫生、无菌插管和应用封闭式

引流装置的方法[43,44]；近期院内感染联合工作组提

出了几个框架，包括：对感染的监察，加强教育和

培训，采用适当的插入技术，取代留置尿管的方法

（如避孕套和间歇导尿），实时移除导尿管等框架

来预防 CAUTI的发生[43,45,46]。

世界卫生组织认为，全身预防性应用抗生素、

膀胱冲洗、灌输生理盐水或抗生素、无菌引流袋和

其它方法在预防 CAUTI的发生上都是无效的[1]。抗

菌药物的使用、抗菌引流袋和膀胱冲洗只能暂时减

少菌尿症的发生[13]。而且，有研究证明不论是应用

肥皂水、皮肤清洁泡沫、聚维酮碘、生理盐水护理

会阴并不影响 CAUTI的发生率[47]。至于导尿管的

材料，涂有硅、聚亚安酯、合成生物材料或水凝胶

材料的单一生物表面在预防细菌定殖上被证明是

无效的[5,16]。

在实验室里，生物膜的形成是起源于少量的细

菌。这些细菌聚集在一起，形成了菌落。然后，它

们开始形成生物膜。生物膜成熟时就开始萎缩和塌

陷[48,49]。在体外研究中，观察对照组 16小时细

菌培养下生物膜形成的初始阶段。7天培养后，观

察到细菌团块聚集和样品片段的表面粗糙不均，这

说明已经形成成熟的生物膜。但同时在治疗组，只

观察到少数游离细菌在显微镜下表现为红色小点。

观察到薄膜结构处于细菌集落形成和生物膜初步

形成之间的阶段。体外研究清楚地表明，JUC 形成

的物理抗微生物膜可以在应用后 7天内预防生物膜

形成，这在临床研究中得以验证。临床观察发现治

疗组(4.52％)的 CAUTI发病率显著低于对照组

(13.04％)，这进一步证实了 JUC预防的 CAUTI的

有效性。

临床试验之间的对比

术前使用抗菌药物作为预防细菌感染的一种

有效方法已被广泛接受[50]。在许多临床试验中，

预防性应用抗生素常用于导尿患者的感染预防[5]。

尿路感染率不排除抗生素的使用因素。在 Tambyah

的研究中[6]，抗生素的平均使用率是每个导尿日

1.6±1.7个，泌尿科 CAUTI 的发病率为 14.9％。在

手术室，1162例患者为术后导尿患者。CAUTI的

发病为 6.4±6个导尿日，发病率为 11.9％[6]。在

Darouiche的研究中[51]，124例患者在前列腺癌根

治术后使用普通硅膀胱导尿管或浸渍有米诺环素

和利福平的硅膀胱导尿管插管 14天。所有患者均

在麻醉前给予单一亲代剂量的 1g头孢唑啉作为预

防性抗生素。术后 7天测得使用普通导尿管和含药

导尿管患者的尿路感染率分别为 15.2％和 39.7％。

发病率比我们研究中的治疗组或对照组患者高得

多。

与Tambyah等人有关 1497例患者CAUTI总发

病率 14.9％的研究相比[6]，CAUTI 发病率高于我

们研究中的治疗组(4.52％)，略高于对照组

(13.04％)。在 Tambyah的研究中，患者使用呋喃西

林浸渍的硅导尿管、银聚氨酯水凝胶导尿管或对照

导尿管插管，但是含药导尿管和对照导尿管之间在

尿路感染的发病率上未观察到有显著差异。尽管

Tambyah研究和我们研究之间在抗生素使用操作

方面有所不同，但是术后使用抗生素的持续时间和

类型似乎与 CAUTI的发病率并不相关。然而，在

我们的研究中观察到治疗组的 CAUTI发病率显著

降低，表明使用 JUC 可以有效地预防生物膜的形

成，这对于降低 CAUTI的发病率至关重要。

结论

在临床试验中，仅 4.52％的治疗组患者被确诊

有 CAUTI，而对照组有 13.04％。体外试验也显示，

细菌培养 7天后，治疗组喷洒 JUC后没有明显的生

物膜形成情况。对照组培养 16小时后生物膜开始

形成。临床试验和体外试验的结果证明了 JUC可以

有效地预防 CAUTI和生物膜的形成。
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表 1 试验应用的抗生素分级表

分级 分级原则 抗菌药物 种类 使用人次 使用比例

一级 非限制使用：经临床长期应用证明安全、

有效，对细菌耐药性影响小，价格相对较

低的抗菌药物

呱拉西林、奈夫西林、、美洛西林、阿洛西林、替卡西林、

美罗西林、阿莫西林、头孢唑啉、头孢拉定、头孢硫咪、

头孢丙烯、头孢克肟、头孢替安、头孢曲松、头孢克洛、

头孢尼西钠、头孢孟多酯钠、阿奇霉素、左氧氟沙星、环

丙沙星、洛美沙星、依诺沙星、加替沙星、阿米卡星、丁

胺卡那霉素、甲砜霉素、克林霉素

27种 521 40.08%

二级 限制使用：与非限制使用抗菌药物相比较，

这类药物在疗效、安全性、对细菌耐药性

影响、药品价格等方面存在局限性，不宜

作为非限制药物使用

氨苄西林/舒巴坦钠、替卡西林/克拉维酸、美罗西林／舒巴

坦、阿莫西林/克拉维酸、阿莫西林/舒巴坦钠、呱拉西林/

舒巴坦钠、头孢呋辛钠、头孢甲肟、头孢噻肟钠、头孢匹

胺、头孢米诺、头孢地嗪、头孢泊肟酯、头孢他美酯、头

孢地尼、氨曲南、拉氧头孢钠、头孢西丁钠、司帕沙星、

莫西沙星、氟罗沙星、盐酸安妥沙星、妥舒沙星、依替米

星、西索米星、夫西地酸钠、奥硝唑、

27种 572 44%

三级 不良反应明显，不宜随意使用或临床需要

加倍保护以免细菌过快产生耐药而导致严

重后果的抗菌药物；新上市的抗菌药物；

其疗效或安全性任何一方面的临床数据尚

较少，或并不优于现用药物者；药品价格

昂贵。

头孢唑肟、头孢他啶、头孢呱酮、头孢美唑、头孢呱酮/舒

巴坦钠、头孢曲松/他唑巴坦、头孢曲松/舒巴坦钠、头孢呱

酮/他唑巴坦、头孢吡肟、头孢噻利、亚胺培南/西司他丁、

美罗培南、去甲万古霉素

13种 207 15.92%
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表 2 两组术后尿细菌培养病例数比较

组别 例数 术前 第 7天 种类

大肠

杆菌

粪肠

球菌

阴沟肠

球菌

白色念

珠菌

光滑念

珠菌

铜绿假单

胞杆菌

治疗组 575 0 26（4.52%）* 24 1 0 0 0 1

对照组 575 0 75（13.04%） 69 2 2 1 0 1

* P＜0.001，差异有显著意义。

A B

图 1 对照组和 JUC 组 16 小时 A：对照组 16小时（CSLM 200X） B：JUC组 16小时（CSLM 200X）

A B

图 2 对照组和 JUC 组 7 天 A： 对照组 7天（CSLM 200 X） B：JUC组 7天（CSLM 200X）
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