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Background: In this study we investigated changes in the status of antibiotic use in Tianjin since the implementation of the
Antibiotic Stewardship Program (ASP) (2011-2013), as well as existing problems, strategies, and outcomes to
promote rational clinical antibiotic use.

Material/Methods: A quasi-experimental study was performed to investigate situations of antibiotic use in secondary and tertiary
general hospitals in Tianjin from April 2011 to 2013. Five major indicators were analyzed: percentage of anti-
biotic use in inpatient cases (%), antibacterial use density (AUD), proportion of prophylactic antibiotic applica-
tion for type | surgical incision, compliance rate of medication administration 0.5-2.0 h before such procedures,
and antibiotic prophylaxis for <24 h in patients receiving these surgeries.

Results: There was a decrease in the percentage of antibiotic use across general hospitals (60.38% to 46.88%), in AUD
(51.60% to 35.37%), and in the proportion of prophylactic antibiotic applications for type | incisions (86.67%
to 25.08%). For patients undergoing these procedures, there was an increased compliance rate of medication
administration of 0.5-2.0 h prior to surgery (86.38% to 100%), and of antibiotic prophylactic use for <24 h
(40.30% to 96.37%).

Conclusions: Implementation of the ASP campaign has reduced irrational antibiotic use, promoted rational antibiotic use,
and delayed antibiotic resistance.
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Background

Antibiotics are one of the major agents widely used in clin-
ical practice for the prevention and treatment of infections.
However, irrational antibiotic using has also become a common
issue worldwide [1-3], which has resulted in a rise and exac-
erbation of antibiotic resistance, and leading to a decline in
clinical efficacy and an increase in adverse reactions. Irrational
antibiotic use has presented an enormous challenge to infec-
tion control in hospitals. The World Health Organization (WHO)
considers “bacterial resistance” to be one of the healthcare is-
sues that is severely threatening to human life. Similarly, China
is also facing a large threat from antibiotic use [4-6]. To en-
hance the management of antimicrobial agents, the Ministry
of Health (MOH) of the People’s Republic of China released
the “Nationwide Special Campaign for Antibiotic Stewardship
Program (ASP) 2011” and conducted a specific rectification of
irrational antibiotic use in China [6-10]. In this study, we in-
vestigated and analyzed the changes in relevant indicators in
antibiotic use in 41 medical organizations (19 tertiary hospi-
tals and 22 secondary hospitals) between 2011 and 2013 in
an attempt to evaluate the effectiveness of specific activities
in the control of antibiotic use in secondary and tertiary hos-
pitals in Tianjin, China.

Material and methods

Study design

The special antibiotic use rectification program was initiat-
ed in November 2011 in China. In the present study, antibiot-
ic use data were collected through inpatient medical records
(1 year defined as 1 cycle) in April of each year, starting from
2011, for 3 consecutive years (i.e., April of 2011, April of 2012,
and April of 2013). Based on a quasi-experimental study, the
Quality Management System (QMS) and Plan-Do-Check-Act
(PDCA) management concept [11-13], antibiotic use indica-
tors were assessed and analyzed to compare any changes
among the 3 cycles.

Data collection

This clinical investigation was conducted in 2011 at 41 public
hospitals, including 19 tertiary general hospitals and 22 sec-
ondary general hospitals in Tianjin, which is one of 4 directly
controlled municipalities of China. The use of antibiotics in the
41 hospitals was summarized for analysis. The valid hospital
records with hospitalization duration between 3 and 30 days
were collected from each hospital. The data on antibiotic con-
sumption were normalized to defined daily doses (DDD)/100
days for inpatients, and a total of 14 760 cases were includ-
ed in this study.
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Evaluation criteria

According to the requirements of the “Nationwide Special
Campaign for Antibiotic Stewardship Program (ASP) in 2011”,
the percentage of antibiotic use in inpatient cases at general
hospitals should not exceed 60%, and antimicrobial use den-
sity (AUD) in general hospitals must be controlled at 40 de-
fined daily doses (DDDs) per 100 patient days. Moreover, the
percentage of antibiotic prescriptions given to emergency pa-
tients cannot exceed 40.00%, and the proportion of prophy-
lactic antibiotic use in patients undergoing type | incision sur-
geries cannot exceed 30.00%. Finally, preoperative inpatient
prophylactic antibiotic use should be performed 0.5-2 h be-
fore surgery (except for Cesarean sections), antibiotic selec-
tion and treatment course must be rational, and the duration
of prophylactic antibiotic use for those undergoing type I in-
cision operations must be controlled within <24 h.

Ethics
The study protocol was approved by the Ethics Committee of
Tianjin Medical University and informed consent was obtained

from each participant.

Calculated indicators

—_

. Percentage of antibiotic use in inpatients = number of pa-
tients using antibiotics at discharge/total number of patients
discharged over same period x100%.

2. AUD was defined as DDDs per 100 patient days, and was
calculated using the equation, AUD = total antibiotics con-
sumption (cumulative DDD amount) x average length of hos-
pital stay/total number of patients (person-time) discharged
from hospital over same period x100.

3. Proportion of prophylactic antibiotic use for type | incision
= number of cases of prophylactic use during type | incision
surgery/total number of type | incision surgeries x100%.

4. Compliance rate of rational antibiotic use 0.5-2.0 h before
type | incision surgery = number of cases using antibiotic
prophylaxis 0.5-2.0 h before type | incision surgery/total
number of cases using antibiotic prophylaxis before type |
incision surgery over same period x100%.

5. Compliance rate of antibiotic prophylactic use for <24 h in

patients receiving type | incision surgery = number of cas-

es with <24 h of antibiotic prophylaxis after type I incision
surgery/total number of cases receiving antibiotic prophy-
laxis for type I incision surgery over same period x100%.

Strategies
The Antibiotic Stewardship Program (ASP) in 2011-2013 was

led by a working group of the Infection Quality Control Center
in Tianjin Health Bureau. The working group was composed
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of experts in epidemiology, clinical experts, data verification
personnel, and local residents. The working group examined
the clinical use of antibacterial drug in April 2011, April 2012,
and April 2013 in the 41 hospitals. Notification was made in
cases of unreasonable antibiotic use. Training was also per-
formed by 2 infection specialists for the doctors and pharma-
cists who carry out the ASP. A total of 295 doctors and phar-
macists was trained during these periods.

Academic communications

A multidisciplinary team of clinical professionals specializ-
ing in infectious disease, critical care medicine, microbiology,
disinfection and isolation, and pharmacology participated in
professional conferences, seminars and training courses in a
variety of areas. Through discussion and in-depth study, pro-
fessionals could effectively master the cutting-edge informa-
tion of industry change and workplace experience, thus being
able to play a vital role in correctly diagnosing infectious pa-
tients in hospitals, properly treating infectious patients, and
enhancing the prevention and control of infection hazards in
a hospital setting.

Clinical training

Clinical training was provided by a multidisciplinary team of ex-
perts in the areas of infection control, refractory disease strat-
egies, perioperative antibiotic prophylaxis, laboratory-to-clin-
ic microbiology communication, conditions for initial hospital
visiting of acquired immune deficiency syndrome (AIDS) pa-
tients and protection of medical staff, basic principles of an-
tibiotic use, and guidelines for clinical antibiotic use against
infectious diseases. In addition, to improve diagnosis and treat-
ment of infections, training courses were provided in the fol-
lowing areas: acquisition of common infectious diseases dur-
ing long-term hospitalization, monitoring of the accumulation
of infectious diseases with known or unknown sources, and
construction of infection prevention software and hardware.
Moreover, clinical training also included courses on the ad-
vantages of hand washing and the efficacy of using alcohol
hand rub. Other courses of interest covered the establishment
of temporary quarantine zones for newly admitted patients,
recent advances in environmental disinfection, infections re-
sulting from unsanitary hospital environments, prevalence
and trends of novel Middle East coronavirus infections, and a
general increase of nosocomial infections related to surgery-
induced patient hypothermia.

Assessment of prescriptions
Antibiotic prescriptions were analyzed and assessed by infec-

tion experts and hospital quality control centers. On-site feed-
back was provided to each hospital regarding several issues of
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antibiotic use, including overuse, the presence of name redun-
dancies for generic formulas, drug selection and distribution
challenges, specific drug biases, lack of first-generation ceph-
alosporin for surgical prophylaxis in hierarchical catalogues,
and whether surgical prophylactic antibiotics (e.g., aztreonam,
cefoxitin, and ceftriaxone) should be included in catalogues.

Information management

A number of measures were introduced in Tianjin since the
initiation of the ASP campaign in 2011 to implement hierar-
chy management of clinical antibiotic use, promote scientific
and rational antibiotic use, reduce antibiotic resistance, and
ensure safety of medical service. This was done to accomplish
antibiotic prophylaxis and rational diagnosis and treatment of
infectious diseases. In addition, nosocomial infections and in-
fectious outbreaks in general hospitals were monitored via an-
tibiotic use and resistance surveillance networks. Prescriptions
and medical orders were identified by computer-assisted elec-
tronic prescription systems through integration of clinical pa-
tient data, basic medication information, and the pathogen
spectrum of infection. Electronic prescription systems can in-
crease the rate of standardized prescriptions; as such, use of
information technology is a developing trend in standardized
management, and a long-term strategy for achieving rational
antibiotic use in a clinical setting.

Data analysis

Antibiotic consumption data was provided by hospitals of
Tianjin, Tianjin Center for Nosocomial Infection Control re-
view, and checked with the relevant hospital infection data.
Statistical analysis was performed using SPSS software version
17.0. The ratios of antibiotic use in hospitalized patients are
mainly presented as percentages. Repeated measure analysis
of variance was conducted for comparison among groups; a
p-value <0.05 was considered statistically significant.

Results

A total of 14 760 cases were included in this study and the
sex distributions were 2023/2877, 1984/2936, and 2631/2289
of male/female in 2011, 2012, and 2013, respectively. The
average ages of studied case in 2011, 2012, and 2013 were
48+13.5, 46+14.1, and 47+16.3, respectively. There was no
significant difference in the number, sex distribution, or age
between the 3 years.

Antibiotic use in all hospitals

The percentage of antibiotic use in inpatient cases from all
hospitals was controlled within 60.00%, as required, and was
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Table 1. Antibiotic use in all general hospitals from 2011-2013.

April 2011

Percentage of antibiotic use by inpatients (%) 60.38
AUD of inpatients (DDD/100 patient days) 51.60
Proportion of prophylactic antibiotic application for 86.67
type | incision operation (%) ’
Compliance rate of antibiotic prophylactic use 86.38
0.5-2.0 h before type | incision operation ’
Compliance rate with antibiotic prophylactic use

for <24 h in patients receiving type | incision 40.30

operations (%)
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April 2012 April 2013 F value P
52.25* 46.88* 50.226% 0.000#
37.75* 35.37* 27.838% 0.000#
32.1* 25.08* 51.148* 0.000*

100.00* 100.00* 63.345% 0.003#
87.50* 96.37* 15.527#% 0.000#

#Indicates statistical analysis results from 2011-2013; * indicates a statistically significant difference compared with the results of

2011 (p<0.05).

Table 2. Antibiotic use in tertiary hospitals during 2011-2013.

April 2011

Percentage of antibiotic use by inpatients (%) 60.25
AUD of inpatients (DDD/100 patient days) 56.07
Proportion of prophylactic antibiotic application for 69.40
type | incision operation (%) ’
Compliance rate of antibiotic prophylactic use 85.70
0.5-2.0 h before type | incision operation ’
Compliance rate of antibiotic prophylactic use for

<24 h in patients receiving type | incision 50.00

operations (%)

April 2012 April 2013 F value P
51.83 48.44* 28.041% 0.000#
36.45* 34.50* 19.027# 0.000#
28.90* 24.45* 50.489* 0.000*

100.00* 100.00* 11.001% 0.000#
93.21* 97.00* 16.981% 0.000#

#Indicates statistical analysis results from 2011-2013; * indicates a statistically significant difference compared with the results of

2011 (p<0.05).

reduced gradually from 60.38% to 46.88% from April 2011 to
April 2013. AUD was improved annually and decreased from
51.60 to 35.37 DDDs, meeting the requirement of AUD <40
DDDs. The proportion of prophylactic antibiotic applications
for type | incision procedures was reduced from 86.67% to
25.08%, not exceeding 30.00%, as specified by governmental
guidelines on antibiotic use. The percentage of antibiotic pro-
phylaxis 0.5-2 h before surgery (except for Cesarean section)
was increased from 86.38% to 100%. The compliance rate of
antibiotic prophylaxis for <24 h in patients undergoing type |
surgical incision operations significantly increased from 40.30%
10 96.37% (p<0.05) (Table 1).

Antibiotic use in tertiary hospitals

The percentage of antibiotic use by inpatients and AUD in ter-
tiary hospitals was reduced from 60.25% to 48.44% and from
56.07 DDDs to 34.50 DDDs, respectively. The proportion of pro-
phylactic antibiotic applications for type | incision operations

decreased from 86.67% to 25.08%. The percentage of antibi-
otic prophylaxis 0.5-2 h before surgery (except for Cesarean
section) increased from 85.70% to 100%. The compliance rate
of antibiotic prophylactic use for <24 h in patients with type |
incision surgeries in all general hospitals significantly increased
from 50.00% to 97% (p<0.05) (Table 2).

Antibiotic use in secondary hospitals

The percentages of antibiotic use by inpatients and AUD were
reduced from 61.27% to 44.84% and from 49.18 DDDs to 35.90
DDDs, respectively. The proportion of prophylactic antibiotic
application for type | incision operations decreased from 100%
to 28.86%. The percentage of antibiotic prophylaxis 0.5-2 h
before surgery (except for Cesarean section) increased from
98.84% to 100%. The compliance rate of antibiotic prophylac-
tic use for <24 h in patients with type I incision surgeries im-
proved from 50.00% to 97%. All these changes were statisti-
cally significant (p<0.05), except for the change in the timing
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Table 3. Antibiotic use in secondary hospitals from 2011-2013.

April 2011

Percentage of antibiotic use by inpatients (%) 61.27
AUD of inpatients (DDD/100 patient days) 49.18
Proportion of prophylactic antibiotic application for 100.00
type | incision operation (%) ’
Compliance rate of antibiotic prophylactic use 98.84
0.5-2.0 h before type | incision operation ’
Compliance rate of antibiotic prophylactic use for

<24 h in patients receiving type | incision 36.00

operations (%)

PUBLIC HEALTH

April 2012 April 2013 F value P
53.15* 44.84* 27.268% 0.000#
40.65 35.90* 10.235% 0.000#
67.90* 28.86* 20.303* 0.000*

100.00 100.00 1.483# 0.246%
74.14 95.00* 4.332% 0.024#

#Indicates statistical analysis results from 2011-2013; * indicates a statistically significant difference compared with the results of

2011 (p < 0.05).

of antibiotic prophylaxis in patients receiving type | incision
operations (Table 3).

Discussion

Antibiotic resistance is not a newly emerging issue, yet it has
become increasingly threatening. Although antibiotic resis-
tance is a phenomenon that occurs during the natural de-
velopmental process, irrational antibiotic use can accelerate
the emergence of antibiotic resistance. Education and clini-
cal management in antibiotics use have become strong mea-
sures to control bacterial resistance globally through control-
ling and monitoring the prescription and pre-authorization of
antibiotics use [14-16]. Causal analysis of irrational antibiot-
ic use was performed by the Chinese government, and signif-
icant improvement has been made through specific rectifica-
tion of antibiotic use. As a result, all indicators for antibiotic
use showed a decreasing trend, with the compliance rate of
rational antibiotic use increasing annually.

Inappropriate antibiotic selection by doctors and misunder-
standing of drug indications has influenced the misuse of anti-
biotics to treat viral infections rather than bacterial infections.
A national prevalence survey about hospital infection and an-
tibiotics using in Britain pointed out the general antibiotic use
rate was 34.7%; the intensive care unit has the highest anti-
biotic use rate of 60.8%, and the use of antibiotics in surgery
was about 36% [17]. Studies have shown that more than 50%
of the antibiotic was used unreasonably [18]; the unseasonable
using results in the rise of antibiotic resistance, prolonged hos-
pitalization, and increased medical expenses. Mexico and Brazil
use promulgation of policy to restrict antibiotic sales; the re-
striction on antibiotics use has an influence on the use of non-
steroidal anti-inflammatory drugs and analgesics drugs [19].
In addition, an intervention study [20] showed the education

and training of pharmacists can promote the rational use of
vancomycin in intensive care units (ICUs). Unreasonable an-
tibiotic use can be controlled through education and training
of clinicians, clinical pharmacists, and nurses.

Medical staff knowledge of antibiotics needs to be further im-
proved [21-23]. Moreover, antibiotics were prescribed based
on experiences rather than pathogenic laboratory examination,
indicated by the low rate of such analyses [24]. Some antibi-
otics were prescribed as desired by patients and their families
to avoid doctor-patient disputes [25,26]. Furthermore, misun-
derstandings occurred with respect to public knowledge of an-
tibiotic use, including the misinterpretation of antibiotics as
the equivalent of anti-inflammatory agents. Some misunder-
stood the concept of antibiotics, exaggerating their efficacy
and abusing them via direct purchase over-the-counter at drug
stores. The “2010 Survey on Household Medications in China”
showed that 79.4% of residents had a habit of stocking antibi-
otics, and 75.4% of residents medicated themselves or family
members for the treatment of inflammation, cold, or fever [27].

Antibiotic use in each department was improved through a
specialized comprehensive management program. Training on
rational antibiotic use was enhanced to strictly control drug
indication and administration, and to determine the frequen-
cy of antibiotic use based on pharmacokinetic features, fol-
lowing the principle of “minimum effective dose and shortest
treatment course”. Antibiotic use was guided by the results
of bacterial culture and drug susceptibility testing. Scientific,
efficient, pragmatic, and advanced management of antibiot-
ic use was accomplished through implementation of a long-
term scientific and comprehensive management system. Based
on information technology, this system monitored nosocomial
infections and outbreaks in general hospitals via clinical an-
tibiotic use and resistance surveillance networks. Combined
with a computer-assisted electronic prescription system, this
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strategy achieved highly efficient, scientific, and pragmatic
management of antibiotic use, reducing the length of hospi-
tal stays, decreasing the misuse of healthcare resources, and
delaying antibiotic resistance [28-31].

The results of antibiotic resistance monitoring before and af-
ter ASP revealed that the resistance of Pseudomonas aerugi-
nosa to carbapenem and to meropenem continuously declined
in both tertiary and secondary hospitals from 2010-2012, the
latter decreasing from 23.01% to 15.75%. Drug resistance of
Acinetobacter baumannii decreased, as evidenced by the re-
duction of meropenem resistance from 26.16% to 14.04%.
Since the implementation of the ASP campaign, antibiotic re-
sistance of Acinetobacter baumannii has declined, as represent-
ed by a significant 25-30% reduction in p-lactam resistance,
and resistance reductions for fluoroquinolone and aminogly-
coside of 50% to 20-30%, consistent with the results report-
ed by another domestic study [32]. The overall resistance of
Pseudomonas aeruginosa decreased for meropenem (38.9% to
11.2%), ciprofloxacin (26.5% to 12.4%), and imipenem (41.5%
to 22%) over the period of study [33].

Since the initiation of the ASP campaign in April 2011 in Tianjin,
rational antibiotic use has been improved by establishing pre-
scription assessment systems. Antibiotic costs were reduced
by 122 million RMB in 2013, and cumulatively by 786 million
RMB over the course of the 3-year study. The current goal of
rational antibiotic use was largely achieved in urban areas.
Significant improvements were made in all regions through
collaborative efforts and controls from health administrative
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