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ABSTRACT

Purpose: China launched a 3-year rectification scheme on the clinical use of antibiotics in 2011, and a spe-
cific scheme on carbapenem use in February 2017. This study investigated the trends in and correlations
between antibiotic consumption and the prevalence of carbapenem-resistant Gram-negative bacteria
(CRGN) at a tertiary hospital during these years, particularly in carbapenem consumption.
Methods: The data were collected calculated per quarter from 2011 to 2017. The trends in antibiotic
consumption and resistance were analyzed by regression analysis, while Spearman correlation analysis
was used to assess the correlations.
Result: The total consumption of antibiotics halved during the 7-year study period, from 770.15
DDDs/1000 PDs in quarter 1 of 2011 to 395.07 DDDs/1000 PDs in quarter 4 of 2017. Meantime, car-
bapenem consumption showed the significant increase, from 28.71 DDDs/1000 PDs to 49.2 DDDs/1000
PDs. The detection rates of CRGN (carbapenem-resistant Klebsiella pneumonia, Acinetobacter baumannii,
and Pseudomonas aeruginosa) remained stable (P>0.05). The positive correlation was only discovered
between the resistance rate of carbapenem-resistant K. pneumonia and the usage of carbapenems, which
included meropenem and imipenem, with coefficients of 0.543, 0.537, and 0.497 (P<0.05), respectively.
There was no more significant correlation in this study.
Conclusion: The total consumption of antibiotics reduced significantly in the analysed hospital, which
could be related to the antimicrobial stewardship programme. However, the carbapenem consumption
was increased. The specific index should be established to limit the application of carbapenems. This study
identified the positive correlation between the detection rate of carbapenem-resistant K. pneumonia and
carbapenem consumption. More research is needed to confirm the impact of restricting and appropriated
use of carbapenems on the prevalence of CRGN.
© 2018 The Authors. Published by Elsevier Limited on behalf of King Saud Bin Abdulaziz University
for Health Sciences. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

wide. AEuropean survey revealed the prevalence of carbapenemase
producing Enterobacteriaceae in 13 of 38 European countries in

World health leaders have described antibiotic resistant
microorganisms as “nightmare bacteria” that “pose a catastrophic
threat” to people in every country in the world [1]. Infections
caused by resistant bacteria, particularly carbapenem-resistant
Gram-negative bacteria (CRGN), which are difficult to treat, lead-
ing to high mortality and morbidity, prolonged length of hospital
stay, and excessive costs [2,3]. However, CRGN is increasing world-
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2015, compared with 6 of 38 in 2013, and a similar or higher
spread of Acinetobacter baumannii (AB) [4]. In February 2017,
WHO recognises carbapenem-resistant A. baumannii (CRAB), Pseu-
domonas aeruginosa (PA), and Enterobacteriaceaeas pathogens of
crucial importance for the development of novel antibiotics [5].
The overuse and misuse of antibiotics are crucial contribut-
ing factors to the emergence and spread of bacterial resistance.
The WHO is aware of the harm, and a programme was launched
in April 2011, which entitled “Against drug resistance: no action
today, no drugs available tomorrow”. Meanwhile, the Chinese gov-
ernment launched the special 3-year rectification scheme on the
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Table 1
Trends in the consumption of antibiotic classes during 2011-2017.
Classes Levels? Average Trend Slope (B) P
Penicillins and enzyme inhibitor A;B 29.40 (23.82-35.05) Increasing 0.816 0.000
Cephalosporins A;B; C 156.18 Decreasing —-4.112 0.000
(147.62-185.46)
First-generation A 3.80(2.42-18.21) Decreasing -1.652 0.000
Second-generation A; B 68.30(59.14-74.85) Stable 0.392 0.071
Third-generation A;B 79.28 (71.39-102.58) Decreasing -2.825 0.001
Fourth-generation C 0.00 (0.00-0.00) Decreasing -0.026 0.031
Carbapenems C 27.54(20.17-43.14) Increasing 1.409 0.000
meropenem C 23.01(16.52-30.20) Increasing 0.872 0.000
imipenem C 5.80(3.65-12.51) Increasing 0.536 0.000
Monobactams C 0.38 (0.22-2.36) Decreasing -0.199 0.000
Glycopeptides C 6.74 (5.17-8.30) Increasing 0.186 0.000
Oxazolidinone C 2.56 (1.54-3.64) Increasing 0.090 0.010
Macrolides, Lincosamides, and streptogramins A;B 11.60 (9.69-18.40) Decreasing -1.146 0.000
Quinolones A; B 46.42 (39.44-50.88) Stable 0.40 0.051
Aminoglycosides A;B 24.68 (14.88-30.18) Decreasing —-0.053 0.000
Imidazole derivatives A 21.72 (19.97-25.58) Decreasing -0.793 0.001
Steroid antibacterials A 0.00 (0.00-0.00) Decreasing -0.010 0.014
Sulphonamides A 5.80 (4.68-7.95) Increasing 0.171 0.000
Total / 346.44 (329.15-363.12) Decreasing —4.744 0.027

Antibacterial consumption is shown as defined daily dose/1000 inpatient-days per quarter, and the average values are presented as median (interquartile range).

2 A: non-restricted; B: restricted; C: specialist antibiotic.

clinical use of antibiotics, and the targets were set for restrict-
ing the kinds of antibiotics and antibiotic prescriptions (the detail
in Section “Antibacterial stewardship”) [6]. From then, the usage
of antibiotics had a significant reduction. However, the consump-
tion of carbapenems was in a worrying increase [7]. Some scholars
found that exposure of carbapenems may be concerned with the
prevalence of CRGN [8-10]. However, other studies had incon-
sistent findings [11,12], which may be due to differences in the
resistance profiles and antibiotic prescribing practices in different
countries. In 2017, National Health and Family Planning Commis-
sion of the People’s Republic of China (NHFPC) has been launched
the special programme on the clinic application of carbapenems
[13]. This study attempted to determine the trends in and corre-
lations between CRGN and antibiotic consumption from 2011 to
2017 at a tertiary hospital, especial in carbapenem consumption.
The most frequently Gram-negative bacteria were Escherichia coli,
Klebsiella pneumonia (KB), AB, and PA. Because the carbapenem
resistance to E. coli was rare, therefore carbapenem-resistant K.
pneumonia (CRKB), CRAB, and carbapenem-resistant P. aeruginosa
(CRPA) were involved in this study.

Methods
Design and setting

This study was based on the quarterly data from local moni-
toring of antibiotic consumption and the carbapenem resistance
to Gram-negative bacteria at the First Affiliated Hospital of Xi'an
Jiaotong University (FAHX]JU). The hospital is a general 2560-bed
tertiary-care teaching hospital located in the northwest region of
China.

Antibacterial stewardship

From April 2011, a 3-years rectification scheme on the clini-
cal use of antibiotics was launched in China. This is the first time
the specific targets for antibiotic prescriptions was set in the ter-
tiary hospitals. For consumption of antibiotic, it was expressed as
antibiotic use density and defined as the number of defined daily
doses/1000 patient-days (DDDs/1000 PDs) [14], which should be
limited to 400 DDDs/1000 PDs or less. Antibiotic procurement was
restricted to 50 agents, and the types of carbapenems should be

limited to three or less. During the study time, only meropenem
and imipenem were procured in the FAHX]JU. Moreover, antibiotics
were divided into 3 levels: non-restricted, restricted, and special-
ist antibiotic. Resident physicians can only prescribe non-restricted
antibiotics. Attending physicians can prescribe non-restricted and
restricted antibiotics. The specialist antibiotic, such as carbapen-
ems, glycopeptides, and linezolid, which is strictest and only
physicians with senior specialized technical qualifications can pre-
scribe them. According to the requirements, a series of antibacterial
regulations were established and executed at the FAHX]JU in July
2011. Since Septemper 2017, the following information at the
FAHX]JU should be reported to the provincial health department
every month: which one of carbapenems was used, and how many
the carbapenems was used. It is the demand of the carbapenem
programme.

Microbiology data

The hospital’s clinical microbiology laboratory provided data
of bacterial identification and antibacterial susceptibility testing.
All positive clinical specimens (positive K. pneumonia, A. bauman-
nii, and P. aeruginosa admission) between 2011 and 2017 were
included. Both of colonization and infection were involved in the
database. Both of colonization and infection were involved. Dupli-
cate isolates from the same person during one hospital stay were
excluded, and microbiological isolates from outpatient clinics or
the emergency room were also excluded. Identification and sus-
ceptibility testing were performed using the automated VITEK 2
automated system (bioMérieux). Susceptibilities of isolates to all
antibiotics tested were based on the latest Clinical and Laboratory
Standards Institute document (CLSI document M100-S22. Wayne,
PA: CLSI, 2012).

Data collection and analysis

During the study period, utilization of antibiotic was obtained
from the computerized database of the Department of Pharmacy.
The data were collected calculated per quarter from 2011 to 2017
in the FAHX]U. The trend was analyzed by regression analysis, and
Spearman correlation analysis was used for testing the correla-
tion. All of the data were analyzed using SPSS software. Probability
values of P<0.05 were considered statistically significant.
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Fig. 1. The trends and correlations between the resistance rates of carbapenem-resistant Gram-negative bacteria and the carbapenem consumption (or the consumption
of total antibiotics) during 2011-2017. CRKB carbapenem-resistant Klebsiella pneumonia; CRAB carbapenem-resistant Acinetobacter baumannii; CRPA, carbapenem-resistant
Pseudomonas aeruginosa. The consumption of antibiotic was expressed as defined daily doses per 1000 patients per day (DDDs/1000 PDs).

Table 2

The trends and correlations between the resistance rates of CRGN and the carbapenem consumption (or the consumption of total antibiotics) during 2011-2017.

CRGN Trend Slope () P Correlation
Meropenem? Imipenem? Carbapenem? Total antibiotics®
Coefficient P Coefficient P Coefficient P Coefficient P
The resistance rate of CRKB Stable 0.048 0.486 0.537 0.003 0.497 0.007 0.543 0.003 0.184 0.349
The resistance rate of CRAB Stable -0.507 0.083 —-0.206 0.293 -0.303 0.117 -0.268 0.168 —-0.093 0.638
The resistance rate of CRPA Stable —0.059 0.754 0.131 0.506 —0.053 0.791 0.090 0.651 -0.123 0.533

Note. All of the data were calculated per quarter. CRGN carbapenem-resistant Gram-negative bacteria; CRKB carbapenem-resistant Klebsiella pneumonia; CRAB carbapenem-

resistant Acinetobacter baumannii; CRPA, carbapenem-resistant Pseudomonas aeruginosa.

2 The consumption of antibiotic was expressed as defined daily doses per 1000 patients per day (DDDs/1000 PDs).

Results
Antibiotic consumption

The total consumption of antibiotics decreased from 770.15
DDDs/1000 PDs in quarter 1 of 2011 to 395.07 DDDs/1000
PDs in quarter 4 of 2017 (8=-4.744, P=0.027, Table 1 and
Fig. 1), and the antibiotic consumption decreased by 48.70%.
Cephalosporin was the largest varieties of consumption, and it
also decreased significantly (8=-4.112, P<0.05). In Table 1, the
consumption of many antibiotic classes revealed the significant
decreases, including monobactams, aminoglycosides, imidazole
derivatives, steroid antibacterials, macrolides, lincosamides and
streptogramins (P<0.05). However, the five of antibiotic classes
showed the significant increases in consumption, which included
carbapenems, glycopeptides, oxazolidinone, sulphonamides, and
penicillins and enzyme inhibitor (P<0.05). The consumption of
these antibiotic classes increased from 28.71, 5.16, 2.13, 4.00, 34.72
DDDs/1000 PDs in quarter 1 of 2011 to 49.20, 8.95, 5.80, 9.55, 60.52
DDDs/1000 PDs in quarter 4 of 2017, respectively. Quinolone con-
sumption remained stable during this period (P>0.05).

The prevalence of CRGN

In this study, a total of 15173 Gram-negative bacteria were col-
lected: 2265 isolates (KB 834; AB 810; PA 621) in 2011, 2646 (KB
884; AB1008; PA 754) isolates in 2012, 2279 isolates (KB 733; AB

881; PA 665) in 2013, 1498 isolates (KB 570; AB 445; PA 483) in
2014, 2050 isolates (KB 583; AB 758; PA 709) in 2015, 2526 iso-
lates (KB 970; AB 771; PA 785) in 2016, and 1909 isolates (KB 787;
AB 496; PA 626) in 2017. Trends for these rates of CRGN remained
stable (P>0.05), and it was listed in Table 2.

Relationship between the detection rates of CRGN and antibiotic
consumption (2011-2017)

Table 2 provided the comparisons between the antibiotic con-
sumption and the resistance rates for CRGN by quarter during the
7-year period. The positive correlations were discovered between
the detection rate of CRKB and the usage of carbapenems, which
included meropenem and imipenem, with coefficients of 0.543,
0.537, and 0.497 (P<0.05), respectively. Meanwhile, no significant
association was presented for other CRGN (CRAB or CRPA) and car-
bapenem consumption (or the total consumption of antibiotics).

Discussion

In this study, we tracked antibiotic consumption since 2011
with the aim of providing insight to explore the trends in and
correlations with the carbapenem resistance of Gram-negative
bacteria. The first noteworthy finding of this study is that the
total consumption of antibiotics had from 770.15 DDDs/1000 PDs
in quarter 1 of 2011 to 395.07 DDDs/1000 PDs in quarter 4 of
2017. The trend was similar to previous study in 151 hospitals
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in China [7]. These findings reflect the impact of the national
3-year action conducted by the Chinese government. The Chinese
government plays a substantial role in controlling antibiotic usage
in public hospitals, which may be related to the public hospital
management system that is governed by bureaucratic rules in
China [15]. The consumption of many antibiotics decreased,
however, the usage of carbapenems and glycopeptides increased
significantly during the study period (P<0.05). The significantly
increasing trends were observed for these two antibiotic classes
in a nationwide descriptive epidemiological study in China from
2011-2014 [7]. Furthermore, the increased consumption of them
has been observed in the Republic of Korea from 2008 to 2012 [16].
These two classes were classed as the specialist antibiotic, which
were used only in hospitals in China. It could be partly explained
by the rise in the global burden of multi-drug resistant bacteria,
especial in the ESBL-producing bacteriaand MRSA [17,18]. Another
possible reason was that the FAHX]JU is a general tertiary hospitals
that absorbed a large number of critically ill patients with serious
diseases. However, the overuse of carbapenems is a serious prob-
lem in China. Qu et al. found that the consumption of meropenem
in 2014 was more than 10 DDDs/1000 PDs in the Chinese hospitals
[7], and it was approximated 40 DDDs/1000 PDs in quarter 4 of
2017 at the FAHX]JU. However, the consumption of carbapenems in
2016 was 0.05 DDDs/1000 PDs in the European hospitals [19]. Chi-
nese government launched carbapenem programme in February
2017. The effect of carbapenem programme was weaken, because
it lacked the specific index to limit the application of carbapenems.

A second noteworthy finding of this study is that the resistance
rates of CRGN (CRKB, CRAB, and CRPA) remained stable during the
7-years. According to antimicrobial resistance surveillance reports
in China [18,20,21], the resistance rates of these three CRGN pre-
sented the slight decrease in the national level. The prevalence
of CRKB exhibited a tiny decrease from 9.4% in 2011 to 8.7% in
2016, with the detection rate of CRAB from 61.4% to 60%, and the
resistance rate of CRPA from 29.1% to 27.4% in the same time. In
quarter 4 of 2017, the resistance rate of CRKB at the FAHXJU was
slightly lower than the national level in 2016, and the detection
rates of other two CRGN (CRAB and CRPA) were similar to the
national level. The prevalence of CRGN demonstrated the obvi-
ously regional differences. According the ECDC surveillance report
in 2014, the percentage of CRKB ranged from zero (7 countries)
to 60.5% (Greece), and CRPA was above 10% in 19 of 29 reporting
countries. Meantime, the percentage of CRAB was high [4].

How to control the spread of CRGN is a public health con-
cern of growing importance in worldwide. Carbapenems are the
last-line group of antibiotics and are mainly used in hospitals to
treat patients with confirmed or suspected infections involving
multidrug-resistant Gram-negative bacteria [9]. Some researches
released that the usage of carbapenems is a risk factor for subse-
quent infection with CRGN. In this study, we found the positive
correlation between the resistance rate of CRKB and the consump-
tion of carbapenems (both of meropenem and imipenem). Hu et al.
also found that exposure to carbapenemsis an independent risk fac-
tor for CRKP infection [9]. A meta-analysis also demonstrated that
the prevalence of CRKB was shown to be associated with the con-
sumption of carbapenems [10]. Peleg and Hooper suggested that
longer treatment with carbapenems in large doses have increased
the antibiotic selection pressure, allowing carbapenem-resistant
bacteria to develop a plethora of carbapenem resistance mecha-
nisms [22]. However, these conclusions were controversial. Jiao
et al. found exposure to glycopeptides was an independent risk fac-
tor for CRKP infection/colonization, rather than carbapenems [12].
It might be many factors involved in the development of CRGN,
such as length of hospital stay [23], medical devices [24], and the
hospital environment [25]. Futhermore, the increased use of car-
bapenems was not significant association with the detection rate

of CRAB (or CRPA) in this study. However, Abdallah et al. found
that restricting carbapenems, even for a short duration, may be
an effective strategy for managing the problem of CRPA [26]. The
appropriated use of carbapenems might be a substantial factor. The
total consumption of antibiotics was fallen by a half during the
study period, however, the resistance rates of CRGN was stable.
An interesting phenomenon was showed in Fig. 1. At the beginning
of the antimicrobial stewardship programme, the total consump-
tion of antibiotics was descending, and carbapenem consumption
was also decreased. Meanwhile, the detection rates of CRGN also
were reduced. The continued research is needed to investigate the
impact of restricting and appropriated use of carbapenems on the
prevalence of CRGN

There also was the several limitations in this study. First, this
study was retrospective, and it was only conducted in one tertiary-
care teaching hospital. This design has the risk of ecological bias,
since the use of data from individual patients might give different
results. Second, there was not an established criterion for differen-
tiating infection from colonization of these bacteria in the study.
Third, the density of antibiotic use might not accurately reflect the
real antibiotic use in adults with renal impairment; however, it is
the most commonly applied metric for measuring antibiotic use.
Futhermore, there might be many reasons for the prevalence of
CRGN. However, the change in the usage of antibiotics, especial in
carbapenem consumption, which was the main focus in this study.

Conclusion

During the study period, the total consumption of antibi-
otics reduced significantly in FAHX]JU, which could be related to
the antimicrobial stewardship programme. However, carbapenem
consumption was increased. The carbapenem programme did not
work well, and the specific index should be established to limit
the application of carbapenems. Meanwhile, the resistance rates
of CRGN was stale. A positive correlation was found between the
resistance rate of CRKB and the consumption of carbapenems (both
of meropenem and imipenem). There was no significant correlation
between other CRGN (CRAB or CRPA) and carbapenem consump-
tion. More research is needed to confirm the impact of restricting
and appropriated use of carbapenems on the prevalence of CRGN.
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