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A B S T R A C T   

Objectives: The overuse and misuse of antibiotics has accelerated the rapid emergence of antibiotic resistance. The 
aim of the study was to review interventions conducted in China to optimize use of antibiotics in humans, an-
imals, and the environment from a One Health perspective. 
Methods: The literature review for this study was limited to English and Chinese articles published from January 
1985 to May 2021. Literature review searches were conducted using Web of Science, Scopus, PubMed and three 
biomedical databases from China (the Chinese Scientific Journals database, the Wanfang Database, and China 
National Knowledge Infrastructure). We used Arksey and O’Malley’s step-wise methodological framework as the 
basis for our scoping review. 
Results: A total of 53 studies met our inclusion criteria, of which 51 (96%) were from human healthcare settings, 
one from environment health that pertained to rural ponds, and no studies were found that met our criteria on 
interventions used to improve antibiotic use in animals. For human health, the majority of the research was 
related to antibiotic intervention programs performed in public institutions, and only one policy assessment 
study included private institutions. Interventions were classified into four broad categories: 1) Knowledge in-
terventions; 2) decision support; 3) financial incentives; and 4) organizational/management systems. Our find-
ings indicated that combinations of multiple interventions were more effective in promoting the rational use of 
antibiotics in China. 
Conclusions: China has made major efforts on improving rational use of antibiotics in the past decades. Most 
policies or interventions, however, focused mainly on the human health aspect, less effort targeted toward the 
environment and animal health sectors. For further optimizing use of antibiotics, the cross-disciplinary and 
coordinated multi-faceted interventions guided by the One Health perspective should be developed and imple-
mented. Meanwhile, the cross-departmental collaborative mechanism leading by the Chinese central government 
should be further strengthened to play a greater and more active role in fighting against antibiotic resistance 
wholly.   

1. Introduction 

Antibiotic overuse and misuse has led to the emergence of antibiotic 
resistance [1]. Nowadays, antibiotic resistance has become a significant 

problem in public health, resulting in the delayed application of effec-
tive interventions, and increased mortality, morbidity, and costs [2,3]. If 
no urgent action is taken, is estimated that by 2050, antibiotic resistance 
will cause an estimated loss of 10 million lives and $US 100 trillion [4]. 
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Antibiotic resistance affects all countries; however, the burden is 
disproportionately higher in low- and middle-income countries (LMICs) 
[4,5]. 

Worldwide, China is among largest manufacturers and consumers of 
antibiotics. Antibiotics are used widely to treat human and livestock 
diseases in China. Moreover, China uses antibiotics as prophylactics and 
growth promoters in livestock [6]. One study indicated that 162,000 
tons of antibiotics (inclusive of 36 groups of antibiotics) were consumed 
in China; 48% of which were consumed by humans and the remainder 
by animals [7]. Approximately 46% of antibiotics were ultimately 
released into rivers through sewage effluent. The remaining percentage 
ended up in the environment, either unmetabolized or metabolized and 
in an active form [6,8]. 

Currently, to restrain antibiotic resistance, the United Nations is 
promoting a “One Health” approach. “One Health” deals with questions 
at the intersection of human, animal, and environmental health, and 
emphasizes that efforts must be made across all these sectors [9,10]. 
Based on the “One health” approach, bacterial resistance was included 
as a focus of the “Global Action Plan on Antimicrobial Resistance”. This 
plan was passed at the 68th World Health Assembly (WHA) in 2015 and 
aimed to optimize antimicrobial medicine application in animal and 
human health [10]. In 2016, the National Action Plan to Contain Anti-
microbial Resistance (2016–2020) was published by the Chinese gov-
ernment, reinforcing its determination to control bacterial resistance. 
Since then, China’s healthcare and agriculture departments imple-
mented actions designed to reduce inappropriate and unnecessary 
antibiotic use in animal feed and to treat patients, while making sure 
that, when required, antibiotic therapy is available and effective. 

Previously published systematic reviews revealed evidence that 
supported certain safe and effective interventions to optimize the use of 
antibiotics in humans within health settings [11,12]. More effective 
results were obtained by combining interventions comprising both 
enabling and restrictive policies [9]. Furthermore, multi-faceted and 
interactive interventions, such as education with feedback and moni-
toring mechanisms were found to be most effective at encouraging the 
appropriate use of antibiotics. However, in the present review, most of 
the included studies were performed in higher-income countries. Sur-
prisingly, limited evidence exists for the utilization of effective and safe 
interventions that optimize the use of antibiotics in LMICs [12]. China, 
an LMIC, is the most populous country in the world and therefore has a 
significant influence on global health. The international community has 
high expectations of China with respect to global health management, 
especially antibiotic resistance. Therefore, this study aims to review 
interventions conducted in China to optimize the use of antibiotics in 
humans, animals, and the environment under the “One Health” 
approach. Our research provides important insights and implications for 
effective approaches to reduce antibiotic resistance. 

2. Methods 

2.1. Study design 

The scoping study was used to overview the empirical evidence of 
effective antibiotic resistance strategies. Arksey and O’Malley’s step- 
wise methodological framework was used as the basis of this scoping 
review [13]. The step-wise framework approach included: (1) 
Composing the research question; (2) identifying related studies; (3) 
selecting the studies; (4) data analysis; and (5) collating, summarizing, 
and reporting the results. 

2.2. Stage 1: Composing the research question 

The study aimed to find answers to the questions (for environmental, 
animal and human health systems):  

1. Where in China have the interventions been enacted? e.g., regions 
and type of healthcare setting.  

2. What types of interventions have been conducted to promote the 
rational use of antibiotics in China?  

3. Which interventions have the potential to decrease the inappropriate 
use of antibiotics in China?  

4. What lessons have we learned from these interventions? 

2.3. Stage 2: Identifying related studies 

A PICO (Population, Intervention, Comparison, and Outcome) 
combination was used to guide the systematic search. We were con-
cerned with all interventions conducted in China to improve antibiotic 
use in humans, animals. and the environment (see Table 1). Intervention 
targets include two populations: antibiotic providers and antibiotic 
consumers. We looked for all interventions aiming to improve antibiotic 
use, for example communication and education, stewardship programs, 
incentives and policies and regulations, such as National Essential 
Medicines Policy (NEMP) and the New Cooperative Medical Scheme 
(NCMS) (details see Appendix 1). The outcomes we were interested in 
were quantifiable improvement in antibiotic supply (e.g., a decrease in 
inappropriate sales and prescribing of antibiotics, adherence to the 
outline by health workers), reported alterations in understanding 
regarding use of antibiotics, and health outcomes (adverse, unaffected, 
or improved). 

The Web of Science, Scopus, PubMed and three Chinese biomedical 
databases (China National Knowledge Infrastructure (CNKI), Wanfang 
Database, and Chinese Scientific Journals database) were searched to 
identify studies. The search was performed using Boolean operators for 
antibiotics, antimicrobial, antibacterial, or anti-bacterial agents of 
various types. This was combined with terms for a variety of types of 
interventions and study settings in China. Details of the search terms are 
shown in Appendix 1. 

Studies published between 1985 and May 2021 were searched. In 
1985, China issued the Pharmaceutical Administration Law of the Peo-
ple’s Republic of China. This was the first drug administration regulation 
to strengthen drug supervision and management, after which manage-
ment of the problem of antibiotic resistance was initiated. Table 2 
contains search results for each database used in our study. 

2.4. Stage 3: Selecting the studies 

Based on the predefined inclusion and exclusion criteria, abstracts 
were reviewed by two research assistants. Any controversies were 
resolved via discussion among the team. 

Inclusion criteria: 

Table 1 
Search parameters.  

Parameter Definition 

Population 

1) Antibiotic providers (referred to as P1), e.g., physicians, other 
healthcare providers, drug vendors, informal physicians, 
pharmacists, and vets. 
2) Antibiotic consumers (referred to as P2), e.g., patients, caregivers, 
and farmers. 

Intervention 
Any intervention aiming to promote the rational use of antibiotics, e. 
g., communication and education, stewardship programs, incentives, 
peer or community oversight (details see the Appendix 1). 

Comparison 
Not applicable. The scoping review is not limited the comparative or 
controlled research designs. We included studies that reported 
interventions with/without comparison groups. 

Outcome 

Primary outcome: Quantifiable improvement in the use of antibiotics 
(e.g., decreased prescribing of unnecessary antibiotics, improved 
conformation to guidelines). 
Secondary outcomes: Reported alterations in understanding around 
use of antibiotics, e.g., unintended consequences, health outcomes 
(adverse, unaffected or improved), and levels of antibiotic resistance.  
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1. Reports on the intervention aiming to improve use of antibiotics, 
such as influencing the prescribing and sale of antibiotics (formal 
and informal) and raising awareness of antimicrobial resistance for 
residents.  

2. Any healthcare setting in China.  
3. Outcome 

Independently measured alteration in the prescription, sale, or use of 
antibiotics. 
Independently measured alteration in the knowledge surrounding 
the use of antibiotics. 
Self-reported alterations in the prescription, sale, or use of 
antibiotics. 
Self-reported alteration in the knowledge surrounding the use of 
antibiotics. 
Observed alteration in the quality of the prescription of antibiotics. 

Exclusion criteria:  

1. Studies dealing with alternative methods of dealing with antibiotic 
resistance, e.g., hygiene, control measures, e.g., vaccines.  

2. Reports examining the effects of new tools in the clinic to promote 
the use of antibiotics, e.g., C-reactive protein and Procalcitonin 
(PCT) guidance, etc.  

3. Reports examining adherence to guidelines for the use antibiotics or 
other medicines.  

4. Reports dealing with environmental antibiotic transmission and 
resistance.  

5. Reports dealing with other antimicrobials, excluding antibiotics.  
6. Reports dealing with patient demand for antibiotics and self-use.  
7. Reports assessing antibiotic treatment effectiveness in clinical care, 

e.g., comparing different treatments or administering routes of 
antibiotics. 

8. Context studies that only describe the background but not imple-
mented intervention. 

2.5. Stage 4: Data analysis 

We extracted the information from the included studies including 
author, year of publication, country, target population, study design, 
study goal, study discipline, main findings in process of improving 
antibiotic use. 

2.6. Stage 5: Results collation, analysis, and reporting 

We summarized the studies by disease focus, country, and publica-
tion. The extracted data related to the evidence and findings of all the 
studies were analyzed thematically using inductive and deductive cod-
ing according to Braun and Clarke [14]. Subgroup analyses were per-
formed with respect to study dimension, target population, and 
geographical regions. The human, animal, and environment dimensions 
were included in this study, and the target populations were divided into 
the antibiotic provider group and the consumer group. Rural and urban 
areas were also considered in the study. 

For interventional studies focusing on human health, subgroup 

analyses were conducted by hospital level and institutional character-
istics. Chinese health-care facilities are divided into three levels (tertiary 
hospitals, secondary hospitals, and primary healthcare facilities). In 
China, tertiary hospitals comprise large medical centers located in big 
cities, secondary hospitals comprise county hospitals, and primary 
healthcare facilities comprise community hospitals or village clinics, 
which are often small and deal with a limited range of basic medical 
services. The institutional characteristics were divided into public and 
private medical institutions. 

In the intervention impact analysis, studies were classified according 
to whether they reported either positive, negative, mixed, or no effects 
based on their report of increased or decreased rates of antibiotic pre-
scription, a mixture, or no change, respectively. Reports describing 
appropriate reduces in antibiotic prescription or improved adherence to 
current guidelines were identified as positive. Reports describing inap-
propriately increased rates of antibiotic prescription or lack of adher-
ence to the current guidelines were identified as negative. Studies were 
classified as mixed if they reported both positive and negative effects on 
various prescribing indicators. 

2.7. Stage 6: Consulting stakeholders 

We invited two experts who were familiar with the “One Health” 
approach to gain their feedback regarding the original findings and 
suggestions for additional studies that could meet the eligibility criteria. 
The expert’s feedback stated our findings were plausible in a regional 
context; however, neither expert suggested the inclusion of further 
papers. 

3. Results 

The database search yielded 19,767 results and an additional 123 
studies were identified through other sources. The exclusion of irrele-
vant studies according to their titles and abstracts left 137 articles, 
which were downloaded and detailed full-text evaluation was per-
formed. According to the inclusion criteria, we included 53 studies in 
English but none in Chinese for this review. Intervention studies are 
currently published primarily in international journals; therefore, there 
was a paucity of studies meeting our criteria in Chinese databases. In 
fact, no study met our inclusion criteria in the Chinese databases because 
of limited manuscript descriptions (details see Fig. 1). 

3.1. Intervention settings 

We could not find a single published intervention designed to 
improve antibiotic use in animal health. For environmental health, we 
found only one intervention study that pertained to a rural pond. Fifty- 
one (96%) studies were from human healthcare settings. In total 53 
studies, 94% (50/53) of the interventions targeted antibiotic providers, 
such as doctors and pharmacist. In total, 66% (35/53) of the reports 
examined interventions caried out in urban areas, and three reports 
addressed both rural and urban areas (see Fig. 2). Four studies did not 
include information about the facilities; therefore, it was difficult to 
assess where the studies were conducted. 

For interventions in human healthcare settings, 29 studies were from 
tertiary or secondary hospitals, 21 were from primary healthcare facil-
ities, and only 1 study included both hospital and primary care facilities 
(Fig. 3). Most of these studies were from public medical institutions, and 
only one policy assessment study included both public and private 
medical institutions (Fig. 3). This was especially obvious for the studies 
carried out in primary care facilities, with approximately 90% (19/21) 
focusing on the public sector. Similarly, 86% (25/29) of the studies were 
focused on hospitals in public settings. Five studies were unclear because 
they did not mention the names of the institutions and other related 
information, meaning that we could not determine if the facilities 
described were private or public. 

Table 2 
Search results.  

Database Result 

Web of Science 7470 
Scopus 6328 
PubMed 5808 
CNKI 68 
Wanfang Database 50 
Chinese Scientific Journals database 43 
Total 19,767  
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3.2. Intervention types 

Table 3 shows the kinds of intervention undertaken in various set-
tings. Blank cells reveal that no evidence exists showing that in-
terventions were conducted in that setting. Most interventions have only 
been assessed once or twice, frequently in only a single setting. Only 
educational, audit/feedback interventions, and evaluation imple-
mentation effects of National Essential Medicines Policy and Antimi-
crobial Stewardship Program (AMS) have been carried out in all settings. 

The evidence base is uneven, for example, only one educational inter-
vention was addressed in animal health, one regarding the environment, 
and only one study targeted ecopharmacovigilance (EPV). 

Table 3 reveals certain gaps in the evidence base. At present, the 
intervention for primary care mainly comes from the implementation of 
relevant policies, such as the National Essential Medicines Policy, the 
New Cooperative Medical Scheme, Pharmacist Intervention, and AMS. 
These types of interventions are often implemented in hospitals in 
comparison to primary care. AMS studies are those that combine change 
and policy review (e.g., incentives/disincentives, new guideline devel-
opment, and new targets), the creation of committees/working groups 
dealing with antimicrobial resistance, monitoring, auditing, and edu-
cation. Pharmacist interventions are those in which pharmacists 
compose drug treatment plans, participate in ward rounds, communi-
cate promptly with physicians if they suspect inappropriate prescription 
of antibiotics; provide medical teams with educational handouts and 
sessions concerning antibiotic prophylaxis; report the data on the 
inappropriate prophylactic use of antibiotics on a regular basis (e.g., 
every week/month). This might reflect the completeness of the hospital 
system, which is mainly reflected by the high knowledge level of med-
ical staff and good hospital management systems. 

3.3. Intervention impact 

For the interventions, 35 studies showed positive effects, 9 docu-
mented mixed effects, 4 showed no effect, and 6 demonstrated negative 
effects. Most of the reports (86%, 25/29) from hospitals showed positive 

Fig. 1. Flow diagram of study identification.  

Fig. 2. Interventions attempted in different locations (urban or rural).  
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effects; however, only 38% (8/21) of the studies from primary health 
care facilities showed positive effects. For each category of intervention, 
Table 4 details the number of reports disclosing each type of impact. 
Notably, one study that included both positive and no effects was con-
ducted with different intervention subjects (village household/farmer) 
[15]. 

Among the reports detailing positive results, organizational/man-
agement systems had the strongest evidence, with 14 studies for AMS. 
There were eight positive evaluations of pharmacist interventions and 
four positive evaluations of audit/feedback. Audit/feedback studies 
comprise those that introduced audit measures (such as a review of 
prescriptions carried out following the guidelines) combined with 
feedback mechanisms (such as reports and meetings). 

Twenty-nine studies were classified as utilizing multiple intervention 
strategies, whereas 24 studies used a single intervention pathway (i.e., 
implementation of one policy, e.g., the NEMP). According to Table 5, 

despite both single and multifaceted interventions resulting in positive 
and mixed results, most of the positive studies were reported by multi-
faceted studies (24 vs. 11) and no or negative effects were reported more 
often by studies evaluating single interventions (no effect/negative 
combined = 1 vs. 9). 

3.4. Intervention content and results 

This review identified 53 studies, from 16 different provinces in 
China (for details, see Appendix 2). Thirteen studies were multi- 
province, while the remainder described specific area contexts (details 
see Appendix 3). Interventions were grouped into four broad categories: 
1) Knowledge interventions; 2) decision support; 3) financial incentives; 
and 4) organizational/management systems. 

Fig. 3. Sectors undertaking intervention testing, separated according to the kind of health setting.  

Table 3 
The interventions of various types.  

Types of intervention Human  Animal Environment Total 

P1* P2** P2 P2 

Hospital Primary care facility Mixed Setting Village Village Village 

Knowledge intervention 
Education 2 2  1*** 1***  5 
Education/Feedback  1****  1****   1 
Education/Guideline/Audit/Feedback  1     1 
Audit/Feedback 3 1     4 
Guidelines 1      1  

Decision support 
Electronic medical records (EMR) 1      1 
Pharmacist intervention 8      8  

Financial incentives 
Funding  1     1 
Policy: Capitation with pay-for-performance  1     1 
Policy: New Cooperative Medical Scheme  3     3  

Organizational/management systems 
Policy: National Essential Medicines Policy 2 8 1    11 
Public reporting  1     1 
AMS 12 2     14 
Targeted ecopharmacovigilance (EPV)      1 1 
Total 29 21 1 2 1 1 53  

* P1: Antibiotic provider group. 
** P2: Antibiotic consumer group. 
*** These belong to the same article. 
**** These belong to the same article. 
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Table 4 
The intervention impacts of studies.  

Types of intervention Positive Mixed Negative No effect Total 

Human Environment Human Human Human Animal 

P1* P2** P2 P1 P1 P1 P2 

Hospital Primary care 
facility 

Village Village Hospital Primary care 
facility 

Mixed Hospital Primary care 
facility 

Hospital Primary care 
facility 

Village 

Knowledge intervention 
Education 1 1 1***   1  1    1*** 5 
Education/Feedback  1           2 
Education/Guideline/Audit/Feedback  1**** 1****          1 
Audit/feedback 3 1           4 
Guidelines 1            1  

Decision support 
Electronic medical records (EMR) 1            1 
Pharmacist intervention 8            8  

Financial incentives 
Funding  1           1 
Policy: Capitation with pay-for- 

performance  
1           1 

Policy: New Cooperative Medical 
Scheme  1       2    3  

Organizational/management systems 
Policy: National Essential Medicines 

Policy  
1   2 2 1  3  2  11 

Public reporting      1       1 
AMS 11    1 1     1  14 
Targeted ecopharmacovigilance (EPV)    1         1 
Total 25 8 2 1 3 5 1 1 5  3 1 53  

* P1: Antibiotic provider group. 
** P2: Antibiotic consumer group. 
*** These belong to the same article. 
**** These belong to the same article. 
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3.4.1. Knowledge based strategies 
Several interventions commenced with training, supplemented by 

further components. A study of 12 villages in Shandong, China, found 
that in terms of the human use of antibiotics, health education-based 
interventions were effective to improve knowledge, attitudes, and re-
ported practices; however, they barely affected antibiotic use in pigs 
[15]. In addition, Chen et al. [16] found that a single education training 
program for doctors did not effectively change the doctors’ antibiotic 
prescribing behavior. Wei et al. [17] found that the combined education 
support and monitoring multi-faceted interventions was effective. This 
included: using up-to-date International and Chinese guidelines for the 
use of antibiotics focusing on infections of the upper respiratory tract 
with/without fever to develop guidelines, and then providing a 2-h 
interactive training session for doctors. Doctors were also asked to 
participate in monthly peer-review meetings. Finally, a video and leaf-
lets designed to educate caregivers about antibiotics were developed by 
the researchers. Such pragmatic interventions reduced the prescription 
of antibiotics for infections of the upper respiratory tract in children 
[17]. A similar phenomenon was also reported in Chen et al.’s study 
[18], which indicated that raising awareness and an education program 
combined with surveillance could reduce unnecessary antibiotic use in 
general hospitals. However, at 18-months of follow-up, the improve-
ments in antibiotic prescribing had declined without long-term effects 
for primary care facilities, and the authors indicated that a combination 
of enabling and restrictive policies might have produced better results 
[19]. 

3.4.2. Decision support strategies 
Some studies promote the rational use of antibiotics through phar-

macist interventions, which mainly include: patient education (as 
required), more frequent training of physicians, feedback at monthly 
intervals, structured review of medical orders, and accompanying daily 
physician ward rounds. Three studies found that interventions with the 
active involvement of professional pharmacists could positively influ-
ence physicians’ prescribing behavior and knowledge regarding anti-
biotic use [20–22]. This significantly reduced decisions regarding the 
inappropriate use of antibiotics, irrational choices, and unnecessary 
prolongation of prophylactic treatment, resulting in reduced antibiotic 
costs and good economic outcomes [23,24]. 

With the development of internet technology, the working mode of 
pharmacist’s interventions have gradually become combined with in-
formation technology. The form of intervention was changed from the 
regular review of medical orders to monthly indicator feedback (after 
the prescription) to guide the prescribing process [25]. The integrated 
electronic medical records (EMR) system adheres strictly to the guide-
lines. When prescribing antibiotics, the system can provide doctors with 
reminders and recommendations for the appropriate use of antibiotics. 
Li et al. [25] found that comprehensive EMR systems were successful in 
curbing antibiotic misuse and contributed to a significant reduction in 
antibiotic consumption. 

3.4.3. Financial strategies 
Economic stimulus is a key factor affecting doctors’ prescribing 

behavior [26]. In 2003, the Chinese government launched the NCMS to 
help finance rural healthcare. Only one study compared antibiotic pre-
scribing in township hospitals in areas with and without the NCMS, and 
found that over-prescribing is common in villages and is more severe in 
areas with NCMS health insurance [27]. However, evidence shows that 
significant alterations to the structures of financial incentives could 
positively affect antibiotic use within public primary care settings. In 
2014, a policy intervention was conducted in 28 primary healthcare 
settings (township hospitals and village clinics) in China, which replaced 
fee-for-service NCMS payments with pay-for-performance with a capi-
tated budget [28]. Capitation with pay-for-performance could reduce 
over prescribing and inappropriate prescribing. In addition, the results 
indicated the feasibility of diligent assessments of health system in-
terventions when carried out in close cooperation with government 
agencies. Moreover, Sun et al. found that too little Government health 
funding (GHF) is one of the reasons for antibiotics abuse [27]. Impor-
tantly, systemic arrangements of health funding by government poli-
cymakers are required. 

3.4.4. Organizational/management systems strategies 
Healthcare system reform is under way, and the Chinese government 

is attempting to restrain antibiotic abuse once and for all. It is making 
every possible effort to pursue appropriate prescription policies and to 
reduce antibiotic overuse and misuse across the country. Since 2009, in 
China, the prescription of antibiotics has been regulated by enacted 
national health policy reforms [29]. First, the NEMP, together with a 
matching policy comprising Zero Mark-up, was introduced. The NEMP 
used a multifaceted approach to establish a list of essential medicines 
and introduced price control and supply chain measures. Although the 
effects were mixed, the NEMP effectively removed economic incentives 
for hospitals to over-use medicines. However, it had little demonstrable 
impact on antibiotic prescription. Two studies investigated the impact of 
NEMP policy on the use of antibiotics in hospitals [30,31], whereas 
other studies investigated its impact in primary care settings 
[29,32,33,34]. Depending on implementation, mixed results were ach-
ieved in different regions (rural and urban areas) and different in-
stitutions. Its inclusion on the list of lists of essential medicines 
determined whether an antibiotic’s use increased or decreased. Some 
interventions were run concurrently with other mechanisms, making it a 
challenge to separate their effects, such as broader healthcare system 
reforms (e.g., the zero mark-up policy) and delivery (e.g., healthcare 
medical insurance programs), which might have affected the changes in 
antibiotic use [34]. The effects of these organizational/management 
systems strategies in encouraging rational medicine use were greater in 
public institutions than in private institutions [35]. This finding is sig-
nificant, because improvement in prescription patterns is evident in 
township hospitals in China. However, prominent regional disparities 
remain significant. Studies found that irrational antibiotic use and un-
necessary parenteral administration are still highly prevalent. Antibiotic 
overuse remained an extensive problem in the treatment of many dis-
eases, and the NEMP plays a limited role [29,31,36,37]. 

In 2001, the WHO initiated measures to curb the spread of bacterial 
resistance and strongly recommended that governments implement 
AMS. In response to bacterial resistance, the National Health and Family 
Planning Commission of the People’s Republic of China (NHFPC) pro-
posed National Special Stewardship in the Clinical Use of Antibiotics, 
the strictest regulation of antibiotics in history so far. Interventions 
based on AMS comprised: the constitution of interdisciplinary team of 
experts to encourage data verification and management, feedback, ac-
ademic engagement (such attendance at seminars and conference), 
monitoring, clinical training, dissemination of knowledge, and oversight 
and guidance; the re-development of targets and guidelines; and finan-
cial penalties. Two studies investigated the impact of the stewardship 
program in primary health care [38,39], while other studies reviewed 

Table 5 
Results by intervention approach.   

Intervention Pathway 

Reported Results Multifaceted Single Total 

Positive 24 11* 35 
Mixed 4 5 9 
Negative 1 5 6 
No effect 0 4* 4 
Total 29 24 53  

* There was one study that included both positive and no effect in a single 
intervention, and it was conducted among different intervention subjects 
(village household/farmer). 
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the effects at secondary or tertiary hospitals [40–44]. Eleven studies had 
positive intervention results, which were effective in reducing antibiotic 
consumption. Although the results supported the implementation of 
antimicrobial stewardship strategies nationally; continuous assessment, 
monitoring, and tracking are required to determine the long-term effects 
of these strategies [45]. 

Only one study covered the control of residual water pollution of 
antibiotic drugs [46]. The EPV was used as the intervention tool. In the 
Chinese rural aquatic environment, residual ofloxacin levels decreased 
significantly as a result of targeted intervention using EPV. Interestingly, 
EPV measures that targeted and reduced ofloxacin levels also effectively 
decreased environmental pollution by other, non-targeted, antibiotics. 

4. Discussion 

As far as we know, this is the largest review of interventions for the 
rational use of antibiotics in China. The results found that China has 
made major efforts on improving rational use of antibiotics in the past 
decades, and indicated that interventions with multiple strategies are 
more effective than single pathways, which was in line with previous 
findings [12,47,48]. In addition, interventions that target both con-
sumers and providers could be more effective compared with targeting 
either group singly in reducing the rate of antibiotic prescription 
[17,18,49]. 

This review found that most policies or interventions only focused on 
the human health aspect, with less targeting of the environment and 
animal health sectors. However, one of the important drivers of bacterial 
resistance is antibiotic misuse in the environment, humans, and animals, 
and the spread of resistant bacteria between these sectors [50]. The 
“One Health” approach, advocated by The United Nations, is designed to 
contain bacterial resistance [51], and recognizes the importance of in-
terlinks among the environment, animal health, and human health, 
emphasizing that efforts must be made to involve interdisciplinary and 
inter-departmental collaboration. China responded positively, being 
committed to the “One Health” approach to fight bacterial resistance, 
with 14 ministerial departments meeting regularly to discuss progress, 
resulting in the issue of the National Action Plan for Containing Bacterial 
Resistance (2016–2020). The effects of the program were obvious, and 
antibiotic prescription rates were reduced dramatically below a pre-
determined level during the program, but only in human health [52]. 
For animal health, the actions focused on a surveillance plan for animal- 
derived bacterial resistance, rather than on optimizing the use of anti-
biotics [53]. In addition, in the environmental setting, there has been a 
lack of proposed actions or policies. Previous studies found that anti-
biotics are used in animals for a wide variety of nontherapeutic pur-
poses, including growth promotion [54]. Farmers tend to be more 
dependent on antibiotics to control animal diseases, because they affect 
the income of millions of households in rural areas [55,56]. To date, the 
toughest challenge is still to reduce the use of antibiotics as growth 
promoters in animal husbandry; therefore, inter-departmental collabo-
ration guided by the One Health perspective needs to be further 
strengthened. 

The most interventions are targeted at public hospitals, while private 
medical institutions, such as retail pharmacies, lack effective regulation. 
However, in China, one of the main sources of antibiotic misuse is retail 
pharmacies. Previous research showed that about 70–84% of pharma-
cies in China dispensed antibiotics without a prescription for adults with 
acute upper respiratory infections [57]. Moreover, a multi-country 
public awareness survey also found that an average of 93% of people 
reported to have obtained their most recently used antibiotics from 
pharmacies as non-prescribed antibiotics [58]. This suggests lax 
enforcement of the regulations for antibiotic prescription and 
dispensing. In China, public medical institutions are managed by the 
NHCPRC, and retail pharmacies are supervised by National Medical 
Products Administration (NMPA). The NHCPRC usually adopts a range 
of policies to improve the rational use of antibiotics from a health 

perspective. However, the NMPA’s main responsibilities for drugs are 
regulating their registration and undertaking quality management. 
Thus, function barriers between agencies make it impossible to form 
synergistic strategies to promote rational use of antibiotics. In addition, 
poor practices are also attributed to knowledge gaps and a lack profes-
sionalism among pharmacists [59], consumer demand [60], and a focus 
on profits [59]. Therefore, we suggest that not only is there a need to 
strengthen the enforcement of regulations for the dispensation of anti-
biotics, improve the public’s perception of antibiotic use, and provide 
more training for pharmacy staff, but also encouragement of cross- 
departmental collaboration between government departments is 
needed. 

We found that the primary care facilities lack long-term effective 
interventions to improve antibiotic use, as reported previously [61]. A 
range of policies have been introduced to improve the use of antibiotics; 
however, studies have shown that they were ineffective at reducing the 
prescription of antibiotics [29,34,35]. Wei et al. [17] found that a 
comprehensive health education intervention for providers and care-
givers achieved impressive outcomes: for children with upper respira-
tory tract infections, prescription of antibiotics was reduced by 29%. 
Unfortunately, at 18 months of follow-up, the improvements in anti-
biotic prescribing had declined [19]. These interventions were shown to 
be important, but they may not be sufficient to change physicians’ be-
haviors. Interventions the effectively combine restrictive and enabling 
policies might have long-term effects [12,19]. Therefore, in primary 
care facilities, there is an urgent need to develop multifaceted and 
context-adapted interventions to sustainably improve the use of 
antibiotics. 

4.1. Strengths and weaknesses 

Our review has several strengths. First, a scoping review was carried 
out to obtain an overview of the evidence base, which contrast with 
systematic reviews that narrow the focus to evidential sub-sets. We 
looked for large numbers of different types of intervention approaches 
aiming to improve the use of antibiotics. Second, the studies used in our 
scoping review followed specific criteria for inclusion to ensure the 
quality of the included research and we did not use studies that failed 
meet the strict inclusion criteria. For example, three Chinese databases 
were excluded from our research because of inadequate descriptions and 
detail. This study does have limitations. The inappropriate of antibiotic 
use accelerating the spread of antibiotic resistance directly, and this 
review just focusses on efforts of optimizing use of antibiotic in China. 
Further research is need to focus on more efforts on combating antibiotic 
resistance. 

5. Conclusion 

China has made major efforts on improving rational use of antibiotics 
in the past decades. Most policies or interventions, however, focused 
mainly on the human health aspect, with less targeted at the environ-
mental and animal health sectors. In human health, most interventions 
targeted hospitals, while retail pharmacies and primary healthcare in-
stitutions are lacking effective measures. In the animal and environ-
mental settings, few policies or actions were proposed on optimizing use 
of antibiotics. 

For further improving the rational use of antibiotics, the cross- 
disciplinary and coordinated multi-faceted interventions guided by the 
One Health perspective should be developed and implemented. Mean-
while, the cross-departmental collaborative mechanism leading by the 
Chinese central government should be further strengthened to play a 
greater and more active role in fighting against antibiotic resistance 
wholly. 
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