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T
reatment of infectious diseases is becoming more

difficult due to widespread emergence of

antimicrobial resistance (AMR) in major pathogens,

particularly in bacteria, which results in treatment failure,

prolonged illness, disability and greater risk of death. AMR is

considered responsible annually for >23,000 deaths in the

United States, 25,000 deaths in the European Union and

>38,000 deaths in Thailand (1). AMR can spread rapidly

between patients, regions, and countries. Recently, New

Delhi metallo-β-lactamase-1 (NDM-1)-producing bacteria

which originated from India in 2008 have spread throughout

the world (2, 3). Since AMR can spread across the borders,

this is not a local problem but an

international issue. Furthermore,

AMR can cause enormous

economic loss. Overall societal

costs for AMR are estimated to be

US$ 35 billion as direct and

indirect cost in the United States, 

€ 1.5 billion in the European Union,

and US$ 1.3 billion in Thailand (1).

Given that most of the low- and

middle-income countries which

might have even more serious

problems of antibiotic abuse and

AMR do not have the data. The

global impact of AMR on clinical,

social, and economic aspects is

unprecedented. 

Current situation of AMR in the Asian region
Based on the published reports, the Asian region is evidently

an epicenter of AMR globally with the highest prevalence of

resistance in major bacterial pathogens (Table 1) (4-8). Multi-

drug-resistant pathogens have been widely disseminated

both in hospitals and in the communities in many Asian

countries.  For instance, Streptococcus pneumoniae which is

the most common pathogen of community-acquired

pneumonia, shows an extremely high prevalence rate to

macrolide antibiotics in Asian countries (Fig. 1) (5, 9-12).

Unusually high prevalence rates of AMR in major bacterial

pathogens in Asian countries are affected by several factors.
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Antimicrobial resistance (AMR) is a very critical health-care, social and economic problem
worldwide. In particular, the Asian region shows the seriousness of the AMR problem due
to its high prevalence rates of AMR in major bacterial pathogens and lack of effective
efforts to combat AMR. Although AMR should be considered the national priority, it has
not been recognized as an important health-care issue in most Asian countries. Given the
clinical and socioeconomic impact of AMR, comprehensive strategies and action plans
based on the national efforts and international collaboration are urgently required to
control and prevent AMR in the region.  
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Figure 1: Prevalence of Streptococcus pneumoniae resistant to macrolide in Korea, Taiwan, and Vietnam
(2008–2009); USA (2007–2009); Canada (2008); Belgium (2007–2009); and Germany (2008) 



The most important reason is antibiotic abuse and misuse

both in the clinical practice and in animal husbandry in Asian

countries. Although antibiotics are universally abused

throughout the world, these special therapeutic agents are

very frequently and widely abused in the Asian region where

antibiotics can be purchased as over-the-counter drugs in

many countries. Counterfeit antibiotics are another inducer

of AMR: 78% of counterfeit antibiotics are made in

Southeast Asian countries where 44% of these drugs are

consumed (13). Antibiotics are also widely abused in animal

husbandry in many Asian countries. In China, the use of

antibiotics for disease treatment and as growth promoters in

animals is unmonitored which leads to the overuse of

antibiotics and may pose a risk to human

health worldwide due to the scale of the

livestock industry and the largest volume

of antibiotics is produced and consumed

in China (14).  Once AMR emerges, these

resistant pathogens can easily and rapidly

spread unless effective control measures

are implemented. However, inadequate

health-care infrastructures and infection

control programmes in most of the low-

and middle-income Asian countries

prevent effective control and prevention

of the emergence and spread of AMR.  

Strategies and action plans to
control AMR in Asia
International efforts to combat AMR in Asia

International efforts to perform

surveillance of AMR and to prepare the

international strategies have been pursued only by limited

groups and organizations in the Asian region despite the

critical situation of AMR. In 1996, the Asian Network for

Surveillance of Resistant Pathogens (ANSORP) was

organized by Asian physicians (organizer: Professor Jae-

Hoon Song, Korea) to perform international surveillance of

AMR in the Asian region (www.ansorp.org). ANSORP has

collaborated internationally to identify the problems of

AMR in major bacterial pathogens by activating 113

hospitals in 65 cities in 14 Asian countries/areas (Fig. 2).  In

order to support the ANSORP activities and other

programmes, the Asia Pacific Foundation for Infectious

Diseases (APFID) was founded in 1999 which organizes and
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Figure 2: Current status of Asian Network for Surveillance of Resistant Pathogens (ANSORP)

Table 1: Prevalence of resistance in major bacterial pathogens 

Pathogen Disease Antibiotic  Resistance1 % Focus area

Community 

Streptococcus pneumoniae CAP2 Macrolide 73% Asia

Escherichia coli UTI3 3rd cephalosporins 95% Asia

Salmonella Typhi Enteric infection Ciprofloxacin 84% Asia

Hospital

Staphylococcus aureus HAP4, bacteremia Methicillin 82% Asia

E. coli HAP, bacteremia Ciprofloxacin 96% Asia

Klebsiella pneumoniae HAP, bacteremia 3rd cephalosporins 81% Asia

Pseudomonas aeruginosa HAP Carbapenem 30% Asia

Acinetobacter baumanii HAP Carbapenem 68% Asia

1Highest reported prevalence of resistance to prototype antibiotics
2CAP ; Community-acquired pneumonia
3UTI ; Urinary tract infection 
4HAP ; Hospital-acquired pneumonia



supports various international efforts to combat infectious

disease threats, particularly infections caused by drug-

resistant bacteria in the Asia-Pacific region. APFID has been

operating four major international programmes;

international surveillance of AMR by ANSORP since 1996,

international communication of scientific issues by ISAAR

(International Symposium on Antimicrobial Agents and

Resistance) since 1997, international microbial collection by

ABB (Asian Bacterial Bank) since 1996, and international

campaign for AMR by Campaign 4 since 2014. APFID and

ANSORP have been actively collaborating with the World

Health Organization (WHO), Asia Pacific Economic

Cooperation (APEC), regional academic societies and

health-care organizations in individual countries to prepare

international strategies and action plans as well as to

establish a platform for effective control and prevention of

AMR in the region. 

Strategies and action plans for AMR control in Asia 
APFID has proposed the international strategies to control

and prevent AMR in the Asia-Pacific region in collaboration

with APEC as the “APEC guideline to tackle antimicrobial

resistance in the Asia-Pacific region” in 2014 (15). The

guidelines includes six strategic action plans (Fig. 3):

‰ Strengthen national and international surveillance

activities to identify the problems and issues of AMR and

monitoring of antibiotic uses.

‰ Improve awareness of AMR through campaigns,

education and training.

‰ Promote appropriate uses of antimicrobial agents in

human and animal husbandry.

‰ Strengthen hospital infection control and prevention.

‰ Promote vaccination programmes to reduce the

incidence of bacterial infections.

‰ Strengthen the national infrastructures and international

efforts to combat AMR. 

Action plan 1: Strengthen the surveillance of AMR
and antibiotics use
Surveillance of AMR is essential for identifying current

problems by providing information on the magnitude and

trends in AMR. Surveillance of AMR tracks changes in

microbial populations, permits the early detection of

resistant strains of public health importance, and supports

the prompt notification and investigation of outbreaks.

Surveillance findings are needed to inform clinical therapy

decisions and to guide policy recommendations. First of all,

the national surveillance of AMR should be

urgently established in every country in the

region. The microbiology laboratory

procedures, data collection, and data reporting

should be qualified and standardized.

Moreover, the international surveillance of

AMR in the Asian region should be established

because AMR can spread across the borders.

ANSORP has been contributing to collecting

and reporting the AMR in the Asian region

through international collaboration for the past

two decades (5, 6, 16, 17). Surveillance is also

needed for monitoring the effect of

interventions. Monitoring of antibiotic use is

also very important because inappropriate

taking of antibiotics is the most basic driving

force for the emergence of AMR. Given that

Asian countries have a very serious problem

with antibiotic abuse/misuse not only in

patients but also in animal husbandry as well as
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Figure 3: Six strategic action plans to control and prevent antimicrobial resistance in Asia

Surveillance of AMR tracks changes in
microbial populations, permits the
early detection of resistant strains of

public health importance, and supports
the prompt notification and
investigation of outbreaks



the issues of counterfeit antibiotics, monitoring of antibiotic

use is very crucial for proper control and prevention of AMR.  

Action plan 2: Improve awareness of AMR
Lack of awareness and knowledge about AMR prevents

Asian countries preparing comprehensive strategies to

combat AMR. Also, it is one of the main reasons for the

inappropriate use of antibiotics. A recent survey in Asia

showed that most Asian countries do not have adequate

knowledge about AMR or the appropriate use of antibiotics

among the general public and health-care professionals (18,

19). However, there has been no adequate educational and

campaigning activities for this issue in most Asian countries.

APFID is preparing the first international campaign

programme – “Campaign 4” – to improve awareness of AMR

in the Asian region.  Campaign 4 is aiming to deliver four key

messages to four major target groups: 

‰ 1) Take prescribed antibiotics only; 

‰ 2) Take antibiotics exactly as prescribed; 

‰ 3) Do not take left-over antibiotics; and 

‰ 4) Do not take antibiotics for the common cold.  

The four target groups are the general public (patients),

health-care professionals (prescribers), the pharmaceutical

industry (providers) and health-care policy-makers.

Campaign 4 will be introduced to Asian countries soon using

videoclips, leaflets, educational conferences/symposia,

media promotions, and e-learning programmes

(www.campaign4.org). This campaign will be introduced to

Asian countries in collaboration with APEC, WHO and local

academic societies as well as public health systems in

individual countries.  International conferences or meetings

are also effective in providing updated information on AMR

in the region.  ISAAR (www.isaar.org) has been working to

disseminate the state-of-the-art knowledge and information

on AMR and emerging infectious disease threats biennially

since 1997.  

Action plan 3: Promote appropriate uses of
antimicrobial agents
Because antibiotic abuse or misuse is the most important

factor in the emergence of AMR, appropriate use of

antibiotics is the first and basic step for prevention and

control of AMR. Given the dearth of new antibiotics in

recent decades, appropriate use of the current antibiotics is

of the utmost importance. Prudent use of antibiotics should

be achieved both at the hospital level and at the national

level. In the hospitals, antimicrobial stewardship

programmes should be implemented into clinical practice. At

the national level, collection of data on the use of antibiotics

in humans and animal husbandry, legal control of purchasing

and prescribing antibiotics, and governmental regulation to

ensure production, licensing, distribution and quality

assurance of antibiotics are crucial in Asian countries. 

Given the rapid increases in extensively-drug-resistant

(XDR) or pan drug-resistant (PDR) pathogens throughout

the world, the development of new antibiotics that can be

effective against these pathogens is critically required. Since

the discovery of new antibiotics is not a major interest for

most pharmaceutical companies, however, it should be

solved through international collaboration by political,

scientific and industrial systems. 

Action plan 4: Strengthen hospital infection control
Health-care-associated infections, often caused by

antimicrobial resistant bacteria, are an important cause of

increased mortality and morbidity. Infection control and

prevention in health-care facilities is an effective way to curb

AMR by preventing the spread of resistant bacteria within the

hospital. Hospital infection control is important not only for

the control of AMR in hospitals but also to prevent the

emergence of AMR in the community because resistant

pathogens can spread out from the hospital to the community.

Infection control programmes in health-care facilities in the

Asian region should be improved by establishing a secure

infrastructure consisting of infection control professionals,

continuous support by the hospital leadership, adequate

support from the clinical microbiology laboratory and

multifaceted education and reinforcement of policies.  The

antimicrobial stewardship programme (ASP) is another critical

component of hospital infection control programmes for

preventing the emergence of AMR in hospitals. 

Action plan 5: Promote vaccination against
bacterial infections
With growing burden of AMR worldwide, fewer antibiotic

options are left against resistant pathogens. Preventing the
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can be effective against these
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occurrence of infection by vaccination would eliminate the

need for antibiotic use and can reduce the risk of emerging

AMR in bacterial pathogens. Currently, vaccines have been

developed for various bacterial pathogens including typhoid

fever, cholera, tuberculosis, diphtheria, tetanus, pertussis, S.

pneumoniae, Haemophilus influenzae type b and meningococci.

Vaccines targeting MDR pathogens such as S. aureus or P.

aeruginosa are also being developed (20). Among these

bacterial vaccines, pneumococcal conjugate vaccine (PCV) is

the most representative example of vaccine that can reduce

the prevalence of AMR in S. pneumoniae by reducing the

incidence of pneumococcal infections. Therefore, national

and international efforts should be exerted to promote the

vaccination programmes available against bacterial

infections.

Action plan 6: Strengthen the national
infrastructures and international efforts 
Control of AMR should be a “national priority” since AMR is

a more serious health-care issue than any other single

infectious disease with regard to the clinical and economic

impact. Given that most Asian countries have serious

problems with AMR but weak infrastructures and

inadequate responses to meet this threat, AMR should be

considered even more important for this region and be

urgently managed. National policies and action plans for

control of AMR should be based on a multidisciplinary

approach consisting of medical, legal, social, economic and

public measures. The most important national policies are

establishing relevant policies and regulations for production,

quality control, circulation and use of antibiotics, nationwide

surveillance of AMR, evaluation of the clinical and economic

impact of AMR, and public implementation of various

interventional measures. One of the most important policies

to control antibiotic abuse is the separation of prescribing

from dispensing antibiotics by law, which can prevent the

general public purchasing over-the-counter antibiotics

without a doctor’s prescription. Antibiotic uses in animal

husbandry should also be monitored and regulated by

appropriate regulations. In addition to national efforts,

international collaboration is also crucial with regard to

international surveillance, improving awareness, prevention

of counterfeit drugs, development of new antibiotics, and

exchanges of information. In the Asia region, private

organizations such as APFID/ANSORP, public health-care

systems such as the Center for Disease Control and

Prevention (CDC) or ministry of health in individual

countries and international organizations such as WHO

(WHO Western Pacific Region, WPRO and WHO South-East

Asian Region (SEARO) or APEC should collaborate to create

effective control and prevention of AMR in the region. Given

that many Asian countries do not have adequate financial

and human resources to improve their health-care

infrastructures to control AMR, it would be important in the

Asian region to establish an international coalition to

combat AMR. 

Conclusion
Given a growing crisis of AMR worldwide, particularly in the

Asian region, strenuous efforts to tackle AMR should be

urgently implemented through international and

multisectoral collaboration. This is very crucial because

effective prevention and control of AMR can be achieved

only by multifaceted international collaborations based on

strong national and international initiatives. The six major

action plans to control and prevent AMR in the Asian region

can provide Asian countries with the guide to establishing

the strategies to address the growing threats of AMR and

can contribute to reducing the economic and clinical burden

of AMR in the Asian region. l
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responses to meet this threat, AMR
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