
















2019/10/16

1

Phenotypic and Genotypic Surveillance of 

Antimicrobial Resistance in Taiwan

Tsai-Ling Yang Lauderdale (楊采菱)

National Institute of Infectious Diseases and Vaccinology (NIIDV)

National Health Research Institutes (NHRI)

October 11, 2019 

George Washington University
Research Units at NHRI

Institutes Research Center

National Institute of Cancer Research Immunology Research Center

Institute of Cellular and System Medicine Center for Neuropsychiatric Research

Institute of Population Sciences

Institute of Biotechnology and Pharmaceutical 

Research

Institute of Molecular and Genomic Medicine

National Institute of Environmental Health

Sciences

Institute of Biomedical Engineering and 

Nanomedicine

National Institute of Infectious Diseases and 

Vaccinology

Our AMR Surveillance Projects

Taiwan Surveillance of Antimicrobial Resistance (TSAR)

- Target: Clinical bacterial isolates from hospital inpatients and outpatients

- Objective: Monitor AMR trend in different patient groups and help detect 

emerging resistance

- Goal: Provide data to promote judicious antibiotic use and support 

intervention advocacy efforts

Survey of antibiotic-resistant bacteria in the community

- Target: Indicator and zoonotic bacteria in retail meat

- Objective: Investigate the prevalence of AM-resistant bacteria in the food 

supply and their association with clinical human isolates

- Goal: Identify potential reservoirs of AM-resistant bacteria that may be 

transmitted via the food chain to humans directly or indirectly 

TSAR Background & History

 In 1998, Dr. Monto Ho (何曼德院士) established the 
“Microbial Infections Reference Laboratory (MIRL)” to 
carry out the mission of “Research and control of 
antimicrobial resistance (AMR)” in Taiwan through 
“Surveillance, Research, Service, and Advocacy”

 In the same year, Dr. Ho implemented the TSAR (Taiwan 
Surveillance of Antimicrobial Resistance) project 

(PI: Dr. L. Clifford McDonald 1998-2000). 

TSAR Progress

TSAR Collection time
No. of 

Hospitals

No. of 

isolates

I Oct-Dec 1998 44 ~6000

II Mar-May 2000 21 ~3200

III Jul-Sep 2002 26 ~6000

IV Jul-Sep 2004 26 ~6500

V Jul-Sep 2006 25 ~6300

VI Jul-Sep 2008 26 ~7300

VII Jul-Sep 2010 26 ~7400

VIII Jul-Sep 2012 27 ~8000

IX Jul-Sep 2014 26 ~7600

X Jul-Sep 2016 25 ~7600

XI Jul-Sep 2018 25 ~7500
* Population:  

22.4 mil

*Area: 142 x 

394 km 
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Regional Hosp. TSAR III – XI: Similar isolate collection protocol & participating hospitals

TSAR III 〜 XI Collection Protocol 

(50 Blood & SBS since TSAR VI )

(plus GBS since TSAR VII) 
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Stages of TSAR Work

Isolate 

Collection

•Hospitals

- Isolates 

- Basic info.

•NHRI

- Isolate bank

- Database

Follow-up 

Studies

•Mechanisms of 

AMR

•Strain typing

•Clonality

•Risk groups

Centralized AST
(Antimicrobial 

Susceptibility Testing) 

at NHRI

•AST (BMD)
- Confirm species

- Determine MIC

- Additional tests

•Data analysis
- WHONET

Follow-up 

Activities

•Symposium

•Report to hosp.

•Advocacy

Impact of Restriction on Antibiotic Use

 Erythromycin use in outpatients decreased by nearly 50% between 2000

and 2001 (*), from 2.19 to 1.15 DDD/1000 pop/day. (Left figure)

 Resistance to erythromycin in Group A Streptococcus (GAS) was >50% in

1998-2000, but has remained at around 20% since 2002. (Right figure)
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Increase of Extended-Spectrum ß-Lactam Resistance 

in E. coli from Outpatients
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Cefazolin-urine

Cefuroxime

Cefotaxime

Cefepime

Due to increase of ESBL and AmpC ß-lactamase producers.

PLoS One 2015 (2002-2012 data)
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Increase of Fluoroquinolone (FQ) Resistance & 

Follow-up Actions  

 Independent factors associated with these 

FQ-R bacteria: age (All 3), region (H. 

influenzae) & respiratory specimens (GBS)

 Follow-up actions

- Investigations on FQ use 

- Advocacy efforts

Modified and updated from: Kuo SC, et al., EID 2014 [H. influenzae]; Wang JT et al. PLoS One 2015 (E. 

coli); and Wu CJ et al., JAC 2017 (Gr. B Strep)

0

10

20

30

40

50

60

70

80

90

100

2002 2004 2006 2008 2010 2012 2014 2016 2018

ICU

Non-ICU

OPD/ER

Prevalence of MRSA in S. aureus 

from Different Patient Location

%



2019/10/16

3

Changing Resistance to Non-β-lactams 

in MRSA (1998-2018)
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USA300

TW500

TW400

TW300

TW200

TW100

Major MRSA Clones Distribution - Overall 

TSAR 1998 - 2018 

Characteristics of Predominant MRSA Clones in 

Taiwan

Clone

Main Genotype

ST/SCCmec/

spa CC*

pvl+
% of Isolates Resistant

CIP CLI ERY GEN TCY SXT

TW100
ST239/III/

spa-CC037
0 99.8 89.9 99.8 99.2 99.2 99.2 

TW200
ST59/IV/

spa-CC437
13.6 2.4 93.7 94.5 59.9 52.8 1.1 

TW300
ST59/Vt/

spa-CC437
96.6 3.3 93.9 94.2 22.2 54.1 1.2 

TW400
ST5/II/

spa-CC002
0 99.4 99.1 99.7 97.6 3.8 1.8 

TW500
ST45/IV or V-like/

spa-CC1081
1.2 75.9 6.9 43.6 53.3 61.9 1.4 

USA300
ST8/IVa/

spa-CC008
91.8 96.4 4.6 92.8 13.1 8.4 0.6 

* Sequence type (ST) from MLST or inferred/SCCmec type or subtype/spa type clonal complex (spa-CC)

Increase of Vancomycin-Resistant E. faecium (VREM) 
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Leading pathogens of 

hospital-acquired 

infections in Taiwan 

hospitals
Data from: Taiwan Nosocomial 

Infections Surveillance System (TNIS)

Medical Center

Regional Hospital

https://www.cdc.gov.tw/Category/MPage/4G8HuDdUN1k4xaBJhbPzKQ

Resistance

phenotype

Taiwan (TSAR) vs. China (CARSS) & Japan (CDDEP)

Taiwan 

2016

China 

2016

Taiwan 

2018

China 

2017

Japan 

2017

MRSA 54.2 34.4 54.8 32.2 41.0

CRAB 63.3 60.0 56.8 56.1 1.0

VREM 48.4 2.0 56.9 1.4 Very low

Reason for Differences in AMR Prevalence?? 

VREM in USA

China data from CARSS (http://www.carss.cn)

Japan and USA data from CDDEP (http://resistancemap.cddep.org)

https://www.cdc.gov.tw/Category/MPage/4G8HuDdUN1k4xaBJhbPzKQ
http://www.carss.cn/
http://resistancemap.cddep.org/
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Antimicrobial Use in Non-Human Sector

% of use in Taiwan (1997-1999) 

Human use

Animal use

Among approximate 1300 tons of antibiotics produced and imported/year

Chang SC et al., Infection Control 2003 (article in Chinese)

Retail Meat Survey

 Survey of ground beef, chicken and pork purchased from supermarkets 

and traditional markets

 Ongoing since 2012

 Primary target: 

- Fluoroquinolone-resistant and ESBL/AmpC producing E. coli

- Investigate the relatedness of livestock-associated-MRSA strains

PFGE of XbaI digested genomic DNA. 

Isolate: T=TSAR; M=Meat 

Kuo SC et al., J Antimicrob Chemother 2016

Plasmid profiles from 

S1 nuclease assay 

plasmid-mediated colistin resistance gene 

mcr-1-Positive E. coli from Humans & Retail Meat

Discussions with ID experts 

& government agencies

Prevalence of mcr-1 in E. coli Isolates:

TSAR vs. Retail Meat
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