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Abstract

The core requirement of " One Health " is to develop and implement a unified
method to jointly monitor the trend of antimicrobial resistance in bacterial
isolates from humans and animals. This project is cooperated with the Animal
and Plant Disease Prevention and Quarantine Bureau of the Agriculture
Committee. The agriculture and public health agencies jointly established an
antimicrobial resistance monitoring protocol for zoonotic food-borne pathogens,
and carried out resistance monitoring. An information sharing mechanism has
been implemented by both sectors to serve as a basis for antimicrobial control
policies. In this year, the study has been focused on the monitoring antimicrobial

resistance in Salmonella enterica and Campylobacter spp.

keywords :
One Health, antimicrobial susceptibility testing, zoonotic food-borne pathogens,

antimicrobial resistance
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Enteritidis

Typhimurium

Newport/Bardo

Ampicillin - m— Ampiillin Ampicillin e—————
Sulfamethoxazole —— ik h I
Trimethoprim e Tri Trimethaprim - me———
Tetracycine mm— Tetracychine Tetracycine e —
Gentamicin Gentanmi — Gentamidn  —
Chioramphenicol 1 Chioramphenicol - me——— Chioramg
Nalidic Acid | Nalidisic Acid  mm— Nalidicic Acid
Ciproflaxacin | Ciprofionacin  ee— Ciprofiouacin  me—
Cefotaxim Cefotaime Cefotaxime m
Ceftazidime | Coftaridime  mm—— Ceftazidime  mm—
Agithromyein 1 Aithrorycin  m— Azithromycin =
Colist Colistin . Colistin  mm—
Meropenem Merapenem Merapenem
0 10 20 30 40 S0 6 70 80 90 10 0 10 20 30 40 S 60 70 80 9 100 0 10 20 30 40 S 6 70 8 9% 100
Anatum Agona Goldcoast
Ampicillin Ampicilln  — Ampicilin
ifamethoxazol
P Trimethoprim  se—
Tetracydine Tetracycine  m— Tetracychine
Gentamicin = Gentamicin  — Gontamicn  e—————————
[ 5 Chioramphenicol  —— amp
Nalidinic A e————— Nalldicic Acld  mm— Nalidixic Acid
Ciprofiaxacin  — Ciprofloxacin  — Ciprofloxacin
Cefotaxime Cefotaxime  mumm— Cefotaxime
Ceftazidime Coftaridime  m— Coftazidine
Asthromycin Azithromycin — ee——— ithe
Colistin Colistin Colistin mem
Meropenem Meropenem Meropenem
0 10 0 30 40 S0 6 70 80 9 10 @ 10 22 3 40 5 6 70 80 9 100 0 10 0 3 40 S 6 70 80 % 100
Derby Livingstone var. 14+ Paratyphi B var. Java
Ampicilin - ——— ampicilin Ampicillin
Trimethoprim  ——— Trimethoprim Trimethoprim
Tetracydine Tetracycline Tetracychne
Gentamicin Gentam Gentamidn
Chioramphenicol  — c Chioramphenicol
Nalidixic Acid Malidixic Acid Malidiae Acid
Ciprofiaxacin Ciproflcxacin  mem— Ciprofiokacin
¢ Cefotaxime Cefotaxime
— Coltaridime  n——— Cefatidime
— Aithromycin  ee— Adithromycin
Colistin Colistin
Meropenem Meropenem Weropenem
0 10 0 30 40 S0 6 70 8 % W 0 10 0 30 4 50 6 70 B0 90 100 0 10 0 3 40 S 6 70 80 % 100
Kentucky Weltevreden All Serotypes
Ampicillin Ampcillin Ampicilin - e————
p Tri JE—— Trimethaprim  me—
Tetracycline Tetracycline  mem—— Tetracycine  e——————
Gentamicin  m— Gentami Gentamicn
Chioramp Chioramphenicol Chioramphenicol  mm—
Nalidiic Acid Walidixic Acid Nalidicic Acid  mm—
Ciproflaacin  me— Ciprofioacin Ciprofitacin  mem—
Cefotaxime Cefotaxime Cofotaxime  mummm—m
Ceftazidime Ceftaridime Ceftazidime  mmm—
Agithromycin Aithromycin  e— Azithromycin  m—
Colistin Colistin Colistin
Meropenem Merapenem Merapenem
0 10 20 30 40 50 & 70 80 9% 10 0 10 20 30 40 S 60 70 80 9 100 0 10 1 0 40 S e 70 80 9% 100
‘Ampicillin Tetracycline q Cefotaxime Azithromycin Ceftazidime Meropenem Nalidixic Acid Genamicin  Chloramphenicol  Trimethoprim Colistin
totalN | N %Res N %Res N %Res N %Res N %Res N % Res N__ %Res N %Res N %Res N %Res N %Res N %Res N SRes
‘Allserotypes 514 243 3958 316 5147 233 3795 8 1336 76 1238 52 847 94 1531 0 © 8 1368 47 765 183 30.78 185 303 280 47.23
Enteritidis 274 46 1679 34 1241 4 876 1036 0 0o 1 036 1036 0 0 1036 0 000 2 0n 4 876 272 9927
Typhimurium 115 90 7826 110 95865 95 82.61 37 R17 12 1043 13 11.30 15 1304 o o 18 1565 6 1391 74 6435 64 5565 6 522
Newport/Bardo a7 21 5676 24 6486 21 5676 7 1892 12 1 270 4 1081 0 0 3 an 3 a1 18 4865 14 3784 5 1351
Anatum 36 32 36 100.00 35 or 5 13.89 32 8889 2 556 32 8889 0 0 22 61l 1 278 35 97.22 31 8611 2 556
Agona 34 7 26 7647 6 1765 6 17.65 7 2059 7 20.59 8 2353 0 0 6 17.65 6 17.65 13235 6 17.65 0 000
Goldcoast 2 21 21 9545 20 0091 2 9545 22 10000 19 .36 22 10000 0 0 21 9545 15 68.18 22 100.00 20 9091 1455
Derby 11 4 7 6364 8 7273 o 0.00 o 0.00 1 9.09 3 727 o o o 0.00 0 0.00 4 3636 3 2727 o 0.00
Lvingstonevar. 14+ [ 9 7 7 7178 7 7178 1111 o oo 3 3333 4 4444 0 ) 0 000 0 000 7 7.8 7 7778 0 000
ParatyphiBvar. Java| 8 0 6 7500 0 000 0 000 0 0o 0 0.00 0 000 0 0 0 000 0 000 0 0.00 0 000 0 000
Kentucky 7 5 7 10000 7 10000 1 1429 0 000 o0 0.00 o 000 o 0 7 100.00 1 1429 7 100.00 7 100.00 0 000
6 0 0.00 6 _100.00 1 16.67 o 0.00 0 1 16.67 0 0 0 0 0.00 0 0 0.00 1 1667 0 0.00
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USA EU WHO OIE OIE Sensititre Sensititre
CLSI Class Antimicrobial Agent
NARMS ECDC EQAS VCIA VHIA EUVSEC | EUVSEC Concentration range
. Ciprofloxacin | ] [ ] [ ] [ ] [ ] 0.015-8
Quinolones —
Nalidixic acid | ] [ ] [ ] [ ] 4-128
Folate path Sulfamethoxazole | ] [ | [ | | | 8-1024
olate pathway
XT
inhibitors > L | |
Trimethoprim [ ] [ ] [ ] [ ] 0.25-32
Cefotaxime [ ] [ ] [ ] 0.25-4
Cephems Cefoxitin [ ] [ ]
Ceftazidime [ ] [ ] [ ] 0.5-8
Ceftriaxone | ] [ | [ |
Penicillins Ampicillin | ] [ | [ | [ | [ | 1-64
Macrolides Azithromycin | ] [ | [ | 2-64
Imipenem
Penems Ertapenem
Meropenem | ] [ ] [ ] [ ] 0.03-16
et i Tigecycline [ ] [ ] [ ] 0.25-8
etracyclines
v Tetracycline | | [ | | | | | | | 2-64
Polymyxins Colistin [ | || [ | [ | 1-16
. . Gentamicin | ] [ | [ | [ | [ | 0.5-32
Aminoglycosides -
Streptomycin | | | |
Phenicols Chloramphenicol | ] [ ] [ ] [ | 8-128
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USA EU WHO |Sensititre Sensititre
Antimicrobial Agent .
NARMS ECDC EQAS | CAMPY2 CAMPY2 Concentration range
Azithromycin [ | [ | 0.015-64
Ciprofloxacin B [ ] B 0.015-64
Clindamycin B B 0.03-16
Erythromycin B [ ] B B 0.03-64
florfenicol | | 0.03-64
Gentamicin B [ ] B B 0.12-32
Nalidixic acid B B B 4-64
Tetracycline | [ | [ | | 0.06-64
Streptomycin [ |
Co-amoxiclav -
(Amoxicillin/clavulanic acid)
Telithromycin |
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Salmonella
MIC Interpretive Standard (ug/mL)
Antimicrobial Agent TG Sehe A
CLSIClass Antimicrobial Agent Concentration Range This study NARMS o
(EUCAST)
(ug/mL)
Susceptible |Intermdiate| Resistant Susceptible | Intermdiate | Resistant (R>)
Aminoglycosides Gentamicin 0.5-32 <4 8 216 <4 8 216 2
Cefotaxime 0.25-4 <1 - 22 <1 2 24 0.5
Cephems
Ceftazidime 0.5-8 <1 - =2 <4 8 =16 2
Folate pathway Sulfamethoxazole 8-1024 <256 - > 512 <256 - >512 256*
inhibitors Trimethoprim 0.25-32 <8 NA 2
Macrolides Azithromycin 2-64 <16 >32 <16 - >32 16*
Penems Meropenem 0.03-16 <1 2 >4 <1 2 >4 0.125
Penicillins Ampicillin 1-64 16 =32 <8 16 >32 8
Phenicols Chloramphenicol 8-128 16 <8 16 >32 16
) Ciprofloxacin 0.015-8 <0.06 0.12-0.5 <0.06 0.12-0.5 >1 0.064
Quinolones — -
Nalidixic acid 4-128 <16 - 32 <16 - 232 8
X Tetracycline 2-64 <4 8 216 <4 8 >16 8
Tetracyclines - -
Tigecycline 0.25-8 <1 2 NA 1*
Polymyxins Colistin 1-16 < >4 NA 2*
Campylobacter
. . MIC Interpretive Standard (ug/mL)
o Antimicrobial This study NARMS WHO EQAS 2020
CLSI Class Antimicrobial Agent C. jejuni C. coli C. jejuni C. coli C. jejuni C. coli
Agent Concentration
Range (ug/ml) Susceptible | Resistant | Susceptible | Resistant |Susceptible Susceptibl (R>) (R>)
Macrolides Azithromycin 0.015-64 £0.25 20.5 <0.5 21 <0.25 20.5 <0.5 21 NA NA
Erythromycin 0.03-64 <4 28 <8 216 <4 28 <8 216 4 8
. Ciprofloxacin 0.015-64 <0.5 >1 <0.5 >1 <0.5 >1 <0.5 >1 0.5 0.5
Quinolones —— .
Nalidixic acid 4-64 <16 >32 <16 232 <16 232 <16 >32 16 16
Lincosamides Clindamycin 0.03-16 <0.5 >1 <1 22 <0.5 =1 <1 =2 NA NA
Phenicols florfenicol 0.03-64 <4 28 4 28 <4 28 <4 28 NA NA
Aminoglycosides Gentamicin 0.12-32 <2 >4 <2 >4 <2 >4 <2 24 2 2
Tetracyclines Tetracycline 0.06-64 <1 22 <2 24 <1 22 <2 =24 1 2
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2 04:2014~2021 & 2L RPN FA B O & FHEY wIL F L F

O group Isolates | Percentage Serotype Isolates [Percentage in O group
Enteritidis 6744 96.79%
Panama 130 1.87%
09 (D1) 6968 37.74% -
Itami 60 0.86%
Others 34 0.49%
Typhimurium 3664 64.26%
Agona 764 13.40%
Derby 415 7.28%
Stanley 310 5.44%
04 (B) 5702 30.88% -
Paratyphi B var. Java 287 5.03%
Schwarzengrund 91 1.60%
Brancaster 84 1.47%
Others 87 1.53%
Newport/Bardo 1069 54.15%
Albany 276 13.98%
Goldcoast 197 9.98%
08 (C2) 1974 10.69% Hadar/Istanbul 156 7.90%
Muenster 125 6.33%
Corvallis 49 2.48%
Others 102 5.17%
Anatum 1451 77.51%
Weltevreden 264 14.10%
03,10 (E1) 1872 10.14% -
Give 112 5.98%
Others 45 2.40%
Livingstone var. 14+ 325 19.37%
Braenderup 218 12.99%
Virchow 186 11.08%
Bareilly 185 11.03%
07 (C1) 1678 9.09% Mbandaka 183 10.91%
Montevideo 138 8.22%
Potsdam 120 7.15%
Infantis 115 6.85%
Others 208 12.40%
Havana 44 33.85%
Kedougou 41 31.54%
013 (G) 130 0.70% -
Idikan 31 23.85%
Others 14 10.77%
Cerro 57 98.28%
018 (K) 58 0.31%
Others 1 1.72%
01,3,19 (E4) 22 0.12% Senftenberg 22 100.00%
Others 59 0.32%

(e 27 AR5 20 &enih S Fd 3303w
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35:2011~2021 & G R P S FHLARKED 5 L FT M4
ranking list 1 2 3 4 5

2011 Serotype Enteritidis Newport* Stanley Albany
n=760 % 353 26.2 8.7 6.2 34

2012 Serotype Enteritidis Newport* Paratyphi B var. Java Stanley
n=863 % 36.7 5.4 3.2 2.3

2013 Serotype Enteritidis Newport* Livingstone Stanley/Agona
n=2247 % 33.2 6.3 37 3

2014 Serotype Enteritidis Newport* Agona Stanley
n=1820 % 39.5 5.6 37 3.5

2015 Serotype Enteritidis Newport* Agona Paratyphi B var. Java
n=3043 % 40.7 5.6 3.9 24

2016 Serotype Enteritidis Newport*/Anatum Agona Derby
n=3822 % 311 6.6 4.2 25

2017 Serotype Enteritidis Anatum Newport* Agona
n=5162 % 34.8 14.2 6.2 3.9

2018 Serotype Enteritidis Anatum Newport* Agona/Goldcoast
n=1720 % 30.8 10.8 6.1 39

2019 Serotype Enteritidis Anatum Goldcoast Agona
n=1580 % 43.7 18.2 9.5 47 35

2020 Serotype

n=0 %

2021 Serotype Enteritidis Agona Anatum Newport*
n=1434 % 43.9 6.42 5.51 4.6
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Genotype Phenotype
Antimicrobial Total C. coli C. jejuni Total C. coli C. jejuni Resistance determinants
(n=219) (n=40) (n=179) (n=219) (n=40) (n=179)
[Tetracycline 96.3 97.5 96.1 96.3 97.5 96.1 tet(L), tet(O), tet(O/M/Q)
Nalidixic acid 91.8 97.5 90.5 92.2 97.5 911 [T86I, DOON in gyrA
ICiprofloxacin 91.8 97.5 90.5 92.2 97.5 91.1 1861, DION in gyrA
Florfenicol 1.4 25 11 10.5 7.5 1.2 fexA, cfr(C)
IClindamycin 13.2 62.5 2.2 20.5 62.5 1.2 lerm(B), A2075G in 23S rRNA, cfr(C)
IGentamicin 11.9 40 56 11.9 40 5.6 laac(6')-le/aph(2")-la, aph(2")-If, aph(2")-lh
Erythromycin 13.2 62.5 2.2 13.2 62.5 2.2 lerm(B), A2075G in 23S rRNA
IAzithromycin 13.2 62.5 2.2 13.7 62.5 2.8 lerm(B), A2075G in 23S rRNA
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This project mainly refers to the National Antibiotic Resistance Surveillance System (NARMS), the
European Surveillance System (TESSy) and the World Organization for Animal Health (OIE) standard
guidelines and surveillance methods to chose the the types of antibiotics resistance monitoring
drugs for non-typhoid Salmonella and Campylobacter spp., also established the surveillance models.

This year (2021), we completed the drug susceptibility test of 1,129 strains of Salmonella and 219
strains of Campylobacter spp, and used the drug susceptibility test data of non-typhoid Salmonella
from 2014 to 2021 for trend analysis, and proposed preliminary monitoring results. From the
monitoring results, it can be observed that the main non-typhoid Salmonella serotypes in Taiwan are
still Enteritidis and Typhimurium serotypes. The isolation rate of the strains is relatively stable
and flat. However, in the case of other strains of different serotypes, the mumber of strains is
increasing and decreasing, and it is observed that the competitive advantage generated by the
production of strains with special antibiotic resistance is related to the epidemic. such as the
prevalence of Anatum and Goldcoast serotypes,

The operation of drug susceptibility testing is not a new or difficult technology, but it relies on
the consistency and continuous accumulation of data. We use the data from the previcus years of
implementation from 2014 to the present, and our laboratory can identify the Salmonella serotype is
superior to the ability of clinical testing, which enables the analysis of data to more accurately
monitor the prevalence of drug-resistant strains.

The biggest highlight of this year' s planned research work is to complete the analysis of the
antibiotic resistance of Campylobacter spp. It fills the clinical blank of the non-cperational drug
susceptibility test of this kind of bacteria in Taiwan. We also further studied the relationship
between the phenotypic resistance of these strains to 8 antibiotics and the resistance genes
identified by the DNA sequence, and understood that the high-level resistance of Campylobacter to
important antibiotics can be accurately predicted with drug resistance genes Related research
results have been written into papers and published in international journals.

#r¥ga iy - 2021/11/12 #s2e 4 ¢ P RA#FeLe 8 0 2021/11/12
Batreft i Ry oMk T Ha g 1 2021/11/12
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