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EXECUTIVEBUMMARY

INTRODUCTION
Antimicrobial resistance (AMR) has become one of the main public health issues in many phds of t

world. Based on data from the Study for Monitoring Antimicrobial Resistance Trends (SMART), the

prevalence ofAMR in pathogens causing human illsegries acrosgeographic regiosbut is highest
in AsiaPacific countries anébod borne diseasesaused by AMR microrganisms harbored by food
animalsare increasingly emergirgg a publihealth challengén the region

Worldwide, large amounts of aimiicrobials are used in food animal production for: (i) treatment of

infection, (ii) disease prevention and (iii) growth promotion. This practice provides favorable conditions

for the selecton, spreadand mainenanceof AMR bacteria, and emergence andraased prevalence
of AMR in bacteria associated with food animals has been linked to antimicrobial use (AKOY in
animalproduction

In many Asian countries, AMU in humans and food animals is not well reguleded existing
regulations are poorly enfoed. In conjunction with the strong and growing demand for animal source
food, the lack ofeffective regulation of AMU in livestock production is likely émcelerate the
development and distribution of AMR in bacteria associated with food anirfals.Asian countries
have systematic AMR monitoring systems in place and consequdattlyon theactualburden of AMR

is scant or absent.

The aim of thistudyis to enhance current knowledge on the extent and patterns of AMR, AMU and its
regulaton in food animaproductionin East, South and Southeast hasis for devising strategies for
AMR monitoring and managemeiin the livestock sectorlt is intended toserve as a reference
document for international organizations, public health agencies, regulatory atigsrand policy
makers for their future discussion and action.

METHODS

This study reviews and synthesizes the available literature on the prevalence of AMR in selected

zoonotic bacteria associated with livestock and livestock products, regulations,igaglahd policies
on antimicrobial use (AMU) in livestock and monitoring/surveillaacd control/prevention progrars
for AMR in bacteria carried by livestock and livestock producEast, South and Southeast Asihe
review focuses on the major livestio speciegroupsin the AsiaPacific region, namely poultrpigs,
and ruminants ands limited to the following four importantzoonotic bacterial species found in
livestock and livestock productsSalmonella spp. Campylobacter spp.Escherichia coliand
Enterococcus spp.

Publications were identified through online databassarches references in scientific literature and
included written resourcesknown to the authors through other mean$eerreviewed scientific
literature was preferentially includecbtensure the quality of documents. Searches were restricted to
Englishlanguagepublicationsand preferentially to papers published from 2008 onwar8#idies not

reportingthe numberofisolatesSEF YAY SR FyR (K2a$S LISNF2N¥Swerezy A &2f
excluded fronthe analysis.

Fifty-six, 24, 39 and 5 studies were available for the analysiS&monellaspp, Campylobactespp,

Escherichia colind Enterococcuspp respectively. For all microorganisgnhost class; antibacterial
compoundcom Ayl GA2ya | WgSAIKGSR | ISNIF IS LINBJIE SyOoSQ
subsequently converted into a qualitatiggoreF 2t f 2 Ay 3 | AAYLX AFAOLFIGAR2Y 27F
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the European Food Safety AuthorifgHSpas follows: resistance lefe XMz I Wi 26 QT BHmMmE:
WY2RSNI 6§SQT Bum: (2 pr: I WKAIKQT BHprr G2 1tm: I W@S

HNDINGS

The method of testing for antimicrobial susceptibility and the selection of the isolates to be tested
varied markedly betweerthe countries. Monitoring and surveillance schemes for antimicrobial
resistance in food borne pathogens and commensal bacteria covered in this report are not harmonised
among the countries reported. The data presented may not have necessarily been déowed
sampling plans that were statistically designed, and, thus, findings may not accurately represent the
national situation regarding antimicrobial resistance in food borne pathogens and commensal bacteria.
Additionally, there may not be harmonization ihe interpretive criteria (clinical breakpoints) used
between, or even within, the countries covered in this repdrhe findings presented in this report

must, therefore, be interpreted with great care and no direct comparison between countries should

be made.

Despite the limitations in the data, the results obtained for the same bacterium isolated from poultry
and pigs (in overlapping but different sets of studiesyval asthose of related but different bacteria
species(e.g. C.jejuni and Ccoli; E.faecalisand Efaecium Salmonellaand E.coli) isolated from the
same host classvere very consistent. The classification into the broad categories of AVE to
selected compounds thus appear quite robust although some misclassification wilkstitland the
approach masks differences that may well exist between countries.

Salmonella spp ForSalmonellasolates from poultry, the pooled estimate of AMR acrosantries in

GKS &adaddzRé NBIA2Yy FStf Ayid2 (GKS O¢df 3déngodnds 2 F WKA 3
(representingeight antimicrobial classes) used to compare the prevalence of AMR in this study with

findings from AMR monitoring programs in higitome countries. A very similar pattern of AMR was

found for Salmonellasolates frompigsg A 1 K 2 3SNI £ £ WKAIKQ (2 WSEGNBYSte& |
Mp O2YLl2dzyRad dzaSR FT2NJ O2YLI NRaz2yod Ly o02GK asSaa 27
the two cephalosporins cefotaxime and ceftriaxone, while for ciprofloxacin both estintdtédvR

prevalenced SNE 02NRSNI AYyS 06Si6SSy Wt 24 Q ShalfoRelldgoaeR SNI (SQod
FNRY NUzYAylyida aK2¢6SR d42YS RAFFSNByOSa (2 (K2aS 206a
WSEGNBYSte KAIKQ f S@8nd for sk of 130\Brdphuads Foy/wdich sdfSidtibdata y f & T 2
gra F@LAfTLFrofSY 6KAES FT2NJ GKS NBYFAYyAy3d aSoSy 02 YLRd
Gomparisonof the pooled AMR estimates for East, South and Southeast Asian countries with those

from systematic AMR monitoring efforts in high incomauntriesrevealed that, with few exceptions,

the highest estimates of AMR wefeund in the Asian isolates from all livestock groups dad all

compounds included in the comparison.

Campylobacter sppAMR patterns inC.coli and C.jejuniisolates from poultry were very similar and,

overall, it appears that in the Asian countries from which studies were avail@bhhlapylobacter

L322 LJdzt F GA2ya KFENDB2NBR o0& L}RdzZ GNBE KIFIBSKRIRQT 71998t &KX
NEaAaldlyoS (2 OALNRTFE2EI OAYySE yIfARAEAO | OARET FyR
resistance to gentamicin, erythromycin, and chloramphenicol. AlthoughCfgjuni the number of

ruminant isolates tested was companeatly low, the observed pattern of AMR was similar to that of
C.jejuniisolates from poultryC.coliisolates frompigs in China displayed high rates of resistance to

gentamicin (and kanamycin) and to erythromyainaddition toWK A 3K Q NXB a kcadid-afddS (2 yI
WS E (i NB YOS {NSS arbAsifirélflokddi6 and tetracycline W1 A IKQ f S@Sta 2F NBaradly
in C.coliisolates fronpigswere also found in Japan, wheisolateswere also highly resistant to tylosin

and chloramphenicol.




E.coli The extent and pattern of AMR resistance Encoli was very similar to that inSalmonella

isolates For E.coliisolates from poultry, the pooled estimate of AMR across the study region fell into

GKS OFi{iS3az2NASa 2F WKA IKE17 EEnpodr8gronNdhy Gdsses) GeadITd Q F2 NJ M|
compariso® W[ 26Q f S@Sta 27T ! & genesafioNEephalysposin caftditzyami fof 2 NJ (1 KS
colistin, representative of the polymyxin class. The pattern of AMRadaliisolates from pigs was very

SYAfFNJ G2 OGKFG Ay Ll2dz GNB Aaz2fFrdSa IyR WKAIKQ (G2 WS
Mt O2YLRdzyRa Ay GKS O2YLI Nr az2yod wSaradarkryoOoS G2 OKf
resistance to trimethoprim dzf ¥ & WS E (i NBlafeS fran péuknadodfrom BigsKAMR Yy A &

rates inE.coliisolatesfrom ruminants were considerably lower than those found in poultry and pig
AaztrdiSa FyR GKS L122tSR SadAYrdisS 2F !aw LINBGIfSyOoS
compoundsfor which data was available o@parisonof the pooled AMR estimates i&.coli isolates

from poultry and pigs in East, South and Southeast Asia with those from systematic AMR monitoring

efforts in high income countries revealed that for most compoundsiuse comparison they fell into

the highest observed resistance category. Only in three of 64 comparisons was the AMR category for

isolates from poultry higher in one of the countrigs the comparison, namely for streptomycin,
sulfamethoxazole and trimetiprim in the Netherlands. Ii&.coliisolatesfrom pigs this was only the

OFrasS F2N) 2yS O02YLRdzyR 62dzi 2F T1To0o O2YLI NRaz2yaovz: ylYS
gad WOSNE KAIKQUL O

Enterococcus sppOnlythree studies on AMR were available toifaecalisand E.faeciumisolates, two

of which from Japan and the remaining fromaiwan Province of Chin&owever, given the large

number of isolates tested, the results are likely to adequately reflect the situation in Japaraaman

Province of Ciha and a crosscountry comparisorwas carried outas for the other microorganisms

included in this reviewSimilar to the findings with the other microorganisms, AMR rates found in
E.faecalisisolated from poultry in Japan and’aiwan Province of Chirgways fell into the highest

category seen for all eight compounds (from seven classes) used for comparison. AMR was found to be
WKAIKQ 2N) WSEGNBYSte& KAIKQ F2NJ AaAE 2F (GKS SA3IKG 0O2vY
isolate (of 251 testedyas found to be resistant to vancomycin.Hrfaecimz WKA3IKQ (2 WSEGNBYS
levels of resistance were found for sixtbg nine compounds included in the comparison, resistance

0SAY3 NIGSR Fa WwWi26Q F2N 3Sy (ofl 5334tedtedfvad fguRd td- D6 LIA OA £ £ A y:
resistant to vancomycirAMR rates irkE.faeciumisolates from poultryin Japan andaiwan Province of

Chinaalso nearly always fell into the highest category observed for the compound, the only exception

being ampicillin, wh®B A &2t iS4 FNRY G(GKS bSGKSNIlIyRa SEKAOAGSR
O2NNBaLRyRAY3I SadAYF(dS F2NJ GKS AazztlidiSa FNRY (KS {(g:

In most of East, South and Southeast AdiélJin food animal productioms not well regulatedndthe

capacity to enforceexisting regulationgind to monitor AMRare often poor. As in the human medical

d4S00G2NE GKS KAIK tS@Sta 2F ! aw LINE NSRRI I2ayBMEOY B QS @2aF8S
antimicrobials. Lack of awareness of the ettand consequences of AMR and the contribution of

uncontrolled AMU in food animal production by policy makers appear to be at the root of the rather

low level of policy concern and relative regulatory inertia seen in many of the countries in the region.

RECOMMENDATIONS

This review has provided a first insight intbe likely extent of AMR in selected pathogens and
commensals associated with food animal production in East, South and Southeaahdalthoughit
appears thathe levels of AMR are high aomparison to a number of countries with systematic AMR
monitoring programsthe true extent and impact of AMR the regionremainlargely unknown. There

is an urgentnecessity to produce comparable data from national monitoring and surveillance programs
in different countriesin the regionand to combine theresults at the regional level to support the

Vi



formulation of rational and costffective AMR programs across the regionttBr communicationand
collaboration and among Asian countriesg. atASEANand SAAR@ve) is a prerequisitefor the
development of harmonized and standardized schemes for AMR monitaridgegional approaches
to conserve antibiotic effectiveness for human and animal health protection.

Vii



INTRODUCTION

Many bacteria are increasply becoming resistant to antimicrobial compounds commonly used to control
bacterial infections in humans and animals and antimicrobial resistance (AMR) has become one of the main
public health issues in many parts of the world, includheyAsiaPacificregion (APR)

Based on data from the Study for Monitoring Antimicrobial Resistance Trends (SMART), the prevaiénBe of
in pathogens causing human ilinesgies acrosgeographic regiosibut is highestin AsiaPacific countries and
food borne diseasesaused by AMR microrganisms harbored by food animalee increasingly emergirgsa
public health challengein the region[121]. Previous studies from several parts of tAsiaPacificregion
showed the emergence of drug resistaBalmonellain both humans and animals, e.g. Cambofli2Q],
Pakistan[5], Thailand[159, 161], and VietNam [15]]. Fluoroquinoloneesistant Salmonellahave been
reported across Asia (Bangladesh, China, India, Indonesia, Lao PDR,Rd&sdan, and central Vistam)
[35]. AntibioticresistantCampylobactespecies have beeincreasingly reported in diarrhea patierj36, 160,
187). Recently several reviewslemonstrated that theate of ESBipositiveEscherichia coisolated from intra
abdominal infections in the AsRacific region doubled from 2fercentin 2002 to 40.8ercentin 2010[39,
99, 100, 121]. The prevalence of carbapenemsistantEnterobacteriaceaésolates also increased sharply, in
particular, imipenem resistance increased from @&centto 6.3 percent[39, 99, 100, 121]. These data
highlight that AMR is a serious and growing health problem in the region in need of immediate action.

Mis- and overuse of antimicrobial agents in humans and animals creates selective pressures leading to the
emergence and subsequent spread of AMRorldwide, large amounts of antimicrobials are used in food
animal production for: (i) treatment of infection, (ii) @@se prevention and (iii) growth promotion. This
practice provides favorable conditions fdine selecton, spreadand mainenance of AMR bacteria, and
emergence and increased prevalence of AMR in bacteria associated with food animals has been linked to
antimicrobial use (AMU) in livestock productifiz6, 109.

In response to growing demand for animal source food, food anpopllations and production have grown
tremendously across East, South and Southeast Asia over the past decadelfT@hleken populations have
exhibited the largest increases, gritwbetween 2000 and 2010 reachidg, 147 and 62 percei East, South

and Southeast Asigspectively The three Asian subegions now account for around 52 percent of the global
chicken population. Pig numbers have also increased dramatically in East and Southeéstsps@ivelyby

18 and 35 percent) while pig numbersve declined in South Asia. Overall, East, South and Southeast Asia
account for 60 percent of global pig stocks. Cattle and buffalo populations have exhibited the slowest growth
rate (between 10 and 20 percent) but populations have shifted from draft apef loattle towards dairy
animals. Increasing livestock numbers has been accompanied by growth in individual livestock holdings and
increasing intensification of food animal production. The latter entails higher usage rates of antimicrobials for
all abovementioned purposes.

Published information on the use of antimicrobials in food animal production in Asia t® duatrthe size of
the AsiaPacific market for ifieed antibiotics has been estimated at USDHilBon in 2011, accounting for 48
percentof esimated dobal infeed antibiotic sale§157]. Around 70 percent ofh-feed antibiotics are used in
pig and poultry production while use in cattle is estimated to accounapmroximately20 percent.



Table 1. Livestock populations and populationowth in East, South and Southeast Asia between 2000 and
2010

Subregion Species Growth (%)
East Asia Chicken 4.01 5.70 42.0
Pigs 413.76 487.35 17.8
Cattle & buffalo 128.42 141.97 10.6
South Asia Chicken 0.95 2.34 147.2
Pigs 14.39 10.92 -24.1
Cattle & buffalo 377.67 437.59 15.9
SE. Asia Chicken 151 2.44 61.5
Pigs 53.29 72.05 35.2
Cattle & buffalo 52.60 62.91 19.6

* Chicken: billion head; pigs, cattle & buffalo: million head; SaUfé®STAT, accessed on 27.01.2014

In many Asian countries, AMU in humans and food animals is currently not well regulatediexisting
regulations are poorly enforcedn conjunction with the strong and growing demand for animal source food,
the lack ofregulation of AMU in livestock production is likelyaccelerate the development and distribution of
AMR in bacteria associated with food animals.

However few Asiancountrieshave systematic AMR monitoring systems in place and consequdattyon the

adual burden of AMR is scant or abserublic health systems in the region differ from one country to
another and most work independently, leading to a wide variation in AMR surveillance and control systems.
This lack of coordination is one of the majondhiances for the development and implementation of effective
and efficient AMR control and prevention strategies in the region.

The relationship between AMU antie development ofAMR is complex. AMU in some food animal species
may result in AMR isome spcies ofbacteria under certain conditiors but the sameoutcome does not
necessarily occur in other animal species #melbacteriathey harbor Application of the samantimicrobial

may lead to differentresistance ratein the same bacterial speciés different animals as well as wifferent
resistance rates idifferent species of bacteria from the same anirapkcies To date, €orts to control AMR
have beenbased solely on regulation of AMU and variable resporisese beenobtained due topoorly
understoodbiological differencein AMR developmenil76]. This phenomenon suggests the requirement for
detailed interdiscipliary and international studiesl77]. Epidemiological data and current practices pertaining
to AMU and AMR in the region need to be assesseddiahcoming risk assessments, harmonization of the
control and prevention strategies and formulation of evidet@sed policies for AMR management.

The aim of this review is to enhance current knowledge on the extent and patterns of AMR, AMU and its
reguation, and AMR monitoring prograsnin different countries irEast, South and Southeas$ &asis for
devising strategies for AMR monitoring and managemerit ititended toserve as a reference document for
international organizations, public health agées, regulatory authorities and policy makers for their future
discussion and action.

BACTERIA OF PARTIGUCONCERN AMRMONITORING

Bacteria of particular concern with respect AMR monitoring in food animals are zoonotic bacteria, hamely
Salmonella sppand Campylobacter sppand commensal (indicator) bacteria, namé&ycoliand Enterococcus
spp.[64]. Pathogenic bacterigarticularly when resistant to antimicrobials, directly affect human and animal



health, while resistant commensal bacteria indirectly contribute to the AMR problem by possessing and
transferring resistance ges toother bacteria belonging to th@ormal microflora andto bacterial pathogens

of humans. Acommensalbacteriaare prevalent in healthy food animals, in particular in pigs and poultry,
extensive AMU can result in selective pressure for AMR in plogiulations.

Commensal bacteria are ubiquitous healthy animals and can contaminate carcasses during slaughter
procesing. Compared to foodborne pathogens, commensal bacteria represent the latgge of the total
possible transfer of resistance genes to bacteria of humans through food. Althtbegtransmission rates
remain unknown, the commensal AMR gene reservoiy pase a risk to humans, whichay beequal to or
even greater than that posed by resistgpdithogenic bacterialt is important that indicator bacteria for AMR
monitoring should bederived from healthy animals that are randomly sampled to provide datathen
selective pressure exerted by the use of antimicrobials in foatlucing animal§64].

SALMONELLA

Nontyphoidal Salmonellaare among the most common and widely distributed febdrne pathogens
worldwide. Infection withSalmonellaor salmomllosis, is of significant public health and economic imaoce
and impacts on international food tradeThe incidence angredominant serovars ofSalmonelladiffer
depending on type of food and geographical aréhe food items most commonly associateith Salmonella
infection include foods of animal origin, su@s eggs, chicken meat, pork, beef, and milk. The prevaleihce
the variousserovarsin food animals can change over tirhat livestock such as pigs, cattle, and poultry serve
as a major reservoir of the pathogen. Most casesSafmonellainfection in hunans are selfimiting, but
severe cases can become invasive and cause-eitstinal infections. Problems related ®almonellahave
become more complicated due to the rapeimergence of the strains resistant to clinically important
antimicrobial agentsysually to many drugs simultaneously.

Salmonellastrains that areresistantto a range of antimicrobials are now a serious public health concern
worldwide. Assessmentf the presence oBalmonellas mandatory in determination of microbiological food
qualty and the monitoring of AMR iBalmonellais suggested in foegroducing animals and med64].
Although a number of studs on AMR irBalmonellain the region have been published, these are often of
qualitative nature and limited to a few countries and therefore do not provide a compreheogergiew.

In the EFSAarmonised panel of antimicrobials for antimicrobial susdgifity testing (AST) dbalmonellaup
to 13 antimicrobial agents were recommended to be included. It is highly recommended to determine ESBL
AmpC phenotypef64]. This can provide clearepicture regardingesistance mechaains involvedlt is also to
investigate the possible link betwee®MR in bacteria frondifferent sources and taneasurezoonotic risks

[64].

CAMPYLOBACTER

Campylobacteis the leading cause of bacterial fobdrne diseases in many countries. It is very common in
developed nationsCampylobactespecies that are mostotnmon in food animals includ€.coliand C.jejuni.
Campylobacteare part of the normal intestinal flora of food animaltigs are the primary reservoirs 6fcoli
while poultry are usually colonised witB.jejuni. In general, the numbers datampylobater are higher in
young animals than in older animals. In the latter, the bacteria cagy bal sporadically detected iredes,
possibly due to low numbers or intermittent sheddifd53. Contamination of animal products with
Campylobacteusually occurs during the slaughter process.

AMR monitoring inCampylobacteispp. preferentially focuses o€.coli in pigs and onC.jejuni in poultry.
However, C.coli also occurs redarly in poultry and may be more resistant to antibiotics th@rjejuni.
Accordingly, it is advisable to also test antimicrobial susceptibili€.odli strains isolated from poultrj153.



Most Campylobacteinfections are seHimiting. However, severe infections and prolonged cases of enteritis
require antibiotic treatment. Antibiotics usetbr clinical therapy of campylobacteriosise eythromycin,
fluoroquinolones (e.g.ciprofloxacin)tetracycline and gentamicin. The last two antibiotia® commonly used

in cases of systemic infection wi@ampylobactef2§].

ESCHERICHROLI

E.coliare commensal bacteria that are ubiquitous in healthy animals and hunfansli exist in the gut and
usuallydo not cause disease. However, soBeolistrains can be pathogenic, e.g. extrdestinal pathogenic
E.coli (EXPEC), uspathogenic E.coli [110. E.coli bacteria havebeen used as an indicator foredal
contamination of foodE.coliisolates from healthy animals are naeceptedas indicatorspeciesfor AMR in
Gram-negative bacteriaE.coli have the ability to accept and transfer resistance genes and therefore serve as
a modelfor studying the emergence &MR and the health risks posed by AMU. The antibiotics suggested for
susceptibility testig in AMR monitoring ik.coliare similar to those suggested fS8almonella

ENTEROCOCCUS

Enterococcus spmre proposed to be included in AMR monitg prograns. They serve aGram-positive
indicator organisms[64]. Enterococciare ubiquitous in healthy animal€Enterococcus sppparticularly
E.faecalisand E.faecium though commensal bacteria in animal and human intestilnacts, are among the
mostimportant opportunistic pathogens in humanBnterococcare intrinsically resistant to many antibiotics,

e.g.l -lactams (penicillins, cephalosporins, carbapenems) and aminoglycd8idesAs a commonly isolated
nosocomial pthogen, such natural resistance phenotypdvarsely affects treatment protocol&nterococci

can survive after release from their animal host and constitute a reservoir of transferable resistance genes. For
these reasond:nterococcuspp are consideredmportant for AMR monitoringj62].

Antimicrobials recommended for inclusion in AMR monitoring include ampisthieptomycin, gentamicin,
chloramphenicol, vancomycin, teicoplanin quinupristin/dalfopristin, tetracycline, tigecycline, linezolid and
daptomycin[64].

AMRSELECTION AND TRANSF

The development and spread of AMR in bacteria is a complex dynamic process that depends on the type of
antimicrobial selective pressure and the availability and transferability of resistance g€oewntly, the
majority of bacteria are multidrugesistant (MDR).

AMRSELECTION
Antimicrobials can select for MDR bacteria in two common waysetextion and croseesistance.

Coselection Caoselection occurs when different resistance determinants present on the same genetic
element[24]. A single antibiotic can eselect for several resistance genes encoding resistance to completely
unrelated drugs. The bacteriart®ecome resistant to many drugs simultaneously, including drugs that are not
used. Ceselection is a simple direct selection process and the best exampfaobfle genetic elements
associated with ceelection are integrongr5].

At leastnine classes of integrons have been described in clinical isolates and class 1 integrons are the most
predominant integron type. The significam of class 1 integrons arises from their ability to simultaneously
contain many resistance gene cassettes in their variable regions. Class 1 integrons are frequently located on



conjugative plasmids. Therefore, they are efficiently transferred among hacbmth within and between
species and play an important role in the dissemination of AMR genes among bacteria.

Crossresistance Crosgesistance is @other common phenomenon creating muitirug resistant phenotypes.
In this case, the same genetic detenant is responsible for resistance to maokasses ofntibiotics[32].
Therefore,selection througha single antibiotic can promote crosssistance to a number of drugs at the same
time. The best example of crogssistance mechanisms is the multidrug efflux system

Bacterial €flux systemsare activetransporters localized in theytoplasmic membranef all bacterial species

Efflux systems function via an enerdgpendent process that pumps out unwanted toxic substances, including
antimicrobial agents, from the interior to thexterior of the cells.As a result, the intracellular drug
concentration remains below the necessary bacteriostatic / bactericidal and the bacteria. Some efflux systems
are drugspecific, whereas most are multiple drug transporters, also referred to dsdmg efflux systems.
Exposure to amantimicrobial agent magause oveexpression of a multidrug efflux pump and promote cross
resistance to other structurallynrelated antimicrobial drugs.

Both coeselection and croseesistance are important factorsontributing to the persistence of resistance to
certain antimicrobials that are no longer used.

AMRTRANSFER
AMR spreads through bacteria populations by vertical and horizontal transfer.

Vertical transfer Bacteria can develop resistant@ough the proces of mutation, drait that is thendirectly
passed onto all offspring during DNA replicatigf60]. Thisprocess is known asertical gene transfeor
vertical evolution. Oginally, the resistance conferringutation is rare,but, in the presence of antibiotic
selective pressure, disseminates throughoubacterial population as the susceptible wild type without the
mutation will be eliminated and the resistantutant will mudtiply. This resistance is stably maintained even in
the absence of antibiotic selective pressiamd, evzentually, the resistant mutants will be predominant.

Horizontal transfer Horizontal gene transfer is a process through which resistance genes caaniséetred
from donor to recipient cells, a process that caccur among bacteria dhe same or different specig$0].
Conjugation, transformation and transduction are thénpary methods of brizontal gene transfer ibacteria.
Horizontal transfer of resistance genes is a major factor that causes wide distribution of resistant bacteria.




METHODS

This study reviews and synthesizes the available literature on the prevalencBIRfir\ selected zoonotic
bacteria associated with livestock and livestock products, regulations, guidelines and policies on antimicrobial
use (AMU) in livestock and monitoring/surveillanaad control/prevention programm for AMR in bacteria
carried by liveock and livestock products iBast, South and Southeast Aside review coprisesofficial
government documentgpournal articles and onlineewsarticlespublished over the past 5 years (from 2608
2013) tocoverthe most current developments in the feébl However, as the quantity and quality of available
publications vary between countries, the search was extendethéopast tenyears (from 2002013) for
countries witha very limited number (one or less) of publicatipesg Afghanistan, Democratic Bele's
Republic of Korea, Maldives, Mongolia, Myanmar, and THoeste.

The Asian countries covered by the review, grouped byregibns as defined by FAO, digted in Table2
below.

Table2. Countries covered in the literature search by Asianmgon as defined by FAO

Subregion Countries

East Asia ChinaPR Japan, Democratic People's Republic of Korea, Republic of Korea,
Mongolia, Taiwan (Province of China)

South Asia Afghanistan, Bangladesh, Bhutan, India, Iran, Maldives, Nepal, Pakistamkari L

Southeast Asia Cambodia, Indonesia, Lao PDR, Malaysia, Myanmar, Philippines, Thailand, Tir
Leste, Viet Nam

¢CKNRdzZaK2dzi (GKAa NBOBASES (GKS GSNY WHYUGAYAONROALE 38,
natural, semisynthetic, or syntktic origin that atin vivo concentrations Kills or inhibits the growth of a
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excluded154.

The review focuses on the majovdstock species in the Adracific region, namely poultry (chicken, ducks,
geese, quail, etc.), pigs, and ruminants (buffalo, cattle, sheep and goats), their environment / excreta, and
products (i.e. chicken meat, pork, beef, mutton and milk).

Following he EFSA technical specifications for the harmonised monitoring and reporting of antimicrobial
resistance in bacteria transmitted through fofgH], the review is limited to the following four most important
bacterial species found in livestock and livestock produstdmonella spp Campylobacter sppEscherichia
coliand Enterococcus sppThe guideline recommends to covéetcombinations of bacterial species including
zoonotic agents specific for the animal speci8alfnonellaand Campylobactérand indicator (commensal)
E.coliandEnterococcubacteria E.faeciumandE.faecali§ that serve as reservoirs for AMR deteramits[61,

62, 64].

Publications were identified through online datasesearchesreferences in scientific literature and included
written resources (e.g. government documeaind publications of universities or relevant agencia®)wn to

the authors Peerreviewed scientific literature was preferentially included to eresthe quality of documents.
Searches were restricted to English publications. The full publications were acquired and the relevant sections
were reviewed. When full / originadcientific publications were unavailablelternatives (e.g. conference
procealings with methods and results, government statengnmheeting/country repors, and dissertations)

and websites were utilizedAd hoc searches of online databases, websites and grey literature were
occasionally conductetb obtain additional information.

Internet searches were performed using Google and Yahoo search engines. The online databases PubMed,
ScienceDirect, Scopus, MEDLINE (Ts), MEDLINE (OvidSP), LISTA, Web of Science and Library catalogues, e.g.



National Agricultural Library, were searched sys#¢ically using consistent algorithms. Online information and
websites provided by national agencies in each country including academic institutions, governmental
departments, relevant ministries, respective national and international NGOssaetific journal databases

were searched. Some publications were obtained directly via personal contact. Persons with existing
collaboration in certain countries i.e. University of Veterinary Science, Nay Pyi Taw, Myanmar; Faculty of
Agriculture, National Universitof Laos, Vientiane, Lao PDR were asked to kindly provide documents.

CKS aYS@s2NR NBt S@lIyoOe |t 32N (rswts wedel displagedsSarranked NJ ( K S
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areas. The algorithms (keywnds) used are listed in Table 3

Table3. Search algorithms esl for identification of relevant literature on AMU, AMR and their regulation in
East, South and Southeast Asia

1 Antimicrobial use? (Country name)
2 Antimicrobial use? Livestock (Country name) e.g. Antimicrobial resistance? Thailand
3 Antimicrobial use? Food animals (Country name)
4 Antimicrobial resistance?
5 Antimicrobial resistance? ¢@ntry name) e.g. Antimicrobial resistance? Thailand
6 Antimicrobial resistance?, Food animals, and (Country name)
7 Antimicrobial resistance?, (Animal species), and (Country name)
8 Antimicrobial resistance?, (Bacterial species), and (Coutmyef
9 Antimicrobial resistance?, (Bacterial species), (Animal species), and (Country name)
10 (Resistance specific antimicrobial agent), Food animals, and (Country name)
11 (Resistance specific antimicrobial agent), Food animals, and (Country name)
12 (Resistance specific antimicrobial agent), (Animal species), and (Country name)
13 (Resistance specific antimicrobial agent), (Bacterial species), and (Country name)
14 Prudent use, antibiotics, and (Country name)
15 Responsible use, antibioticand (Country name)
16 Judicious use, antibiotics, and (Country name)
17 (Bacterial species)? (Country name) e.g. Salmonella? Thailand
18 (Bacterial species) Antibiotic Resistance (Country name)
19 MICs (Bacterial species)(Country name)
20 MICs (Fod animals)(Country name)
21 Control antimicrobial resistance? (Country name)
22 Regulation antimicrobial resistance? (Country name)
23 Policy antimicrobial resistance? (Country name)
24 Law, antibiotics, and (Country name)
25 Monitoring antimicrobiakesistance? (Country name)
26 Surveillance antimicrobial resistance? (Country hame)




The full publications were acquired and reviewed by the working team comprising five veterinary
microbiologiss and two microbiology research scientists. The team ireghefently reviewed citation titles,
abstracts and full texts to exclude citations that did not meet the inclusion cri{émaex 1).Publications
meeting inclusion criteriavere organizedby microorganism and country, anélevant information(e.g. source

of isolate, number of isolates tested, antimicrobials used, etc) wesacted andcompiled in MEXCEL
databases

For the descriptive analysisll &armed poultry types were grouped as poultry (e.g. broiler, layer, duck, geese,

etc = POU); all ruminant peswere grouped as ruminants (cattle, calfhag, etc = RUM); all pig typés.g.

weaners, growers, etc) wergrouped as PIGStudies orisolates from various host groupgere classified as

WIXQd { GdzRASE 6SNBE Of I aaArTA S&ivelofywinetheriihié Bolated e SbtameddzNI I NP
from live animals, their productgeces or their environment. Studies not reporting the number of isolates
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compoundc pathogeng host species combinaticrin the main text Given theimitations in comparability of
different studies qualitative levels of AMR weresed following a simplification ofthe W NJ- {iproyidkd i@
EFSA 2013: resistance leM§l x’2 ' WE 26 QT BmrE: (2 Hm: ' WY2ZRSNI GSQT F
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combination, such as number of studies, number of isolates, lowest and highest AMR prevalence are provided
in respective annexd$3].

1 The number of isolates testeglere used as ®ights



HNDINGS

The stage of development and effecthass of AMR monitoring prograrand AMU regulation and policy in

countries in East, South and Southeast Asia is highly variable and to a large exteRt linké

general level of economic developmeritlmost all countries in the study region (with the exception of Japan)
suffer from a scarcityof reliable and systematic antimicrobial resistance monitoring data. Many of the
countries in the studyegion are classified as low or medium income countries, in which antimicrobial agents
are easily accessible and often usedasirrogate for good animal husbandry practices.

Irrational use of antimicrobials appears to be a common and significant practlsestock production in the
region and is considered a major cause of the development and spread of antimigedisahnt bacteria.
Unfortunately, most of the countries covered by this study lack effeatational AMRcontrol and prevention
prograns. AMU policies andegulation in livestock production are not well established and even where
legislation to control the use of antibiotics exists, it may not be implemented properly or effectively.

PREVALENCE AIMRIN BACTERIA OF CORRE

AMR monitoringn food animals, their environment and in derived food product is the starting point for the
assessment of the prevalence of AMR, understanding its source and subsequent spread. The resulting data
provides important, basic information for policymakers tteitify potential areas for action and further
investigation and for the evaluation of specific prevention strategdmne of the countries covered by the
review has an established systematic AMR monitoring program and this review therefore had torbaild o
review of studies conducted and published by researchers from different institutions following different
protocols and producing results of diverse quality.

The number of AMR studies retrieved for each of the four bacterialispday country is dispj@d in Bble 4.
Most (56) studies on AMR in bacterial isolates from food animals were found&&monellaspp. from 14
countries in East, South and Southeast ASiaolifollowed as the bacterial species for which the second most
(39) AMR studies coulde identified, covering 2countries of the region. Only422AMR studies could be found
for Campylobacter spp 13 of which originated from two countries only (Iran and Japd&mterococcus spp
were the least covered bacterial group with orflye studiesfound through the literature search, with no
studies from South and Southeast Asian countries.

Table4. Country of origin and umber of studies (in parenthesis) on AMR in selected bacteria includia in

review

Subregion Salmonella Campylobacter E.coli
South Asia BGD (2); IND (1); | IRA (6); BGD (6); IND (3);
IRA (4); NEP (1); IRA (2); NEP (1);
PAK (2) SRI (1)
East Asia CHI (7); JAP (12); | CHI (4); JAP (7) | CHI (9); JAP (6); | CHI (1); JAP (2);
ROK (1); TAI (5) ROK (3); TAI (1) | ROK (1); TALY
Southeast CAM (1); LAO (2);| CAM (1); MAL (2);| MAL (1); THA (4);
Asia MAL (4); THA (11)] PHI (1); THA (2); | VIE (2)
VIE (3) VIE (1)
TOTAL 56 24 39 5

No studies on AMR in any of the four bacterial groups were found for Bhutan (one study of AMRtasisol

FNRY AYLR2NISR

Mongolia, Myanmapor TimorLeste.
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The quality of the publications was quite variabRrecise riformation on sampling techniques, sample
collection, antimicrobial susceptibility testing was seldpnovided The number of bacterial isolates in some
studies was rather limited (n<30). While the qualitative antimicrobial susceptibility tests (i.e. mostly disk
diffusion test) were performed in mostudies, breakpoints used for definitgusceptibl€and $esistantwere

not provided These inconsistencieseriously affect the comparabilitgf the data and the results of the
descriptive quantitative analysis have to be interpreted as indicatugaltative resistance categories were
used to mitigate against these limitations in comparabilityd to reduce the probability and degree of
WYA&AOfFaaATAOFIGAZ2YQ

SALMONELLA

A relatively large body of literature on AMR could be assembled for bacteria &almeonella entericavhich

contains a vast amount of serovars. In some studieswSTcarried out on isolates for which teerovars had

0SSy RSUGUSNNYAYSR ¢KAf S Y2%inonlispgpRASa¢ NS LZMISENR YT ! & dvdzR ¥
different Salmonellaserovars, broken dowhy host from which the isolates were obtained and the country in

which the study wa carried out are presented irable5.

Table5. Number of AMR studies dBalmonellentericaby serovar and origin of isolate

Salmonella Host species Studies Countries

serovar

S.Enteritidis Poultry 4 CAM (1); CHI (1); IRA (1); MAL (1)
Mixed 1 JAP (1)
S.Gallinarum Poultry 2 BGD (1); MAL (1)
S.Infantis Poultry 3 IRA (1); JAP (2)
Mixed 1 VIE (1)
S.Pullorum Poultry 2 BGD(1); CHI (1)
S.Typhimurium Poultry 4 BGD (1); CAM (1); CHI (1); MAL (1)
Pigs 2 CHI (1); TAI (1)
Ruminants 2 CHI (1); JAP (1)
Mixed 1 VIE (1)
Otherserovars Poultry 4 CAM (1); CHI (1); MAL (1); TAI (1)
Pigs 1 TAI (1)
Mixed 4 JAR1); LAO (1); THA (1); VIE (1)
W{ I tf Y&YRX Poultry 22 CAM (1); CHI (4); IND (1); IRA (1); JAP (5); MAL (2); NI
PAK (2); TAI (1); THA (3); VIE (1)
Pigs 14 CHI (3); JAP (3); MAL (1); ROK (1); THA (5); VIE (1)
Ruminants 5 BGD (1); CHI (IRA (1); JAP (2)
Mixed 10 IRA (1); JAP (2); LAO (2); TAI (1); THA (4)

Antimicrobial agents that were most commonly tested included ampicillin, ciprofloxacin, gentamicin, nalidixic
acid, streptomycin, sulfonamides, tetracycline and trimethoprim. Thesmgsl are very commonly used in
livestock production in the region because they are readily availableofilwv costin comparison to drugs of
newer generations.

As AMR irBalmonellas usually not serovaspecific and as few studies were available forcsiieSalmonella
serovars, the prevalence of AMR for the most frequently tested antimicrobial compounds was estimated
across alSalmonellasolates, irrespective of serovars, for each of the three host groups, i.e. pgaoitinly
chicken and ducks), pigand ruminants (mainly cattle and sheep). The number of studies, countries, number
of isolates tested, etc. are detailed in Anrgwhile an overview of the prevalence of AMRSalmonella spp

to selected antimicrobial compounds is presedtin |ble6.
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Table6. Proportion (%) oSalmonellasolates from poultry, pigs and ruminants in East, South and Southeast
Asia resistant to selected antimicrobial compounds

Class Compound Poultry Ruminants
Gentamicin 3

AMI Kanamycin
Streptomycin
Cefotaxime

CEP Ceftriaxone
Cephalothin

MAC Erythromycin
Amoxicillin

PEN —
Ampicillin
Chloramphenicol

PHE -
Florfenicol

POL Colistin
Ciprofloxain

QuUI Nalidixic acid
Norfloxacin
Sulfamethoxazole

SUL -
Sulfonamide
Oxytetracycline

TET Y .y
Tetracycline
Trimethoprim

TRI -
TrimSulfa
Imipenem

OTH
Meropenam

Low: Y 0% [ Mod.: >106to 20% | High: >286t0 50% | V. High: 50%to 70% Ex. high: >7%

The review the literature reveals widespread and diverse AMR in different serova®almionellafrom
livestock and livestock products in tiigast, South and Southeast Asiarfirming the important role ofood
animalsas common reservoirs of AMBalmonella Overall, a wide variation of AMR prevalence and patterns
was observed between different animal species and food categories either from the same or different
countries. Restance to drugs of some classes that are used in human medicine is rather high.

Aminoglycosides Aminoglycosides have been commonly used in livestock for a long time and, therefore, it is
not surprising to observe high resistance to these drugSaimonekl. However, the percentage of resistance
varied greatly even in th&almonellacollections in the same styd In China, the prevalence géntamicin
resistance varied from 0% to >90P628. When considering the source of thgalmonellaisolates, the
prevalence of gentamicin resistance was usually higher in chicken and pigs than ifoothanimals and their
products.For example, the isolates from ducks in Malaygiaand from raw milk in Irarfi200, 201] were all
susceptilte to gentamicin. However, th8almonelldasolates from cattle, pigs, broilers and layers in Japan were
susceptible to gentamicin but resistant to dihydrostreptomycin and kananjyéinl8]. In general, resistance

to aminoglycosides irSalmonellais mainly due to the presence of aminoglycosidedifying erzymes.
Therefore, the variatiorin aminoglycoside resistance sog likely due to different usage of antibiotics in
different countries, resulting in selection different genes encoding for aminoglycosidedifying enzymes.
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CephalosporinsExtendedspectrum cephalosporing.g.ceftriaxone)have been recommended forgatment

of invasive and sever8almonellainfections as well. Unfortunately, ES@loducing Salmonellahave been
increasingly reported from livestock.g. pigs angoultry, worldwide [93, 173]. The ESBL genes are usually
located on plasmids that can be horizontally transferf88]. This is a particular concern in antibiotic therapy
for humans Among drugs in this group, susceptibilitydgphalothin is most commonly studiedCephalothinis

a first generation cephalosporin thamay be legally prescribedby veterinariandfor usein pet animals (.
dogs, cats)but is not approved for use infood animals[181]. Nevertheless high resistance rates to
Cephalothinwere observed irisolates frompoultry from Ching128 215, Taiwan (Province of Chingg7],

and Nepal[188 and inisolates frompigs from Malaysig40]. The poultry isolates tested in the study from
China[215 exhibited resistance to cephalothin (74%kfoxitin (second generation, 13%) and ceftriaxone
(third generation, 61%). The lower prevalence of resistance to cefoxitin was suggested to be due to less
frequent use of this drug. Particular reoshould be made of the very high resistance (94.9%) to cephalothin in
the poultry isolates in Nepdll88]. This could be a result of widespread use of this antibiotic for veterinary
therapeutic and preventive purposes in Nepal.

Macrolides AsSalmonellaare intrinsically resistant to erythromycii84], the high prevalence of resistance to

this drug is not surprising. Azithromycin is an azalide antimicrobial agent that has been recommended as
treatment alternative for invasiveSalmonellainfections, especially in case of decreased susceptibility to
ciprofloxacin[77]. A studysuggestedthat azithromycin isuseful in treatment of bovine mastitis caused by
S.aureus [129. Its efficacy in alves with diarrhea due toCryptosporidium parvumhas also been
demonstrated[47]. However, thedrug isnot commonly used in food animals andt present, no clinical
azitromycin breakpoints have been defined f@&nterobacteriaceaeincluding Salmonella Nevertheless
resistance to azithromycin was reported metSalmonelldsolatesfrom cattle in Bangladest210].

Penicillins Penicilins have ben used in livestock for bbng time. It is thus ot surprising to observe high
resistance rates to drugs in this particular group. High ampicébistance rates (>60%) were reported in
Salmonellaisolates from food animals in many countries, for example, poultry in JUiBg, Taiwan[37],
Nepal[188, Pakistarf194]; cattle in Banglades}2]; pigs in Chin§l63], Taiwan[33], Japar{50], and ducks in
Malaysa[3].

FYR Al A& NBO2YYSYRSR (2 AyOfdzZRS I YLIAOAf f Aagtansy (G KS
02 Y0 A y S Ractanfade fhhibitor§61]. Ampicillin promotes complete crosssistance to amoxicillin but
different potencies of the drugs exist. Therefore, resistance rates of @limpiand anoxicillin are usually very
similarand the apparent differences are mainly a result of different collections of isolates being tested for
ampicillin or amoxicillin susceptibility. This is in agreement with the results from a number of thiesstud
included in this review, e.g. the poultry isolates in Nepb88 and China[223 and cattle isolatesin
Bangladesli2]. Surprisingly, resistance rates to ampicillin and amoxicillin were quite different in some studies.
A study in China found that ampicillin resistance rates of duck, pig and poultry isolates weeethign those

to amoxicillin[163]. The opposite relationship, however, was observed in isolates from retail chickem jrinl
which resistance rates to ampicillin and amoxicillin were 10% and 70%, respef@iviebAlthough the reason

for these findings is unclear, they provide evidence that differences in reporteckptibility to ampicillin and
amoxicillin may occur in the same set of isolates.

P'YLAOAEEAY Aa& GNIXRAGAZYLtf @& dza S-RctamaseslifghterbbadiefiaOdadi 2 NJ | 3 S

Phenicols It is interesting to observe substantial resistance to chloramphenic@almonella(and other
Enterobacteriacegein many countries even though the drug has bdemned from use in food animals for

over a decade. This phenomenon could be explained by linkage of resistance genes. Chloramphenicol
resistance encoding genes may be located on the same elements (e.g. integrons, plasmids) with other
resistance genes ando-selected by other antibiotics. In addition, it may be a result of cressstance
generated by other antibiotics. The high prevalence of chloramphenicol resistance supports the observation
that removal of certain antimicrobialelection pressuremay rot diminish AMR once it is established.
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Florfenicol is a fluorinatederivative of chloramphenicaind exhibits broagpectrum antimicrobial activity.
While the chloramphenicelesistance gene confers resistance only to chloramphenicolfltfRgene encods
resistance to both substances. Therefore, most isolates resistant to florfenicol are also resistant to
chloramphenicol[220]. As most studies included chloramphenicol susceptibility testing, only a few studies
tested susceptibility to florfenicol. The florfenie@sistance rate was generally low%gto <5%), except in the
isolates from ducks, pigs and chicken from Chit28, 12§]. Inthese two studies, the prevalence of resistance

to florfenicol was slightly higher than that to chloramphenicol. The reason for this observation is unclear, but
may perhaps be due to technical specificitidshe laboratories.

Polymyxins Polymyxin B andolistin are two polymyxisithat areused clinically and serve as the last resort for
the treatment of infections caused by MDR Grasygative pathogens. Of these two drugs, colistin is more
widely used infood animals[226]. There iscomplete crossesistance between polymyxin B and colistin.

However, crossesistance to and ceelection with other antibiotics has neveeén reported.

Data on resistance to thegeolymyxirs in East, South and Southedsdiais limited. Based on the available
data, resistance rates tpolymyxin B and colistiare still low. A study in Cambodia reported the presence
(21%) of polymyxin resisth Salmonellgisolated from chicken carcassg4P(]. Low resistaoe rates (Q6to
<10%) were also observed in isolates from poultry in Malaj@th and pigs in South Korefl13. Low
resistance to colistindto <13%) was reported in broiler isolates in Ifa47( and in isolates from cattle, pigs,
poultry in Japaril6, 17, 66]. Higher rates of resistance to colis{24%) were found in a study of isolates from
retail chicken in Irafi67] and Thailand10].

Quinolones Fluoroquinolones are the drugs of choice for the treatment of invaSiatnonellainfections in
humans. However, decreased susceptibility to ciprofloxacid ather fluoroquinolones inSalmonellahas
increased worldwide, including in thesig&Pacific RegiarResistance rates to ciprofloxacin and nalidixic acid in
bacteral populations may bexpected to be similaiRecently, nalidixic acid resistance was ssggd to be an
indicator for ciprofloxacin resistandd.33. Based on the data in this review, however, this is apparently not
always the case. For examplene of the isolates from raw milk in Iran was resistant to ciprofloxacin, while
the same collection of isolates was highly resistant to nalidixic[2€id]. Similaresults were observed in the
duck isolates from Malaysial]. Resistance to nalidixic acid and enrofloxacin was generally high and is most
likely due to the use of these drugs in food animals for a long timeontrast,highresistanceto ciprofloxacin
wasobservedin isolatesfrom chickenin Chinaand from chickenmeatin Taiwan,Provinceof China[37, 12§].
Overall, such variations in drug resistance support that several mechanisms are responsible for
fluoroquinolone resistance, leading to differentspgonses to the drugs. Importantlincreasingresistanceto
fluoroquinolonesshouldbe taken asa warningthat the choiceof drugsfor the treatment of salmonellosis is
being diminished

Sulfonamides Sulfonamides are one of the most frequently used artipiials in food animal production and
the prevalence of sulfonamide resistance is usually higénberic bacteria isolated from food animdl$9§].
Resistanceo sulfonamidess usually associated with the acquisition of resistance géinessull, sul2and
suld [14, 227]. These sulfonamideesistance geneare commonly associated with mobile genetic elements,
particularly class 1 integrons and can besetected by other antibiotics. These factors facilitate the wide
dissemination of sulfonamide resistance in bact§fig)].

A high prevalece of sulfonamide resistance wabserved inSalmonellasolates from food animals and animal
products in many countriesovered by this studyOne hundred percent sulfonamide resistance was reported

in isolatesfrom pigs in Thailan@180, Malaysia[40] and Japar{50Q]; from broilers inJapan[184 and Iran

[17Q. High sulbnamide resistance rates were also reported in isolates from broilers in Jaga#oto 100%%)

[45, 183 and pgs (00%)[180] andfrom a combination ofpoultry and swineisolates(68% to70%) in Thailand

[44, 117]. A study in China found that isolates from broilers, ducks, geese and pigs exhibited resistance rates of
93.8%, 2%, 16.7% and 52.5%, respectivEly3]. The lower prevalence of resistance in duck and geese
isolates could be a reflection of a more limitege of sulfonamides in these poultry sjpes.
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A study in VieNam found that sulfonamideesistance rates in differenfalmonellaserovars from chicken
meat and pork were quite variable (from 28% to 8§28)4]. In China, isolates from meat products (i.e. pork,
chicken, beef and mutton) showed elevated resistance to sulfonamides (78.8905%)223. All the isolates
from pork and chicken meat in Northeastern Thailand were resistant to sulfonarfi@eswhile pork isolates
from Northern Thailand exhibited high resistance rates (55%) aq24ej]. Thisfinding standin contrastto a
study of AMR inserovar Welterverden from humans, animals and food products, which found a very low
prevalence of sulfonamide resistance (5.1p4). The authors suggested that théould be the result of
ineffective acqusition of resistance of this particular serovar due to low exposureof the reservoirsto
antibiotics The same studylso reported very low resistance rateto ampicillin, streptomycin, tetracycline,
sulphonamides and trimethoprinf2.2%each in the Welterverdenisolates from animals, food products and
farm environment in Australia, indicatingw exposure to tksedrugs and the effectiveness of AMR control
policy in the country1].

Sulfonamides are usually formulated in combination with trimethoprirBusceptibility to the
sulfonamice/trimethoprim combinations was tested with most studies originating in China. Isolates from food
animals, including broilers, ducks, geese and pigs exhibited varied degrees of resistan¥et(l®71%) to

the drug combination, prevalence being highesthe pig isolate$163]. In a more recent study, isolates from
chicken, ducks and pigs, collected at farms, slaughtet®asnd markets in China were tested and also found
to be resistant the sulfonamide/trimethoprim combinatiorf20% to 95%)[123. Similarly, high resistance
rates(13%to 41%) to the drug combination were observed in the pig isolates from TheileBG.

Resistance tosulfonamide/trimethoprim combinations was also determined in isolates from faoidnal
products. The isolates from chickemeat and pork exhibited high rates of resistance to the combinations
(>50%), while resistance rates in isolates from beef and mutton were lower2thd 33.3%, respectively)
[223. In Lao PDR, resistance was observed in isolates from a variety of retail meat§3(@2&0y in isolates
from pigs and buffalo (12%29]. Interestingly, the prevalence of resistantesulfonamide/trimethoprim of
isolates from chicken, beef and veal in Ir@as comparatively low (9%).39].

Tetracyclines Tetracyclines are used for infection treatment in humans and animals. In pig and poultry
production, tetracyclines are alsotefi added to animalfeed at subtherapeutic levelsto act as growth
promoters[43]. Although the mechanism @fction for the latter is still unclear, tetracyclines are commonly
used for ths purpose due to their low casResistance to tetracyclines is mostly associated teittyeneson
plasmids, integrons and/or transposons, and most teyiceresistant bacteia harba more than one
tetracycline resistance gene simultaneougly4].

Among drugs in this class, tetracycline is the most studiighresistance to tetracycline (>50% 100%) was
observed inSalmonellgrom poultry and pigs in Chif&1, 128 163 and broilers in Irafi67]. Where assessed

in the same study, tetracyclinesistance rates were higher in pig isolates than in those from poB&wiid

50% vs75.4% and 46.9%) [123, 163]. Additionally, high resistance to doxycycline was reported in serovars
Indiana and Enteritidis from poultry in Chifj#a28]. In Japan, a study found that none of the isolates from
cattle, pigs, broilers and layers were resistant to tetracycline but exhibited resistance to oxytetracyclidé (14.3
to 83.5%)[16]. Thisfinding could be the result of differences in antibiotic ubetween countries and sub
regions.

It is noablethat susceptibility to oxytetracycline Balmonellavas mostly tested in Japan, which suggests that
the choice of antibiotics tested depends on the types of antibiatm®monlyused ina country Sme gudies

in Japanshowed hat all broiler and pig isolates were resistant to oxytetracyclip, 184], while avery high
oxytetracycline resistance rate (>80%) viasnd inbroiler isolatesn another reportin Japar{183.

Trimethoprim: Trimethoprim isusedin combinationwith sulfonamides to obtain a synergistic effect and cover
a wide bacterial spectrum particularly the pathogenic bacteria in the falmlgrobacteriaceaeResistance to
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trimethoprim is usually encoded by genes located on conjugative plasmids that plajoanaie in the spread
of resistancg 101, 191].

In Thailand, the prevalence of trimethroprimsistance wa similarin the Salmonellaisolates from poultry,
pigs and raw pork~B0%)[44, 111, 219. In contrast,in a multicountry study,resistanceof 197 serovar
Welterverdenisolates fromhumans,food animals animalproductsand the environmentn Thailandwas very
low (1%), the reason for this being uncl¢a}. High resistance rates to trimethoprim (>30%) were reported in
isolates from broilers and pigs in Chif@], broilers in Iran[17(], and broilers in Japafil03, 184]. The
Salmonellaisolates from pork and chicken in Vidam exhibited variable resistance rates (8.70 62.5%)

[205.

Other AB classe€nterobacteriacaeesistant to carbapenems are a growing threat in human medicine, where
imipenem is a commonly used carbapenem. However, the@iirently no requirement to include imipenem

in routine AMR surveillance. Up to date, the extent of imipenem resistance in bacteria from food animals is
largely unexplored and it has been suggested that carbapenem resisstiockd be monitored irBalmorrlla

[64].

No imipenemresistantSalmonellavere isolated from pigs from processing plants in Jg#@h, chicken meat
in Taiwan[37], and raw milk and retail chicken in Ir§i7, 200, 201]. Recently, a study in Viet Nam found no
meropenamresistantSalmonelladrom chicken farms as welR20§]. Despite tiese negative results, resistance
to carbapenems should be consistently monitored.

AMR by serovar and host specie®ne study showed that differerBalmonellaserovars from poultry farms
and slaughterhouses in China exhibited quite different resistanceepatand rate§128. Serovar Indiana
isolates exhibited resistance to 16 antimicrobial agents, with high rates of resistanco (t699%). In
contrast, serovar Entéidis isolates from the same sources showed resistance to thinge antimicrobials at
lower rates (3%6 to73%). As AMR in Salmonella is usually not sergpecific, the reason for the observed
difference is unclearOne explanation could be that theusty included clones of serovar Indiana from the
same source. It is generally assumed tBatmonelldasolates of the same serovar from the same flock display a
similar resistance pattern. Therefore, it is recommended to include no more than one isolagajeonella
serovar from the same flock in ASGH].

The high prevalence of AMR to antimicrobials commonly used in foodahmiraduction (e.g. streptomycin,
ampicillin, nalidixic acid, tetracyclines) may reflect the @poadent) use of these antimicrobial agents,
exerting ircreased selection pressure fautgy mutations and the spread of resistance genes. Resistance to
streptomycin, ampicillin nalidixic acid, and tetracyclineSalmonella sppisolated from reptilesn the region

was 14.7%, 6.9%, 5.8%, and 9.2% respecti@8lyless than one third afhe respective figures isolates from
food animals. At 6.3%, resistance to chloramphenicol was also much lower $atim@nella sppsolated from
reptiles than in livestock isolates.

CAMPYLOBACTER

Along with Salmonella Campylobacterare the most comrn bacterial causes of human gastroenteritis
worldwide, of which two most important species in food animals @reoli and C.jejuni. This corresponds to
the present review thatC.coliand C.jejuniare the main species studied in tl&st, South and Stheast Asia
while other species, e.@.lari, C.lanienae, Cupsaliensisand C.hyointestinalisare much less prevalent among
the isolates tested. Tablé presents the number of studies available for analysisClaynpylobactespecies,
host from which tke isolate was obtained, and country.
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Table7. Number of AMR studies i@ampylobacteby species and origin of isolate

Campylobacter  Host species Studies  Countries

species
C.coli Poultry 12 CAM (1); CHI (1); IRA (3); JAP (4); MAL (2) VIE (1)
Pigs 7 CHI(1); JAP (5); THA (1)
Ruminants 5 IRA (2); JAP (3)
C.jejuni Poultry 17 CAM (1); CHI (3); IRA (4); JAP (5); MAL (2); PHI (1); VIE (1
Pigs 2 JAP (2)
Ruminants 7 IRA (1); JAP (6)
Y/ & aLiLid Poultry 4 IRA (3); TAI (1)
Ruminants 1 IRA ()
Mixed 2 IRA (1); THA (1)
Other species Poultry 3 CAM (1); MAL (1); VIE (1)
Pigs 1 JAP (1)
Ruminants 1 JAP (1)

Despite being a common foodborne pathogen, recent (past five years) reports on AB&Rpylobactewere
publically availablerbm a few countries only, nhamely Cambodia, China, Iran, Japan, Malaysia, Philippines,
Thailand, and Vielam. The low number of studies is possibly deehnicaldifficulties in the isolation and
identification of Campylobacter Given that Campylobacteris quite difficult to grow and identify, AST of
Campylobactermay not have beenpossible in all countries covered by this studyso, menotypic
characteristics determined by biochemical tests do not give an accurate result with respect to species, and
standardization and validation of laboratory methods to ascergémotypic properties is needed.

In contrast toSalmonella for Campylobacteonly five antibiotics are recommended to be included in AMR
monitoring, which areciprofloxacin, erythromycin, gentaigin, streptomycin, and tetracyclings4]. Different
antibiotics were examined in different studies from either the samelifferent countries. The available data
may not accuratelyreflect the AMRpatternsin a certain country andomparison ofesistance patternsf the
isolates from different countries may be biased

Only the studies from Iran included amoxicillin, colistid gentamicin in the susceptibility test pafg, 167,

169]. Cephalothinsusceptibility was tested in the studies from Cambodia and [i&0, 135. Most studes
conducted in Japan included susceptibility testing for dihydrostreptomj@8y 102. Different choice of
antibiotics in these studies could imply current use and significance of the particular antibiotics in clinical
settings in the countries.

The number of studies, countries, number of isolates tested, etc. are detailed in Brwieile an overview of
the prevalence of AMR i€ampylobacter sppo selected antimicrbial compounds is presented imfle8.
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Table 8. Proportion (%) ofC.coli and C.jejuni isolates from poultry, pigs and ruminants in East, South and
Southeast Asia resistant to selectedait A ONB 6 A+ £ O2 YLJ2dzy Ra o6xmn Aaz2tl dSa

C.jejuni

AB Class
Compound

Amikacin

Dihydrostrep. 8 ‘
AMI | Gentamicin ) ‘
Kanamycin -

© O 0NN POUltry
IRuminants

o

Streptomycin

CEP | Cephalothin 97 -
Erythromycin 7 0
MAC :
Tylosin 0 ‘
Amoxicillin 0
PEN
Ampicillin 6
PHE Chloramphenicol ‘
Florfenicol
POL | Coligin

Ciprofloxacin
QUI | Enrofloxacin
Nalidixic acid
Oxytetracycline
Tetracycline
TRI | TrimSulfa

Low: XK 0% Mod.: >1®6to 20% | High: >206to 50% | V. High: 50%to 70% Ex. high: >7%

TET

Aminoglycosides Campylobacter sppare naturally susceptible to many antimicrobial agents, including
aminoglycosidesCurrently, aninoglycosides are the drugs of choice forattraent of Campylobacteifection

and gentamiciris frequently used for empirical treatmenResistance to gentamicin is usually rare. This is in
agreement with most studies in this reviels2, 167, 169, 227]. By contrast, mosC.jejuni isolates (51.3%)
from live and retail chicken in Iran exhibited resistance to gentamit®f]. In addition, Campylobacter
isolates from broilers and ducks in China were tasisto gentamicin at the same rate (27.2%)]. This
suggests thatgntamicin is extensively used poultry production in these two countries.

The high resistanceate to amikacin irC.coliisolatedfrom broilers in Chin§l16€ is interesting. Amikacin is a
semisynthetic derivative of kanamycin. Resistance to this antid®t public health concern since itusually
reservedfor treatment ofaminoglycosideesistant strainsAminoglycosides such as neomycin, kanamycin and
amikacin are commonly used for disease treatment in conventional brailer swine production in Qfa
[166]. Therefore, the widespread resistance to amikacin and other aminoglycoside<sati reported from
China is likely to be the result of selection presstneated by antibiotic use.

Susceptibility to dihydrostreptomycin was tested in many studies, most likely due to its common use in food
animals.C.jejuni from poultry showed very low resistance rates to the drug (<12, 104]. A study from
Japan, which assessed AMFigoliand C.jejunifrom poultry reported similar low prevalences (<10%) in both
species[104]. By contrast, a study in isolates from poultry in China found that dihydrostreptomycin resistance
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was much higher il€.colithan inC.jejuni[166]. Similar findings were obtained ®.coliand C.jejuniisolates

from broilers in Japaf90]. The reason for these differences in antimicrobial susceptibility is unclear as both
Campylobacterspecies would have been exposed to similar antibiotic presdQreoli from pigs in Japan
exhibited high resistance rates (>50%) to dilogireptomycin[88, 102, 158. Generally, dihydrostreptomycin
resistance irC.coliisolates from pigs was higher than that of tBgejuniisolates from poultry. The common
use of apenicillin/dihydrostreptomycin combination product in cattle and pigs could explain the high
prevalence of resistance observed.

Cephdosporins Campylobacter sppexhibit high intrinsic resistance to most cephalosporins due to the
synergy between low permeability of the cell membrane and overexpressiorCtheABGnultidrug efflux
system[85, 117]. It is well known that most isolatega highly resistant tocCephalothin a first generation
cephabsporin[8]. This is consistent with the finding$ high resstance toCephalothin(>90%) in isolates from
poultry in Cambodi§120] and Philippine$25], and from retail chicken in Irgii35.

Macrolides Macrolides, in particular erythromycin, are among the most active agegéénstCampylobacter

spp The newer macrolides, includirgarithromycin and zithromycinhave excellentn vitro activity against

the bacteria[203. When considering erythromycin resistance in the isolates from Cambodia, high resistance
to erythromycin was observed i€.jejuni while C.coli isolates were all susceptible tihe drug[120]. The
studies from VietNam and Iran showed that.coli and C.jejuni from the same source and the same period
exhibited comparable erythromycin resistance ra{@®, 135. In contrast, in the study from Japa@,coli
exhibited a higher percentage of erythromycin resistance tkajjuni when the isolates from all sources in

this study were combinefiL02Z].

Penicillins It is well documented thaC.jejuni and C.coli generally exhibiintrinsicresistarce to penicillin G
and narrow spectrum cephalosporimgie to poor binding of the drugs tgenicillinbinding protin in these
bacteria[117, 199. Among the drugs in the penicillin class, susceptibility to amoxicilliraermcillin are most
commonly studied. A high prevalence of amoxicilésistant Campylobacterspp. (84.8%) was observed in
ducks in Taiwarrovince of Ching209. The studies of the isates from poultry and chicken carcasses in Iran
showed low resistance to amoxicillin%0to 7.9%), while that to ampicillin was slightly higher ¢3.4025%)
[168 169, 227]. None of the isolates from goats and goat meat exhibited resistance to these two [dfigs
The latter collection of isates was resistant to ampicillifil67]. In JapanC.jejuni from poultry varied in
ampicillin resistance rates (2&t030%)[89, 104, while the same species from cattle showed low resistance
rates (7.3%489]. Interestingly, low resistance ratés ampicillin (<10%) were observed amd@golifrom pigs

in Japar{88, 15§].

Phenicols Campylobacter sppare moderately susceptible to chloramphenicol, the use of which is prohibited

in food animals due to its toxicity. However, it remaiasuseful alternative for treatment ohuman
Campylobacteiinfections in some countries due to its effectiveness and low.déstrfenicol is the newly
developed fluorinated derivative of chloramphenicol and has been used as an alternative agent for the control
of Campylobactemnfections.

An interesting finding is the high resistance rate to florfenicol (79.2%).jejuni from broilers in China. The
authors suggested that the high resistance was likely due to the-tkmmg use of florfenicol as a growth
promoter for broilers in this country38]. However, theC.coli isolates obtained in the same study were
susceptible to florfenicol (1.9% resistance rate) despite the fact that thest alsohave beenexposed to the
same selection pressure. Thuexposure to florfenicol in poultry prodtion may not totally explain the high
resistance rate observed.

Polymyxins Polymyxin B is a bactericidal agent for Graegative bacteria and is used as antibiotic
supplement inCampylobacteselective agar t@&liminate competing flora, resulting in ireased selectivity of
media [42]. Campylobacter sppvary intheir resistance to polymyxins an@.coli can be highly susceptible
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[42]. Therefore, polymixin is naised athigh concentrations in selective media, particularly those containing a
combination of cefoperazone and activated charcoal (@GCDA[42].

AMR studies to colistin and polymyxin BJampylobacter spare rather limited. Most studies were conducted
in Iran, where it was shown that the isolates from poultry and retaillpgumeat exhibited variable levels of
resistance to colistin (9% t033.3%)[52]. In the PhilippinesC.jejunifrom poultry was shown to exhibit high
colistinresistance of 91.7%®5]. However, the number of isolates in the latter study was quite low (n=12).
Only one studyrom Taiwan Province of Chirasessed resistance to colistin (22.8%) and polymyxi®.BYH

in duck isolate$209].

Quinolones Fluoroquinolones are the drugjassof choice for ampybbacteriosis and arérequently used in

the empirical treatment of patients with gastrointestinal symptoms. Therefore, emerging resistance to drugs in
this class is of a particular concern. The present review highlights the widespread presence of fhaomgui
resistantCampylobactem livestock and livestock products in teudy region namely Cambodifl2(, China

[39], Iran[227] [169], Japan102 and VietNam[80]. It is noted that a study in China showed remarkable
resistance rates to ciprofloxacin (99%), nalidixic acid (99%) and enrofloxacin[88B%his could be because
fluoroquinolones are widely used to control and prevent diseases in poultry in GBBja In poultry,
fluoroquinoloneresistance did not have an effect on the fithess or growth of fluoroquinclaséstant
Campylobactemn the absence of antibiotid88]. This could explain the substzal resistance rates observed.

As inSalmonella the relation between resistance rates to ciprofloxacin and nalidixic ac@ampylobacter
varied. Resistance rates to both drugsGampylobactemwere similar in some studies, e.g. in chicken from
VietNam [80], in swine from Thailand65], and in chicken from Irai202. The chicken isolates from
Cambodia exhited much higher resistance to nalidixic acid than to ciprofloxacin @rjejuni were more
resistant to both drugs tha.coli[12(]. This is similar to the report ocBampylobacteisolates from chicken
and beefin Iran[52]. In contrast, the recent study in the isolates from poultry and poultry products in Iran
showed the oposite relation[227].

Tetracyclines Resistance to tetracycline and oxytetracycline was predominant in most studies. s is
surprising since therdibiotics have a long history of being used in livestock production worldwide. Resistance
to drugs of the tetracycline class is mediated t&y genes that are commonly located on horizontally
transferred plasmidq26]. Therefore, sch antibiotic use creates selective pressure for maintaining and
spreading of the resistance determinants.

Trimethoprim: Susceptibility ofC jejunito trimethoprim and trimethoprimsulfa was tested in two studies,
one from Malaysia (94 isolatdsom ducls) [4] and one from the Philippines (12 isolates from chicKeyj.
The prevalence of AMR was 96% and 100% respectiMedge high resistance rates to trimethroprim are likely
to be intrinsic.

AMR by Campylobacterand host speciesin general,C.cdi appear to bemore resistant thanC.jejuni,
particularlyto ciprofloxacin, erythromycin anghenicolg165]. However, the comparison of resistance rates is
based on quite different numbers @ampylobacteisolates even in the same study.

ESCHERICHIA COLI

The effects of antimicrobial pattern used and trends in the prevalence of resistance in an animal population
and a country can be more accurately investighin indicator bacteria, such &scoli, than in foodborne
pathogens[62]. Therefore, it is recommended tmclude commensal bacteria in the active monitay
programof AMR. Table® presents the number of AMR studies ncoli available for analysis by host from
which the isolate was obtained and country.
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Table9. Number of AMR studies iB.coliby origin d isolate

Host species  Studies Countries

Poultry 26 BGD (4); CHI (8); IND (2); IRA (1); JAP (4); NEP (1); ROK (1); SRI (2); TH
2

Pigs 19 CHI (6); IND (1); JAP (5); MAL (1); ROK (3); THA (2); VIE (1)

Ruminants 20 BGD (2); CHI (3); IND (RAI(1); JAP (6); PAK (1); ROK (2); THA (1); VIE (1)

Mixed 6 CHI (3); JAP (1); MAL (1); ROK (1)

The number of studies, countries, number of isolates tested, etc. are detailed in Arwigile an overview of
the prevalence of AMR iB.colito selectedantimicrabial compounds is presented imfle 10.

Table10. Proportion (%) oE.coliisolates from poultry, pigs and ruminants in East, South and Southeast Asia
resistant to selected antimicrobial compounds

AB Class Compound
Amikacin
Dihydrostrep.

AMI Gentamicin
Kanamycin
Streptomycin
Cefazolin

CEP -
Cephalothin
Erythromycin

MAC y - y
Tylosin
Amoxicillin

PEN —
Ampicillin
Chloramphercol

PHE -
Florfenicol

POL Colistin
Ciprofloxacin

QUI Enrofloxacin
Nalidixic acid

SUL Sulfamethoxazole
Oxytetracycline

TET Y ,y
Tetracycline
Trimethoprim

TRI - -
Trim-Sul&/Cotrim
Imipenem

OTH Meropenam
Vancomycin

T Mod.: >1@6to 20% | High: >286to 50% | V. High: 50%to 70% Ex. high: >7%

AMR inE.colihas been widely studied iBast, South and Southeast AdResistance to amoxicillin, ampicillin,
oxytetracycline, and tetracycline was predominant in taeoliisolates in all studies @uded inthis review.
This is most likely a result of loigrm use of these antibiotics in livestock production.
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AminoglycosidesAmikacin is one of the most widely usadtibioticsagainst many Gramegative bacterial
pathogers. However, amikaciresistant E.coli has been increasingly reported. All isolates fraliiseased
animals(pigs, chickens, ducks, geese, pigeons, partridges and) @ovzhina[54] and poultry[148 in Iran
were resistant to amikacin. mether study from China reported the presence of amikacésistant E.coli
(31.2%) in ducks, geese and pigef2?]. This may be due to increasing use of the drugaultry production
in China.

Apramycin has also been used in food animal production for a long time. Apramycin reEistainhave been
isolated from humans even though this antibiotic has not been used in human mefddheCrosgesistance
between apramycin and other aminoglycosides, particulagntgmicin has been demonstrated107].
Surprisingly, there was only one report of apramycin resistance in isolatesfémunanimals (i.e. cattle, pigs,
chickens, ducks, geese, pigeons, and patridges) from Cbdihalnterestingly, he isolatesalso exhibited high
resistanceto amikacin, gntamicin neomycin and streptomycin. The history dfug use in the animals is
unclear, but such high levef panaminoglycoside resistan¢gprobablydue to afrequent use ofthese drugs
in foodanimalproduction.

CGentamicinis in principle effective against Granegative bacteria. HoweveE.coli resistant to @ntamicin

has increasingly emerged. Highngamicinresistance (>50%) was observed in isolates from poultry in China
[9€], India[18Y], Viet Nanm[208] and from pigs in Chingl08, 127]. Isolates from cattle usually showed lower
levels of gntamicinresistance (@ to 26.4%) (Chin§95, 96], India[134], Japan[19, 112, 187], and South
Korea[211]).

Tobramycin is commonly used for empirical and definitive treatment of bacterial infection, inclEdiog, in
humans. Its use in food animals is not common. Most isolates from cattle, poultry and pigs showed low
resistance rates to tobramycin ¥9to 15%)[108, 211]. Only one studyrom Chinareported high tobramycin
resistance (47.8% pig isolateg§10§].

Observed restance rates to other aminoglycosides, i.dihydrostreptomycin, kanamycin, neomycin,
streptomycin and spectinomycin were quite variable. These antibiotics have been commonly used in food
animals and the finding of variable resistance between countriesldhmat be consideredwsprising

Cephalosporins Cephalosporins are critically important antibiotics for treatment of human bacterial
infections. In comparison to other antimicrobials, the resistance to cephalosporins reported in most studies
was low (% © 15%). However, moderatkigh resistance rates to certain cephalosporins were observed.
Isolates from ducks, geese and pigeons in China were resistant to cefazolif 1226poultry isolates from

Viet Nam were moderately resistant to cefotaxime (2620)8 while the prevalence of resistance to the latter

in isolates from cow dung in India reached 72%9).

All duck isolates from Nepal were resistant to cephalg2i®0. High resistance rates to jglealothin were
observed in pig isolates from Japan (5¢E8Y] and in poultry isolates from Thailand (73%4)47]. Lower
resistance rates were found in poultry and pig isolates from Chin% ¢®218.5%) 51, 228]. These differences
are most likely to be due to use of different types of cephalosporins in different countries.

Macrolides Erythromycin is alinicallyimportant antibiotic with only nodest activity against Graimegative
bacteria[164] but is commonly used in food animaktythromycin resistance rates varied frorf1o 100%.

For this revew, two studies of erythromycin resistance were available from in Thailand. One found that all
tested broiler isolateswvere resistant to thecompound[147]. The other was performed in avian pathogenic
E.coli, of which 80% exhibited erythromycin resistar{@]. High erythromycin resistance rates (>60%) were
reported in poultry istates from Bangladed®], Iran[148 and India[185]. The latter study also reported high
prevalence erythromycinesistance irk.coliisolates from pigs, goat meat and mjil85].
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No report of azithromyin resistance in isolates from healthy animals was found. Only one study in Bangladesh
found that 9.1% of theE.coliisolates from calves with diarea (n=114) were resistant to azithromydi?.
Erythromycin resistance in the same collection of isolates reached 43.2%.

Tylosin is a common antibiotic feed additive in pig and poultry producliohas a limited activity against
Gramnegative bacteria andE.coli are intrinsically tylosirresistantdue to the nature oftheir cell wall and
enzymatic activitie§7]. All broiler isolates in a study from Japan were resistant to tylpsi?]. As coss
resistance among macrolidentibiotics has been welllocumented the tylosinresistancemay reflectthe use
of tylosin or other macrolides (e.g. tiamuliarythromycin) in poultry productionin Japan.Concurrently, all of
the isolates from diarrheic piglets were resistant to theigl[118]. Smilar findings were reported fobroiler
isolatesin Bangladesti6].

Penicillins As penicillins inhibit peptidoglycan synthesis he tcell wall, most Gramegative bacteria are

generally resistant to this class of drugs, in particular to penicillit 8. However, some penicillins, e.gnd

ampicillin andamoxicillin with clavulanate, are active against both Gyzositive and Grarmegative bacteria
includingE.coi® wSaAxadlyO0S (2 LISYyAOAffAya A idlac@maserengdding dzS G 2
genes14Q.

Among drugs irthe penicillin class, amoxicillin and ampicillin are the best known in veterinary medicine.
Susceptibility to these two drugs was most commonly investigated and reséstaates varied. High
prevalences of amoxicillin resistance (>50%) were observed in poultry isolates fron{ T@ha hailand 34],

and Viet Nan{213, in ruminantassociated isolates from Bangladd&hand India[185], and in pig isolates
from Ching 10§ and Indig[185].

High frequencies of ampicillin resistance (>50%) were regbiteisolates from pigs in Chirj5, 108, 122,

228 and South Kore§211], pork in Indig[185, and in poultry isolates from Bangladef?j, China[51, 95,

108 118, Nepal[19( and VietNam [208]. Ampicillin resistance in isolates from cattle ranged frotatd

100%. Resistance of all isolates was found in a study from Banglgesid one from Chin§95]. The latter
isolates were additionally resistant tarexicllin/clavulanic acid, althought a lower rate (12.1%). The lowest
ampicillin resistance rate was observed in isolates from Japan that also exhibited very limited resistance to
amoxicillin/clavulanic aci0.1%)182.

Piperacillinis anextended spectrum -Lactamase sensitive penicillimat is usually used in combination with a

i -lactamase inhibitor. The aifiiotic is not orally absorbedTherefore, it is given intravenously or
intramuscularly for infection treatment. Reports pfperacillin resistance ee limited. A study fromSouth
Koreafound moderate (7.% t026.4%) piperacillinresistance rates in isolates from cattle and poultmhile
isolates from pigs exhibited higher piperacillin resistance (61%) and were additionally resistant to ampicillin
andcarbenicillin[211].

Due to existing crosesistance, resistance rates to amoxicillin and ampicillin are usually expected to be
similar. This is in agreement withe findings of a study in Viétam, reporting equal prevalence of amoxicillin
and ampicillin resistance in isolates from pigs, poultry and lfef number of the isolates testedas low,
n~20)[213 214]. Similar observations were obtained from Bangladesh where all cattle isolates were resistant
to amoxicillin and ampicillif2]. By contrast, a substantial difference between amoxicillin (53.7%) and
ampicillin (99.2%) resistance was observed in a study dtrydsolates in Chingl08g].

Phenicols Resistance to chloramphenicol was found in most studies. However, this finding should not lead to
the conclusion that thelrug is still used in food animals in these countries as it could also be the resuit of co
selection of chloramphenicol resistance genes and/or cressstance mediated by other antibiotics. Further
studies are required to explore the reason for such higéistance in each country. A retrospective study in
China showed that florfenicol resistance in bacteria from food animals increased from 0% in 1970 to 15% in
2000[193. Even though no furthedata was availablehe increasing level suggests mcreasing use of the

drug, or one that leads to phenicol resistance throughsetection or crossesistance,in livestock in the
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China. The authors suggest that timereasein florfeniml resistancecorrelated with the use of antimicrobial

growth promoters and preventative antimicrobial usage in food animals.

Quinolones The proportion of ciprofloxaciresistantE.coli from pigs and poultry and derived products was
high in most countries, up to 80 to100% insomecountries, e.g. India, China, Nepal, and Ifa#, 108 148,

185]. Relatively low frequencies of ciprofloxacin resistance were observed in ruminant isolates from China,
Jamn, India, South Korea and Viéam[95, 134, 182, 211] [213. This finding probably reflects limitede of

this drug in ruminants.

The presence of plasmithediated transferable resistance to ciprofloxacin has been reported in clinical
isolates fromhospitalized patient§216]. It has recently been also shown that a multiple resistance plasmid,
conferring resistaoe to several antibiotics oflifferent classes, could confer reduced susceptibility to
guinolones[216]. This genetic link may become a significant cause of widespread quinolone resistance in

bacterial pathogens

Other AB classed 2 Y S

in the study.

ENTEROCOCCUS

In comparison to the other three bacteriapecies covered by this review, the number of studies on AMR
prevalence irEnterococcus spfis low and AST is limited to the most common antibiotics. None of the studies
assessed susceptibility to linezolid, teicoplanin, tigecycline, or daptomycin,atiibiotics additionally
suggested for AMR monitoring by EF®A4]. Tigecycline and daptomycin are not used in animals bet ar
considered of critical importance in human medicine. Monitoring for resistance to both antibiotics in bacteria
from animals is necessary for the assessment of possible public healthDiskso the persistence of low
prevalence of VRE after avoparcisewasdiscontinued resistance testing to teicoplanin ssiggestedo allow
determination ofthe presumptive genotype of glycopeptide resistant enterocqean genes)which otherwise

a0dzRASA

Ay Of dzZRSR WNJ NBpiperdcilfiritaza@bactariirh O & =
their test panel.Bicozamycin obicyclomycinis an antibacterial effective against Graragative bacteria,

mainly E.coliand Salmonellawhich has recently beetteveloped in Japan as feed additive jog and chicken

feed. low (6 t03.1%) resistance rates to bicozamycin webserved in isolates from poultry, pigs and cattle

in Japar19, 112, 115. Very limited resistance rates tageracillin/tazobactam ¥{ %) were found in poulyr

and cattle isolates from Chinf®5]. Resistance to vancomycin was tested in one study from Japan and all
isolates from cattle pigs and poultry were found suscept[il5]. Given thatE.colihas intrinsic resistance to
vancomycin, the reason behind this observation is unclear. A possible explanation may be the breakpoint used

has to be done using molecular techniquiég, 64].

The number of studies available for differeBhterococcuspecies, broken down by host from which the
isolates were obtained and theuantry in which the study wacarried out are presented iralble11.

Table11l. Number of AMR studies Enterococcuby speciesand origin of isolate

Enterococcus species

Host species

Studies Countries

E.faecalis Poultry 3 JAP (2); TAI (1)
Pigs 2 JAPZ)
Ruminants 2 JAP (2)

E.faecium Poultry 3 JAP (2); TAI (1)
Pigs 2 JAP (2)
Ruminants 2 JAP (2)

Yoo aLILIPQ Poultry 2 CHI (1); ROK (1)
Pigs 2 CHI (1); ROK (1)
Ruminants 1 ROK (1)
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The number of studies, countries, number of isolates tested, ffc.different Enterococcuspecies are
detailed in Annex56 while an overview of the prevalence of AMR Emterococcito selected antimicrbial
compounds is presented iraible 12,

Table 12. Proportion (%) oE.faecalisand E.faeciumisolates from poulty, pigs and ruminants in East Asia
resistant to selected antimicrobial compots

E.faecalis E.faecium

Ruminants

Poultry
Pigs

o H Ruminants

Dihydrostrep.
Gentamicin 10 (0] ‘
AMI -
Kanamymn
Streptomycin
Erythromycin
MAC Y - y
Tylosin
Ampicillin
PEN —
Penicillin
PHE | Chloramph.
Ciprofloxacin
QuI .
Enrofloxacin
Oxytetracytine
TET Y 'y
Tetracycline
uinupristin
OTH Q P -
Vancomycin

Low: KM Mod.: >1@6to 20% | High: >286to 50% | V. High: >50% to 70%/ = At A ErdOL)

In general E.faecalisinfection is more common in humankan infection with E.faecium mostlydue to its
ability to produce haemolysin and gelatinaE#4]. Resistance to antibiotics tends to be more prevalent in
E.faeciumthan inE.faecalis the underlying reason still being uncld&1].

Aminoglycaides High rates of streptomycin resistance were observedtimerococcussolates from China,
South Korea and Taiwgil5 119 125. Streptomycin is commonly used synergistic combination with
penicillin for Enterococcusnfection therapy in humans. The bacteria become resistantst@ptomycin by
acquiing aminoglycosidénactivating enzyme encoding genes or by mutations, which reduce the synergism
between aminoglycosides and cell wall active agents (i.e. penicillin). Therefore, the gertpemiitiin
combination has been suggested as an alternativeséious infections. However, an elevated prevalence of
gentamicin resistance is increasingly reported in isolates from pigs in {At#Ba broilers in Taiwaf119 and
broilers in South Koref87]. A study conducted on isolates from broilers in Taiwan found resistance rates to
gentamicdn in E.faeciumin the range of & to20% while inE.faecalisresistance to gentamicin ranged from
32% to55%[119. Conversely, in the same collection eblates, resistance to penicillin ranged from¥620

81% inE.faeciumand from @ to1% inE.faecalis In addition, high (>75%) amikacin resistance was observed
in chicken and pig isolates in Chifi26]. This is not surprising because amikacin is relatively inactive against
Enterococcudue to its limited uptake through the cell membrane.
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Macrolides Macrolides, particularly erythromycin, are the drugs of choice for treatmentampylobacter
infection. In Taiwan, very high resistance rates to erythromycin (>80%) were obseredaiecalisfrom
broilers, assumed to be a result of continued use of the drug in food animal prodJydti¢h In a Japanese
study, bothE.faeciumand E.faecalisfrom pigs and poultry exhibited higher resistance rates to erythromycin
and tylosin than those from cattlgl16]. This could be due to different routes of drug application in pigs and
poultry (in feed and water) and cattle (injection) resulting in different levels of exposuEatefococcus spp
high prevalence of erythromyciresistance (>70%) was also found in isolates from pigs andechickChina
[125].

Penicillins Enterococcusi LJISOA Sa | NB v | (Haefdinst This inthNidSici resistarice/isi medided by
overproduction of lowaffinity penicillirbinding proteins (PBPs) that are able to substitute the functions of
other PBPs and allow some eethll components to continel to be synthesized. Exposuregenicillinsinhibits
growth but does not kill the bacteria. Only two studies of jdlin resistance were found and the reported
resistance rates were variable. A study in Taiwan found that resistance to penicillin wascoramon in
E.faeciumfrom broilers than irE.faecalisfrom the same sourcg§l19. The other study, conducted in China,
reported that Enterococcuspp. frompigs exhibited higher resistance rates than those from poJlirgg].
Resistance to ampicillin was low%0to 16%) in all studies including in the isolates from poultry in Taiwan
[119, pigs and poultry in Chirfd26], and pigs, cattle and poultry in Japdrif.

Phenicols Enterococcussolatesgenerally exhibit varied resistance to chloramphenicol. The resistance is most
commonly mediated by the enzyme chloramphenicol acetyltransferase, which inactivates the dregulaol
but does not confer crosgesistance to florfenicdl217]. Only one study in China included susceptibility testing
for both chloramphenicol and florfenicol drfound similar resistance rates to both drugsEnterococcuspp

from poultry (27.86 and 26.9%) and pigs (5%/and 50.0%)[126]. In Taiwan, the prevalence of
chloramphenicol resistance .faecalisfrom broilers was (6% to77%) slightly higher than that iB.faecium

(27% t043%) from the same sour¢&19. In Japank.faecalisisolates from poultry exbited lower resistance
rates (10%) than isolates from pigs (404 .

Quinolones Fluoroquinolones are the antimicrobial agents commonly used to treat severe
campylobacteriosisTherefore, increasingiprofloxacin resistance in bacteria originating from food animals is
of particular concern.E.faecalis and E.faecium isolates from broilers in Taiwan exhibited ciprofloxacin
resistance thatangedfrom 28% t068%[119]. Resistance to enrofloxacin was reporteddnterococcus spp
isolates from poultry (30.7%) and pigs (26.3%) in J1iRq.

Tetracyclines Tetracyclines are extensively used in food animalsEmgrococchave a remarkable capacity

to acquire resistance to tetracyclines. Therefore, tetracycline resistance is common in the bd&tiavery

high resistance rates to tetracyclines (>90%) were observed in isolates originating from pigs and poultry in
China[126] and Taiwan (Province of Chiffa)l9, no significant difference in tetracycline resistance rate being
found betweenE.faecalisand E.faecium Susceptibity to oxytetracycline was investigated among isolates
from pigs, poultry and cattle in Jap&h26]. The prevalence of oxytetracycline resistance in isolates from pigs
and poultry (72.% t092.8%) was sligly higher than that in cattle (2698 t036.8%).

Other AB classesQuinupristindalfopristin is used for treatment oEnterococcusnfections. In Taiwan,
resistance to this drug combination was high (>60%i.iimeciumfrom broilers but very rare irE.faecalis
[119. Such high resistance could possibly explained by the use of an analogue of quindpifsgmistin,
virginiamycin, in poultry production. Asssments of vancomycin susceptibility are very limited. Only three
studies were availabland no vancomycinesistantEnterococciwere found[115, 116, 125).
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AMU IN LIVESTOCK ANBTIONAIAMRSIRVEILLANCE AND COBITRROGRAS

This section attempts to provide a brief overview of the national policies and regulajmresning the use of
antimicrobials in food animal production, antimicrobial use in animal production, and public systems in place
for the monitoring of antimicrobial resistance in bacteria derived from food animals drawing on information
available in thepublic domain. Table 13 provides an overviewtlod availability ofinformation on various
aspects of AMU and AMR monitoring in East, South and Southeast Asia by country. Overall, published
information is rather scanand a large proportion of the infornti@n presented in the following stems from
APHCA 201§58] and APHCA 20189].

Table 13 Availability ofinformation regarding AMLUh livestock andAMR monitoring in livestock arivestock
productsby country in East, South and Southeast Asia

Policy,guidelines & Extent of AMUin AMR monitoring /
regulation of AMU food animals control program

East Asia

China + + +
Japan + + +
Korea, DPR - - -
Korea, Rep + - -
Mongolia + - +
SouthAsia

Afghanistan + - -
Bangladesh + + +
Bhutan + + +
India + - +
Iran + - +
Maldives + - +
Nepal + - +
Pakistan +

Sri Lanka + + +
Southeast Asia

Cambodia + - +
Indonesia + - +
Lao PDR + - +
Malaysia + - +
Myanmar + + +
Philippines + + +
Thailand + + +
TimorLeste - - -
VietNam + + +

-, No published information available; +, Published data available (the symbols only represent the availab
information in public domain for this review. They DO NOT indicate absence tenegisind effectiveness of
national regulations or programs

EASTASIA

CHINA PR

Based on the published literature, there are currently no regulations, guidelines and policies on AMU in
livestock[108 124 and a widevariety of antibiotics are used in food animal product[d22, 224]. Thereis no
establishednational monitoring system for the production, distribution, sale, and use of veterinary dmgs
there is little publishedinformation on the extent of antimicrobial usi livestock productionHowever it has
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domestic production of antibiotics has been estimated at 210 million kg, of wiighercent were used ithe
livestocksector[9].

Currently, surveillance systenuperate only for drug residues in aquatic products and for feed quality and

safety[142]. In some parts of China KSNBE A& | aeadsSy F2N GKS a{ dzNBSAt Iy
wSaAadlyOoS Ay . OGSNRBE.2F ! YAYIE hNARIAY 6! w. ! hoé
JAPAN

Antibiotics for therapeutic use in food animals are regulated by the Pharmaceutical Affairs Law and can be
used under veterinary prescription only. Antibieoowth promoters are approved as feed additives and
regulated by the Ministry of Agriculture, Festry and Fisheries (MAFF) through the Food Safety Law (Law No.
35/1953)[131, 197).

Saleamounts and volumesf antibiotics, synthetic antibaerials and other medicines (e.g. dimintics and
antiprotozoals) in Japan are recorded and reported annually by the National Veterinary Assay Laboratory
Ministry of Agriculture, Forestrgnd Fisheries, of which the lates¢port covers2011[132]. However, data on

the amount of antimicrobials useih livestack production was not found.

In Japan, nadbnal AMR surveillances caried out throughthe Japanese Veterinary Antimicrobial Resistance
Monitoring System (JVARMJhe system was established in 1999 to evaluate isolation procedures and to
monitor AMR in bacteria isolated from fogatoducing animald132]. Detaik of the JVARMprogram are
included inthe OIE Internatioal Standards on AntimicrobiaéSlstance 2008155

KOREADEMOCRATIBEOPL& REPUBLIC

The vetginary and antiepizootic law, the veterinary medicinal agents management law and the animal
guarantine law provide the legal framework and arrangements on the use of antimicrobials in animal
production. Antimicrobials used in food producing animal¢he country include oxytetracycline, tetracycline,
penicillin, streptomycin, tylosin, flurazolidone, norfloxacin and sulfadimedoxine, reaching a total of 16.5 MTs in
2011. Antimicrobials are used as additives in feed.

Regulatory monitoring systems and progmtior antimicrobial use, antimicrobial residues and antimicrobial
resistance have not yet been implementgg8].

KOREAREPURIC

Veterinarians are permitted to treat sick animals with antibiofi¢6] but mixing antibiotics with animal feed
has bea totally banned since July 2011. Published AMU data is very limgeis information on AMR
surveillance and AMU data lbection system$109].

MONGOLIA

The Ministry of Health gulates all drugs in Mongolia throughe Drug Act, 1998144]. The purposes of the
Act are toregulate manufacturing, impoytstorage, retail, distributionand utilization of drugsor humans and

livestock.The Drug Actvas amended in 2002. Data on AMU is not available and there is nonahtAMR

surveillance program

SOUTHASIA
AFGHANISTAN

No published literature on policies, geithes and regulations on AMU and AMR monitoring in livestock is
available[82] and no information on AMU and AMRfood animal productiorcould be found.
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BANGLADESH

Currently, no rgistration is required for feed additives such as antibiotics, toxin binders, vitarimiaral
premixes, or animal protein. &ional regulationsgoverningAMU and AMRdo not exist[189 and antibiotics,
hormones,and sedatives are readily sold across the counter without prescripfidf]. The use of antibiotics
in animal feeds considered common in the country, especiallggmmercialpoultry production.

BHUTAN

The broad legal framework on antimicrobial use and resisgaagrovided by the acts and regulations related
to drugs[171, 172 and food safety[22, 23]. Under the broad framework of Bhutan Medicines Rules and
Regulations, the National Center for Animal Health haelbpedan approved list of antimicrobialfor use in
food animald149.

A high level committee meeting on Antimicrobial Resistance and Antibiotic control in Bhutan was conducted in
2013. The committee, involving all the relevant stakeholders, developed a consensusdhaxistingDrug
Technical Advisory Committee (DTAC), which acts as an advisory body to the Bhutan Medicine Board, will
shoulder the additional responsibilities of National Steering Committee on Antimicrobial Resistance. The DTAC
will include the role of te National steering committee on AMR as one of their mandates. The National
Steering Committee on AMR will take up the responsibilities of developing a national action plan for AMR
including public awareness and education, information material developmand campaigns to improve
awareness on AMR.

The Drugs, Vaccines and Equipment Unit of the National Centre for Animal Health have revised the essential
veterinary drugs for use in the country and have produced a National Drug Formulary 2013. This formulary
includes necessary guidelines for the users. The unit is also responsible to monitor and evaluate the usage of
veterinary drugs in the country including quality control and adverse drug reactions. Further, the unit is
drafting standard treatment guidelindsr the userg49].

INDIA

There are currently no national guidelines for AMU in food animals nor government regulations to control
AMR[79]. The Export Inspection Council of India prohibits the use of certain antibiotics in the feed and
medication of poultry. However, the regulation is applied to export eggs only. Common aicsbiay.
tetracycline, oxytetracycline, trimethoprim and oxolinic acid may be used in feed but with the specification

GKIG GkKkSe qgakKltt y2G SEOSSR (KS LINS&AONAROSR (2t SN¥yOS

Up to date, little has been published about the use of antibiotics in anpr@aduction in India. Many drugs
commonly used in human medicine are also used in farm anifiid]s There is currently no national program
to monitor AMR in bacteria from food animals in India.

The Directorate General of Health Services, Ministry of tHe&lFamily Welfare has announced a national
policy for containment of antimicrobial resistanf®46 that outlines approaches for both human and animal
AMU, infection control and prevention strategies, educatard training on administration of antimicrobials,
national AMR surveillance systems, and enforcement of regulations. Rational use of antibiotics in food animals
and banning nostherapeutic usage in animals and farms are also included in the Terms of Refestthe

task force committee for national antimicrobial resistance monitofihgy7, 146].

IRAN ISLAMICREPUBLIC

The legal framework and associated institutional arrangements regulating antimicrobial usage are based on
governmental guidelines. Every approved drug has a Master File (DMF), whithinsoall important
information about safety, efficacy and potency, residue limits in milk and meat as well as about limitations of
use and particularly withdrawal times for the respective pharmaceutical. Important information such as
dosage, route of adimistration, period of use, contraindications has to be notified on the labels.
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Antimicrobials used in Iran are mainly produced by domestic manufacturers while only a minor percentage is
imported. Close to D00000 kg of active ingredient were used in ébanimals in 2011.

As rising levels of AMR are of concern, a national study on antimicrobial resistance patterns was carried out by
the animal health authorities in Iran in 2011, covering all provinces of the country and performing néafly 6
antimicrobal sensitivity tests. Based on the alarming results, a national monitoring plan for AMR is envisioned
[21].

MALDIVES

No ndional policy nor guidelines on AMU and AMR monitoring have been issued. Since livestock is of little
significance and as a commercial livestock sector does not exist, AMU and AMR in livestock are not considered
a serious problem. No national focal poing national surveillance system and no laboratory network on AMR

are available. However, regulations for rational use of antimicrobials in human medicine are now under
development189].

NEPAL

The government of Bbal has promulgated the Drug Act 1978 to prohibit misuse or abuse of drugs and allied
pharmaceutical materials as well as false or misleading information relating to efficacy and use of drugs and to
regulate and control the production, marketing, distrtian, exportimport, storage and utilization of drugs.

To implement and fulfill the aim of Drug Act 1978 and various regulations under it, the government of Nepal
established the Department of Drug Administration (DDA) in 1979. The DDA is the sole putspdnsible

for regulating drug use in Nepal and is responsible for regulating all types of medicines including veterinary,
allopathic, ayurvedic and homeopathic drugs in the country. There is no separate organization for regulating
veterinary medicinesn Nepal. The Veterinary Standards and Drug Administration Office (VSDAO) has been
established under the Directorate of Animal Health in Nepal to regulate drug use in food animals. However,
due to the absence of a Veterinary Drug Act, VSDAO is not fumgi@s envisaged and has only been
involved in regulating veterinary vaccines imported in the country.

In Nepal, AMR has been studied in Vibrio, Shigella, Streptococcus, Haemophdak, Neisseria, and
Salmonella, but these studies have been mostlyied out on isolates from humans. AMR studies on animal
pathogens have started in 2011 and the National Public Health Laboratory is coordinating national AMR
monitoring whereby the veterinary laboratories are working in coordination with the NPHL on AMR
surveillance.

PAKISTAN

Import and registration of antimicrobls are controlled by the Drug Regulatorgeficy of Pakistan (DRAB),
Ministry of National Regulation and Servi¢é8, 59]. The most commonly sold antimicrobials in Pakistan are:
oxytetracycline, gentamicin, amoxicilin, enrofloxacin, flumequine, norfloxacin, tylosin, ampicillin, procaine
penicillin,and sulphonamidefgl0§].

Preciseinformation on policies andegulation of AMUcould not befound. It has been stated that Pakistan
government has banned the use of antibiotics in poultry feed arad the Drug Acis under modificatiorto
control the irrational use of antibiotid225).

SRILANKA

The Department of Animal Health and Production (DAPH) is in the ggock updating the regulations
pertaining to antimicrobials in the Animal Diseases and Animal Feed Acts. DAPH has prohibited the use of
therapeutic antibiotics in feed, is screening selected poultry pathogénesol, Campylobacterspp. and
C.perfringen$ for AMR and has strengthened the control of illegal antibiotic J&i&s
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SOUTHEASASIA

CAMBODIA

No national policy exists on antimicrobial use in livesti®Xl], published data on AMU is not available and

there is no natimal AMR surveillanc@rogram in place Farmers have easy access to antimicrobials via
pharmacies selling drugs for use in humans, VAHWSs, and village markets, where they can also purchase
medicated feed. Furthermore, itinerant drug sellers from Weim andChinatravel through villages selling
antimicrobials to farmerswith accompanying documentation in foreign langué&gernimbene, pers. comm.).

INDONESIA

Veterinary drugs are regulated under the Animal Healtid Animal Husbandry Law No. 18/2009, arti2k

[68] and the Government Regulation no. 78/1992terinary drug Inspectionand the operational procedure

for the control of veterinary drugs were established under Government Regulation no. 15, 1994. While
veterinary drugs can be used as feed additives, chloramphenicol and hormones are prohibited for growth
promotion in food producing animals by Government Regulation no. 806, [BH4

A code of practice for # use of veterinary drugs was prepared to be harmonized with the Codex Code of
Practice for Control of the Use of Veterinary Drugs (CAC/RAR9B}. The code were assigned to cover
regulations on the use of veterinary drugs in feed, and the use of vetgridrugs by an authorized company,
institution or personnel and to promote prudent use of veterinary dr[igf3.

No published AMU data is available and aional AMR monitoring prograrhas not been established. An
initial pilot AMR monitoring prograrwas carried out in 2012 and 2013, bust#l not recognized as national
programto monitor antimicrobial resistance in indicator bactera ¢oliand Salmonellaspp) [196].

LAOPDR

Most aspects of animal raising and management, including imgortadf veterinary drugs, are governed by
Livestock Product Management Regulations No. 0313/MAF or 003§1DBH 130, 206]. However, AMR is ho
mentioned in this regulation.

Many antimicrobials are approved for treatment or growth promotion in Lao PDRmicrobials may besed

as prophylactic agents in the drinking water of healthy birds and as growth promoters dhenapeutic
concentrations in feed. Bacitracin, Hietra, bio-tylo, chlortetracycline, tylosin, neomycin, oxytetracycline, and
others are used for these purges. The antimicrobials used most frequently in swine are tetracyclines,
gentamicin, tylosin, and sulfamethazine or other sul#&gailable data suggest that antimicrobials are used in
most phases of swine and poultry production and thatge has been ineasing, most frequently through-n
feed additiveq206q].

No published data on regulations, guidelinasd policies on AMRnonitoring in livestock and livestock
products could be found nor is published data on AMU avkilab

MALAYSIA

The National Pharmaceutical Control Bureau Ministry of Health, Malaysia (NPCB, MOH) regulates most aspects
of veterinary drgs through the Registration Guideline of Veterinary Products (REGOVP); Version 2, March
2009[145]. Ninety-sevendifferent antimicrobialsare registered with the NPCB, MOH. Most of the registered
drugs are used in poultry and pigs and less in cattle and gbhtsguideline includes a list of dauthat are

not allowed to be registered for use in food animal production, eldpramphenicol or vancomycin.

All drugs used in humans or animals are required to be registered with the Drug Control Authority (DCA).
Animal feed containing drug(s) is exeragtfrom the registration requirements until a separate regulatory
control is establishefll45). It is reported that the sale or use of drugs in animals and animal feed in Malaysia is
hardly restricted or controlled11].
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Malaysia has formulated an AMR Action Plan comprising seven major lines of activity: (i) awareness
campaigns, (i) establishment of MIC testing capacity for AMR assessments, (i) AMR information
dissemination, (iv) promotion of collaborative AMRBsearch, (v) capacity building and harmonization of
laboratory methods / protocols, (vi) development of a ioatal AMR surveillance prografor poultry at farm

and processing plant level and (vii) establishment of a joint AMR working group comprisiagergatives of

the Department of Veterinary Services and the Ministry of Health

MYANMAR

Although a Food and Drug Authority (FDA) has been established, Myanmar does not have a national policy on
use of antimicrobials and a national -oedination mechanismon AMR does not exist. Review and
development of practical legislation and regulatory framework for AMU and AMR management are in process

[139.

Most antimicrobials used in livestock production are imported. The nmsdurces of antimicrobials are
Bangladesh, Belgium (VMD), China, Germany (Bremer Pharma, Bayer), India (Cipla, Agio Pharmaceuticals),
Korea (Choong Ang Biotech, Samyang Anipharm), Spain (Invesa, Dex Iberica), and [Mi¢&land

The main antibiotics used in poultry production are oxytetracycline, doxycycline, chlortetracycline,
enrofloxacin, amoxicillin, colistin, erythromycin, sulphadiazine, trloptim and neomycin. While
enrofloxacin is particularly used for prevention and treatment of bacterial diseases of the respiratory tract,
amoxicillin and colistin are mainly used for prevention and treatment of bacterial diseases of the-gastro
intestinal ract. Most of antimicrobials are given in drinking water.

Antimicrobials are freely available in Myanmar. The major problem, leading to inappropriate use of
antimicrobials, is that most poultry farmers use antimicrobials without any consultation with inat@ans.

Most poultry producers use antimicrobials as preventive measures for bacterial diseases. Chlortetracycline is
used as feed additive for growth promotidny some poultry feed producers.

The patterns of antimicrobialse in cattle and pig productioare quite similar. In cattle and pig production,
penicillin, streptomycin, lincomycin, enrofloxacinnggmicin and kanamycin are main antibiotics used for
parenteral administration. Some ifeed antibiotics are used as growth promotergiy fattenng enterprises

PHILIPPINES

In the Philippineswo agenciesare involved in the regulation oAMU: the Department of Agriculture (DA)
through the Bureau of Animal Industry (BAI) and the Department of Health through its Food and Drug
Administration (DOHFDA. Both agencies work in cooperation based on thespective regulatory functions.

FDA regulates alleterinary drugs for injectiorand individual administration for animals. The BAI regulates
veterinary drugs and products that are used or mixed or ipocated in feeds ad drinking water. RA No. 9711
of the Food and Drug Administrative Act2009 is the most currenebislationfor regulating and monitoring

of establishments and products including veterinary drugs and other health profpitgits

Most veterinary drugs are imported and are usually mixed in fapd water for controlling diseases and
infections in pigs and poultry. Qfie productsregistered at theDepartment of Agriculture's Bureau of Animal
Industry (BA), in 2011the most commonly sold antimicrobials were chlortetracycline and tiamulin hydrogen
fumarate[48]. No publications on AMU in livestock could be found.

Informationon nationalAMR surveillance livestock and livestock produatsuld not be found
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THAILAND

Veterinary drugs are regulated by Drug Act B.E. 2510 (1/%67) Feed and feed additives are regulated by
Feed Act B.E. 2542 (199/6]. Introduction and spread of animal diseases are controlled Hgy Animal
EpidemicsActB.E.2542 (1999p5].

The Department of Livestock Development (DLD) closely cooperates with the Food and Drug Administration
(FDA), Ministry of Public Héa, in the regulation of veterinary drugs. FDA is responsible for licensing and
registration of veterinary medicinal products and authorizes the relevant officials of DLD to enforce the Drug
Act with respect to the posinarketing use of veterinary drugsfilogics. DLD is responsible tbe control and
surveillance of the usage of veterinary medicinal produBtsD also lists drugs and chemicals that are not
allowed to be used in food anima]d45. Currently, FDA has banned all antibiotiocsm use for growth
promotionin food animals.

There is p national surveillance and data collection system for AMR in livestock and livestock products. The
institute that is mainly involved in national AMR monitoring is the National Institute of Health, DLD. AMR in
livestock and livestock products are routinélyt not systematically monitored. Therefore, DLD is now working

on a project to harmonize AMR monitoring across the country.

AMR is now included in the straje plan to prevent and resolvBational Emerging Infectious Disease
Problens (AD 255@559) by he Thai government. In May 2013, the National Committee on Preparedness,
Prevention and Resolution of Emerging Infectious Diseases established tHeoBumittee on Prevention,
Control and Resolution of AntimicrobiBRlesistant Pathogens.

TIMORLESTE
No dataon AMUregulationor AMRmonitoringcould be found.

VIETNAM

Veterinary drugs are regulated tlgea A Y A A G NE 2 F ! INR Odzf G dzZNB Yy R wdzN} £ 5S¢
registration procedures of production, import and circulation of veterinary drugs,materials for veterinary

RNHz3 a = oA2t 23A0If LINE RdzOG & = YAONB2NHI yAaYaxz OKSY.
M KHANCKV 7 i3] bnd ByHhe Ordinance 0 Veterinary medicindNo: 18/2004/PHUBTVQH11137],

whichcovers animal disease prevention and treatment, cohof epidemicsquarantineof animals and animal

products, slaughter contral veterinary hygiene inspectiommanagement of veterinary drugs, bproducts,
microorganisms anahemicals for veterinaryse; veterinary practice. Currently, theege no guideline for

rational use of antimicrobials in food animals.

Antibiotics are widely used in Viet Nam and aboutgg@centof the total drug sale is for veterinary use. In
food animals antibiotics are used for both treatment and as feed additives for prophylaxis and growth
promotion [155, 156]. A recent survey on AMU ipig and poultry production in the Red River delta region
found that at least 45 different antibiotics (including chloramphenicol) of more than ten classes were used by
farmers and veterinarians for treatment, prevention and growth promotibifteen antiliotics were used in
feed[114)].

Anational AMR monitoring prograiis not in place.
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DISCUSSION

This review ighe first attempt to systematically assess the available literature on AMR in selected zoonotic
pathogens and indicator bacteria iEast, South and Southeast Awiith the aimto obtain abroad initial
overview of the situation.

The method of testing for antimicrobial susceptibility and the selection of the isolates to be tested varied
markedly between the countries. Monitoring arslirveillance schemes for antimicrobial resistance in food
borne pathogens and commensal bacteria covered in this report are not harmonised among the countries
reported. The data presented may not have necessarily been derived from sampling plans that were
statistically designed, and, thus, findings may not accurately represent the national situation regarding
antimicrobial resistance in food borne pathogens and commensal bacteria. Additionally, there may not be
harmonization in the interpretive criteria {nical breakpoints) used between, or even within, the countries
covered in this reportThe findings presented in this report must, therefore, be interpreted with great care
and no direct comparison between countries should be made.

In order to mitigate sme of the shortcomings in the available data, apparent proportions of resistant isolates
weregrouped into resistanc® 1§ SI2NA S&>X yIunEHd WY2RESND 1E&@ XHmMmE: (2 H
PpEZOT WOSNE KAIKQ oBFpr: (2 Tm:0T YR WSEGNBYSt& KAIK
EFSA 201%3]. Some misclassificatiowill still occur and the approach masks differences that maj exist

between countries, but the initial picture that esrges is probably quite robust and, particularly when

compared with findinggrom countrieswith tighter regulation of AMU in food animals and systematic AMR
monitoring, provides ample justification foconcern aboutthe extent of AMRand its likelyimpactin the

region.

AMRIN EAST SOUTH ANISOUTHEASASIA AND IN OTHERUNTRIES

The following provides a brief overview of the main results of this review and attempts to put these into
perspective by comparison with AMR levels reported from countries that kdedicated monitoring program

for AMR in livestock associated zoonotic pathogens and commensals. Again it should be noted, that
differences exist between the studies whose results are reported and that caution nebéseixercised when
interpretingthe presented findings

SALMONELLA

For Salmonellaisolates from poultry, the estimates of resistance to the antimicrobial compounds listed in
Table ¥ are derivedfrom a minimum of 213 isolates in the case of sulfonamideatmaximum of3 871
isolates in tle case of tetracycline. For md@&ted compoundsestimates are derived from five studies or more
usually including more than 500 isolatdsstimates of AMR iSalmonellaisolates from pigs are based on a
smaller number of studies and fewer isolates btill n most case more than 100 isolates, in the case of
ampicillin and tetracycline more than@DO isolates tested in more than 10 studies. With regardSdtmonella
isolatesfrom ruminants,the estimatesof AMR are based on testing 500 or more isadaf@r all compounds in
Table 15 with the exception of ceftriaxone, amoxicillin and trimethoprim. However, the number of studies of
ruminant isolates is considerably lower than thar pigs and poultry, limky 3 WNBE3IA 2yl NBLINBASY
the resultsfor ruminants.

For Salmonellaisolates from poultry, the pooled estimate of AMR across the study region fell into the

OF 1 S32NA §2 B EWND YK 6f éhe K5 a0mhpoOndsTligtedlin i abledfor comparison across

species and with findingsdm other AMR assessmedts W[ 26Q f S@Sta 2F !aw gSNB 2
cephalosporins cefotaxime and ceftriaxone and for ciprofloxaghile overall AMR togentamicin was
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WY2RSNIGSQd | @GSNE &AYA{ Sakibnelasblass Kty p2Fa X aovk (oK 52 OFNIkyE R
WBINBYSte KAIKQ ! awompdhndSin Bablgit® !'mavm BRHFNIGKES2 tmlpi S8 FNRBY LR
AMR were only found for the two cephalosporins cefotaxime and ceftriaxofieA f RSMY¥E8SQ ! aw SO
were displayel for florfenicol and ciprofloxacin. The pooled estimate of AMR across studieSalononella

isolates from poultry vis-vis pigs fell into the same category for eight of ttiecompounds fell into adjacent

categories for sicompoundsanddiffered by wo classes foone compoundnly, namely tetracycline.

Table 14. AMR (%) toselected antimicrobial compounds iBalmonellaisolates from poultry, pigs and
ruminants in East, South and Southeast Asia (AS) and in countriesatithai AMR monitoring progras

a 0, PO C A A D / A

Gentamicin 17 0 24 0 0 0

AMI Kanamycin 28 / 0 24 11 35 13 /
Streptomycin 62 | 36 [ 58 0 32 | 37 | 50 | 65 | 11 | 27 | 68
Cefotaxime 0 0 0 0 0 0 0

CEP Ceftriaxone / 12 0 0 0 22

PEN Amo?<i.cilllin 36 | 12 22 0 Z 30 0 22
Ampicillin 25 | 14 | 67 | 60 17 | 31 [ 26 | 44

PHE Chloramph. 23 67 | 47 0 3 21 | 56 0 25 | 12
Florfenicol 26 67 | 12 20 12

QuI Ciprofloxacin 0 0 17 | 11 0 0 0 0 0 0
Naldixic acid 44 0 17 | 36 0 0 0 0 0

SUL | Sulfameth. 6 8 33 0 s

TET | Tetracycline 48 | 42 00 8 0 51 | 41 | 70 6 0 34 B

TRI Trimethoprim 59 17 | 38 | 17 9 34 0 0 28
TrimSulfa 39 0 44

Mod.: >106to 20% | High: >206t0 50% | V. High: >50% to 70%

1 US NARMS 201G:NL: MARAN 2013 (S. TyphimuriufyZ: MAF 2017:DK: DANMAP 2012

The patternof AMR inSalmonellaisolates from ruminantshowed some differences to those observed in

Ll2dzA GNE | MR LWASKE WKAIKQ | yR WSE i NBMWMSdudd foksik dikie f SPSt a
compounds in Table 4 ¢ KAt S F2NJ GKS NBYFIAYyAy3d &aS@Sy O2YLRdzyRa
levels of resistance were recordeRelatively large differenceim AMR betweenSalmonellaisolates from

ruminants and those from poultry and pigs appear to exist for amoxicillin, where AMR estimates are
substantiallyhigher in ruminant isolateand for trimethoprim and trimethoprirrsulfa, where the estimates

are subsantially lower in ruminant isolatesdowever, a stated beforethe number of studiesn Salmonella

isolates from ruminants was considerably lower compared to the other two species and the results ar
therefore less robust. Neverthelesthesedifferencesin AMRprobablydo reflect differences in AMU between

poultry and pigs on the one hand and ruminants on the other.

Comparisonof the pooled AMR estimates for East, South and Southeast Asia with those from systematic AMR
monitoring efforts inhigh income cantries with regulated AMU revead that, with few exceptionsthe

highest estimates of AMR wereported in this study for all compounds and livast species included in Table

14. In onlyten caseqout of 99 compasons) wa the AMR category of the Asi group of countries lower than

that of one of the countries used for comparisoim six of these caseS§. Typhimurium isolates from the

Netherlards pnly 6 isolates tested¥ell into higher resistancecategories. The remaiimg four cases were

ceftriaxone inSalmonellaisolates from poultryin the USAS W02 @a @ Y 3@ RIBINAnt&irStie USA

OWE 26 Q) DEadpiclky/A AKYQ Aa2fFGS&a FNRY LAIE O0WOSNER KAIKQ gaod
ONRAYSGK2LINAY Ay {ltY2ySttl A&az2ftliSa FNRBY NUzYAYlydGa oV
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CAMPYLOBACTER

Compared with the available literature f&almonella only fewstudies of AMR irC.coli could be retrieved
and, for the results presented in Table JIthe number of poulty isolates tested rarely reache2D0 while for
pig isolates the number subjected to AST mostly fell between 200 and 408MRIstudiesin C.col isolates
from pigswere either from Japan or China.

Considerably more reports were available on AMR jjejuniisolates from poultrywith all pooledestimates
displayed in Table 1@erived from AST of more than 800 isolatesossat least seven studge Similar to the
situation withC.coliisolates from pig, estimates of AMR ratedijejuniisolates fromruminants are based on
a limited number of studies from two countries only, Iran and Japan.

Table 15. AMR (%) teselected antimicrobial compounds C.coliisolates from poultry and pigs in East, South
and Southeast Asia (AS) and in countries with national AMR monitoringapmegr

Poultry
AS | US NL? AS NE

4+ P o o 0

22 44 11

Class Compound

AMI | Gentamicin
MAC | Erythromycin

s
I

|
| 10 |
8 |
]

PEN | Ampicillin | 13 20 17
PHE | Chloramphenicol 0° 0 0

QuI Ciprofloxacin 50 22 83 89 8 37
Nalidixic acid 50 22 83
TET | Tetracycline 67 56 88
Mod.: >1@6to 20% | High: >28t0 50% | V. High: >50% to 70%

' US NARMS 2010 florfenicol), > NL: MARAN 2013Ft FINRESET 2002009 “ SW SVARM 2011

As should be expectedMR patterns irC.coliand C.jejuniisolates from poultrywere very similar and for six

of the eidht compounds lied in Tables 15 and 16e pooled estimatsfell into the same resistance category.

C2NJ 6KS NBYIFAYAYy3 (g2 O2YLRdzyRazZ I YLAOATtEAY FyR (SaN]
dad WY2RSNIGSQ FyYyR & W@SNERly, ke Hgked estifriatd apphing to BB £ & KA
isolates.Overall, it appears that in thédsiancountries from which studies were availabl€ampylobacter

populations harbored byJ2 dzf (G NB K| &3 IRDES (WanQIWReP K KA MR Q2 KISE3f a4 2 F N
ciprofloxacin nalidixic acid, and tetracycline while, in contrastSalmonelleand E.coli populations circulating

in poultry, they still shoed Wt 2 6 Q S @ Beftaagerdamicin&nihkoinycimyl chloramphenicol | A 3 K Q

'y R WSEG RS Y S i@sSidtamde BREiprofloxacimalidixid acigdand tetracycline have also been found

in C.coliand C.jejuniisolates from poultryin the USA and the Netherlands. Levels of resistance to these three
compounds was substantially lower @jejuni from poultry in AustraliaNew Zealandand Finland, possibly

indicating more limited usef these compounds poultry production in these countries.
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Table 16. AMR (%) toselected antimicrobial compounds .jejuni isolates from poultry and ruminants i
East, South and Southeast Asia (AS) and in countries atitmal AMR monitoring prograsn

Class Compound Poultry Ruminants

AS AU NZ US DK NC FP AS NZ DK NC FP
AMI | Gentamicin 8 0 0 1 0 0 1 0 0 0 1 0
MAC | Erythromycin [ o 0 O 0O O 0 O 1 0 O
PEN [Ampicilin [ 18| | | | [e62] HOEE | [25] |
PHE | Chloramph. B °c © o 1180 0 0 1
QuI Ciprofloxacin

62 47
Nalidixic acid 23 | 15 | 62 47
TET | Tetracycline 48 | 15 | 60 0]

Low: XK NPa Mod.: >1@%6to 20% | High: >206t0 50% | V. High: >50% to 70% Ex. high: >70%

! AU: DAFF 2007;NZ: MAF 20122 US NARMS 2010 florfenicol);* DK: DANMAP 2012NL: MARAN 2013;FI: FINRESET 2007
2009

16

3
3
0

Althoughfor C.jejunithe number ofruminant isolates tested wacomparatively low, the observed pattern of
AMR was similar to that ofC.jejuni isolates frompoultry, the exception being nalidixic acid, where only
WY2RSNI 1SQ Qad WOSNE KAIKQ NBaA duliry, yieptevale® @B fesistac& NB
againsttetracyclineg | & Of | 88 A FA B RIKIEID WA H I \NBWSittee WSEGINBYSTE @
rates to tetracycline in Asia@ jejuniA 82t  1S&a FTNRBY NMzYAylyida &adlyR& Ay
reported in ruminantC jejuni isolates from New Zealand, Denmark and Finland but is similar to findings
reported from the Netherlands.

In contrast toC.jejuniisolates from poultry and ruminants and @.coliisolates from poultryC.coliisolates
from pigsin China displayed high rates of resistance to gentamicin (and kanamycin) and to erythrdsighin.
levels of resistance to erythromycin @coliisolates frompigs were also found in Japan, wheisolateswere
also highly resistant to tylosin drchloramphenicb Tylosinresistance may be due to use of this antibiotic or
crossresistance caused by exposure to other macrolidgsloramphenicol has been withdrawn from use in
food animals since 199%uchpersistence of chloramphenicol resistance yrize a result of c@ekction or

crossresistance by other antimicrobial agen@.coliisolates frompigsin Chind- Yy R WF LIy | £ 82 RA

G2 WSE i NBWRSHtes taylidoBriegand tetracyclines.

Gompared withreports from non-Asian countiés,resistance ratesbserved in this review wernmostly higher.

In astudy in Italy all C.jejuniand C.col isolates from farms and abattoirs were susceptible to ciprofloxacin,
gentamicin, erythromycin and tylosii50. The isolates in the latter studyoweverexhibited high levels of
resistance to ampicillin, tetracynk and lincomycinA study in Australia reported that &ll.jejuniand C.coli
isolates fran broiler farms were susceptible to ciprofloxa¢i®1]. Similarly, none of the chicken isolatesin
study in Sweden were resistant to chloramphenicol, gentamiand erythromycin andhe prevalence of
guinolone resistance wasery low[175].

E.coLl

A substantial number of AMR studies was availabléefopliand thepooled estimates oAMR rates reported
in Tables 170 19 are based on AST of more than 500 isolates with the exception of AliRf&mnethoxazole
in isolates from poultry and ruminants and to florfenicol in ise¢afrom ruminants. The latter veaderived
from testing of 60 isolates in one study onkor mast compounds listed in Tables 17 19, the estimates of
AMR rates wee derived frompools of a thousand amore E.coliisolates from a broad range of countries and
are thereforethoughtto be fairlyindicaive of the overall situation.
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The extent and pattern of AMR resistareeenin E.coliwas@SNE aA YAt FNJ G2 GKFG Ay {If
G2 WSEGNBYSte KAIKQ NBaAradlyOS NraGaSa G2 Yz2ad O2YLRdzy
from poultry and pigs while isolates from ruminants exhibited lower levels of AMRE [Eoli isolates from

L2 dzZf GNES GKS 122t SR SautAYlFLdS 2F !aw | ONRPaa (GKS addzRe
KAIKQ F2NJ mp 2T Ri Ky wmerh 625y Lietddy Rua[ 2f oAQx (it SS @ Sfgenerdtign | aw 6 S
cephalosporin ceftiofur and for colistin, representative of the polymyxin class.

As withSalmonellathe pattern of AMR iti.coliisolates from pigs was very similar to that in goglisolates

YR WKAIKQ (2 WSEGNBYSfeée KAIKQ NI GSa 2F !law 6SNB T2
(Table 18). As seen in the isolates from poultry, AME.goli isolates from pigs was low for ceftiofur and
colistin. Overall, the pooledstéimate of AMR rates ii.coliisolated from poultry and from pigs fell into the
same category for 13 of the 17 compounds used for comparison and into adjacent classes for the remaining
F2dzNJ O2YLIR2dzyRad wSaAradlyOS (2 &ndiesdshhcy toiiiBethbpOBulfa ¢ | & a
4 WSEGNBYSte KAIKQ 620K Ay Aaz2ftldisa FNRY LlRdzZ GNB | yF

Table 17. AMR (%) toselected antimicrobial compounds B.coli isolates from poultry in East, South and
Southeast Asia (AS) and in countries wittianal AMR monitoring program

Class Compound
Gentamicin
AMI Kanamycin
Streptomycin
Ceftiofur
CEP Cephalothin
Amoxicillin
PEN Ampicillin 67 33 22 20 70 6
Chloramph. 41 0 16 0
PHE Florfenicol 27 0 0
POL Colistin 0
Qul Ciprofloxacin 51 0 0 3 50
Nalidixic acid 53 6 8 50
SUL Sulfamethox. 40 31 61 3
TET Oxytetracycline 70 44
Tetracycline 61 12 43 8 51
TRI Trimethoprim 24 0 51
TrimSulfa 27 6
Mod.: >10kto 20% | High: >206t0 50% | V. High: >50% to 70%

' AU: DAFF 2007NZ: MAF 2017,US: NARMS 201HDK: DANMAP 2012NL: MARAN 2018F1: ENRESYET 2002009
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Table 18. AMR (%) toselected antimicrobial compounds iB&.coli isolates from pigs in East, South and
Southeast Asia (AS) and in countries wigiional AMR monitoring prograsn

4

a ompound A A D
Gentamicin 24 0 0
AMI Kanamycin 36 0
Streptomycin 66 32 15 42 60 15 16
Ceftiofur 0 0 0
CEP Cephalothin 18
PEN Amo.xi.ci.llin 57 9 0
Ampicillin 57 35 13 29 25 13
PHE Chloramph. a7 44 0 12 0 /
Florfenicol 36 34 0
POL Colistin 0 0
QuI Ciprofloxacin 31 0 0
Nalidixic acid 36 0
SUL Sulfamethox. 60 33 45 12
TET Oxytetracycline| 70 6
Tetracycline 3 49 47 36 56 18 [
TRI Trimethoprim 26 3 22 37 12 11
TrimSufa 6 33
Mod.: >106to 20% | High: >206t0 50% | V. High: >50% to 70%

L AU: DAFF 2007;NZ: MAF 2011} US NARMS 201 (pork) * DK: DANMAP 2012NL: MARAN 2013;FI: FINRESET 2002009
"SW SVARM 2011

AMR rates inE.coli isolatesfrom ruminants wee considerably lower than those found in poultry and pig

isolates and the pooled estimate of AMR prevaleoody ¥ St f Ay (G2 GKS WKAIKQ OFGS3az
compoundslisted in Table 19As in isolates from poultry and pigs, AMERes for ruminant isolates were
SaGAYFGSR G2 0SS Wi26Q FT2NJ OSTUA2Fdz2NJ FyR O2ft AadAyz o
isolates from ruminants was also rated as low for trimethoprim and for trimethojsuife, the latter in stark

coni NI ad 2 G(KS WSEGNBYSteé KAIKQ fS@St 2F law F2dzyR Ay

Table 19. AMR (%) teselected antimicrobial compounds E.coliisolates from ruminants in East, South and
Southeast Asia (AS) and in countries wiitional AMR monitoring pragms

Class Compound
Gentamicin
AMI Kanamycin

Streptomycin

CEP Ceftiofur

PEN Ampicillin

Chloramph.

Florfenicol

POL Colistin
Ciprofloxacin

QU Nalidixic acid

SUL Sulfamethox.

Oxytetracycline

PHE

TET -
Tetracycline
Trimethoprim
TRI ! P
TrimSulfa
Low: KM [ Mod.: >1@6t0 20% | High: >206to 50% | V. High: >50% to 70% Ex. high: >70%

! AU: DAFF 2007NZ: MAF 201US NARMS 2011 (pork)PK: DANMAP 2012 NL: MARAN 2013, dairy coWSNL: MARAN 2013,
calves, white® FI: FINRESET 20022009
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Comparisonof the pooled AMR estimates iB.coliisolatesfrom poultry and pigs in East, South and Southeast

Asia with those from systematic AMR monitoring efforts in high income countries with regulated AMU

reveakd that for most compounds used for compson they éll into the highest obseved category. Only in

three of 64 comparisons was the AMR category for isolates from poultry higher in one of the countries used

for comparison, namely fostreptomycin, sulfamethoxazole and trimethoprim in the Nethada. In E.coli

isolatesfrom pigs this was only the case for one compound (out of 73 comparisons), namely oxytetracycline in

I dza G NI £ A 6 WSEPI NBYSEdBE&sol&féd IBHOADWry and pigsifidrences in AMR rates to

gentamicin and kanagtin and to ciprofloxacin and nalidixic acid appear most marked between the Asian

group of countriesandi K2 4SS dzaSR TFT2NJ O2YLI NAaz2yX !law 06SAy3 Ofl aaa
Wi2Q Ay GKS tFG§34G§SNW®

For isolates from ruminants, the assignedsistance category was higher for sulfamethoxazole and
trimethoprim in New Zealand WKA 3KQ @a® WY2RSNI GSQ IyR WY2RSNI 64SQ @3
OWY2RSNIGSQ Gad Wiz2Q03 OKE2NI YLKSYAO2f YWYyF¥RENKQS BPEXD
GSGNF OO0t AyS O6WSEGUNBYSte& KAIKQ @gad WKAIKQOITZ FyR GNRY
from the Netherlands however refer to AMR in isolates obtained from calves, which appear to be much higher

than those obtaied for isolates from adult cowsAge of the animal from which an isolate is obtained thus

appears to introducanother confounding elemdrinto crossstudy comparisons.

In the Netherlands, AMR rates I.coli isolates obtained from vegetables welelow five percent to all
compound against whichisolates from livestock were testg@xcept silfamethoxazolewith 10%resistancé
[136). Similar results were obtained in New Zealand Vitholi isolates fromfresh produce where resistance
rates werebelow three percent for allantimicrobial compounds used to test for resistance in isolates from
livestock (exceptdtracyclinewith 7%)[132].

ENTEROCOCG

Onlythree studies on AMR were available toxfaecalisand E.faeciumisolates, two of whichvere from Japan
and the remainingne from TaiwanProvince of ChindDespite the low humber of studies, with the exception
of vancomycin,hle AMR rateseported forE.faecalisand E.faeciumisolates from poultry in Table9zand 2L
arebased on AST of more th&@g0 isolates, in most caseven close to D00 or even more isolate§iven the
large number of isolates tested, itfislt that the resultsare likely toreflect the situation in Japan and Taiwan
Province of China and ide used ircrosscountry comparison as done for the other microorganisméuithed

in this review
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Table 20. AMR (%) toselected antimicrobial compounds iB.faecdis isolates from poulty in Japan and
TaiwanProvince of ChinfAS) and in countries with national AM#nitoring prograns

Class Compound AS AU NZ us

AMI Gentamlcm'
Streptomycin
MAC Erythromycin
PEN Ampicillin
PHE Chloramph.
QUI Ciprofloxacin
TET Tetracycline
OTH Vancomycin
Mod.: >106to 20% |  High: >206t050% | V. High: >50% to 70% | e

! AU: DAFF 2007;NZ: MAF 2011 US NARMS 2011 (porkj;DK: DANMAP 2012:NL: MARAN 2013;FI: FINRE$ET 200:2009;
" SW SVARM 2011

Similar to the findings inether microorganisms included in this reviedVR rates found iikE.faecalisisolated

from poultry in Japan and Taiwan Province of China always fell into the highest categorfosedineight

compounds used for therosscountry comparison. AMR wafeund tobe WK A I KQ 2NJ WSEGNBYSt & ¢
the eight compounds listed in Table 20 NS aA addl yOS 0 S Awhie nova 8ingle isafa® wasY LIA OA f
found to be resistant to vancomycin.

As with E.faecalis,AMR rates irE.faeciumisolates from poultryin Japan and Taiwan Province of China fell

into the highest category observed fire compounds listed in Table 2the only exception being ampicillin,

GKSNB Araz2fliS&a FNRY G(GKS bSUKSNII|yRa&a SEKAOAMagRr I WKA IF
0KS AaztladSa FTNRY GKS (@2 !'aily O2dzyiNASa ¢l a Wiz2Q0
F2dzy R F2NJ AaAE 2F (KS yAyS 02YLRdzyRa AyOfdRSR Ay (KS ¢
and ampicillin, whilao isolate was found to be resistant to vancomycin.

Table 21. AMR (%) toselected antimicrobial compounds B.faeciumisolates from poultryin Japan and
TaiwanProvince of ChinfAS) and in countries withational AMR monitoring programs

Class Compound AS AU NZ us DK N

Gentamicin 10 0 o Hl o 3
Streptomycin L | 43 |

AMI

3 4 43 1 0
MAC | Erythromycin
o NN 1 2

PEN Ampicillin

PHE Chloramph. (0] 1 0]
QUI Ciprofloxacin
TET Tetracycline
uinupristin
oTH  [ulnuprist
Vancomycin
Mod.: >1@6to 20% | High: >286to 50% | V. High: >50% to 70% [IE A

! AU: DAFF 2007;NZ: MAF 2011} US NARMS 2011 (pork);DK: DANMAP 2012NL: MARAN 2013* FI: FINRESET 2002009;
"SW SVARM 2011

2L y O2yiN}ad G2 GKS WSEGNBYSt & KERAdasisdates:from pdulSyd®Bttacydire resistatichlinOe& Of Ay §
E.faecalisisolatesfrom vegetabless I & Wt 26 Q 06002 0 @

GENB AyOt dzRSR Ay GKS 1{¢ I

FNBY @S3SilotSa
@St F2dzy R Ay A&zt i8a FTNRBY Lk

% In the NetherlandsE.faeciumA 2 2 t I G S &
iKS WPSNE KAIKQ f

S
tetracyclinea 2 LI} aSR (2 S
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Quinupristin is usually used in combination wihlfopristin for the treatment of lifehreatening infections
associated with vancomyciresistant E.faecium bacteraemia. However, clinicél.faecium isolates resistant
quinupristindalfopristin have been reportefil52]. High esistance to quinupristin has been suggested to be
associated with the use of virgamicin as a feed additive in food animal product[®4]. The observation of
'y WSEGNBYSteE& KAIKQ LINB GintirSefae8umsdatedNFoem peulint iy Tafvani 2
Province of China is of concern amdrrants further studies across the region.

Given the clinical importance of erythromyadiesistant enterococci, continuous surveillarmed geographical
expansionof erythromycin resistance ithese bacterian the regionis strongly r&eommended particularly in
view of erythromycin being the drug of choice.

AMUANDAMRMANAGEMENT IBAST SOUTH ANISOUTHEASASIAN COUNTRIES AND IN
THEUSAANDTHERU

Themain findings onAMU and AMR managemerit livestock productionn the countries in the study region
are summarized statebelow. Policies and regulations of AMU exist in some counthbigs systematically
recordedinformation onactual AMU (either type or extent) ithe livestock seadr is absentAMU has to be

deduced from AB sales data, which however is difficult to obtain.

EASTASIA

Regulation of AMU in livestock andtional responses to AMR in the Eastian countriesare quite vaied.
Some information in Englis language wasavailable fromChina, Japan anBepublic ofKoreawhile this was
not the case fothe Peoples Democratic Republickdrea and Mongolia

Chinaplays an important role botasimporting and exporting countrgf livestock productsLarge amouits of
livestock are being produced to satisfy the high and growinglomestic demand.Many antibiotics are
domestically manufacturednd there is gidence that various antibioticare beingbeenimprudently usedin
food animal productionDevelopment ofpolicies guidelinesand regulations on AMU and AMR in livestock
production is rather slow and relevant data is limitgkD8, 124]. It is clear that national surveillancé AMR,
national reference laboratory and a network database for AMR are urgently nedd#}l. In China andts
province Taiwan, AMR in food animals has been widely studied, resulting Bubstantial numberof
publications in many lgh-ranking scientific journalsind clearly suggest that AMR has reached significant
levels

Japanis a country with prominent natiodaolicy for catrol and surveillancef AMR in livestock production.
Its policies have been publicly available and used as models foropewent of relevant program in many
countries.Japan has established guidelines for rational use of antibioticsouh &dnimals and antimicrobial risk

assessment. The outstanding development is the annual report of AMU in livestock and fisheries. All these

movementshave placed Japan the leading position in tersof AMU and AMR managemeriowever, @en
though veterhary drugs carbe used only under veterinargrescription, restriction on AMU in veterinary
secbr may still needo be increased.

The Peoples Democratic Republic of Koread Mongolia are among the countries with limitedeadwayin
the developmentof a national policy for AMU and AMR in livestock production. There is not much data

available on the websites and if there is any, it is usually in native languages. Consequently, it is difficult to

assesdf restrictions on veterinary drugsf they exist,are actually béng implementedand to what extent
Mongolian livestock (mostly herbivores) are maimared by grazingon extensive grasslandmd antibiotic
use may not be commoim theseanimals
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TheRepublic of Koreas among the more advancedountries wth respect to theregulation of AMU in food
animals. Thaise of antimcirobial agents in food animals for ahbrapeutic or northerapeutic purpose has
been restrictedIn 2011, theMinistry for Food, Agriculture, Forestry andiiéries (MIFR)amed the addition

of antibitics to animal feedTheban covers use othe antimcirobial agents apramycin, avilamygcbacitracin

methylene disalicylate, bambermycinulfathiazone teramycin tiamulin, tylosine and virginiamycin as fde
additives[109]. However,information onAMU anddata collection systems is limitdd09]

SOUTHASIA
Data on AMU and AMR in livestock and livestock products in most South Asian countries is limited. Responses
to the AMR threat in each country are different.

Large and small ruminants, i.eattle, sheep and goats, are the maindstockspeciesn Afghanistanand are

usually reared by grazing sedentary omomadic production systems. Therefore, these animals may not be
normally exposed to antimicrobial agerdaad AMRin microorganisms associated witivestockis not a major
concern. In contrast, AMR in Afghanistan hospitals is a major concern because irrational use of anigbiotics
very commonin human medicine. A survey reported that up to 10€rcent of the patients in a private
hospital received thirdyeneration cephalospdans, indicating the overuse of antibiotics in Afghanistan
hospitals. Together with lack of prophylaxis guidelines and standardized surgical protocols, such overuse and
misuse of the antibiotics results in substantial leegn effects, including increasedhedical costs, more
adverse drug reactions (ADRs) and increasing development of 81R

In Bangladesh antimicrobials are widely used in both humans and anima8€]. Several scientific papers

regarding AMR in livestock, particularly in cattle,vesl chicken, and duckshave beenpublished and

highlighted the problem of AMR in¢tcountry[91, 92, 105]. In addition, AMR is a topic of extensive research

in bacteria from shrimpaquaculture beingn important contributorto . I y3f I RSaKQa SO2y2Yeéd -
beingconsidered a national priority, Bangladesh still has no national regulation and surveillance for AMU and

AMR, especially in food producing animdg9]. However a bill on antibiotic use in livestock and fish féehs

been proposed by the Bangladesh governmeim 2010. The bill prohibis the use of antibiotics, growth

hormones, steroids and harmful pesticides in animal and fish fe@tsce it becomesal, it willimprove the

safety standards for fish and animal feeds in the coupt&}.

Livestock arean important contributor to . K dzii leofr@m@y and are commonly used for dratig18§).
Chicken meat needs to be imported to meet domestic requirements. It seems ahtbiotics are not
extensively usedh livestockandthat AMRis not a main concern in Bhutan. Thisikely a major reason fahe
very limited study 8AMR ih domesticlivestock and their products.

In India, antibiotics have been used widely in food animals and AMR is considered a serious public health
problem. Cuwrently, India does not have national regulatory provision and active national surveillance
regarding AMU and AMR in livestock. The Government has recently urged all the relevant agencies to act on
antibiotic resistance. The outstanding progress in conamdl prevention strategy is the announcement of a

new national antimicrobial policy in 2011 by Ministry of Health and Family Welfare task fet@e This could

be partly a result from the previouslentification of New Delhi Metallebeta-lactamasel (NDM1) in the
country. This new national policy regulates antibiotic use in both humans and food animals and is the first
regulation in India that states specifications of AMU and how much antibiotics can be nmiaechimal feed.

One of the outstanding observations liran is the extensive research publications on AMR bacteria associated
with livestock. This reflects that AMR is a current issue of particular concern in the country. However, data on
AMU, suveillane andnationalcontrol programcould not be obtained.

In the Maldives aquaculturemakesa significantcontribution to its economywhile the contribution of
livestock and livetock products is marginal. Thisuld explain the absence of scientific papand national

42



policy of AMU and AMIh food animal productionThe Maldives lackvell-trained staff laboratory capacity
and reagent suppliesnd national laboratorybased AMR surveillance has en establishedi221].

AMR is a major public health concernNepal, Pakistarand Sii Lanka Among the three countries, Nepal has
severd regulations and policies thaim to control AMU but most focus on human medicine. It was reported
that AMU for veterinary practice in Sri Lanka and Pakistan is legally restfit83 225 but further
information coud not be retrieved. 8me publcationson AMRhave originated from these count®s in the
pastfive years. It can be noted that almost aludiesfocused on bacterial isolates froohickenand chicken
meat, suggesting the increasingportance ofthe poultry industry. Then again, there is still no national
surveillance and control pugramthat is directly applied for AMU and AMR in food animals in these countries.

SOUTHEASASIA

Among the Southeast Asian countriesiost information is available fronThailand Malaysia and the

Philippinesand these countries seem to have progressedhfest with regards to managingMU and AMR
riskin food animal productionIn contrast, information fron€Cambodia, Lao PDR, Myanmand Timor-Leste
was limitedand AMU and AMR seem to receive little attention

In Indonesig animal and human health authdiés appear to be concerned about the risk of AMR but all
legislationand regulations regarding veterinary drugsd their use were only availabile the native language
making them difficult to evaluatdndonesia is alsone of thecountriesthat has bamed the use ofntibiotics

for growth promoion since1994 However,it appears that thecompetent authorities are encounteringajor
challenges irthe establishment bnational AMR surveillanceomprisinglack of facilities, data management
system and huran resource$70].

Most antimicrobialgegistered inMalaysiaare used in poultry and pigroductionwhile regulatiors on the sale
or use of drgs in animals and animal feed anet well established \eterinary drug residues have been
regularly monitored in food of animal origin and AMR moriitg inthe humanmedical sectohas been well
organized. However, there is litthlmformation about national surveillance and controf AMR in livestock
production Harmonization of AMR managemerdtandardiation of detedion methodsand limited weH
trained personnel seerto be some of the problems

Regulation of veterinary drugs ihilippinesis rather comprehensivéy many authorities. &ional use of
antimicrobials and otheweterinary drugsin animal productionis now governed byational policy ondrug
residue control. However, AMR surveillanée the countty is underfunded, lackadequate laboratory staff,
does not have the capacity tiink data from laboratory surveillance with epidemiologic data, and dack
master plan for laboratory surveillae.

Thailandis an important exporter of agriculture products, of which one of its major exgoods arechicken
producti @ ¢ K Ipaultry iAdSIE has been well developed to meet international standaadd the
importing country requirements. Thailandas become increasingly concerned about AMR and increased
restrictions and policies on AMU in livestock. The use of antibjotieith promoters in food animals has been
prohibited, probablyin response to the antibiotic ban ithe EU, itsmajor trade parher. Oneexample of
progressmadein AMR policy ishe draft guideline for judicious use of antimicrobials in broiler farms with a
good response from poultry producers. This is the first development of policy for rational use of antimicrobials
in food animals andsimilar guidelines specific for other livestock species arepreparation Despite the
extensive studies of AMR in the couptrThailand does not haveeliable natonal surveillance of AMR.
Relevant information is scattered and not systematicakcorded. It is clear that a regional and national
mechanism for regularly sharing of AMR data of public health importance is needed. Importantly,
collaboration between regulators, public health officials, academic institutes and industrial paneedsto

be establishedThe major challenges of the country include lack of standardized and harmonized methods for
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AST inadequate regulation on AMU, unclear picture of antimicrobials in animalsfamd limited trained
personnel.

Viet Namisone of the fastesgrowingeconomies in the worldRational use of veterinary drugs becoming of
increasing concern due to the very rapid growth of the livestock se€articular interest has been paid to
drug registration, reduced use of antibiotics, increasing usealtdrnatives for growth-promotion (i.e.
probiotics, premix, vitamins, minerals and herbs) and use of environnigriteEdndly chemicals. Vietlam &
fadng a major problem of counterfeit and low quality drugs, implying the ineffectiveness of drug regulati
Additional problems in AMR management inclualelisconnect between veterinarpractice and drugsales,
the lack ofregulations of prescription and retail saJesd no regulatiorf withdrawal period§156].

USA

Antimicrobial use in livestock sectgpsrticularlyin industrial poultry and swingproductionis common in the
USA[212) and has beeiincreasing 71]. AMU is regulated by the US Food and Drug Administration (FDA). The
USA has developed policies for judicious AMU in various types of anjir2als62]. The country has a well
established AMU recording and reporting system managed by the FDA. Howtdvas, been lamented that
reliable data on total antilotic use in livestock in the USA is not publicly availgbie

The USA haalso established national policies for the control and surveillance of AMR associated with food
animals. AMR monitoring has been standardized and harmonized and has beefpadhi as modelof AMR
monitoring programs in other countrig®.g. Thailand,South Kored. AMR (either phenotypic and genotypic
properties) in bacteria derived from livestock and livestock products has egnsively reported.

BUROPEANNION

AMRIn bacteriaassociated witffood animalds a commorconcern across EU member statesd AMR control

is a high priority of the communityThe EU istaking aleadng position inalmost all aspects associated with
AMU and AMR managementn food animal productionAs of 2006, the EU has disallowed the use of
antimicrobials for the purpose @rowth promotion in food animal productiof20, 46].

Two agenciesdeal with the control of infectious diseases and AMEe European Centre for Disease
Prevention and Control (ECD&)d the European Food Safety Authority (EESAEDds focusing onthe
epidemiology, surveillance, prevention and control of infectious disswhile EFSAas te responsibilityof
collectng and analyzinglata on AMR inmicroorganisms fronfood-producing animaldo be used for risk
assessmerst EFSAasdevelopeddetailed rulesfor AMR monitoringo ensure comparaitity of data onAMR
occurrerice among the Member Statd61, 64]. The technical specifications of the AMR monitoring program

are publicly availble and are updated upon the review of suggestions made by other relevant agencies. EFSA
regularly issues European Union Summary Reports (EOSRSJR[64].

The most updated EUaction plan for AMU and AMR magement has beefpartly) used as modefor the
formulationrelevant policy and progragin other countries such a§ hailand
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CONCLUSIONS ARRECOMMENDATIONS

Both AMR ad food-borne diseases are a public health threat and a vital challenge in human mediétastin
South and Southeast Asi@ihe high prevalence of AMR observed in zoonotic bacteria from foodaimand
their products suggestan important role of the livetock sector in the emergence, dissemination, and
maintenance of AMRn human pathogensin most of East, South and Southeast A&MU in food animal
productionis not well regulatednd existing regulations ai@ten poorly enforced. The levels of AMR falin
the four livestockassociated micrarganisms covered by this revieave in many caseat least as high if not
higher than those observed inther countries where food animal production is dominated by intensive
production methods. As in the human dlieal sector, high levels of AMBRovide strong evidence for the

% A RS &LINS I -RE & VIRY &4f anfihScebbialzd S

Lack of awareness of the extent and consequences of AMR and the contributimcaftrolled AMU in food
animal production by policy nkars appeas to be at the root of the rather low level of policy concern and
relative regulatory inertiseen inmanyof the countriesin the region The immediate consequences of the low
level of policy engagement in AMR risk management are:

1 inadequate rgulation and coordination between relevant actors, e.g.

- lack of national policy, guidelines and regulation of AMU and AMR (and poor application of
existing regulations);

- absence of a national program on AMU and AMR;

- lack of standardized and harmonized A8dta from different laboratories cannot be compared);

- no linkage of data from laboratory surveillance with epidemiologic data from the field;

- easy access to antibiotics (antibiotics may be obtained over counter without veterinary
prescription);

- limited paticipation of stakeholders in AM&wvarenesgrograms

and

1 inadequate human and financial resources, e.g.
- scarcity of quality assed laboratories for antincrobial susceptibility testing;
- limited qualifiedmanpower within each competent laboratory;
- difficulty to assigriaboratory personnelo AMR surveillange
- limited availability of commercial laboratory supplies such as culture media, antibiotics,
antibiotics discs, other chemicals;
- poor access to (electronic) information.

The combination of theabove Imitations results ininsufficient antimicrobial susceptibility data analysis and
disseminationand a lack of AMR surveillance data, which perpetuates the status quo and limits much needed
research on AMR and on alternatives to antimicrobials.

An interdiscplinary approachinvolving a wide range of partners is neededn@nageAMR The following
recommendationsare suggested for different actors.

For governmental agecies and regulatory authorities
Governmental agencies and regulatory authorities should
1. Ackiowledge AMRnanagementsa national priority
Develop national lists of critically important antimicrobials sfieglly ranked for each country;
Develop guidelines for judicious AMU in food animals;
Establish mechanisms to reliably monitor AMU in prigvgifood animal production systems;
Develop strategies and action plans for national control and prevention programs for AMR in food
animals;

o~ wnN
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6. Formulate and pass transparent and systematic regulations for AMU and AMR in food animal
production based on saiific evidence, risk assessment and appropriate precaution;

7. Build and strengthen laboratorgand epidemiologicatapacities to provide reliabl&MR data for
utilization at local lgel and for national guidelines;

a. Establish and or strengthen a national ference laboratory for AMR

b. Establish and or strengthen national lab@tory-based surveillance of AMR;

c. Establish and / or strengthen capacity to design sampling strategies that ensure the
collection of representative samples of field isolates;

d. Establisrand / or strengthen capacity to interpret the results of national AMR surveillance.

8. Initiate and support research and development to enhance application of various measures to combat
AMR including better diagnostics, new antimicrobialggrnatives to anbiotics

9. Support a collaborative relationship between regulators, public health officials, academic insttut
and industrial partnergpharmaceutical and livestock production)

10. Provide proper education on AMU and AMR and promote awareness of ratimalude to farmers,
animal producers, drug manufacturers, drug distributors and veterinarians to maximize the benefits
of therapeuticantibiotic use, while minimizing the development of resistance;

11. Encoungeherd health programscluding herd immunizatiarinfection control, good agricultural
practiceand enhancedbiosecurityto reduce the burden of disease and nefed AMU.

For AMR laboratories
AMR laboratories should
1. Developantimicrobial susceptibility test guidelines, standard operating procedurdsstandardized
and harmonized protocslfor AMR monitoriig and encouraggheir use;
2. Improve and sengthen diagnostic facilitiefor ASTand microbial diseases to support antimicrobial
prescription and AMR monitoring
3. Encourage the production and uséquantitative data (i.e. MICs) in the monitoring of AMR
4. Establish a national system of AMR surveillance using internatienealbgnized software e.g.
WHONET for data analyses
5. Establish a national system to monitor the emergence and spread of AMR anditsgagact on
public health
6. Improve and increaseumber oflaboratory failities, manpower and training;
7. Improve and strengthethe laboratoryquality-assuancesystem
8. Establishregional and national mechanisfor regularly sharing of AMR data of publiealth
importance, practices of laboratofyased surveillance of AMR, practices to promote rational AMU
and other relevant information;
9. Participate in the Asi®acific Network for Surveillance of AMR.

For researcland academic institutions
Researctand academic institutionshould
1. Perform basic and clinical research to monitor and prevertduceemergence and spreaaf AMR
andensure thatfindings(e.g. new rapid diagnostics, new therapeutics, alternatives to antibiotics,
monitoring and strategienonitoring andcontrol modek for countries with low resourcgsre taken
into account in the formulation of future policies and actipns
2. PSNF 2N NBaSI NAKF dmAéy I LIKNGR aGK N2 | dasSaa GKS F Oddz
transmissionand to identify potential areas for managemenf AMR throughout the food chain;
3. Enhancecollaboration with academic partners and the private sector to mordtud curb the
emergence and spread of AMR
4. Improve the knowledge base and information flow to health previl veterinarians, drug suppliers,
food animal producerand consumers
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5. Describe the value chains associated with antimicrobial usteggermine the economic and social
driversof associated behavigs and develop interventions for appropriate behanfachange

Forthe private sector
Theprivate sectorshould
1. Adopt the principle ofational use of antimicrobials to maximize the benefits of the therapeutic
antibiotic use and minimize the development of resistance;
2. Encourage rational usage of AM througtpegpriate incenties forproducers;
3. Collaborate with governmental agencies, local partners and other private seatbrers in AMU and
AMR monitoring programs

For international organizations
International organizations shoutbntinue ta
1. Develop and phlicizeinternationalguidelines for establishing national surveillance of AMR;
2. Provide technical assistance to national authorities for establishing national labofadased
surveillance and control/prevention programs of AMR;
3. Advocate and support the egablishment of regional reference laboratories and/or laboratory
networks;
4. Provide information and updates on international standards and trade requirements;
5. Support a networlof experts and officials in the region to share knowledge and dataut AMU and
AMR

This review has provided a first insight irttee possible extent of AMR in selected pathogens and commensals
associated with food animal production in East, South and SoutheastaAdialthoughit appears thatthe
levels of AMR are high in compsoih to a number of countries with systematic AMR monitoring prograhes,
true extent and impact of AMR the regionremainlargely unknownThere is a urgentnecessity to produce
comparable data from national monitoring and surveillance programs ierdifit countriesin the regionand

to combinethe results at the regional levab support the formulation of rational and cosffective AMR
programs across the regiorBetter communicationand collaboration and among Asian countriesg.g. at
ASEANind SARCleve)) is a prerequisitefor the develogment of harmonized andstandardized schemes for
AMR monitoringand regional approaches toonserveantibiotic effectiveness for human and animal health
protection.
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ANNEXES

ANNEXL: STUDYNCLUSIONNDEXCLUSION CRITERIA

Criteria Inclusion Exclusion
Antimicrobials Antibiotics Antifungab
Antibacteriaé Antiseptics

Disinfectants

Animalspecies

Poultry (i.e. broilers, layers, ducks,

geese, partridges and quail)
Pigs
Horses

Large rummants (i.e. cattle, cow ang

buffalo)

Small ruminants (i.e. sheep and

goats)

Aquatic animals
Wild birds
All other animaldeyond list

Animalfood products

Chicken meat
Pork

Beef

Veal

Lamb

Goat meat
Raw milk

Eggs
All other products beyond
list

Bacteria S enterica S. bongori
Campylobactespp. All other kacteria beyond list
E.coli
Enterococcuspp.

Countries 40 countries listed in Tabl2 All other @untries
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ANNEX2: AMRSTUDIES AND SUMMARMWSISTICS F@RLMONELLA SPP

TableA2-1. Results of AMR stuel inSalmonell&rom poultry by compound

Class

Compound

Studies

Countries

N

% Res.

Min

Max

AMI

Gentamicin

18

CAM (1); CHI (6); IRA (]
JAP (1); MA(2); NERL);
PAK(L), TAI(2);, THA(L),
VIE(L)

2,082

17

0.0

92.5

Kanamycin

11

CHI (3); IND (1); JAB)(
PAK (2); TAI (1)

1,630

28

0.0

92.9

Streptomycin

16

CAM (1); CHI (3); IRA (]
JAP (2); MAL (3); NEP (]
PAK (2 TAI (1); THA (1)

1,844

62

0.0

100

CEP

Cefotaxime

CAM (1); CHI (2); IRA (]
JAP (1); MAL (1PAK (1)

1,050

0.0

9.1

Ceftiofur

CHI (2); IRA (1); JAP (]
THA (1)

515

23

0.0

85.7

Ceftriaxone

CHI (3); MAL (2); TAI (1
VIE (1)

638

0.0

61.0

Cephalothin

CAM (1); CHI (3); JAP (
MAL (1); NEP (1); TAI (1

1,094

29

0.0

94.9

MAC

Erythromycin

BGD (1); IND (1); MA
(2): PAK (L

289

86

54

100

PEN

Amoxicillin

CAM (1); CHI (2); IND (]
IRA (1); NEP (1JAI (1);
THA (1)

682

36

0.0

97.4

Ampicillin

24

CHI (7); IND (1); IRA (]
JAP (4); MAL (3); NEP (
PAK (2); TAI (1); THA (
VIE (1)

3,827

25

0.0

100

PHE

Chloramphenicol

20

CAM (1); CHI (4); IRA (]
JAP (4); MAL (3); NEP (]
PAK (2); TAI (1); THA (
VIE (1)

2,450

23

0.0

100

Florfenicol

CHI (2); IRA (1); TAI (]
THA (1)

495

26

0.0

90.9

POL

Colistin

IRA (2); JAP (1); TAI (
THA (1)

426

12

0.0

24.0

QUI

Ciprofbxacin

17

CAM (1); CHI (6); IRA (]
MAL (2); NEP (1)PAK
(1): TAI (2); THA (1); V|
(1)

1,899

10

0.0

100

Nalidixic acid

19

CAM (1); CHI (4); IND (]
IRA (2); JAP (2); MAL (
NEP (L)PAK (1); TAI (2
THA (2)

3,359

44

0.0

100

Norfloxacin

CHI (2)MAL (1); NEP (1
TAI (1); THA (1)

693

18

0.0

78.9

SUL

Sulfamethoxazole

CHI (2); IRA (1); JAP (
THA (1)

824

77

0.0

100

Sulfonamide

CAM (1); CHI (1)

213

16

0.0

75.0

TET

Oxytetracycline

JAP (5)

1,105

82

14.3

100

Tetracycline

25

CAM (1); CHI); IND (1);
IRA (2); JAP (2); MAL (

NEP (1); PAK (2); TAI (

3,871

48

0.0

100
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Class Compound Studies Countries N % Res.| Min Max
THA (3); VIE (1)
. . CHI (2); RA (2); JAP (2
Trimethoprim 9 MAL (1): PAK 2 907 59 2.7 82.8
TRI CAM (1); CHI (4); MA
TrimSulfa 12 (2); TAI (2); THA (2); V| 2,990 39 0 100
1)
OTH Imipenem 1 TAI (1) 328 0
Meropenam 1 VIE (1) 86 0
TableA2-2. Results of AMR studies 8almonelldrom pigsby compound
Class Compound Studies Countries N % Res.| Min Max
- CHI (3); JAP (2); TAI (
Gentamicin 10 THA (3): VIE 1 955 24 0.0 48.0
. CHI (2); JAP (3); ROK
AMI Kanamycin 7 THA (1): VIE (1) 494 24 0.0 333
. CHI (3); JAP (1); TAI (
Streptomycin 10 THA (4):; VIE (1) 850 58 0.0 100
Cefotaxime 2 CHI (1); JAP (1) 105 0
Ceftiofur 4 CHI (1); JAP (1); THA (2| 405 <1 0.0 4.0
CEP Ceftriaxone 4 CHI (2); THA (2) 434 <1 0.0 3.3
. CHI (1); JAP (1); MAL (
Cephalothin 6 ROK (1): TAI (1): THA (1 496 7 0.0 43.8
Amoxicillin 4 CHI (2); MAL (1); THA(1 185 22| 154| 311
PEN — CHI (4); JAP (3); MAL (
Ampicillin 13 THA (4)VIE (1) 1,016 60 10.0 96.0
CHI (3); JAP (3); MAL (
Chloramphenicol 14 ROK (1); TAI (1); THA ( 952 47 15.4 99.0
PHE
VIE (1)
Florfenicol 2 CHI (1); THA (1) 165 12 5.0 33.3
POL Colistin 2 JAP (1); MAL (1) 71 6 0.0| 125
. . CHI (3) TAI (2); THA (4
Ciprofloxacin 10 VIE (1) 932 11 0.0 47.0
I . CHI (3); JAP (2); TAI (
QUI Nalidixic acid 11 THA (4): VIE (1) 939 40 0.0 100
. CHI (2); JAP (1); TAI (
Norfloxacin 5 THA (2) 338 9 0.0 19.0
SUL Sulfamethoxazole 4 JV?IIED((ll)); MAL (1); THA ( 245 85 57.3 100
Sulfonamide 2 CHI (1)*; THA (1) 132 55 55.0 100
Oxytetracycline 4 JAP (3); MAL (1) 125 83 60.0 100
TET CHI (4); JAP (1); MAL (
Tetracycline 14 ROK (1); TAI (1); THA (| 1,063 83 0.0 100
VIE (1)
Trimethoprim 4 | CHUAEIAP (M THAG 591 | 38| 100] 567
TRI VIE (1)
. CHI (3); ROK (1); TAI (
TrimSulfa 8 THA (3) 718 44 15.4 95.0
OTH Imipenem 1 JAP (1) 44 0

*Only 1 isolate
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TableA2-3. Results of AMR studies 8almonelldrom ruminantsby compound

Class Compound Studies Countries N %Res.| Min Max
Gentamicin 5 ?/SFE) (g); CHIIRA (- 798 3| 00| 200
AMI Kanamycin 3 | IRA (1); JARY 584| 35| 00| 36.0
Streptomycin 4 CHI (2); IRA (1); JAP (1 710 65 0.0 83.0
Cefotaxime 1 JAP (1) 545 0
CEP Ceftriaxone 1 CHI (1) 30 0
Cephalothin 2 CHI (1); IRA (1) 44 7 00| 214
MAC Erythromycin 1 BGD (1) 114 28
Amoxicillin 2 BGD (1); CHI (1) 144 80 00| 100
PEN | Ampicillin 6 ?SE (gzl); CHI(2): IRA (745 771 00| 100
PHE | Chloramphenicol 6 |BCDMiCHI@EIRAG 251 56| 00| 760
JAP (2
POL Colistin 1 JAP (1) 25 0
Ciprofloxacin 4 | BGD (1) CHIA)IRA(  S4q 3| 00| 200
JAP (1)
QUI Nalidixic acid 5 | CHI(1); IRA (1);JAR (2| 728 5| 00| 786
Norfloxacin 1 CHI (1) 30 0
SUL Sulfonamide 2 CHI (1); JAP (1) 552 90| 71.4| 90.0
TET Oxytetracycline 1 JAP (L 25 72
Tetracycline 5 CHI (2); IRA (1); JAP (2 621 76 0.0 84.0
TRI Trimethoprim 2 JAP (2) 15 0
TrimSulfa 2 CHI (1); JAP (1) 575 7 5.5 33.3
OTH Imipenem 1 IRA (1) 14 0
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ANNEX3: AMRSTUDIES AND SUMMARMWASISICS FORAMPYLOBACTEBRP

TableA3-1. Results of AMR studies @icolifrom poultry by compound

Class Compound Studies Countries N % Res.| Min Max
Amikacin 1 CHI (2) 48 71
Dihydrostrep. 4 JAP (4) 158 7 0.0 13.0
AMI Gentamicin 5 IRA (3); JAP (2) 140 1 0.0 3.2
Kanamycin 1 CHI (2) 48 75
Streptomycin 1 IRA (1) 27 7
CEP Cephalothin 2 CAM (1); MAL (1) 71 96 93.5 97.5
MAC Erythromycin 8 ﬁ@'\f ((]:_L));;\I/Té‘ (%); JAP ( 418 10 0.0 58.1
Tylosin 1 JAP (1) 9 33
PEN Amoxicillin 5 CAM(1); IRA (3); VIE (1 332 11 0.0 16.2
Ampicillin 5 IRA (3); JAP (2) 166 8 15 19.0
PHE Chloramph. 5 IRA (3); JAP (IMAL (1) 140 1 0.0 3.7
POL Colistin 1 IRA (1) 27 33
Ciprofloxacin 5 CAM (1); IRA(3); VIE(1 332 50 7.5 71.0
oul Enrofloxacin 9 m'\ﬁ EB IRAGEIAP (U 955|  27] 129| 500
Nalidixic acid 10 \C/:ﬁENél()l); IRAGEIAP( 509| 50| 150/ 100
TET Oxytetracycline 4 JAP (4) 158 46 27.3 60.0
Tetracycline 5 IRA (3); MAL (2) 113 67 46.7 100
TableA3-2. Results of AMR studiés C.colifrom pigsby compound
Class Compound Studies Countries N % Res.| Min Max
Dihydrostrep. 4 JAP (4) 440 62 54.2 68.3
AMI Gentamicin 1 CHI (1) 190 24
Kanamycin 1 CHI (1) 190 57
MAC Erythromycin 6 CHI (1); JAP (5) 747 44 151 55.0
Tylosin 1 JAP (1) 145 48
PEN Ampicillin 4 CHI (1); JAP (3) 485 20 15| 432
PLE Chloramplenicol 2 CHI (2); JAP (1) 345 15 0.0 32.9
Florfenicol 1 CHI (1) 190 0
Ciprofloxacin 2 CHI (1); JAP (1) 273 89 71.0 97.4
QUI Enrofloxacin 6 CHI (2); JAP (5) 736 49 23.4 94.2
Nalidixic acid 4 JAP (4) 368 36 23.4 70.0
TET Oxytetracycline 4 JAP (4) 440 88 82.4 91.7
Tetracycline 2 CHI (1); JAP (1) 273 88 67.0 97.4

64




TableA3-3. Results of AMR studies @icolifrom ruminantsby compound

Class Compound Studies Cauntries N % Res.| Min Max
Dihydrostrep. 2 JAP (2) 11 27 0.0 100
AMI Gentamicin 2 IRA (2) 26 0
Streptomycin 2 IRA (2) 26 0
MAC Erythromycin 3 IRA (2); JAP (1) 29 10 0.0 100
Tylosin 1 JAP (1) 3 100
PEN Amoxicillin 2 IRA (2) 26 12 0.0 13.6
Ampicillin 3 IRA (2); JAP (1) 34 6 0.0 25.0
PHE Chloramplenicol 2 IRA (2) 26 0
POL Colistin 1 IRA (1) 26 9
Ciprofloxacin 2 IRA (2) 26 42 41.0 50.0
QUI Enrofloxacin 4 IRA (1); JAP (3) 24 40 0.0 66.7
Nalidixic acid 4 IRA (2); JAP (2) 37 61 25.0 82.0
TET Oxytetracycline 2 JAP (2) 11 100
Tetracycline 2 IRA (2) 26 19 18.2 25.0
TableA3-4. Results of AMR studies @jejunifrom poultry by compound
Class Compound Studies Countries N % Res.| Min Max
Amikacin 1 CHI (1) 80 2
Dihydrostrep. 5 JAP (5) 729 2 0.0 5.2
. CHI (1); IRA (4); JAP (
AMI Gentamicin 7 MAL (1) 902 8 0.0 51.3
Kanamycin 1 CHI (1) 90 6
Streptomycin 3 IRA (2); PHI (1) 204 9 2.8 91.7
CEP | Cephalothin 3 E?M (1 MAL (1) Ph 94 97| 917| 973
CAM (1)CHI (1); IRA (4
Erythromycin 12 JAP (2); MAL (2); PHI (1 1,569 7 0.0 45.9
MAC
VIE (1)
Tylosin 1 JAP (1) 202 0
PEN Amoxicillin 6 CAM (1); IRA (4); VIE (1 900 11 17| 257
Ampicillin 8 IRA (4); JAP (3); PHI (1 947 18 7.2 83.3
. CHI (1); IRA (AYAP (2)
PLE Chloramplenicol 10 MAL (2): PHI (1) 1,219 8 0.0 75.0
Florfenicol 1 CHI (1) 202 79
POL Colistin 3 IRA (2); PHI (1) 204 28| 205| 917
. : CAM (1); CHI (2); IRA (4
Ciprofloxacin 8 PHI (1): VIE (1) 1,114 62 20.3 99.5
. CHI (1); IRA (3); JAP (
QUI Enrofloxacin 10 MAL (1) 1,439 30 2.6 98.0
L . CAM (1); CHI (2); IRA (4
Nalidixic acid 13 JAP (4): PHI (1): VIE (1 1,646 51 2.6 99.0
Oxytetracycline 5 JAP (5) 729 37 27.0 50.4
TET : : y
Tetracycline 8 CHI (1); IRA (4); MAL ( 886 80 315 100
PHI (1)
TRI Trim-Sulfa 1 MAL(1) 94 96
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TableA3-5. Results of AMR studies @jejunifrom ruminantsby compound

Class Compound Studies Countries N % Res.| Min Max
Dihydrostrep. 4 JAP (4) 213 8 2.9 10.9
AMI Gentamicin 1 IRA (1) 18 0
Streptomycin 1 IRA (1) 18 0
MAC Erythromycin 2 IRA (1); JAP (1) 95 0
Tylosin 1 IRA (1) 77 0
PEN Amoxicillin 1 IRA (1) 18 0
Ampicillin 4 IRA (1); JAP (3) 145 6 0.0 11.1
PHE Chloramplenicol 2 IRA (1); JAP (1) 82 10 0.0 12.5
Ciprofloxacin 1 IRA (1) 18 44
QuI Enrofloxacin 6 IRA 1); JAP (5) 321 29| 13.0 100
Nalidixic acid 4 IRA (1); JAP (3) 167 19 13.0| 333
TET Oxytetracycline 4 JAP (4) 213 48 34.3 51.4
Tetracycline 1 IRA (1) 18 72
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ANNEX4: AMRSTUDIES AND SUMMARMWSISTICS FERCOLI

TableA4-1. Results of AMR studies E.colifrom poultry by compound

Class Compound Studies Countries N % Res.| Min Max
Amikacin 9 CHI (6); IRA (2); VIE (1)| 3,200 23 1.0 99.5
Dihydrostrep. 4 CHI (1); JAP (3); 1,511 41 25.8 61.9

BGD (3); CHI (6); IND (
Gentamicin 20 IRA (1); JARY); THA (3)] 4,636 21 0.0| 84.0
AMI VIE (2)
CHI (2); IND (1); JAP (
Kanamycin 13 NEP (1); ROK (1); THA( 2,796 29 5.1 50.0
VIE (1)
. BGD (3); IND (1); ROK (
Streptomycin 6 VIE (1) 584 34 3.0 70.0
Cefazolin 9 CHI (5); JAP (3); ROK (1 4,016 11 0.0 92.0
CEP Ceftiofur 6 CHI (3); JAP (2); THA (1] 2,165 8 0.0 89.0
Cephalothin 2 CHI (1); THA (1) 863 34 32.8 73.3
. BGD (3); IND (1); IRA (
MAC Erythromycin 8 NEP (1); THA (2) 763 86 25.0 100
Tylosin 3 BGD (2); JAP (1) 455 75 13.3 100
I CHI (1); IND (1); THA (4
Amoxicilln 4 VIE (1) 513 59 53.7 86.0
PEN BGD (4); CHI (6); IND (
. IRA (1); JAP (4); NEP
Ampicillin 24 ROK (1): SRI (1): THA 5,672 67 12.3 100
VIE (2)
BGD (4); CHI (4); IND (
Chloramphenicol 17 IRA (1); JAP (2); NEP ( 4,297 41 0.0 100
PHE ROK (1); THA (1); VIE (2
Florfenicol 5 CHI (3); JAP (1); THA (1] 740 27 6.0 77.0
POL Colistin 4 CHI (1); JAP (3); 1,503 1 0.0 12.9
BGD (4); CHI (5); IND (
Ciprofloxacin 16 IRA (1); NEP (1); ROK ( 3,160 51 0.0 100
THA (1); VIE (2)
QuI Enrofloxacin 12 Sg ((15)); JAP (4} THA (3 405| 37| 26| 100
BGD (2); CHI (2); IRA (
Nalidixic acid 11 JAP (3); NEP (1); THA ( 3,249 53 6.0 98.4
VIE (1)
SUL Sulfamethoxazole 1 ROK (1) 307 40
Oxytetracycline 7 \SITEI ((11)); JARLE THA (1) 1,683 61 39.7 100
TET BGD (4); CHI (3); IND (
Tetracycline 14 ROK (1); SRI (1); THA ( 2,559 84 24.0 100
VIE (1)
Trimethoprim 7 '\5\:5 ((11)); JAP (4 ROK( 1905 24| 82| 900
TRI
. . BGD (2); CHI (4); IRD);(
Trim-Sulfa/Cotrim 11 SRI (1); THA (2): VIE (1) 2,613 75 17.0 100
OTH Imipenem 1 CHI (1) 592 0
Vancomycin 1 JAP (1) 1,001 0
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TableA4-2. Results of AMR studies Enhcolifrom pigsby compound

Class Compound Studies Countries N % Res.| Min Max
Amikacin 5 CHI (4)ROK (1) 1,257 7 0.0 14.8
Dihydrostrep. 4 JAP (4) 1,116 51 43.0 66.9

CHI (6); IND (1); JAP (
Gentamicin 17 MAL (1); ROK (2); TH 3,497 24 0.8 80.4
AMI (1); VIE (1)
CHI (3); IND (1); JAP (
Kanamycin 16 MAL (1); ROK (3); TH 3,269 36 00 81.0
(2); VIE (1)
Streptomycin 6 ggl}((g)l\,\;:?; ((]i))' MAL (] 1,248 66 48.8 92.2
Cefazolin 9 CHI (3); JAP (4); ROK (2 2,193 5 0.0 22.0
CEP Ceftiofur 5 CHI (1); JAP (3); THA (1| 1,225 0 0.0 1.8
Cephalothin 4 CHI (1); JAP (1); ROK (2 1,656 18 7.3 54.0
Erythromycin 1 IND (1) 41 71
MAC .
Tylosin 1 THA (1) 120 0
Amoxicillin 4 CHI (2); IND (2); VIE (1) 664 57 30.0 80.4
PEN CHI (5); IND (1); JAP (
Ampicillin 15 MAL (1); ROK (2); TH 3,460 57 22.6 100
(1); VIE (1)
PHE Chloramphenicol 14 fﬂill_(‘z)l;);lﬁl())él()?i)?crE(g 3,915 a7 5.7 90.3
Florfenicol 4 CHI (3); THA (1) 842 36 3.0 64.5
POL Colistin 6 CHI (2); JAP (4); THA (1] 1,296 5 0.0 35.6
Ciprofloxacin 11 gg'}((?z));;lygA((lf);;iﬁE ((] 2155 31| 16| 100
QUI Enrofloxacin 11 $|:|,|A\((32));; ‘\J/'TE ((f;); ROK 2,204 21 0.0 88.0
Nalidixic acid 10 |CHI@IAP OGN THAC 5369 36| 08| 949
VIE (1)
SUL Sulfamethoxazole 3 CHI (1); JAP (1); ROK (] 658 60 42.0 74.0
Oxytetracycline 4 JAP (4) 1,116 70 66.8 80.5
TET CHI (4); IND (1); JAP (
Tetracycline 12 MAL (1); ROK (3); TH 3,060 87 52.0 100
(1); VIE (1)
. . IND (1); JAP (4); MAL (]
m Trimethoprim 8 zgrié%)J\QE (g)i - (( 1,554 26 12.2 66.0
Trimsulfa/Cotrim 7 ROK (2 2,232 61 7.1 91.0
OTH Vancomycin 1 JAP (1) 558 0

68




TableA4-3. Results of AMR studies Ecolifrom ruminantsby compound

Class Compound Studies Countries N % Res.| Min Max
Amikacin 3 CHI (2); ROK (1) 585 1 0.0 1.7
Dihydrostrep. 5 JAP (5) 2,544 32 18.2 75.8

BAN (1); CHI (3); IND (4
Gentamicin 14 IRA (1); JAP (4); ROK ( 2,314 7 0.0 81.6
AMI VIE (1))
. IND (2); IRA (1); JAP (4
Kanamycin 8 ROK (1): VIE (1) 1,372 9 0.0 70.6
. BGD (1); IND (1); IRA (
Streptomycin 6 ROK (2): VIE (1) 606 27 7.1 88.2
Cefazolin 7 CHI (1); JAP (4); ROK (2 1,700 2 0.0 27.0
CEP Ceftiofur 4 CHI (2); JAP (3); 1,195 1 0.0 23.0
Cephalothin 3 IND (1); JAP (1); ROK (] 481 4 2.3 7.1
MAC Erythromycin 3 BGD (1); IND (1); IRA (1 180 57 43.2 88.2
Amoxcillin 3 BGD (1); IND (1); VIE (1 183 81 20.0 100
PEN - BGD (2); CHI (2); IND (
Ampicillin 15 JAP (6); ROK (2); VIE (1 2,416 26 3.0 100
BGD (1); CHI (1); IND (
Chloramphenicol 11 IRA (1); JAP (4); ROK ( 2,076 10 0.0 65.3
PHE
VIE (1)
Florfenicol 1 CHI (1) 60 17
POL Colistin 6 CHI (1); IRA (1); JAP (4)| 1,224 3 0.0| 70.9
. . BGD (1); CHI (2); IND (
Ciprofloxacin 10 JAP (1): ROK (2): VIE (1 1,242 15 0.0 100
. CHI (1); IRA (2); JAP (
QUI Enrofloxacin 8 ROK (1): VIE (1) 1,558 2 0.0 22.0
- . CHI (1); IND (1); JAP (
Nalidixc acid 8 VIE (1) 1,659 13 0.0 75.0
SUL Sulfamethoxazole 2 JAP (1); ROK (1) 292 19 13.0 28.6
Oxytetracycline 7 IRA (1); JAP (5); VIE (1)| 2,581 36 25.3 88.2
TET . BGD (1); CHI (1); IND (
Tetracycline 8 JAP (1); ROK (2) 1,075 38 7.1 68.4
Trimethoprim g | IND (2 JAP (4); ROK (| 349 6| 00| 428
TRI VIE (1)
. . CHI (1); BGD (1); JAP
Trimsulfa/Cotrim 4 ROK (1) 1,949 3 0.0 50.0
OTH Vancomycin 1 JAP (1) 646 0
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ANNEXS: AMRSTUDIES AND SUMMARMWASISTICS FERTEROCOCCER,

TableA5-1. Results of AMR studies Ehfaecalisfrom poultry by compound

Class Compound Studies Countries N % Res.| Min Max
Dihydrostrep. 1 JAP (1) 419 38
AMI Gentamicin 2 JAP (1); TAI (1) 1,440 30 3.0 55.0
Kanamycin 1 JAP (1) 419 27
Strepomycin 1 TAI (1) 860 74
MAG Erythromycin 3 JAP (2); TAI (1) 1,620 75 36.7| 93.0
Tylosin 1 JAP (1) 180 4
PEN Ampicillin 1 TAI (1) 1,021 0
Penicillin 1 TAI (1) 1,021 1
PHE Chloramplenicol 3 JAP (2); TAI (1) 1,620 47 3.6 77.0
QuI Ciprofloxacin 1 TAI (1) 1,021 36
Enrofloxacin 1 JAP (1) 419 2
TET Oxytetracytin 2 JAP (2) 599 73 59.0| 92.8
Tetracycline 1 TAI (1) 1,021 97
OTH Vancomycin 1 JAP (1) 251 0
TableA5-2. Results of AMR studies hfaecalisfrom pigsby compound
Class Compaund Studies Countries N % Res.| Min Max
Dihydrostrep. 1 JAP (1) 154 50
AMI Gentamicin 1 JAP (1) 154 18
Kanamycin 1 JAP (1) 154 37
MAC Erythromycin 2 JAP (2) 275 54 53.2 54.5
Tylosin 1 JAP (1) 121 68
PHE Chloramplenicol 2 JAP (2) 275 32 26.0| 405
QUI Enrofloxacin 1 JAP (1) 154 1
TET Oxytetracytine 2 JAP (2) 275 79 74.7| 84.3
TableA5-3. Results of AMR studies Ehfaecalisfrom ruminantsby compound
Class Compound Studies Countries N % Res.| Min Max
Dihydrostrep. 1 JAP (1) 37 46
AMI Gentamicin 1 JAP (1) 37 16
Kanamycin 1 JAP (1) 37 27
MAC Erythromycin 2 JAP (2) 56 21 15.8 24.3
Tylosin 1 JAP (1) 19 52
PHE Chloramplenicol 2 JAP (2) 56 11 8.1 15.8
QUI Enrofloxacin 1 JAP (1) 37 0
TET Oxytetracytine 2 JAP (2) 56 45 36.8 48.6
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TableA5-4. Results of AMR studies hfaeciumfrom poultry by compound

Class Compound Studies Countries N % Res.| Min Max
Dihydrostrep. 1 JAP (1) 337 25
AMI Gentamicin 2 JAP (1); TAI (1) 1,304 10 0.6 20.0
Streptomycin 1 TAI (1) 848 59
MAC Erythromycin 4 JAP (2); TAI (2) 1,415 70 10.7 94.0
PEN Ampicillin 2 JAP (1); TAI (1) 1,078 8 0.0 16.0
Penicillin 1 TAI (1) 967 71 30.8 88.3
PHE Chloramplenicol 1 TAI (1) 967 36
QUI Ciprofloxacin 1 TAI (1) 967 54
TET Oxytetracytine 2 JAP (2) 448 61
Tetracycline 1 TAI (1) 967 98
OTH Quinupristin 1 TAI (1) 848 79
Vancomycin 2 JAP (2) 289 0
TableA5-5. Results of AMR studies Ehfaeciumfrom pigsby compound
Class Compound Studies Countries N % Res.| Min Max
AMI Dihydrostrep. 1 JAP (1) 128 38
Gentamicin 1 JAP (1) 128 0
MAC Erythromycin 2 JAP (2) 238 26 23.6 28.1
Tylosin 1 JAP (1) 110 57
PEN Ampicillin 1 JAP (1) 110 0
TET Oxytetracytine 2 JAP (2) 238 64 57.0 72.7
OTH Vancomycin 1 JAP (1) 128 0
TableA5-6. Reslts of AMR studies ik.faeciumfrom ruminantsby compound
Class Compound Studies Countries N % Res.| Min Max
AMI Dihydrostrep. 1 JAP (1) 106 11
Gentamicin 1 JAP (1) 106 0
MAC Erythromycin 2 JAP (2) 251 5 4.1 5.7
Tylosin 1 JAP (1) 145 26
PEN Ampicillin 1 JAP (1) 145 1
TET Oxytetracytine 2 JAP (2) 251 29 26.7 33.0
OTH Vancomycin 1 JAP (1) 106 0
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