FANMPERE O Y A 7 FHITFEOBEHI BT 5 A
SCE - U

SRt (2019 4) 12 A
Th T =) T AV —=FT7 VA VAt






B

1o SCEDBETENERR oottt sttt s s san s 1
1.1 OFEHEHROFEAIMMERIC X 5 KE - RS20 Lo RmiE Rk Ve h~D
B T BT DR v cveveve ettt bbbttt bbbt s s 1

LR O S 2 T S g R Sy OO 1
1) FAO (2018) oottt en e 1

2) TACG (2019) ettt ettt ettt s nanas 3

3) EPA (2001) eoeiveieececeeeeee ettt sttt a ettt ettt esnanans 6

4) EPA  (2018) oottt sttt 8

5) RIVIML (2019) oottt senas 21
1.1.2 Whh oo U 2 7 FHIHERAIC 31T 2RI SULH A 22 A SCE e 25
1) FAO (2018) oottt s senas 25

2) FAO (2016)  .oeeeeeeeeeeececeeee ettt sttt s st nnanans 28

3) WHO (2015) ocveeeeeeceeeeeteeeeceeee ettt s s sa st s nnanans 31

4) =T 7 AFEZLE (2005) oottt 33

5) EMA (2018)  ocvveieeeeeeeeeee ettt ee st s nnanans 35

6) USDA (2018) oottt se st ae st esas s nanes 38

7) Health Canada (2017) .oeeeeeeeeeeeeeeeeeeee ettt e e et ese et e eeeseeeeneeeene 44

8) CDIC (2018) w.veeeeeeeeeeeceeeeeeee ettt a et naees 46
1.2 QFEEHKROIEAIMEFEDO RN EZ I L2t h~ORBIZBT D5 M o, 50
1) OIE  (2015) oottt ea ettt s s 50

2) T—F 97 AFTEL (2011) oo naen 52

3) EMA (2018)  oceeeeeeeeeeee ettt sttt s nnanans 55

4) ECDC (2019)  cooviveieieieeieieieieiteisee ittt ettt ae b senas 57

5) EFSA (2011) oottt eeeae et senans 58

6) EFSA (2018) .oeoeeeeceeceeeeeecte ettt sttt naean 60

T) FDA (2000)  .oovveceeeeeceeeeeeeeeeeee e sesae et sas s sae s ae s saeseses s s sasassenansenans 62

8) FDA (2004) ..ooveceeeeeeeeceeeeeeeee et se et sae s s sttt ses e sae s naees 64

9) FDA (20083) ..eeeeivereiiieiieieieietstsisee ettt s bbb s ananas 65
10) Health Canada (2005) ....c.ocveuieeeieeeeeeeeeeeeeeee ettt ettt ese e enenas 67

11) APVMA  (2014) oovviiiiecieieieeiesie ettt 70
12) RIVM (2011) oottt bbbt s s 73

13) VICH  (2004) oottt et e e e e e e e e e et et et eeeeaeeeeeaeanan 75



e R S DB R et e et et et e et e et e et e et et es et ere e ere e ere et eee et eereneeanenen 77
2.1 OF L% HROIERNMMEEIC X DKE « HEEERES 20 U= Ek Kk O e b~

B2y
-2

BT 2RI ..o 77
1) FIEEChET S. ..ottt st 77
2) HUBIDETS PIM €t AL......o.ooveeeeeeeeeceeeeceeeeee ettt ns 79
3) Cabello FIC €t Al........cvvecvieiecrieeeeieeeieeee et 80
4) KUMAT D € Al w.evvviiiceceeie ettt 81
5) MAllanao AR €t Al. .......ccceueveviiceeeeeeieieeeececae ettt naeaas 83
6) LUAden C et Al......cocvveieeeieieieeereeeeeeeeeee ettt 84
7) Marshall BM et Al..........cocoiiiiiiiiieieieeeeeeeaetete et 85
8) KOTKE S.€L Al. ..uevvvvieiecieieie ettt 86
9) Cabello F.C. €t Al....c.c.cveeieeeeiieiiececieie et 87
10) Done H. Y. €t Al. c.ocuoviiiiecicieiececee e 88
11) Dorado-Garcia A. €t al. .......ccccveeeeeueuereieiieee e 89
12) Jechalke S. €t Al. ...c.cvcveveveieveieieeeeeeeeeteeeeeeteee ettt 90
13) Jensen L.B.et Al. .......c.ccveveviieieieiceeeeeeceeeeceeeee e 91
14) CATUSO Gttt bbbttt ettt ettt 92
15) Jensen L.B.et Al. .......cccveveveieieieieeeeececececcee et 93
16) Martinez d.L.et Al. ......coocviuiucreieieeccceee ettt 94
17) MUUTINEN .8 AL, ottt 95
18) SeNEEIOV Gt Al. ...ttt ettt 96
19) TaYIOr NLGLet Al.....ooueieeiieeeeceeeeeeee ettt ettt sene e 97
20) Wales A.D. & R.H. DAVIES. ....c.cucueuirerirerieceieiieeeeieeetee ettt enas 98
21) Guan T.Y. and Holley R.A. .....c.ooovieiieeeeeeeeeceeeeeeeeee ettt 99
22) KUMMETET K. ..ottt seaas 100
23) TAUXE R.Vi.iiiieiiiiete et aesns 101
24) Bicudo, J. R.aNd S. GOYAL ......ccveiveieieeieieeiieeeeeeeteeeeeee et 102
25) Osterburg, D., and D. Wallinga. ........cccccooveviiiriiieiieeeeeeeeeeeeeeeeeeee e 103
26) SAPKota, AR €L Al. ....ovoveeieeveececeeeeeeceee ettt eaens 104
27) Sarmah, AK€t Al ...c.cooviiieiieeiiceeeeeeeee ettt 105
28) Sayah, RS €t al.....cuoiivieieiieeeeeeceeeeeeeeeee ettt 106
29) SOLLET, J €6 ALttt ettt ettt ettt ettt ene 108
30) Bengtsson-Palme J. & D.G.J. Larsson.........ccccoceeeveveeeeeeereeereeeeeeeeseeeeeenenenes 109
31) Durso L.M. & K.L. COOK.......covurrereririeririereieisisesieiesesesessestesesessssssssaesesesssenens 110

32) GTARAM D.W. € AL .ottt ettt e et ee e e e e e e e e e eaeneeene 111



33) HenTiKSSON P G €1 Al ..ottt e e e et eeeeeeeenen 112

34) Le Page G. € Al.....ocveeieeeeeeeeeceeeeeceeeeeeeeee ettt aenn e 113
35) Wiliams-Nguyen d. €t al.........ccceoieviuieiiiiiieeeeeeeeeeeeeeeseseeetese e 114
2.2 QFHFEHROFEAIMIEE DRI ZIT Lot b ~DBIZ BT 25 i oo 115
36) HoelZEr K €t Al. .....ouoeievriiiicicieieieeete ettt 115
BT)V0SE D € Al....evvreieieieiieieieiieeeecte ettt 116
38) ColliNEaU Li €t Al......cucuiuieieieieieiiiiiieee ettt 117
39) MacKinnon MC €t Al. .........ccocvviiieieieieieieieeeiereieieie et 119
40) BUINS T €6 Al c..eovieieieiiiiiieeeeeee ettt 120
41) Birke@Ard AC €t Al. ......cveveeveeeeeeieeeeeeeeeeeeeeeeeee ettt ettt s e eaenas 121
42) SChIIJVET R €1 Al w.eoveeeeieieiiieveieieeeeeteeeee e s s s s s s sesesesesenas 122
43) GTONN YT € Al..evvvviieiecieieieteecee ettt sns 123
44) Donado-Godoy P et al. ......covviuiiieieieieieeeeeeeeeeeeeee ettt 124
45) Plaza-Rodriguez C et al..........ccoovvvevieieiieeeeeieeeeeeeeeeeeee ettt 125
46) TOILEESON Li. ..ottt sttt s et s s seaes 126
47) Bengtsson Palme d. .......c.coooveueviieeeueeeieeeeeeceeeeeeeeeeeeseese e eseseseseaeseseseseseneaenas 128
48) VOSE D. b ALttt 130
49) Hald T. €t Al...cuouiuieieiiiiieieieieeeeee ettt seaes 131
50) SINEET R.S. €1 Al w.vvvieieieieieiiiieeee ettt ettt aena 132

51) SIMIEH Do €1 ALttt ettt et et e e e e e ee et et et eeeeeeaeeaens 133



1. XEDBEER

1.1 OREFHEROEFIMERIC & HKE - TERESZN LEBERFEKERTE FADE
£(Bd9 HETHE

1.1.1 EFFHEFICH T HIAERE

1) FAO (2018)
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24 kL FAO/WHO expert meeting on foodborne antimicrobial resistance: Role of
environment, crops and biocides (2018)

WEE - EE | EESBREEEHE (FAO : Food and Agriculture Organization)

URL http:/Amww.fao.org/fileadmin/user_upload/agns/pdf/Other_Scientific_Advice/FA
O WHO_AMR_Summary_report June2018.pdf
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Mk 1-1 ZEFIMEORER VFZEIZxT % One Health D3I

Fig 1. A One Health response to address the drivers and impact of antimicrobial resistance

“One Health" refers to designing and implementing programmes, policies, legislation and research in a way that enables multiple sectors
and stakeholders engaged in human, terrestrial and aquatic animal and plant health, food and feed production and the environment to
communicate and work together to achieve better public health outcomes.
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4) EPA (2013)

No. No.4

24 LU Literature Review of Contaminants in Livestock and Poultry Manure and
Implications for Water Quality (2013)
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REERERRBME b, FE. RETOFEAZEAEL TOLSREFI DR

Table 4-1. Select antimicrobials that are approved for use by the U.5. Food and Drug
Administration for use in humans, livestock, and poultry.

Class/Group Antimicrobial Humans CH;telfe Dc::;: Swine | Poultry | Aguaculture
Aminocyclitol Spectinomycin X X X X X
Apramycin X X
. A Gentamicin X X X X
Aminoglhycoside Neamycin m X X X X X
Streptomycin X ki ki X X
Amaoxicillin X X X X
B-lactam Am pici.lli.n X X X
Cloxacillin X X X
Penicillin X X X X X
Lincosamide Lincomycin X X X
Macrolide Erythromycin X ki ki X X
Polypeptide Bacitracin X X X X
Folyene Mystatin X ¥
Sulfonamide Sulfadimethoxine X X X X X
. Oxytetracycline X X X X X X
Tetracycline Tetracycline X X X X X

*Thiz fable ir not meant fo be all-tnclirive, and not alf antimicrobiale included i thir fable are frfed fn the
duncdividual Kvertock tabler that follow. Por a complete lirting of antimicrobials atproved for bawsan and Evertock
wse, piadt ghe USTDLA s webeite,

(88 : EPA2013)




H& 1-3 AFITERASN LS —RIGHREH]

Table 4-3. Commonly used antimicrobials administered to beef cattle.

Class/Group

Antimicrobial

Life stage

Intended Use

Aminoglycoside

Gentamicin®, Neamycin®,
Streptomycin®

Cattle

» Treat bacterial enteritis and pink eye

Amoxicillin®, Ampicillin®,

s Treat respiratory disease, bacterial enteritis, and foot rot

-lactam -~ Cattle and calves .
B Penicillin* * Promote animal growth
Carttle
Bambermycin - (slaughter, * Promote feed efficiency and animal growth
feedlot)
Fluoroguinclone | Enrofloxacin Cattle » Treat respiratory disease
» Control coccidiosis
lonaphare Lasalocid, Manensin Unspecified + Control liver abscessas
» Promote feed efficiency and animal growth
Calves = Control calf diphtheria
Macralide Erythromycin®, Tilmicosin, * Control metritis and liver abscesses
Tylosin Cattle = Treat foot rot and respiratory disease
* Promote feed efficiency and animal growth
) o Feedlot + Control liver abscesses
Polypeptide Bacitracin®
Growing * Promote feed efficiency and animal growth
Calves * Treat calf diphtheria
* Treat respiratory disease, bacterial sores, foot rot, acute
Sulfonamide Sulfamethazine metritis, coccidiosis
Cattle : B . ’
* Promote animal growth in the presence of respiratory
disease
# Treat bacterial pneumeonia, bacterial enteritis, and
Calves diphtheria
+ Promote feed efficiency and animal growth
Tetracycline Chlortetracycline, + Contrel liver abscesses and anaplasmaosis
Oytetracycline= * Treat bacterial enteritis, foot rot, wooden tengue, and
Cattle acute metritis

+ Prevent bacterial pneumnonia
* Promote feed efficiency and animal growth

(%) fndicater that the antimsicrabial 5 approved for use in bumans,
Thi tablk i meant to provide general antimicrobial sse tuformeation, Antinsicrobials firted within sach class may be wred for
different purposer during particular antmal ffe shages. Consuilt the USFLLA's websste for more shecific information about
livestock antimsicrabial use, Referencer: USGAQ 1988, Hervmean and Stokka 2007, MeGuffey ef al 2007, Apley 2004, and

USFDA 20115

10

(88 : EPA2013)
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Table 4-4. Commonly used antimicrobials administered to dairy cows.

Class/Group Antimicrobial Life stage Intended Use
* Treat bacterial enteritis and other digestive problems
Preweanad )
N . * Promote animal growth
. . eomycin®,
Aminoglycoside i
Streptomycin® .
) * Treat mastitis
Unspecified
* Prevent Staphylococcus aureus
Amexicillin®, Preweaned = Treat bacterial enteritis and other digestive problems
B-lactam Cephalosporin, Mon-lactating * Treat mastitis and lameneass
Fenicillin Unspecified » Treat respiratory disease and foot rot
Fluoroquinclone | Enrcfloxacin MNon-lactating = Treat respiratory disease
= Treat for respiratory disease and bacterial enteritis
loncphore Lasalocid, Monensin Weaned * Improved feed efficiency and growth promotion
* |ncreasad milk production efficizncy
Lincosamide Firlimycin Hydrochloride | Mon-lactating * Treat mastitis
Macraolide Tilmicosin, Tylosin MNon-lactating + Treat respiratory disease, foot rot, and metritis.

Sulfonamides

Sulfadimethoxine®,
Sulfamethazine

Dairy calves and
heifers

* Treat bacterial enteritis and other digestive problems
# Treat calf diphtheria, shipping fever complex, and foot
rot

MNon-lactating = Treat acute mastitis and metritis
* Treat bacterial enteritis and other digestive problems
. Preweanad )
- Chlortetracyclineg * Promote animal growth
Tetracycline . r
Oxytetracycline®
. » Treat mastitis and lameness
Mon-lactating

» Treat bacterial enteritis and pneumaonia

() indicater that the antimicrobial it approved for wse én buman,
This table és meeant to provide peweral antimicrebial use informeation, Antinsicrobials frted within each class mqy be uced for
different purpaser during particular antweal fe stages. Consalf the USTDLA's websits for more shectfic iuformation about
livestack antimsicrobial wse. Referewser: USDA 20082 and USFLDLA 20774,
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Table 4-5. Commonly used antimicrobials administered to swine.

Class/Group Antimicrobial Life stage Intended Use
Aminoglycoside | Gentamicin® Preweaned * Treat colibacillosis
Amoxicillin® * Promote feed efficiency and animal growth
B-lactam : Unspecified * Treat bacterial enteritis, porcine colibacillosis, and

Ampicillin*, Penicillin®

salmonellosis

Bambermycin

Growing/Finishing

* Promote feed efficiency and animal growth

» Promote feed efficiency and animal growth

_ Erythromycin®, Starting/Growing/ | * Treat bacterial enteritis and infactious arthritis
Macrolide . . . I ) . .
Lincomycin, Tylosin Finishing + Control swine dysentery and the severity of swine
mycoplasmal pneumaonia
Pleuromutilin Tiamulin Unspecified * Treat swine dysentery and pneumaenia
Growing/Finishing * Promote fEf:d efficiency and animal growth
Paolypeptide Bacitracin® * Control swine dysentery
Pregnant » Control clostridial enteritis
Growing * Promote feed efficiency and animal growth
* Prevent/treat cervical lymphadenitis {jow] abscesses)
I Chlortet li ) L
Tetracycline o racw_: ne, Breeding * Prevent/treat leptospirosis
Oxytetracycline®
* Treat bacterial enteritis and pneumonia
Unspecified "

* Reduce incidences of cervical abscesses

Swine excluding

* Promote feed efficiency and animal growth

Streptogramin Virginiamycin
prog E ¥ bresders * Treat swine dysentery
» Promote feed efficiency and animal growth
Sulfanamide Sulfamethazine Unspecified = Control Bordetella bronchiseptica rhinitis

* Prevent swine dysentery and gneumonia
* Treat parcine colibacillosis and bacterial pneumonia

(¥ furdicater that the antimricrobial is afproved for wse in humans,
This table és wreant to provide peweral antimicrobial ure information, Antinsfcrabials lsted within each class may be sved for
different purposer during particslar antweal 5 stages, Consalt the USFDLA 't wekbsits for more specific information about

divestock antimicrobial wre. Referencer: Herrman and Sundberg 2007, Mellon et all 2007, Faomar et all 2005, and USFDA

20771k

(HHH# -
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Table 4-6. Commonly used antimicrobials administered to poultry.

Class/Group

Antimicrobial

Life stage or Poultry
Category

Intended Use

Aminocyclitol

Spectinomycin®

Chickens {not laying
eggs for human
consumption)

* Promaote feed efficiency and animal growth

# Treat chronic respiratory disease

» Prevent mortality associated with Arizona group
infection

* Prevent bacterial contamination and omphalitis

consumption)

. . Gentamicin®, . . .
Aminoglycoside Neomycin® Chickens and turkeys * Prevent early mortality causad by E. coii and Saimeneifo
typhimurivm
Chickens/turkeys (not
B-lactam Penicillin® laying eggs for human | * Promote feed efficiency and animal growth

Bambermycin

Broilers/growing
turkeys

* Promaote feed efficiency and animal growth
* Prevent coccidiosis
* |mprove pigmentation

lonophare Lasalocid, Monensin | Broilersfturkeys # Control of coccidiosis
Brg-llersfreplacement » Control chronic respiratory disease
chickens
. Erythromycin®, )
Macrolide Tylasin Layers » Increase egg production
Chickens and turkeys » Promaote feed efficiency and growth promotion
Broilers/replacement » Promote feed efficiency and animal growth
chickens * Prevent necrotic enteritis
" i
Palypeptide Bacitracin Lavers * Increase ege production
¥ * Promaote feed efficiency
Growing turkeys * Promaote feed efficiency and animal growth
Streptogramin Virginiamycin Broilers turkeys * Promote feed efficiency and growth promotion

Tetracyclines

Chlortetracycling

Chickens

* Promaote feed efficiency and animal growth
# Control synovitis, chronic respiratary disease, air sac
infections, and E. coli infections

Growing turkeys

» Promaote feed efficiency and animal growth

Turkeys

# Control synovitis, hexamitiasis, and bacterial organisms
associated with bluecomb

{*) indicater that the antinsicrobial i approved for use in bumans,
Thiés tabie 5 meant fa provide geseral antimicrobial use informeation. Antimfcrabials frted within each clars may be ured for
different purposer during parttcalar anieal ffe stages. Consnlt the USFDLA 't website for meore spectfic information abost
livestock antimicrabial use. Referemcer: Tanner 2000, McGuffey of all 2007, Mellon ot all 2007, Apley 2004, Famar ef al
2005, and USFIDLA 2077k
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Table 4-7. Commonly used antimicrobials and parasiticides in aquaculture.

Class{Group Antimicrobial Life Stage or Species Intended Use
Salmon, salmonids,
- and salmon eges;
Parasiticide EES .
; trout and trout eggs; | * Control of external protazoa, fungi,
[formaldehyde Formalin } .
solution) catfish, largemouth and protazoan parasites
bass, bluegill, ather
fin fish, and shrimp
Sulfadimethoxine=-
) Ormetoprim Trout, salmonids, # Control furunculosis and enteric
Sulfanomide - ] - .
Combination, catfish septicemia
Sulfarmerazine
: + Control ulcer disease, furunculaosis,
. I Salmonids, catfish, . . ) .
Tetracycline Oxytetracycline |ohster bacterial hemorrhagic septicemia, and
pseudomonas disease

() indcater that the antiwsicrobial & approved for use in humanr.

This table iv meant to provede peneral antinsicrobial wre tnformation. Antimicrobial fisfed within each clars mgy be
wiged for different purposer during particular animal §f stages, Conralt the USFLLA's weksite for more shecific
fnformation abaut fvestock antimicrobial wre, Beferences: Benbrook 2002 and USFLDA 20115,

(88 : EPA2013)

3. HEATHEICRET 515

LR ORI ORI, AR ORACHIH A RS 5, SANMERE L, —ARZE)
WIDOFRN HHH S, FEOR A, Ny T TR FORITIEN D FREMER® 5,
ERRCFZNTIT D HEA O S FER T O AL O & B & 5 &y ) WF7EeRiE
Wb, KEREE (LT, USDA) OFSEHEY—~A F U AEF VAT L (LLF NAHMS)
DAFZETIEAOEI LA~ TIROZEIR T OFEFIMMMERE ORA RN EmNZ EAVREN TS (X
# 1-8 M) . ZOMOWFEICIENTH, I T DI a0y b, HIZRKZ I
U &3 2 JE ORI T 2 HAM M & — o T AER, RFEIRD D OSBRI
ZANMMPED e b 58 < 7R H AL,
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Table 6-2. Occurrence of antimicrobial-resistant isolates in hivestock and poultry manure from
conventional ivestock operations.

Pathogen Animal Type % of Resistant Isolates Source
Beef cattle 0% resistant to any antimicrobials USDA 2009e
. 2% resistant to 1 antimicrobial
Dairy cows UsDA 20097
Solmanello spp. W G5 resistant to = 2 antimicrobials
) B0% resistant to 1 antimicrabial
Swine 74% resistant to = 2 antimicroials USDA 2009g
32% resistant to 1 antimicrobial
i 60% resistant to 2 2 antimicrobials USDA 2003h
wine
31% resistant to 1 antimicrobial
15% resistant to > 3 antimicrobials
Escherichia coli Dairy Cows 28% resistant to 1 antimicrobial
n 6% resistant to > 3 antimicrobials
- — - Sayah et al. {2003)
2B% resistant to 1 antimicrobial
Beef cattle

6% resistant to > 3 antimicrobials

Poultry [broilers)

28% resistant to 1 antimicrobial
12% resistant to > 3 antimicrobials

Poultry [broilers)

53% resistant to 4 antimicrabials

Hayes et al. (2004)

Enterococcus spp. 42% (E. foecalis) resistant to = 3 antimicrobials
Poultry [Broilers - - Sapkota et al. 2011
v { ) B4% (E. foecium) resistant to 2 3 antimicrobials "
Beef cattle B% resistant to = 2 antimicrobials USDA 2005
. 52% resistant to 1 antimicrobial
Campylobacter sp. | D21V £OWs 2% resistant to = 2 antimicrobials UsDA 2005
Swine 91% resistant to 1 antimicrobial USDA 2008c

B82% resistant to = 2 antimicrobials

Xz 1-9

(H#t
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Table 4-2. Estimates of antimicrobial use or sales for hivestock in the U.S,

Total Mass Used/Sold

Specific Use

Source

11 million pounds sold {in 1585)

Mot Reported

Swartz 1989

18 million pounds used (in 1585)

12.2% for treating disease
53.2% for disease prevention
24.6% for growth promoetion

U5 Congress, Office of Technology
Assessment 1995

258.6 million pounds used (in 1897}

7% for treating disease
53% for growth promotion and disease
prevention

Mellon et al. 2001

17.8 million pounds used {in 1898}

23% for prevention and treating disease
17% for growth promotion

Animal Health Institute 2000

28.8 million pounds sold {in 2008)

Mot Reported

U5 Food and Drug Administration
2010

25.2 million pounds sold (in 2010)

Mot Reported

U5, Food and Drug Administration
2011a

Adapted froms Rapers and Haines (2003).
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Figure 6-1. Potential pathways for the spread of antimicrobial-resistance from animals to humans.

Bactenal poputason
(DO rodistant and SUSCpPEbIo)
N tam anamals

[ ANBDICNC 15 gven 10 animal
for dsease pravention
350480 CONtrol, AISCASH rastmont.
.,/ \} Or growth promolion
A '
3 & Anttactc bits susCRplbse
B M bacterta; resstant bacters
Vi i SUrvive In contamnated animais
._.._.L.l...- S
Hesistant bactena spread Hewstant Dactena spread Hesstant Dactera spread Hesstant bactera spreac
10 Oher anImals on e trm 10 CONSUMErs Via contamnated Ot workers and lood 10 508 and water rom
Bwough contact with maat Droducts Processors rough contact with contaminated animal waste
contaminated animats contaminated animals or meal
] 22 I
A Resstant bactena
4 Spread 10 fish, fruts,
Resistant infection may develop In humans A po— 370 vegetabies
consumed by
, humans

*As indicated in the figure, antimicrobial-resistant pathogens can spread to humans through several pathways. Certain pathogens
with resistance can infect b s, increasing the severity and decreasing the treatability of the resulting illness/ infection. Source:
USGAO (2011a), Figure 1.

(8 : EPA2013)
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Table 3-2. Survival of selected bacterial and parasitic
pathogens found in manure, soil, and water.

Survival {d -
Pathazen rvival (days)

Soil Water | Manure
Bacteria
Solmonello spp. 16-196 35 to =186 20 to 250
E. cali 0157:H7 2 to >300 35 to =300 50 to =300
Compylobacter sp. 7 to 56 2 to =60 1to 56
Yersinia
enter itica 10 to =365 Eto 448 10 to =365
Listeria sp. <120 7 to >60 »240
Protozoa
:g.pmsm”d’"m 2Bto>365 | 70 to 2450 28 to »400
Giardia <1t 28 <1ta 77 < 1ta 77

*The range shows the shortest and the lowgert rurvival e the
orpansness can survive at dffferent feesperatures for all fyper of manure
(cattiz, redne and positry) and water (Gurface, grosnd, and drinking
water), Beferencer: Rogers and Haiwes 2003, and Bowman 2009,
(8 : EPA2013)
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Table 3-1. Occurrence, infective doses, and diseases caused by some of the pathogens present in

manure and manure slurnes from cattle, poultry, and swine.

Pathogen

Occurrence (% of positive manure

samples)*

Infective

Cattle

Poultry

Swine

Doses

Human Diseases and Symptoms

Bacteria

Salmonella spp.

0.5-18

7.2-100

100-
1,000 cells

Salmenella enteritis, Typhoid Fever, Paratyphoid
fever (diarrhea, dysentery, systemic infections that
spread from the intestinal tract to other parts of
the body, abdominal pain, vomiting, dehydration,
septicemia arthritis and other rheumatelegical
syndromes)

E eoli 0157:H7

33-28

01-70

5-10 cells

Enteric colibacillosis (diarrhea with or without
bleeding), abdominal pain, fever, dysentery, renal
failure, hemaolytic-uremic syndrome , arthritis and
other rheumatological syndromes

Compylobacter
Spp.

57 -09

14 -93

< 500 cells

Campylobacter enteritis (diarrhea, dysentery,
abdominal pain, malaise, fever, nausea, vomiting,
sapticemia, meningitis,, Guillain-Barré syndrome
{neuromuscular paralysis), arthritis and other
rheumatological syndromes

Yersinio
enterocolitica

10,000,00
0 cells

Yersiniosis {Intastinal infection mimicking
appendicitis, diarrhea, fever, headache, anorexia,
vamiting, pharyngitis, arthritis and other
rheumatelogical syndromes)

Listeria spp.

0-100

5.5-20

<10,000
cells

Listeriosis {diarrhea, systemic infections,
meningitis headache, stiff neck, confusion, loss of
balance convulsions miscarriage or stillbirth)

Protozoa

Cryptosporidium
50P.

0.6-23

10-1,000
DOCysts

Cryptosperidiosis (infection that can be
asymptomatic, cause acute but short-lived
diarrheal illness, cause chronic diarrheal illnass, or
be guite severe and cholera-like, with cramping,
abdominal pain, weight loss, nausea, vomiting,
fever, preumonia, biliary system obstruction and

pain)

Giordia

0.2-45

33-18

10-25
cysts

Giardiasis [diarrhea, abdominal cramps, bloating,
fatigue, hypothyroidism, lactose intolerance,
chranic joint pain)

References: Rogers and Hainer 2003, Pachepsky of al 2006, Bowman 2009, USEPA 207 0a, Ziwer of al. 2010, and
USDA 20078, 20076, 20098, and 20104, , Ho ¢f al 2007, Weber et al 1995, Mobammed et al 2009,

* Pervartage of manure samples testing posstve for the pathagen. Range of minisun and mascinmuns percentage ar reported in the
diterature, *% Bared on a ringle study.
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Table 6-3. Waterbome and foodbome disease outbreaks. (Tabk 6-3 confinuer on the follawing page.)

Suspected Source of

Predominant lliness

Location Year Pathogen Contamination e References
Cabbages grown on & farm
Maowva Scotia, 1081 Listerio fertlllzet_:l with Listeria- 41 cases of listeriosis, Health Canada 2009
Canada manacytogensas contaminated sheep 13 deaths
Manure.
Runoff from cattle grazing
areas and @ sewage
Carroliton, 1087 Cryptosporidium ;\;i:rm::;??;ram;ﬂ:?:; river 13,000 cases of Solo-Gabrigle et al.
GA porvum water supply. Also, drinking cryprosporidiosis 1856, USEPA 20042
water treatment
deficiencies.
Post-treatment
contaminaticn of a
Cryptosporidium municipal drinking water 27 confirmed cases,
Ayrshire, UK | 1088 | ©PTOSP P e hundreds more Smith et al. 1989
porvum tank with runoff; cattle
suspected
manure slurry sprayed
nearby.
Swindan & Oocysts in runoff from fields 318 cases DL )
winzan - Cryptosporidium with cattle entered water ErYRLOsparidiosts over Richardson et al.
Oxfordshire, 1588 W [Th Ri - 5 moenths, maosthy 1901 USEPA 2004
UK parvLm supp yU ames River) after children, 8% . a
heawvy rains. L
hospitalized
Contamination of 243 cases of diarrhea,
distribution system with . |nc|ud|ng_ BE with Geldreich et al.
human sewage overflow via bloody diarrhea, 32 1997 5 al :
Cabool, MO | 1920 |E coli 0157-HT7 water main breaks and haspitalized, 2  SWErdiow e
. . al. 1992, Cotruvo et
meter replacements. Hemolytic-uremic 12004
Community practices dairy syndrome [HUS), 4 B
farming. deaths
Cryptosporidium oocysts in
- the water supply after heawy
Cryptosporidium . 125 cases of Atherton et al. 1995,
Bradford, UK | 1552 parvum rains in the catchment area. cryptosporidiosis USEPA 20043

Also, deficiencies in drinking
water treatment.
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Location Year P gen Suspected .S:Ju.ri:e of Predominant lliness rences
Contamination and Impact
) 4 cases of bloody .
Maine 1092 | E coli O157:HT Cow manure spread in 3 diarrhea, one adultand | C1Esiak etal. 1993,
vegetable garden. . USEPA 20043
3 children
lliness was contracted
swimming in a semi-natural
shallow lake. Possible - Cransberg et al.
The 1003 | E colf D157H7 sources include human 12 casesof enteritis, 5|y goe rorvo et al,
Metherlands children with HUS
excrement and water from 2004
ditches draining meadows
with cattle.
Cryptosporidium oocysts in
drinking water source,
Mil K cryot idi related to heavy rain and 403,000 cases of MacKenzie et al.
w'.l WaLRES, 1og3 gﬁuﬁpm wm increased turbidity. Source cryptosporidiosis, 54 15954 Hoxie et al.
B may have been animal deaths 1957
manure and for human
EXCIEMENT.
12 5680 cases among
schaglchildren, mast Fukushima et al.
Sakai City, 1995 | E cofi 0157-H7 Anlm;l manure used in fields \.\ilth diarrhea or bloody | 1999, USEPA 2@43,
Japan growing alfalfa sprouts. diarrhea. 121 cases of Rogers and Haines
HUS, 425 hospitalized, 2005
3 deaths
Connecticut Cansumption of mesclun 53 cases, 40 with
and llingis, 1826 | E coli 0157-H7 lettuce. Cattle were found bloody diarrhea, and 3 Hilborn et al. 1995
USA near the lettuce fields. HUS cases
Contamination of un- Bopp et al. clte_ ??5
chlorinated water supply cases, 65 hospitalized,
Wazhington 1000 E. coli ©157:H7 and well used by food vendors 11 HUS cases, 2 deaths EFE;[?:EEGT_EE;;
Ca., NY Campylobacter spp. for ice and drinks. Possible COC cites 921 persans 5l 2004
spurces are of cattle or . )
human origin with diarrhea after
Ein. attending fair
Recreational exposure to lake
California, ) ; water; fecal contamination 7 cases of diarrhea in Feldman et al. 2002,
UsA 1983 | £ colf D157:NM may have been from humans, | children Cotruvo et al. 2004
cattle, or deer.
. Valcour et al. 2002,
2,300 cases of diarrhea !
Runoff fi f field ' " | Hrudey et al. 2003
Walkerton, E. coli 0157:H7 and unoft from farm neios mare than 100 TUCEY T .
Canada 2000 Compvlobacter s entering a shallow well used hosoitalized. 37 HUS Cotruvo et al. 2004,
4 £p. for the town's water supply. P : USEPA 2004a, PHAC
cases, b deaths
2000
Exposure to 3 freshwater . )
Cormwall stream crossing a seaside 7 cases in children, lhekweazu et al
! 2004 | E coli 0157H7 e diarrhea and bloody )
UK. beach; the stream had cattle - o 2006
] diarrhea, 4 hospitalized
grazing upstream.

6. YRV DHEICET HIER
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5)RIVM (2019)

No. No.5
24 LU Antibacterial resistance in animals, in food, and in the environment.

Summary ESBL-Attribution-analysis (ESBLAT) Searching for the sources

of antimicrobial resistance in humans (2019)
RS - BE | A5 U ENARBEREMIER
(RIVM : Rijksinstituut voor Volksgezondheid en Milieu)

URL https:/mww.rivm.nl/en/antibiotic-resistance/antimicrobial-resistance-in-
animals-in-food-and-in-environment

1. H=E

ESBLAT ® HIIZ, & FDIARARY ML B-T 7 % ~—F (ESBL) RAIREDIHAEIZBIT D
REE DT HAIZOWTHLNITHZ & Thote, ZOHMDIED, b b, 4 &, K
D (farm animals) . 2y MIBIT D ESBL ORAICET HIEFRNINE Sz, S 51T,
il (TRbbR) BB (ThbbHiERK) SOREDBIEREEN. & hO—REMD
X< BIZ EOREFRE LTV D 0FRENM bz, ZOMEICIL, ESBL # 1 7, ESBL &A%
(BRAEH Z OB 7)) | ROBRAF Z & O ESBL A ERE OIREEIZBET 2 IE R L
Tholz, ZOHMNL, IET —F OEEFHIINT, EEAED Y 27 58 (QMRA) | KWt
BAER 7R IR R T T AL ORI L > TR S T,

2. NYF—FRIZET 51E#R

AL A > TLIRE, ESBL 13t b EEMICEBNTE LML TV D, ZHUTEICHFEA
OERIZ X D b 00, BEERORm B, £X T 280G, RO A8 U250t
HELTW5, ESBL 3=V o7 7u AR DL H 7 MREMIZ & > TEERHT
BRI ZDR L, TNEDOENIOND TREMER S 570, BMEFEHL 2o TW\D, HEEE
RT7—RFxz—r, BEN, b MIBTAEE LRI EDRER S L TV AN ONTIEA
HTH 5,

ESBL |%. B-T 7 & LROHEHIZ ANEMALT DS K-> THER SN DEER CTh 5, ESBL
E. B N ROEW OB EISEIC B W TCIERICEERT L ES Y T EXF VY v RO
RTCOE 7 7 v AR VRHUERE REMEL S5, ESBL I, MPERIC L - TEE SN, B-7
7 B DRPIEA ZRE LT 5 Z Lk 0, BYYEDIRIRAZ BT 5,

ESBL I3k 4 22 7 N —T 0B L=< DR H Y b —ikHI72 ESBL & L C.TEM B,
SHV i RO CTX-M B3 281F 5, ESBL O 8 BRI, CMY Zv—7 (77 A3
R AMPC 7 L —F 1@ T %) T, BEIE/N—TAOBEFEREKEZ R LTS, FEFIC—
BAO7e R BRI, CTX-M-1, 9, 14,15, TEM-20,52, SHV-2,12, CMY-2 TH %,
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3. RAEFHMEICRET 51EHR

ESBL O¥&AEMBEEE X, 2000 =LA, & B ROEMICHWTEIML CTD, B MBWTIE
FIZTT A REI L THER 2683 5 CTX-MESBL (8§ CTX-M15) O HF 725K (/\
VTRIvI)ICLDETANRRKREN, TNHDTTAI R, Eh LT (successful) KAGE D
b NEEM (variant) | §700H STILIZAR LTz, ZOKRBEELEKL, Eice bk b
OHEfRZE I L TIERT 5, F& (farmanimals) (28 ClE, £ Ofthod ESBL A FARD R X
TkY., BAEHEOIEC CTX-M-1, TEM-52, CMY-2, SHV-12, CTX-M-14, SHV-2 73 %&ié
ITCW5D, ZAHOESBL L, BFIIHRESI ST Z &<, T XTOEWREDOIEEIC
TET 5, EBIT, FEOWITR BEEIZGY S 523, ESBLIEOZE (livestock) FEDA
WZEFENDHENTDNURLS 72D, FEITE MIBWTHER S 415 ESBL @ CTX-M-15 1%,

BIZBWTHLHERIND Z D 5,

ESBL DA IFFEFITHEMETH 5, Z AT ESBL 253 TYLta Ak DNA 765
77 A3 R DNA £ TREARTH L Z LITERT D, 77 A Nk, MENTHEETLZ &
MTELYEMIND DNA IETH Y, #E LTINS A=A L% U T, MME O

CITIERALRIC, MO ICFEMBOICRAT CE D, #E1E. Bl 213 D KNG D> & B D KA~
D XSz, [ CHEOMERIZB N TR B EIEMITEZ 5, 612, #E1%. BIZIERBE S
PILERTERV VT VT HE~D L DI, BEMEOR il E R IV T Hild 2 2 wTREMED
HD, HERIT. B BREMOMEES, £ < OMIBENEWICERE AT oL, &
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Table 29.3. Persistence of antibiotics in manure (modified from Boxall

et al., 2004).
Antiblotic class Half-life (d)
Aminoglycosides 30
p-Lactams 5
Macrolides <1-:1
Quinolones 100
Sulphonamides <8.30
Tetracyclines 100

({88 : USDA 2013)
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Table 29.2. Antibiotics commonly used in swine, poultry and beef catde
production industries in the United States. Source: USGAQ, 1999.

Antiblotic class (examples) Industry
Aminoglycosides (gentamicin, neomy- | Swine, Poultry, Beef Cattle
cin streptomycin)

B-Lactams (penicillins, ceftiofur) Swine, Poultry, Beef Caule
Chloramphenicol (florfenicol) Beef Cattle

lonophores (monensin, salinomycin, | Poultry, Beef Cattle
semduramicin, lasalocid)

Lincosamides (lincomycin) Swine, Poultry

Macrolides (erythromyecin, tilmicosin,
tylosin)

Swine, Poultry, Beef Cattle

Polypeptides (bacitracin) Swine, Poultry
Quinolones (Fluoroquiniolones) Poultry, Beef Cattle
(sarafloxacin, enrofloxacin)

Streptogramins (virginiamycin) Swine, Poultry, Beef Cattle
Sulphonamides (sulphadimethoxine, | Swine, Poultry, Beef Cattle
sulphamethazine, sulphisoxazole)

Tetracyclines (chlortetracycline, Swine, Poultry, Beel Caule
oxytetracycline, tetracycline)

Others

Bambermycin Swine, Poultry, Beef Cattle
Carbadox Swine

Neovobiocin Poultry

Spectinomycin Swine, Poultry

(H8# : USDA 2013)
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Table 29.4. Antibiotic concentrations detected in manure from swine

and poultry lagoons.

Antiblotic Concentration | Reference

Lincomycin 2.5-240 (pg/L) Campagnolo et al., 2002

Chlortetracycline | 68-1000 (pg/L) Campagnolo et al., 2002
0.1 (mglkg) Hamscher et al., 2002
<0.5-1.0 (mg/kg) | Hamscher et al., 2005

Tetracyeline/ 25-410 (pg/L) Campagnolo et al., 2002

Oxytetracyeline 4.0 (mglkg) Hamscher et al., 2002
14.1-41.2 (mg/kg) | Hamscher et al., 2005

Sulphamethazine 2.5-380 (pgll) Campagnolo et al., 2002
0.13-8.7 (mg/kg) | Haller et al., 2002
0.2-7.2 (mg/kg) Hamscher et al., 2005

Sulphadimethoxine | 2.5 (pg/L) Campagnolo et al., 2002

Erythromyein 25 (ugl) Campagnolo et al., 2002

Penicillin G 21-35 (pg/L) Campagnolo et al., 2002
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Table 29.5. Detection frequency and maximum concentrations of se-
lected antibiotics in 139 filtered stream samples from 30 U5, states
(modified from Kolpin et al,, 2002).

Antiblotic Frequency of Maximum
Detectlon (%) Concentration
(hglL)
Trimethoprim 274 030
Erythromyein-H 20.2 1.5-1.7
Lincomycin 15 1.7
Sulphamethoxazole 19.0 052
Tylosin 115 0.28
Roxithromyein 4.8 0.18
Ciprofloxacin 16 0.03
Chlortetracycline 14 0.69
Onytetracycline 1.2 034

(K8 - USDA 2013)
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Table 29.6. Persistence times of pathogenic bacteria in different environments.

Environment Temp (*C) Estimation of survival time
'Salmonella Campylobacter Mersinia enterocolitica *E. coli 0157:H7
Water <0 ~6 mo <8 wks >1yr =300 d
~5 ~6 mo 1 wk - 4 mo *1yrm =300d
~30 ~6 mo ~4d ~10d ~B84d
Sail <0 >6 mo <78 wks =1 yr =300 d
~5 <28 wks ~2 wks >1yr =100 d
~30 ~4 whs ~1 whk ~10d ~2d
Slurry <75d <112d =28d 100 d
Dry surfaces <7d ~1d ~1d ~1d

References cited:

1Guo et al., 2002; Santo Domingo et al., 2000; Mitscherlich and Marth, 1984; Zibilske and Weaver, 1978.
Buswell et al., 1998; Rollins and Colwell, 1986; Mitscherlich and Marth, 1984; Blaser et al. 1980.
*Karapinar and Gonul, 1991; Chao et al., 1988.

“Wang and Doyle, 1998; Tauxe 1997; Zhao et al. 1995; Cieslak et al., 1993,

(K8 - USDA 2013)
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known resistance unknown
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required link gene te host
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Figure 1. Framework for Foodborne ANR Risk Analysis
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Table 1: Descriptions and examples of EAGAR importance ratings

EAGAR

importance
rating

High

Medium

Low

Nil

Description

Essential antibiotics for treatment
of human infections for which
there are few or no alternatives for
many infections—these have also
been called “critical’, ‘last-resort’ or
‘last-line” antibiotics

Antibiotics for which there are
other alternatives available, but
fewer than for those classified as
low

Antibiotics for which there are a
reasonable number of alternative
agents in different classes
available to treat most infections,
even if antibiotic resistance
develops

Classes of antibiotics with no
equivalents in human medicine

Examples

Antibacterials: antipseudomonal penicillins, piperacillin-
tazobactam, third and fourth generation cephalosporins,
carbapenems, monobactams, certain aminoglycosides,
oxazolidinones, glycopeptides, fluoroquinolones,
streptogramins, antimycobacterials, antileprotics,
ansamycins, fusidanes, colistin

Antifungals: polyenes such as nystatin; allylamines
such as terbinafine

Antibacterials: amoxycillin-clavulanate,
antistaphylococcal penicillins, first and second
generation cephalosporins, certain aminoglycosides,
lincosamides, nitroimidazoles, non-fluorinated
quinolones

Antifungals: polyenes such as amphotericin; imidazoles
such as bifonazole, clotrimazole, econazole,
isoconazole, ketoconazole, miconazole; triazoles such
as fluconazole; morpholines such as amorolfine;
Griseofulvins

Antibacterials: benzylpenicillin, certain
aminoglycosides, macrolides, tetracyclines,
sulphonamide-trimethoprim combinations, bacitracin,
polymyxin B, amphenicols, nitrofurans

Antifungals: thiocarbamates such as tolnaftate

Polyether ionophores, bambermycins

(8L : APVMA BEEH 2019/11/7)
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Hazard identification
* Selacied combinaions of food animal species / bacteria /
antimicrobial dasses under national manitoring
* Focus on meat sold fresh at refil
* Resistant bactera as direct or indirect hazards

!

L

Exposure assessment
| Preslaughiar AMR prevalance |
Cross-contamination
. durng slaughiar
| Pastslaughter AMR pravalence | ¥
Hazard characterzation
W + Direct consequences: cokonization or
| ANR pravalence at retsil infacfion of the consumer by resistant
bactaria
Resistance of bacteria to haat = Indirect consequences: vertical or
treatmeant (home cooking ) horizontal transfer of AMR ganes, co-

AR - R § seleciion of AMR
| prevalance at consumphon + Antimicrobial class used as sole therapy

or one of few altemafives to treat serhous
Average numbear of meat human diseaseas

sanvings consumed annually [~
per Swiss inhabitant

W

Average numbsar of meat servings
containing resistant bactera consumed
annually par Swiss inhabitant

|

Risk chamcterization
Ranking of combinations of food animal species / bacteria /
antimicrobial classes

Risk management options
* Ravision of prudent animicrobial use guidelines
* Restricion of the use of carain antimicrobial classes
* Minimizaion of the spread of bactena camying AMR
ganas throughout the food chain

(8 : Collineau L et al. 2018)
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